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— November 30, 1946

CLINTON LABORATORIES MonH~215

HEALTH PHYSICS DEPARTMENT -

by
K. Z. Morgan

A radioactive phosphorous solution reacted more violently than usual in
the hot laboratory of the isctope separation building (706-D) and it was rushed
to the decontamination room. Here it spurted up on the floor and ceiling and
conteminated the clothing of several persons.

A heating unit in cell 1 of room 2 in the Chemistry building fajled, causing
a uranium solution to crystallize. Attempts to remove this solid caused several
casés of contaminated hands and clothing and resulted in a spill on the floor
which read 5.5 r/hr at 1 foot distance.

Films worh on the hands of the persons preparing the radium sources in build-
ing 204 do not indicate gamma exposures in excess of 5 mr per person for each
source prepared.

Mr. J. C. Hart has been made supervisor of the Personnel Monitoring Group.
He has eliminated the 12:00 to 8:00 a.m. shift and has placed male supervisors
in charge of the other tw shifts. These changes have made it possible to increase
the duties of this group without adding additional manpower.

A number of the latest type of Victoreen pocket meters are on test. Thesse
meters contain the desiccant in a plastic capsule so it cannot sift out causing
the instruments to leak and the threads of the meter cap to bind. The new meter
cap is of the plug type and is held firmly in place by a polyethylene ring.

Mr, L. J. Deal has made an analysis of the pocket meter data of Clinton
Laboratories since operations began in 1943. An examination of the data indicates
that 922,898 meters had been.read by November 1, 1946, Of this number, there were
42,074 single meters that read off-scale or greater than 200 mr. There were 2,030
pairs of meters that read off-scale. If all the double off-scale readings were
due to the random chance of single meters reading off-scale, the expected number
would be 959. Therefore, a little more than half of the off-scale double readings
are due to radiation or to the fact that the factors which cause the discharge of
one metor are not independent and are likely to cause the discharge of the pair if
one meter is discharged.

. The enclosed graph indicates that there are more false pocket meter readings
during the summer months and that humidity is partly responsible for these false
readings. The percent of high single and double pocket meter readings has been
higher at Clinton Laboratories than at Hanford Engineering i.oTks for several
reasons, some of which are: (1) Higher humidity, (2) More radiation exposurs,

(3) Older meters with a constant meter shortage, and (4) Possibly less efficient
pocket meter service at Clinton laboratories.
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tlovember 30, 19,6
CLINTION L.ibQiiaTORI=S

YonH~215
HEALTH PHYSICS DEPARTLENT
K, 4. Morgan
DISTRIBUTION OF LFFORT FOR This LONTH OF NOVEMUER, 1946
Personnel Monthly weekly
Physiclsts (Assoc., Sr. & Prin.) 9 o
Chemist, Elect. Engr., H.P. Supv., Adm. Asst.,Assoc. Chem. 5 0
Jr. Physicists & Hesearch Assistants 25 0
Jr. Chemists 1l 0
Laboratorians, Technicians & Clerical 0 31
9 3
Number of Technical personnel added during month: 0
Number of Technical personnel terminated during month: 0
Allocation of time during November in Man-months:
Services
Pocket meters 2 8
Badge and ring meters 1 7
Neutron films 0 1
Hand, shoe and glove counts 0 1
laundry counting 3 3
Instrument calibration and repair 1l 2
Surveys - 100 Area and 706~B 2 0
Surveys - 200 Areca 1 0
Surveys ~ 706-A 3 2
Surveys - 706-C, D 5 1
Surveys - Construction Area i 0.
¥ud, water and Air Surveys 2 0
Consultation 1 0
Technical Instruction 3 0
Trainees 2 0
Research & Development,
Improvement and development of instruments 2%- 0
Instrument tests 1z 0
Physio-chemical effects of radiation 3 0
Neutron studies 11 0
Methods of detecting radioactive products in urine 2 1
Preparation of P.P.R. 13 0
Special problems and consultation 2 0
Development of laboratory facilities 1 0
Technical Instruction % 0
Graduate School pA 0
Administrative 3 0
Office Personnel 0 A
Vacations and leaves of absence 1 1
39 31
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January 31, 1947
MonH-247

Mr. L. J. Deal has made comparative tests of the average behavior of the
old type Victoreen pocket meters and the new Victoreen pocket meters. They
were dropped on, end from & height of five feet. The dessicant and retainer
ring vere removed from the new Victoreen ueters for tuis test because pre~
liminary experiments indicated that they would slide out of place und completely
discharge the meter wy contacting the central clectrode., Exclusive of complete
discharge, the old uweters discharged 7.8 nr/drop und tne new ones 4.9 mr/drop.
v,hen the meters were dropped on the side, 50% of the old ones and 10% of the
new ones discharged completely. Liost of the complete discharges seem to be due
to bending of the central electrode so tmat it shorts against the chamber wall.
“hen the meters were ylaced twenty minutes in a commercial shaker tlic old ones
discharged 27 mr and the new ones 16 mr. The stationary leakage of tne oid
meters wus 2.3 mr/24 hrs and 1.1 mr/24 hrs for the new. The significunce of
the test is somewhat ooscured by the fact that tie old reters huve been in
service for a long time, out it is velieved thut the new umeter is wn improvement
‘over the old one. Other improvements in the neu nieter include: 1) a one-piece
electrode systemn which will eliminate t rouple due to loosening end nuts, 2) a
shorter electrode terminal tnat cunnot be shorted accident:lly in removing or
replacing the cap, 3) a conducting irmer liner to replazce the fluking asuadug
of the older neter, L) a friction cap which eliminates nluminuw siivers from
the threads wirich discharge tie old type metcr, and 5) the dessicunt is conbuined
in a plastic cupsule whicn prevents its sifting inte the .eter.

The iroceéss developea for the znalysis of urine for plutonium is 1liidted oy
the alpha activity of some of the rcagents, purticularly sontisnum. Precipitution
methods Lurgely remove tne activity for « feu duys, but the purent elcic.d re.sins
and the daugiter activity vuilds up & ain after severat Quys. . R. Tompkins has
removea the ulpha conta.inunt vy a resin colwm extraction (described in report
CL-thl-1) so that only 0.0l counts per minute per millipgram remain and there is
no appreciable al huz growtl. over & period of tuwo weeks.

A large number of the shipping contuiners thut are used for shipin, of
radioisotopes continue to ve returned to Clinton Laborztories in u conlaminated
condition. Twelve out of fifty-five contuiners returned from January 1 thoough
January 23 had to ve decontuminuted. Such contumination is contrary to the
national shipping regulations, new being written, wiich prohioit any such con-
tamination cutaide the container. An effort is veinig .de to izpress upon the
recipients of the radioisotopes the importance of preventing the spread of this

contamination. .

Radiation measurements were made twelve feet from the center of tlhe thermal
column on top of the pile when it was operating at 3,900 kw. Wwith the shutters
out and the source in, readinzs were recorded of 143% of gamma tolerance, 629%
of thermol neutron tolerance and 50% of fast neutron tolerarce or a total of
822% of tolerance. A guard is posted to prevent anyone entering this area during
operation of the thermal column.
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HEALTH PHYSICS DEP
Ko Z, norg'an

DISTRIBUTION OF EFFCRT FOR THE MOWTH OF JANUARY 1947

Peracnnel ' Monthly
Physicists (Assoc., Sr. and Prin.) 1n
Chemist, Elect, Engr., H.P. Supv., Adm. Asst,, Assoc. Chem, 5
Jr. Physicist and Research Assistants 25
Jr. Chemists 1
Laboratorians, Technicians and Clerical 0

52

Number of Technical personnel added during month: 2

Number of Technical personnel terminated during month: 0

Allocation of time during Januwary in Man-mombhs:

Services
Pocket Meters 2
Badge and ring meters .2
Neutron f£iima 0
Hand, shoe and glove counts 1
Laundry counting 1/2
Instrument calibration and repair 1l
Surveys - 100 Area and 706-B 2
Surveys - 200 Area 1
Surveys - 706-A e 3
Surveys - 706-C, D RERT 6 1/2
Surveys ~ Construction Area T 1/2
Mud, Water apd Air Surveys 2
Consultation 1
Technical Instruction 1/2
Trainces 2
Flant H.P, Training 1l
Nagearch and Dsvelopment

Tmprovement and development of instruments - 3 1/2
Instrument tests 11/2

Physio-chemical effects of radiation 1/2
Neutron studies 2
Metheds of detecting radicactive products in urine 2
Preparation of P.P.R. 1l
Special problems and consultation ' 2
Development of labwratory facilitles 1
Technical Instruction 1/2

Craduate School /2
Administrative 21/2
Office Fersonnel G

Vacations and leaves of absence
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Feb 28, 1947

The calibration curves which are used with each batch of personnel
monitoring £ilm (type 552) are constructed in practice from density readings
of films which bave been exposed to doses of several roentgens down to 100 mr
and extrapolated from these to gero. The curves are normalized by adjusting
the densitométer to read zero for a film that has not received any known amount
of radiation. The question was raised as to whether or not one is justified in
agsuming that £ilm density is directly proportional to roentgen exposure in the
region below 100 mr where most of our radiation exposures occur. L. J. Deal

.and J. H. Roberson made careful measurements in this region and found no evidence

of a threshold. The slopes of the curves from O to 100 mr, plotting density as a
function of or on Cartesian coordinate paper, were 4.9 x 107%, 6.8 x 1074, 1.2 x
10~2 and 1.1 x 1074 density units per mr for the sensitive film with and without
the 1 mm Cd shield and for the insensitive film with and without the 1 mm Cd
shield respectively. These values of slope serve as justification for the practice
of using films of two sensitive ranges. The average probable errors in reading
the film over this range were =+ 4.5 mr and® 6.0 mr for the no shield and shield
readings respectively. The probable errors when the f£ilms are read by the tech-
nicians are believed to be about double these values. Readings as low as 8 mr
can be read with the densitometer if great care is taken. In practice, most of .
the film meters are. worn for a one week period and little distinction is made
between O and 10 mr readings which introduces a possible error of 2 aor/day.
Exposures using an uncollimated radium source and a paraffin phantom (simulating
a man) indicate a back-scattering of 5% to 10% for the shielded portion of the
£ilm and 25% for the film behind the open window of the badge. About 50k of the
radiation is absorbed in passing through the phantom.

A new instrument has been installed in the laundry for making checks of the
radiocactivity from each incoming hamper of clothes. This instrument consists of
a G.-M. tube and scaler with an output such that different colors of lights flash
on for various counting rates. It reduces the time required to take a hamper

count by a factor of six.

Two tantalum sources with a radium equivalent of about 8 curies each have
been made available for laboratory use.

An instrument shoo employee rang one of the portal octopus bells as he was
passing out of the restricted area gate. His clothes were checked and spots on
his coat were found reading 75 mr/hr at a distance of L inches. Such incidents
justify the existence of the friskers and also emphasize the need for more
persons to wear protective clothing.

A spot on the floor in front of blister B-1 in the isotope building 706-D
was found which read 33 roentgens/hour. It was cleaned up immediately.

Considerable effort has been spent assisting in setting up suitable laws
for the shipment of radiocactive materials. The present indication is that these
new laws will be sufficiently conservative to prevent shipping personnel from
accumilating overexposures bub will bs liberal enough not to impose undue hard-
ships on the shipper. It is probable that the principal limiting factors will
be: 1) There must not be more than 200 mr/hr at any readily accessible point on
the surface of the package, 2) There must not be more than 10 mr/hr at a meter
from the package, and 3) The exposure at 15 feet from the package during the

period of shiient mst not exceed 10 mr.
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- -3 - February 28, 1947

During February, 29,218 pocket meters were worn. Of this number
0.2% had lost caps, 0.1% bad a lost pair and 0.4% were damaged, making
a total of 0.7% that did not give recordable readings. The inclosed
chart indicates the total number of pocket meters read during the past
year, the percent of single off scale readings and the percent of double
off scale readings. The large number of high readings during the summer
months is partly explained by the high humidity at that time. The
millionth pocket meter was read during the month.
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DISTRIBUTION OF EFFCRT FOR THE MONTH OF FEBRUARY 1947

Personnel
Physicists (Assoc., Sr. and Prin,)

Chemigt, Elect. Engr., H.P. Supv., Adm. Assto

Jr. Physiciste and Research hssistants
Jr, Chemist
Laboratorians, Technicians and Clerical

Number of Technical personnel added during months

Fumber of Technical personnel terminated during month:

. Allocation of time during Februery in Man-months:

Services

Pocket Meters

Badge and ring meters

Neutron films

Hand, shoe and glove counts
Laundry counting and counting service
Instrument calibration and repair
Surveys - 100 Area and 706-B
Surveys - 200 Area

Surveys -~ 706-A

Surveys - 706-C, D

Surveys = Construction Area

¥ud, Vater and Air Surveys
Consultation

Technical Instruction

Trainees

Plrxt H.P. Training

Research and Development

Tmprovement ard development of instruments
Instrumsnt tesis

Physio-chemical effects of radiation
Neutron studies

Methods of detecting radioactive roducts in urine

Preparation of P.P.R.

Special problems and consultation
Development of laboratory facilities
Technical Instruction

Graduate School

Administrative
Office Personnel
Vacations and leaves of absence
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- 2 . MonH~«80
March 31, 1947

During the four week period from February 16, 1947 to March <2, 1947
there were 78 cases in which either the pocket meters or film meters read
greater than <50 mr per week. A study of these cases by L. J. Deal indicated
that 23% were due to fogged -film, contaminated film badges and/or processing
errors. In 19% of these cases, the pocket meters were worn iess than fcur
times during the week. A comparison was made between the pocket meter and
film readings from behind the cadmium shield of the meter of the remuining
58% of the cases and the pocket meter readings were about <5% lower than the
film meter readings. This difference was to be expected from resulis of

previous measurements.

4 radialion survey was made of the 115 pile stack to determine the
radiation hazards involved in the installation of navigation lignts on top
of the steck. In spite of the fact that the stack is discharging argon
activity at the rate of about 50v curies .er day, the activity measured with
a Cutie Pie meter was a maximum of only <8 mr/hr at the top inside edge of
the stack and near background outside and five feet below the top of the
stack. A smear count taken from a smear made just inside the top of Lhe
stack read 19,000 counts per minute of J and 1 activity.

From March 1, 1947 to March <6, 1947 there were 174 isotope carriers
checked and/or rechecked for radioactive contamination. This checking of
isotope carriers has required the services of two Health Physics surveyors
al:>st full time. The proper surveying and smear testing of the isotope
carriers is very difficult due to the righ radiation background in the area.
Plans are being made to construct a temporary low background building in which

this work can be done.

Sand blasting has proved very effective in removing contamination from
concrete. It gave better than a 50 fold reduction in surface contamination of
the No. II cell walls in the 706~C hot Chemistry Laboratory.

A bottle of thorium carbonate was spilled on the floor of room 1-B of the
semi~works. After using the vacuum cleaner and a floor mop, the air still
inuicated an alpha contamination 50% of tolerance. A complete painting by
spraying of the room reduced the contamination to background.

J. S. Cheka is continuing to make tests of the fading of the latent image
of the proton tracks in the alpha emmlsion films. Using emulsions NAX17 and
NLX18 and various developing technigues, he finds that the track fading can be
reduced by a factor of three. A complete report is being prepared.

The report Moni-«58 by J. S. Cheka and K. Z. iorgan, dated karch <0, 1947,
gives a discussion of the radioactive fission product contamination in the mud
of hhite Oak drainage system.

The report MonH-<18, Procedure for the Determination of Plutonium in Human
Urine, by L B. Farabee is ready to be issued.
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Physicists (Assoc., Sr. and Prin.)

Chemist, Elsct. Engr., H.P, Supv., Adm. Asst.

Jr. Physicists and Research Assistants
Jr, Chemist
Laboratorians, Technicians and Clerical

Number of Technical persomnel addsd during month:
Number of Technical personnel terminated during month:

Alloeation of time duriny Mareh in Man-monthss

Services
Pockst Meters
Badge and ring meters
Neutron £ilms
Hand, shoe and glove counts
Laurdry counting and counting service
Instiument Calibration and repair
Surveys - 100 Area and 706-B
Surveys - 200 Area
Surveys - 706-A
Surveys - 7C6~C, D
Surveys - Gensral Area
Mud, Water and Air Surveys
Consultation
Technical Instruction
Trainces
Plant H, P, Training

Research and Development

Improvement and development of inetruments

Instrument tests
Spdeial Chemical Studies
Reutren Studies

Hethods of detecting radicactive products in wurins

Preparation of P.P.R.

Speclal problems and consultatiom
Development of laboratary facilities
Technicel Instructionm

Assigned to Plant Management

Administrative

Office Personnel

Vacations and lsaves of sbsence
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ZENERAL

During the past quarter the Health Physics Depertrent lLas
continusd to fall short of scheduled progress in the developrent of
adequate facllities, staff, r~nd program. This has been mosit pronounced
in the Pesearch ard Development Section as noted below.

In eddition to local cdemands on more experiocnced rermbers of
the deparitrment for consultation or informstion « one of the importani
functions of the department - demands fro~ outside Clinton Latcratories
have been particularly heavy, adding to difficultiss of covering local
derands. K. Z. Jorgan hes bsen activs on or working with sore 2ighé
nationai commiitees or subcommitiees raenresenting such groups as ths
Nrtional Research Council, the Bursegu of Standards, the Burceu of Ix-
plosives, and the Atoric Inergy Commission, rrd dealing with such subjacts
as the shipment of radicactive materisls, instrurents and techniques of
adiocactive measurerents. radiobiciopy, tolerance for internal exposurs 0
isotopes and tolerance for ingssted alpha products. Additicra’ damands on
his %tire hove core from more occasional rogquests from various govsrrental
end indusirisl r—oups, universitiocs, sand other organizations confronued
viith radigtion sroblems.

3

In the Service Section, ruch of the time of ¥, X. Lay, Seciiomn
Chi=af, has been occuried with consuliation work here srd at cther sites,
while R. E. Bayden, O. D. Teagus, and P, E, Brown have been loaned %o
othar loecaztions for short periods of time, Joe Desl has been leaned to
Brookhaven for six months to seb up a personnsl menitoring cyswanm; and
R. Z. Heyden, formerly Supervisor of Arsa Surveys, and G. %. lioTgan,
foraerly a Survey CGroup Leadar, have boon permanently relesscd o the
Atomic Energy Cormmisgsicn o f£ill positions requiring experiencsd Hemith
Physicists,

, In the Research and Devalopment Section, J. H. Roberson,
Bxpsrimental Group Lesder, has been on loan to the University of Wash-
ington, comtracter for a survey of Blkini, since June.

Securlfy clearance hss racenily been obtainec on Dr. Ghaerles
Perry, who will be assigned to the Servies Section, and Dr. I'rancls J.
Davisg, who vill be assirned %o the Research and Developmend Section.
. Pexry has nad widely wvarisd experisnce in administrative and develop-
msndal work in indusitry, and Dr. Davis has worked in the Redieiion Seciion
of the Bureau of Staendards for the past soveral years.
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Ta common with the remainder of Clinton Laboratories, we feel
very keenly the existing delsys, dus %o clearance and housing, incident
to filling our acute personnel needs.

RESEARCH AND DEVCLOPLENT GROUP

iarly in the yeaer five junior rern were shifted from the Re-
search and Developnent Section because of conditions resulting largely
from lack of working apace and an adequate senior staff. It is falt
2het lack of definite prospects for laboratory space, until recezntly,
have greatly sugnentod the difficulty of competing for able research and
davelopment persomnel. During the past month, temporsry space available
4o this group in Building 703-B has been approximately doubled, and with
racent assurance of congtruction of a less temporary Quonsedt bullding
for ths Healih Physics Department in the near future, efforts %o augment
the present skelston staff ere being ronewed. Aid in the sclution of
sore of the more urgent problems, such as the radicactive wasie disposal
orobiem, is being sought in tke form of collaboration with the flational
Hoalth Institute, the Tennessce Vallsy Authority, and other groups.

“uch of the tire of R, H. Firminhac, Section Chief, during
the past several months has boen devoted to the developrent of a Health
Physics Instrument Shop. With the aid of Instrument lMeker James ¥Wilde,
ageigned to Health Physics by Research Facilities, it is felt that
excellent progress im this direction has besn made.

Survey and lMonitoring iethods for o4,

#r. Firninhac has been investigating survey and monitoring
methods for Cl4. Methods commonly used for other beta emitting isotopes
are ineffective for Cl4 bacause of the low maximum beta energy. ¥For
survey purposes, he has found it practical to use a Poppy vith 8 prove
contalning argon vith approximately 3 percent carbon dioxide. Fox this
uge, the probe is modified to make it gas tight with provision for run-
ning the gas mixture through it at a controlled, low rats. The nylon
windew presantly used for alpha survey is satisfactory for the modified
probe. Under proper condiilons, propane gas may be used instsad of the
argon-carvon dioxlde mizbure, with a nicroburner to dispose of the
afilvent gas.
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Chazacteristics of Tigsue Phantomg.

T. E. Bortner has been engaged in tha study of the use of
phentoms to sirulate the physical interaction of tissue with gamma
raGlatlon. Factors studied include the composition of the phantcil,
using such substancss as water; pressed wcod, end a solution wiih
approximately the percantages of chsmical elements estimeted for wst
Yissues in the body; geomotrical conditioms such ss crosgs section and
depth of the phentom and distance from rediocactive sourcs to phzntom;
and source enargy, using as sources redium, cobalt, amd antirony. Worlk
is s%11l in progress.

Lienitorins for Neutrons.

Jo S, Cheka has contimied his study of the Lastnan Fine Grain
Particle Emulsion as an instrument for fast end slovw nesutron monitoring,
Tho principal problems at the present time appear %o bs, (1) facing of
iracks with time, (2) variation in sensitivity fror betch 10 betell,
(3) Znsonsitivity, ond (4) lack of a vepreduciblo or even constsnd
standard of fast noutron dosage. Lfforts during ¢hs present quartor
have baen devoted to understanding and reducing the fading of tracks.,
Motheratical aid in investigating the hypothesis that, for giver cordie
tions of £ilm namfacture and processing, the fading of en individual
particle in any unlt of time has a definite probebility hes bsen glven
by . S. Snyder, Department of latheratics, University of Temnessae, a
conguliant %o this depariment.

1. 1i. Shapiro, of ths Physics Divisgion, in using lithium ond
boron impregnated photogrephic cmulsions for another purpese, hns given
song consideration to the sultability of these smilsions f{or ths
monitorring of alow neutrons. BRBscause of its potontial intersst wo per-
sons concerned with health monitoiing, his discussion of the charactey-
istics of these films is appended to this section of this report,

Product Determination.

L. B. Faravse has bsen principally engeged in putting tie
determination of plutonium in vrine cn 2 routins basis. The procediws
uged is the calciur oxelate ons describod in Report Lionk-S2.

Fifty-tvo analyses for plutonium vere made on urins end tloed
semples from 39 porsong exposed to plutonium. Ir cnly one case 7as a
significant amount of plutoniur found, snd for this individual a subse-
quent chack aftor two vesks gave a resuli only slightly atove zeru.
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Peogaikle interprevations are contamination of the first sanpls or vory
rapid alinination of o single comparatively large doge. llany cGiffi-
culties arisging in the preocess have been overcenme. Rffoerts have been
dtracted toward reduction of the background of the alphs courters. Tho
normal background is now less ther 0.15 counts per nimite, tut corsider-
asle trouble has been esxperiencec vwith daytime disturtences zhich intro-
ducs unprodictable ®counts.?

Perhaps cne~third of ths time of Illr. Farsbse and iueh of that
of ais assistant, {rs. Pauline Blood, has bsen given to making iced
detorminstions in urine and blcod for the Health Dapartmert.

I%.ss Mary Jane Cook has condimued vork oa the developrent of
a practical procedure for the pouitine determinegtion of uraniuz in wrine.
The copper lerrocyairiae proce(use nov being sivdicd appsars promising

but requircs additional improvements to rake it satisfactory.

Stendard Alr Chember liossurements

P, @. Reinhardt has Dsen engaged throughout the qusrisy in
the design ard construetion {inclwiing shop viozk) of a mamally con=
tzolled potenticmeter ond eleetronater for standerd air chanber
measuremsnis.

Inpeoved Hetheds of Slow-Neubror Health Monitoring,

[y et rei o

Wy lauwrics li. Shepiro and John R. Barmes (Physics Division:

While usicg lithium-impregaated photographic emulsicns for
snother purpose, it was found that the Li% (n, « ) and the 30 (a, =t )
resctions provide two grestly ‘mproved methods of a slow-neuiron heelih
monitoring.

The present method* of a slow-nsutron menilorirg onployad ln
hig letoratory depends on the N{n,p) resctlon preduced in Lostmsn
‘Special Fine-Grein Alpha-Particle Emulsions,® This reaction is axo-
thermie by 0.5 llev. A proten of this ensrgy typicelly creates & mlorve
cople track 4 to 6 micrens long, consisiing of 3 to 6 gilver grsinz, One=-
half the obgervabls tracks chmsists of only 2 grains each, and hence ers

e+ I3 ev

0

# 5, S, Cheltm, "Meutzron ¥onitoring by Meens of Special Fine-irain Algha
Emilsion Film,” (memorandum), December 3, iMbd
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not assy to count. The number of tracks per cm? obtained in 2 iwo-
weeka' tolerance® exposure is 4500. In terms of trecis par micro-
scopic field of view (0.01 mm® in srea) under high power Dagnification,
this nurber is 0.45 track per field.

We have tried two kinds of emulsion of the new type C-2
manufsctured by Ilford, Ltd., of London. One of these is impregnated
with e lithium salt, the other with 2 boron compound. Both emulsions
are 50 microns thick. Vhen exposed to & source of slow neutrons, the
Li-losded plates show the H3 »nd Heb tracks arising from the Li{n, & )
reacticn, which is exothermic by 5.3 lMev. Since the neutron contributes
negligible kinetic energy, the two particles travel in opposilte directions,
producing what appears as a single compositc %rack. The total track
length consists of 2 46 B triton treck end en 814 alpha-particle track,
In the new Ilford emulsion both types of perticles produce dense tracks,
go thet the composite track contains some 50 %o 100 closely spaced silver
grains. Conssquently, the tracks ere casily ovserved and identif'ied not
only because of their great lergth (sbout 10 times that of the proton
tracks from nitrogen), but also tecause of their dense appearance.

flost important, however, is the _high yleld of these tracks. In
a two-weeks' ‘olerance sxposurs, 7.5 x 107 tracks/em? sre produced. In
terina cf the seme field of view described above, this is a density of 75
tracks per fileld, which is roughly 15C times the proton dsnsity cbtained
from tke K(n,p} reaction. Thus, a two-weeks’ tolerance doss can be
measured with an accuracy of sbout 12 per cent by counting the iracks in
a single field, an operatlion requiring about three mimutes. If 2n actual
exposure were considerably less than tolerance and it wers desired rorely
tc ascertain this fact, without sctually measuring the dose, this could
be done almest at a glance, certainly in less than a minute of nicroscopic
inspection. Finally, if it wers for amy reason desived to measure s dose
as low as one percent of a tus-weeks' tolerance sxposure, this could bs
dong with an accuracy of some 20 percent by counting the tracks in stout
35 fislds. The irack density in this instancs 1s 2 ¢racks ver 4 fields
and tke counting should require at rost 5 to 10 mimutes. Higher
accuracios can, of course, be obtained Ly incressing the counting times.

The yield of tracks in the boron-impregnated emulsions excseds
the yieid from the Id plates by & factor of 15. Multiplyinz thws number
by the factor 150 cited cbove, we sse thet 2 given dosags ol sluw ncutrons
vields mors than 2000 times as mary tracks as *tne Bautman plates row in
use. These ¥racks, which are due to the alpnes particles fron the

P

# Currently conaiderad to bs 4700 neutrons/cm®/se: rcr tan -hour dvvs,
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Blo(ng =) reaction®*, are only 5.5% long in the emulsion, one-%onth
as long as the HB-Hez tracks in the lithium plates, and about as long
as the typical proton tracks from the W(n,p) reaction. MNevertheless,
the alpha tracks are easier to detecit than the proton iracks producsd
in tho Eastman films. There are two veasons for this. First, the 1.6
Mev alpha particle emitted in the boron reaction ionizes more heavily
in a given emulsion then a 0.5 ilev proton. Secondly, the same ruclesr
particle produces a denger track in the new Ilford smulsion than in the
Bastnan films currently employedi¥.

Comparing the lithium-impregnated plates with the boron pletes,
it is clear thet each possesses an advantags over the other. The 1lithimwm
disintegration tracks are 10 times as leng as those fror boron, but the
lettor are sbout 15 tires as mumorous. For accurate messuremeat of
ezposures which sre a small fraction of the two-weeks' tolerance doss,
the boron plates will probably prove superior. For rapid health-
monitoring surveys, the lithium plates may be mors efficient. Either of
these methods arpears to be more sensitive by several orders of magni-
tude than the N(n,p) method. Their use should permit muech higher accuracy,
while reducing enormously the time and labor of microscepic track count-

ing.

A nmore detailled rsport of this investigation is being prevarea.

# The recoil path of the residual 117 pucleus is too short to give
a trscke«

#% I3 may be remarked that this property of the Ilfoxd emulsiouws pro-
bably gives them an advantage over the Zasimen films for fasi-
agutron detection g8 well, since the recoil protons produce dencer
tracks, and hence bs more readlly observed.
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SERYICE SECTION

Routine activitizs of members of the Serxrvice Section ars
indicated in the Organizatior shart and Distzibution of Effort in the
next secticn of thig report. Some of the studies made by members of
this secticu are considersd to be of sufilicient interest to rsport hers.

Disposal of Radiomsective liaztes in White Osk Besin snd Clinch River.

A purvay of ths activizy of the mud in parts of White Cak
Bagin, June 26, 1947, [ilary Buford to X. 2. liorgan, "Mnd Assay for
June, 1947") indicalas increases in the specific activity of the mud
sf factors ranging from 5 to 15 during the preoceding five months.

T2 cooperatlon with T.9.4., & radioactive survey of the
Clinci and Erory Rivers within a radius of several miles of the towm
of Harriman was iade June 3, 1947, {Mory Buford to T. H. J. Burnett,
hdugost 14, 1947.) Our interest in Emory River is due to the fact that,
since the mouths of toth lie in the Watls Bar Basin and the Clinch River
is colder tkhen the Emory River, waler fwem the Clinch underlies Emory
River vater Dor several milss above its moutn.

{ud samples and fivwa gailon water ssmples were tsken at
various poiris. Each fivs gzllon sanple of water was evanorated tc
cne 1irter, lltered, and sveporated o dryness. The filtered silt
and avaporated filtrate wsre counted. Backgrounds for comparison were
egtabiisned Jrom four gsamplus %aken upstrsam on ths Clinch River, in the
vieinisy of Nosris Dam. Average valuss for thess samples viere one count
per mirute per liter of the original sample whon counted as described
above; 2.7 x 10" ridcrocuries per gran of suspended silt; and 1 x 10-4
microcuriss per gram of mud.

The everages of resulls from seven semples from the Clinch
River were two times backgrcuand for the zectivily of water, three times
background for the activity of suspended sili, and approximately back-
grovad for tha achiviiy of the mud., The sversges of results from eight
samplss from the Emory REiver were below backzround (referred to samples
from Newrls) for water. tvo times background for suspended silt, and
sppreximately background for mud. While theSe vesults are not alarming
from the point of view of hzzard to persors using water from the Clingc!
and Emory Rivers, in view of the philosophy expressed a few montls ago
ty the Commissicals ledicael Advisory Board, they indicate thet 2:xpanding
reravions will necessitesis wuch more efficisnt removsl of radisactivs
vastes from the effluent waters of Clinton Lacoreitories,
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» .
~ T :
ek S

HEALTH PEYSICS REPORT «8 = SEFTEIBER 1, 1947

Denendencs of Adzborne Activity Upon Temperature Inversion and %ingd
Conditiors.

A memorandum te W. H. Ray from T. H., J. Burnett, Jlugust 13,
1947, on this subject gives the results of observations mads over a
90-day period from April 23 tc July 1, 1947. At statlons near Buildings
115-B, 735-B, and 706-A, the activity sccumuilated on a cylinder of £il-
ter paper, through which air was forced at a constant rats, “7as countsd
by a G-M tube and recorded continuously. Temperature inversiocn data
from points at various elevations on ths water tower were recorded by
a micromax, and wind speed and direction were recorded from anemometer
an? windvane signals.

Temperature inversicns were recorded for 49 of the 70 days.
"arkod increases in air activity were recorded for 47 of these, whils
for the other two no date on sctivity were collected. Of the 21 nights
for which no inversion was Trecorded, in 10 instancaes no marked increase
in activity was observed, while in 11 instances increases were observed.
Mr. Burnett suggests that more complete temperature data might indicate
some .inversion beyond the range of the elavations used. He aiso sug-
gasts thet the rate of decay of the activity on the filter papers afier
tho end of an inversion pericd indicates that the activity is largely
due to 110 minute argon. .

Graphical records are appended to the memorandum.

Pergonnel lMonitoring

Victoreen pockat meters of the type formerly used at Clinson
Letorsiories have bsen replaced by the new Vlietorsen 352, The new
meter has a much lower probzbility of accidental discharge. Discharge
éue to dropping is reduced by a supporting insulator inserted at the
middle of the central electrode as specified on the basis of studies
rede by L. J. Deal, and discharge hy desiccant or desiccant retsiner
hea been reduced by enclosure of tho desiccant in a capsule and in~
provenen’ of the retainer.

. During ths nonth of August, of 39,000 pocket rmeters worn,
332 gave off-scals veadings. Only thrse of the 332 were peired with
another meter giving an off-scale reading, so that under present
conditions, nearly 1 percent of the meters worn are subjsct to complete
accidental discharge.

Statistical studies of %the comparative performance of neters

with and withont capsulss of desiccant in their caps have been carried
on through the past quarter. During ‘he month of August, approxingisliy,
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12,250 pairs of meters, one with and the other without desiccan?’,
were carried end read., OFf these, 7,167 pairs showed no readabls ex-
pesure for either the meter with or the meter without desiccant.

Tre total number of meters with desiccant which read zero was 8,772.
Jf the 8,772 non-desiccated rmeters paired with these and consecusntly
agsuned to have been subject to no significant rediation, 82 percent
showad no readable exposurs und 95 percent gave readings withir ths
rangs of zero to 20 mr/hr. It appears thst the desiccant was of no
value in at least 82 percent of the meters tested. Further study of
the dets shows no significant difference between the performance of
the meters with and those without dasiccant.
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Honsnly  asskiy

Physicists {Asso¢., Sr., end Prin.; 16 3
Chemist, Dlect. Engr., H.P. Supv., Adm. Asst. 7 G
Jo. Prysicigts, Jr. Elsct. Zngr., sud
Regsarch Asgistants 23 9
Je., Chemisd i 0
Tatoratorians, Techniclans, and Clerical 0 a7
Trainze = 2
e 49 5
" Numiber of Technical personnel added during month 2
Furber of Technical persomnel terminated during ronih 1
A1llocotion of Time During August in Man-Bentbs:
Services
Poocket Meters 2=1/2 g
Badge and Ring lleters 2 7w1/2
Heutron Filme 0 2
dans, Shoe, and Glove Counts 1/2 i
maurdry Counting end Jounting Hervice 1/R 3-1/2
Tngtrument Calibretion and Repalv 1 31,/2
“nstroment Dovelopmend 2 0
Surveys - 100 Area and 706-B 2 0
Surveys - 200 fAres P Q
Surveys - 706-4 3 9
Jurveys -~ 706-G, <D 7-1/2 J
Surveys - General Area 2 J
tud, sater, and Alr Surveys 3 0
Consuitabion 2 3]
Plant H. P. Training 2 0
Tyainee i 8]
Resesrch and Developmend
9 losn %o Brookhaven National Laboratory 3 Q
On Losn o University of lVsshington !Bikini
Expedition) i 0
irpwovemsnt and Development of Instruaenss L 9
Iretmment Tests 1/2 o)
Jeriron Studiss ) 1/2 8
iletheds of Detecting Radioactive Froducts in
Urine 2 2
Special Protlems snd Consultation 1.1/2 )
Assigned to Plant lansgerant 1/2 )
Preinee i 2
Adninistrative 2.1,2 3
G£five Personnsl 3 5
Vacations and Leaves of Abcence 3-1/2 TAifY
’ 7
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I. General

During the past quarter several organizstional changes have been
made in the Health Physics Division. These heve bgen designed to better
integrate our activities and to mske it possible to meet the incressed local
and outside demands for Health Physics services.

The Healtih Physics Service Ssction, of which W. H. Ray was Section
Chief, has bsen reorganized into two sepsrate sections--the Personnul !foni-
toring Section, headed by J. C. Hart, and the Radiation Surwey Section,
headed by C. H. Perry. W. H. Ray's primary assignment now is to head and
coordinate consultant activities of the Health Physics Division, both within
Clinton Laboratories and with respeet to other sites.

R. S. Thackeray hes bsen given the specisl assignment of heading
and coordinating the Health Physics Educational Progrsm for Clinton Labora-
tories' personnel, as well as for approved trzinees from other orgasnizations
thet are concerned with radiation protecticn problems.

Representatives of the Atomic Energy Commission, the U, S. Public
Health Service, and the Tennessee Velley Authority held conferences with
the Health Physics Divisicn of Clinton Laborstories during this querter,
preliminary to arranging for their participation in 2 training end rasearch
program in problems of radioactive waste disposal.

Conferences were held between representatives of the various
instrument development companiss snd the Clinton Laboratories Health Fhysics
Division regarding the development, improvement, end possibls mamufacture
of certain radiastion detection snd monitoring instruments.

II. Research and Development Section

The construction of a new low-~background type alpha counter, bsgun
by R. H. Firminhac snd continued by F. J. Davis, is complete. The final
background obtained is approximately 0.1 count per ninute, which is about
the game as thet achioved already by L. B. Ferabse and by other investigators.
& full report on this work is being prepared.
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In connsction with the program for improvement of survey instruments,
a study was made of ths veriastion of sensitivity of six new cutie-pies pro-
duced in the Clinton Laborstories! Ingtrument Shop. The senaitivity varied
betwaen 74 snd 140 mr/hr for full scale deflection on the most sensitive scele.
The ratio of the resistances, accepting the menufacturert!s value, appeared to
be correct to within ten percent. The inconsistency is dus to non-uniformity
in amplification of the Victoreen electrometer tubes and of the high resistors.

The project to bulld our own treath-radon measuring egquipment has
been shelved for the present. To fill the immediate need, F. J. Dsvis has
demonstrated proper breath-sampling technique to the Health Division ard will
continue to assist when necessary. Samples of expired air are sent to the
Bureau of Standards for analysis.

Work has bsgun on a determination of total radicactivity in the
air by R. H. Firminhac and F. J. Davis. The air to bs analyzed will be
drawn through a precipitator, a charcoal trap, and & trap at liquid air
temperature. A pressure chamber, either with an electrometer or with a pulse
comting circuit, will be used to measure the alpha and bets activity collected.

The nsutron film study is being contimued by J. S. Cheka. Recent
results on the fading of latent images were presented szt the Information
IBetings on October 14, 1947. This data together with rors rscent results
are outlined in Appendix I.

The effect of inserting a glass backed neutron emulsion into the
£1lm meter was investigated by J. S. Cheka. His conclusion vwas that 1 mm
thickness of glass in the film meter changed the response to gamma radiation
sufficiently to make the use of glass insdvisable. Detailsd results sre
given in Appendix II. Perhaps it should be pointed out slso that these film
badges sre frequently worn on the clothing: backwards, snd in such cases the
glass backed f£ilm would seriously interfere with the open window beta ray
readingas. The present 0.010 inch cellulose acetate film base does not have
sufficient rigidity for ease in counting neutron tracks, and it is for this
reagon thet consideration was given to the use of glass backed film. Since
the use of glass backed films hss been ruled out, consideration is being
given now to procurement of a neutron monitoring film using s 0.03 inch base.

At the request of Mr. Stapleton of the Biology Division, an esti-
mate was made of the amount of scettered radiation to be expected cutsidas
the exposure cage which is being built at Y-12. Their arrangement was
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simulated in the Health Physics laborstory by T. E. Bortner and J. H.
Roberson, and it was found that scattered radiation comprised less than 10%
of the expected total. Similar experiments of a more general naturs have
been contemplated, and may be undertaken when better space and facilities
are available.

4 study of absorption of gamma rays in the walls of lead shipping
containers is being made by J. H. Roberson, using a variety of radioactive
substances. A simple means of cslculating the absorption of the primary
radiation end of the scattered Compton radistion has been developed, and the
calculated results agree with measured results within acceptable limits,

The experiments will be continued for several additional gamma ray sources
and the results submitted in a separate report.

The fres-air chamber has bsen completed by J. H. Vilde ond P. W.
Reinhardt, but is not yot operative. It is a replica of the Bureau of
Standardsf chamber. The high voltage supply, consisting of a 2 X 2 half-
wave rectifier and a 2 C 53 regulstor, has a voltage rippls of only 13 volts
at 2200 volts cutput. A Lindemann electrometer with projected fiber-image
is used in a null deflaction circuit for chamber currsnt measuremsnt.

iHnor design changes in Chang and Eng have been made by P. V..
Reinherdt, and several members of the Survey Section have been i;nstmcted in
its calibration and proper use.

Rediogetive Waste Disposal,
by T. H, J. Burnett and R. H. Firminhac

General air activity in the neighborhood of Clinton laboratories
vias not of serious level during the quarter, excepting for one instancs,
October 14, when a value of 82% of tolerance persisted sevoral hours and
three lesser instances in November, the worst of which was 62¢ of tolerance
for two hours. These values are estimated from data supplied by outdcor
continuous air monitoring equipment.

Viaterborne activity surveyed during the quarter showed a quartoerly
average in gamma radistion of 0.107 mr/hr for water discherged from the
Settling Basin into Vhite ek Creek,and of 0.009 mr/mr for the water flowing
over White Gak Dam into the Clinch River. This reduction is accomplished by
dilution, redloactive decay, and rsmoval.
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Mad activity along the course of White Osk Creek as surveyed
during the quarter shows no substantial diffsrence from thst found in the
previous quarter and remains higher than at the corresponding date last
Year by a factor of about 10.

A memorandum to W. H. Ray from T. H. J. Burnett, Septamber 10,
1947, gives the results of computations of e theoretical geometry from the
dimengions of the constant air mondtors as 17.3%. This was then checked
by empirical methods using approximations of point sources of different
activities end an average value of 17.2% obtainsd,

A memorandum to R. H. Firminhac from T. H. J. Burnett, l'ovember 3,
1947, gives the results of preliminary studies of the decrease in sctivity
progressively in the water's course along White Osk Creek. When evalustion
1s given to the effects of successive dilutions obtained in the different
parts of the drainage basin from watershed runoff of averagse rainfall, and
the decay of short half-lived components initially preosent, the decrease
observed in activity present per unit volume is accounted for with little
if any decrease due to actuel removal of activity, Mr. Burnett suggests
thet the lower dike across the creek be repaired to give an area of slow flow
rate and permit settling, as an improvement to the present situation,

Analyses of Toxic Metals
by L. B, PFarabes

The program of urinslysis for plutonium is now being carried out
on a routine basis. The caleium oxalate procedurs (lon-N 92) is being used
to isolate plutonium from urine samples. The Bismuth Phosphate method has
been discontimued due to alpha activity in the Bismth. A1l attempts to
eliminate this activity so far have been unsuccessful.

Sixty-nine analyses for plutonium were made on urine of 63 persons
exposac to plutonium. The resulis of these analyses zre used to estimate s
body content of plutonium on a basis of an elimination rate of 0.01% per day.
None of the analyses indicate a body content in excess of 0.02 nierograms.

A consistently low background of alpha counters is necessary for
determination of extremely small quentities of plutonium. Numerous changes
in electric circuits and elimination of interfering electrical disturbances
has resulted in a counter background of an aversge of approximately 0.12
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counts per mimute. An isolated motor-generator set is to be instslled scon
to provide a supply of electric current for the alphs counters. It is
hoped that a consistent and decreased alpha background can be achieved.

1sad anmlyses, in duplicate, were rade for 32 vrine samples and
13 blood samples. These analyses wers performed as a service to the Hediecal
Department ond the results of the analyses were reported to them for their
interpretation.

ITI. Radistion Survey Section
Pile Aren

The pile has been shut down approximately 4C times during the past
quarter..

There are, on the averagas, 40 isotopes shipped from the 105 Building
each month.

4 biologist contaminated the south stairwsy of the tuilding with
active phosphorous. Some spots wers found reading 3 v/hr. Several people
received contaminated shoes because the contamination was not reported. The
contamningtion was properly clsaned off the stairwsy by operations.

Only on one occasion during the quarter did the air activity for
beta-gamma excesd tolerance {1 x 107 “¢/cc of air). Two chemists, by
improper handling of uranyl sulfate in a hood, caused the atmosphsre of the
room to exceed tolerance.

Chemistry Building

This quarter hes been marked by a general increase in contamination
at the {irst of the quarter and a successful effort, lster, to prevent further
contamination.

At the first of this pericd, thrse bad spills occurred in the semi-
works; the highest reading 13 r/hr at 3 feet with a Cutie Pie W.0. 4Also, in
one 15-day pericd, 15 pairs of shoes were contaminated.
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In Room 78 twe body overexposures were received, and several
overexposures of hands beceuse of a faulty bsrricede. This was remedied
with a new barricade and remote control appsratus. ‘

There hes been a large amount of new construction and maintenance
work done in this building recently. Most of this has been done to corrsct
heating and ventilating faults. The usual Health Physics ssfety measures
vere taken during the construction.

There wss one fire in the building during this period. No active
magterial was involved and air samples taken next morning as soon as power
could be obtained showed no high air activity.

Throughout this quarter, only two air samples from the Chamistry
Building showed serious air contamination, Neither of these was above
tolerance,

200 Arsa

The most outstanding rediation protection event in this ares
during the period was the work done on the 706-D off-gas gystem. The system
had definitely been a radistion hazard prior to this time. Work done con-
sisted of: 3/4 of an inch of lead shislding up to 12 feet above ground
level sdded to the lines where they emerge from the ground at the southeast
corner of the 205 building; the ereciion of a concrete block wall on the roof
at the east end of 205 to shield the sempling srea of the hot pilot plent;
new gteps up to the 204 level (away from the duct); and a fence which com-
pletely encloses the duct system, fanas, and stack on the stack level. In
addition to this, a2 concrste pad was poured under the jet systems st the stack
to ease decontamination of the area in the event any of the iets leak again.

Reposated smear surveys end air samples taken in Cell 5 (isotope
separation) convinced operstions that changes sould bs made. The first
change called for a hold-up of the waste sulfur in a tank vented to the
off-gas system to ellow fumes end vapors to pass off before the sulfur was
drawn off to be discarded. This change dropped the air contamination
hazard during this stsp frem 768 percent of mask tolerance (10~8 _+vc/cc) to
+~5 percent of tolerance (barring accidents or faulty functioning of the
aquipment). This improvement removed the great denger of excessive air
contamime tion. )
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Barium Separation (706-D)

On September 2, 1947, there vas an I'>% gpill in North Hot leb.
The floor read 1 r/lr € 3", and the work bench, 3 r/lr ¢ 3" C,P.N.0. Some
of this solution dropped on Newton's arm, and he washed immediately. A
count vas made € 1" with a sesler and it recorded 51,547 ¢/m, and at 2-1/4",
8229 ¢/m. On September 6, 1947, his arm was checked again-€ 1", and read
19,518 ¢/m. Cn September 8, 1947, it rsad 4,527 c¢/m. On September 9, 1947,
1t read 2,057 ¢/m. After a considerable amount of washing and use of a
chemical potassium Iodine, he lowersd the count on bis arm to below tolersnce
on September 10, 1947.

On September 5, 1947, a spill occurred in ths West Hot Lab when E, C.
Hendren dropped a botitle of T131, The floor reed 4 r/br € 47 C.P.N.0., and
Hendren's shoes read 72 mr/ir ¢ 3" C.P.%.0. The shoes were confiscated and

the West Lab deconteminated immediately.

A product carrier from the burial ground was placed in the decomw
tamination room., After decontaminating the carrier, the reading was 9 r/hr
@ 2 foet and at 6" the reading was 60 r/hr. Both readings were taken over
the top of the carrier. After several days of work this ecarrier was
cleaned below 12.5 mr/hr.

On September- 13, 1947, H. T. Russell was found to have 4,556 c/m
on his nose. The source of contamination was from PRfumes from Coll 5 or
from his gloves. He lowered this count below tolerance by weshing.

On September 16, 1947, N. Hot Lab was restricted becasuse of a
sample behind the barricade reading 60 r/hr & 1', and readings of 2 mr/hr
at the west entrance to the Hot ILab.

Cn October 13, 1947, as Ba run #21 was nearing completion, it was
discovered that a large portion of the final product was lest. A portion of
the run was discovered in tank A-9 during a repeat run. Seemingly, it wag
coated to the sides of the tank and removed with the subsequent process in
the tank. The final product was removed and shipped October 20, 1947.
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On Hovember 5, 1947, J. T. lLemon's shoes were found to be reading
1.3 r/hr & 1% C.P.JW.0. . This radiation was possibly obtained from ths Sr
set-up where he had been working.

Isot 1d 706G

A 3pill occurred at the doorway of Cell III, Bank I on September 19,
1947. The activity was mainly element-61 and, having an extremely soft beta
radiation was difficult to detect., The ares was irmediately roped off and
cleened up with scids. The entire area was cleaned until < 200 c/m ~as counted
on smears taken.

A high field of radiation was experisnced during the handling of ten
Th232 glugs from Hanford, Washington, when brought to Building 706~C. These
slugs were 3 months old and were very hot. Ionitoring of this operstion gavs
the following readings.

Iocation Geometry mr/hr

Carrier (top off) & 3¢ 25,000 (maximum)
Carrier (top on) @ 3" 2,000 (maximum)
Carrier (top off) @ 10! 1,400 (maximum)

&n inversion or some type of unususl happening occurred over the
week end of the 1lth and 12th of October in room #12. All exhausts to ths
hoods, the hot sink exhaust, snd the hot storage lab exhaust vere ssemingly
blown back into the room. The degree of contaminetion in a cleasn hood, #15,
was 150 mr/hr @ 3" of the floor.

The existence of a high field of radiation, of 3 r/hr ¢ 3" from the
lines to tank W-ll, finglly lead to an excavation of an inspaction hole to two
lines leading to the tank farm from 706-D building., The radiation was found %o
ba due to a partially clogged line and not a laak as previously thoughi.

General Area

Frequant surveys of the cafeteris and canteen show no radistion or
contaminstion above background. Two tables from 735-B canteen were found to
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be slightly contaminated with bota and gamme, reading > 300 ¢/m. Isolsted
spots of beta and gamma contamination were also found on the floor of 735-B
canteen. The contaminated tables have besan removed and thorough scrubbing
has failed to remove the contamination from the floor.

Regulsr surveys are made of trucks, heavy equipment, tools, etc.,
which are used in the restricted area but are not assigned to that area. Only
low level radistion was detected on any of this equipment. The contaminated
items were sent to 101 building to be cleaned.

Core drilling has been in progress at the east burial grourd by J.A.
Jones Company. Close surveys have been made of squipment and the personnel
have been provided with protective clothing. Norsdiation or contamination
above background has been detecled.

Twenty-four loads of alpha contaminated waste from Dayton were
buried during this period, Highest beta and gamma reading on any of the
material was 400 mr/hr @ 6" from one of the barrels, with C.P.W.0., Highest
alpha reading was > 60,000 d/m with Zeuto.

One shipment of alpha contaminated waste from Dayton, on Novembar
14, 1947, had some barrels which were’leaking, after the trucks left Dayton.
Ona of the trucks was sent back, when the lesk was discoversed. The clothing
of all the drivers was checked for possible contamination. One spot of alphs
contamination was found on one of the drivers irousers, reading 15,000 d/m

with Zeuto.

I¥. Pergonnel lonit Section

From a raeview of the records of pocket and film meter readings for
the 26-week pericd, December 28, 1946 to June 28, 1947, the probable maximum
and minimum values of the average dsily gamma ray exposure has bsen calcu-
lgted. The results, shown in the table beslow, are based on the records of
1,489 individuals who wore personnsl monitoring meters and were employed at
Clinton Laboratories for all or part of the 26 weeks.
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Probable Limits of Average Dsily Exposure
iAll values listed are in milliroentgens

Fyom Film lgter Resdings

From Pocket

HMeter Reasdings n Window Behind Shiald
Taximm Value 4.82 7.33 2.8
Mnimum Value 2.83 1.5% 0.52

The probable limits given in the table were calculated from the
total exposurs recorded for the individual in the following way:

Minimum mr/day = Tokal Recorded Exposure
Number Calendasr Days

el o - 2 Total Recorded Exposure
* mr/day = 7 KNumber of Days the Person Vore Pecket tleters

The minimum value calculated represents the average daily sxposure
if 211 exposures received by the person were recorded. Rscords indicats that
pocket meters were worm on only é0% of the man-work days during the period.
The maximum value is based on the assumption that the average meter reading
represents the true aversge exposurs.

The pocket meter weslues are bhelieved to be the most reliabls of
those given in the table. The discrspancy bstween pocket meter and shielded
£ilm meter results arises from the greater sensitivity of the pockst meters
in the range of low exposureg. Film meters do not give significent readings
for exposures less than 30 mx, Therefore, film meter records show zsro,
excapt for those weseks during which the wearser raceived an exposurs somewhat
greater than the average weekly exposure. The open window portion of the
f1lm meter has a very high response to soft gamma radiation, and the readings
are not as accurate a measure of gamme ray exposure as are the readings of
the shielded portion.
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The aversge pocket meter reading for each time worn wes 6.7, mr.
High readings due to leakage or moter fallure bave been practically eli-
minsted. The ratio of pocket meter to film meter readings was 2.5, lasrgely
beceuse of the inadequacy of the film meter in recording low exposure. A
complete report of this personnel monitoring meter record is being prepared.

Y. Health Physics Consultant and Education Ssction

Consultant Activities
by V. H. Ray

The plans for the new !letallurgical Laboratory end Health Physics
Laboratory quonset huts have baen reviewed, lesding to certain changes in
the designs. This is in lins with the proposad functions of this new office,
which will consider Health Physics problems presented to the division by
representatives of Clinton Lavorstories and other sites with special emphasis
on the review of building designs snd problems related to plant construction.
A mumber of other building plens are under consideration,

Some time during this period was also invested in consultant
work on Contract AT-30-1-Gen-150.

FEducational Activitiss

A six weeks! concentrated orientation program for Health Physics
Radiation Surveyors, conducted by W. H. Ray, has just been completed. This
course was desipned to prepars radiation surveyors for apprenticeship at
Clinton Laboratories ard to allow other members of this division to broaden
their knowledge in the field of Health Physies.

A number of temporsry employees and non-employees were permitted
to attend this orientation program. They included ropresentatives from the
A.E.C. Isotopes Division, Westinghouse Electric Gorporation, Navy, aArmy,
K-25, and the New York Directed Operations of the A.E.C.

The activities of the Plant Persormel Tresining Program were under
the direction of R. S. Thackeray and G. C. Varlick. During this period,
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twenty-five Health Physics plant orientation and indoctrinstion sessions
wera held. Speakers were provided for s mumber of these sessions and the
training strip film "Radiation and Health Physics at Clinton Laboratories”
was used in others. In addition, Health Physics educational litersture
was distributed to Clinton Laborstories' persomnsel.
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DISTRIBUTION CF EFFCRT FOR THE IMONTH OF NCVEMBER, 1947
Personnel on Peyroll for Entire lonth ¥onth Reekly

Physicists (Assoc., Sr., and Prin. 17
Chemist, Elect. Engr., H.P. Supv., Adm. Asst,

Jr. Physicists, Jr. Elect. Engr., and Research Assis.
Junior Chemist

Laboratorians, Technicisns, and Clerical

GlowRy
ﬁlﬁoooo

[
0

H. P. Trainees from other organizations
Number of technical personnel added during month
Number of technical psrsonnel terminated during month

Allocation of Time During Novembor in Map-ionths:

Sexrvices
Pocket ileters 1-1/2
Bsdge and Ring ifeters 1-1/2
Pocket-Film ifeters, Distribution, Repair and Calibration
Neutron Films
Hand, Shos, and Glove Counts
Laundry Counting and Counting Service
Instrument Calibration and Repair
Surveys - 100 Area snd 706-B
Surveys -~ 200 Area . .
Surveys - 706-4
Surveys - 76-C, -D
Surveys - General Ares
Consultation
H. P. Education and Training 5«1,

[w]
[
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N

Regesrch and Development
Waste Disposal Problems 3
On loan to Brookhaven National Laboratory 1
Inprovement and Development of Instruments 2
Instrument Tests 1
Neutron Film Studies 1
lethods of Detecting Radioactive Products in Urine 2
2
0}
2
/

Special Problems and Consultation

On loan to Health Dapartment

Academic leave-of-absence
Administrative 4=,
Office Personnal 0
Vacations and leaves of Absence 2-1/2 1-

s
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APPENDIX I

The Investigation of the Fading of latent Images of Neutron-Induced
Proton Tracks in Special Fine Grain Particle Emulsions

by J. S. Cheka

The evaluation of fine grain particle emulsions for neutron mcnitoring using
proton tracks from H recoils for fast neutrons and N (n,p) reactions for the
thermal neutrons has been reported in a previous paper, 12/2/46. The present
paper deals with a phase of this problem that had not been noted at that time.

Several Eastman alpha emulsions of the type NTA were investigated. A number
of films shielded by four inches of lead were exposed together to fiszion ueutrons
of about O 5 n-units (an n-unit being the dose of ng which will discharge a
Victoreen r-meter as much as will L r of X-rays). The films were then developed
after delay periods ranging from O to 58 days. Variations were also made in
development techniques, i. e., Eastman's D-19 and Du Pont X-ray developer wers
used, and various development times other than those recomuended were used. The
films were read on a microscope with a2 dark field using a magnification of 900 X.

The several emulsions showed differing neutron sensitivities botn as to track
density and track length in terms of number of silver grains. A track is recog-
nizable only if it has three or more grains in a row. Track decay is here defined
as the decrease in the number of recognizable tracks per unit area in filus
developed after any time interval compared to the number per unit area due to the
same exposure when developed immediately.

It was found that the decay rate of tracks was not uniform, but increased
after a week or more, and also that this change of rate was less when the ori;inal
tracks were longer in terms of the number of grains per track. It seems that the
individual grains, originally sensitized are rendered undevelopable in the course
of time, and consequently a longer track may lose a larger percentage ol its grains

before becoming unrecognizable.

The phenomenon has recently been studied by other observers working .ith fine
grain particle emulsions. It does not occur in photographic emulsions, in which
latent images have been noted to remain stable for years.

Dr. %. S. Snyder, consultani froa. the University of Tennessee, collaborating
on this problem, calculated the probable rate of disappearance of tracks, assuming

that individual grains decay at random with a uniform half life and that less than
three consecutive developable grains remaining constitute the loss of a track.

Disappearance rate is expressed by:

An = Q_An_l + qun—-d .io quAn_B for n > 2.

Vthere n is the number of grzins originally activated in a track

Ap is the probability of loss of track of n grains.

PR —

Lt e g w— e

A Ty T T T T RSP O O TN g (A



Health Physics Guarterly Report December 1, 1947
APPENDIX IXI

Effects of Class in Badges, and Front and Rear Cadmium Shield
Removal on Densitometer Readings of X-ray Films

by J. S. Cheka

Considerable time is spent by microscopists in mounting neutron films on
glass slides for reading. This mountingis, in many cases, not satisfuctory
because even a alight. convex buckling of the film takes it beyond light focus,
since the total thickness of glass and film falls just within tne focal distance
of the dark field condenser. This necessitates a remounting of the fir~.

Other methods of holding without the use of glass were tried, but the
flexibility of the film, and the high value of the surface tension of the
immersion oil made focusing of the objective difficult.

The use of glass plates, cut to fit the badges, was considered to eliminate
this difficulty. Consequently, a test calibration through 1000 mr was made of
the standard X-ray films with glass behind them to deternine scatter and/or
absorption effects which might affect gaima exposure monitoring. at the same
time exposures were made on X-ray films using the back of the badge without the
front, and also using the front of the badge without the back. Blackening was
read on the Ansco-Sweet densitometer,

The accompanying figure shows the eftectis of these exposures, compared to
a standard calibration wade with the complete badge. Only the readings on the
sensitive film of the pack are shown., Darkening on the insensitive film in this

range was too low to give significant readings.

As was expected, open window readings on films in the standard or complete
badge, the badge without the back, -and the badge without the front were
essentially the same, so of the three only the standard was plotted. Open
window readings on film backed by glass were~ 8% higher thun the standard through~
out the range measured. & cadmium sheet behind the open window increased the

blackening by about 15%.

Blackening of the shielded portion of the film was lessened about %% compared
to the standard film meter by insertion of the glass plate. lLemoval of the back
portion of the f£ilm badge, so that no material was present to contribute blacken-
ing due to backscatter, gave values coincident with those for the film meter con-
taining glass. The inference from this data is that the glass gives no appreciable
backscatter of the radium gawmas rays which have been filtered through the cadmium
shield on the front of the badge, but that the glass does absorb almost all of the
soft radiation scattered back toward the film by the inner cadmium shield. In
addition to shielding the film from scattered radiation, the pluss serves to
separate further the film from the scatterer.

From these results, it would appear that insertion of a glass plate into the
f£ilm meter would reduce its sensitivity for gamma ray measurement. In addition,
it would so screen the open window portion of the meter that it would record beta
and soft pamma radiation coming from one direction only.
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p 1s the probability of activated grains remaining activated.

Q@ = 1 - p is the probability of activated grains not remaining activated.

Specific values were then calculated for AL (n &2 3)- Forn = 2, the

track density decreases with a half-life approximately three times shorter than
that assumed for individual grains. For larger n, the decay rate is not expo-
nential, but is slower at first, approaching an exponential decay rate after an

initial slower rate.

It was also found that increasing the development time, 'while not affecting
track density on immediate development, decreased the decay rate of recognizable
tracks when the development of the films was delayed. Emulsion No. N4117
developed in D-19 for 4, 5 and 6 minutes lost half latent tracks in 12, 16 and
2? days, respectively. Emulsion No. N4X18 when developed in D-19 for 4, 5 and
6 minutes showed half times of 14, 17 and 20 days, respectively. The limit of
developing time is determined by chemical and dichroic fog, which appears with
long develoument; and makes track counting difficuit.

Du Pont X~ray develoger brought out 10 to «Os more tracks at no delay, and
was ulso found to decrease the decay rate. TLmulsion ¥o. N4X17 developed in Du
Pont X-ray developer for 2, 4 and 5 minutes gave half times of track demsity in
15, <3 and 38 days respectively; N4X18 gave half times 15, <0 and <R days
respectively.

It was also noted that aging of the developer, even for short times, after
mixing had a marked effect of decreasing its efficiency in bringing out latent
tracks. This is being investigated further.

This decay has significance in personnel monitoring since it limits the

time a film may be worn by an individual before it must be turned in for develop~
ment and reading. From the point of view of statistical accuracy and convenience,
it would be advantageous to have a film worn for a long period, provided that the
film exposure records were additive. However, because of the comparatively rapid
loss of the latent images of proton tracks it is impossible to correct for this
effect over a long period since the exact time at which the exposure occurred is
not usually known and tie rate of exposure is not likely to be uniform.

Dr. %. F. Swann of the Eastman Kodak research laboratory has been working
with us on developing a particle emulsion film with greater latent image stability.
He has submitted an emulsion, designated as tyge NIB, for tests. It consisted of
plates coated with emulsion type NTB (15 f1 thick), and is designed to be more
sensitive to light particles than NTA, or alpha emulsion film.

Four of the plates were used to calibrate for sensitivity. They were exposed
to 0.69, Q 92, 1.78 n-units, and "background” respectively. They showed an average
of (2.79 z 0.51) x 10° tracks/cm?/n—unit, This compares favorably with (<.?2 +
0.28)x 10? shown by the present batch of NTA coated films, which have emulsion

thickness of ~ 30 1».

The rest of the plates were exposed to 0.9z n-units, and developed after delay
periods of 1 to 25 days. Results showed ~10» track loss in <0 days and -~ <0% loss
in 25 days. This is a great improvement over the present NTA film which shows . 17%
loss in 7 days, and ~~ 50% loss in 19 days. Also the average track length irr terms

of number of ;ruins is greater for the NTB plates.
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HEALTH PHYSICS DIVISICH

Earl Z. Horgen, Dirsctor

COARTERLY REPORT FOR PERTOD RWDING AUGUST 31, 1948

thig report covers the activities of those groups in the Health Physics
Divigion primarily engaged in Applied Rosearch or Dsvelopasnt. MNore or less
routine cztivities of the Survey-Monitering Secticn srs covered in the Laboratory

Weekly Frozress Report.
IFNSTRUMSY: DEVELOPNERT

Organization of the asectien was begun Nerch lat with the employment cf Mr.
W. H. Huret aa Sectiom leader. During the past quarter focur men have been added
to the group.

A primary ebjective of ths Instrument Davelopmsnt Creup is to improve tha
rresent Health Physicas radiatien instrumemtation to a level comparabls to that
enjoyed by instruments preduced in quentity by relisble productiom comcerns. A
program to achieve this end includes the following major activities,

(1} A exitical study of existing radiction imstrumsntatiom and instzumen-
tation peseds; both within and without the AXC.

(2) Rlectrical and Mechemicel Development by the group.
(3 Preduction Design Enginsering and Specification Writing.

(4) Utilizatien of the bighest skills and best tschniques presently avail~
4 le In the fileld of commereial instrumentatiom.

mmhofthetimedm'ingthopartqnarterhasbmspentintmproﬁsiono_f
loboratory facilities and in the orientation of perscmnel. Thess processes are
incemplete. .

Specifications have besen written and contractual negotisticme practically com-
pleted for the development snd production of a number of oscilloscopes espacially
adapted to photographic, as well as visual, observaticm of random pulses with ex-
tremsly chort riss tims. Spscifications are containad in Report ¥o. 9258 of the
Hazeltins Electronics Corporatica July 1, 1648, together with a supplement by
W. . Burst,July 30, 1948.

Considerable effort has been devoted to the cbjesctive of making the Walkio
Peppy (7dphe Survey Moter) the subjsct of a aunitabls commsrcisl development
contract.
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Development projects in progress within the group include:

(1) - Imprdvemsnt of instrumentation used for the detection of Pu in body
fluids;

(2) ZExploration of preferred materials for portable instrument casss;
(3) Instrument coetings to permit easy dscontaminmation;

(k) Design of a shake table suitable for determimation of resonance peints,
structural weaknesses, and operatiomal characteristics of instruments and conm-
ponents subjected to vibratioms of known frequency end amplitude.

WASTR DISPOSAL STUDIES

A program involving the reorganization and explansion of vaste diaposal
studies in the diviasion was launched in July with the addition of Mr. Roy J.
Horton, Sanitary Enginesr, as Section Leader. The program is a Joint under-
taking with Oek Ridge National Laboratory, U. S. Public Hesalth Sarvice s Tem-
ecses Valley Authority, and the Office of Research and Medicine of the Oek
Ridge Directed Operaticus as participants. Major cbjectives of the progran
are:

(1) To evaluate and minimize radiation hagarda incident to our own
practices in the disposal of radioactive wastes;

(2) To provide fundamental information on the behavicur of released radio-
active wastes as a basis for intelligent public health policies and protection

standarda; and
(3) To obtain informatiom which may contribute to our natiocnal defense.

Senior members included now in the group are 0O.R. Placak, Sanitary Eonginesr
asosigned to ORNL by the U. 8. Public Bealth Service for s tvwo yoar pericd from
April 1; L. B. Setter, Sanitary Strean Erginesr, assigued to ORNL by TVA eince
May, and Conred Straub, Sanitary Snginssr, assigned to ORNL by the U. S. Public
Bealth Service for a two year period beginning September 1. The activities cf this
group will be a part of a broader program participated in by Professcr Paris
Btockdale, Ceologist of the University of Tennesses and Mr. J. Z. Holland,
Meteorologist of the U. S. Weather Burzu. The geological and metasorological
prograns are being sponsored by the Office of Research and Medicine, Oak Ridge

Direoted Operaticns of the ARC.

During thes past quarter members of the sectiom bave been engaged largely
in orientation, preliminary analysis of problems, tentative plamning, precure-
ment of supporting perscnnel; and setting up a laboratory. Orientation work
has included some participation in routine activities of the Waste Nonitoring
Group of ths Survey Monitoring Section of this divisionm and study of Waste
Monitoring recor«a. Observation on the re.gtion of radicactive contamination
to plant life in the Settling Basin are containcd in a memo from L. R. Setter
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to W. D Cottrell Jume 1, 1948. Considerable study has besn given to possible
improvemsnt of Whits Oak Dam to increase the effectiveness and safeiy of White
Oak Lake in the ptorage of radioactive materials entering White Oak Creek.

Definite plans for preliminary surveys of the Watts Bar Resevolr, iu
cooperation with two branches of thes TVA, the Fish and Wildlife Branch and ths
Stresnm Sanitation Branch, have besen completed. The gurveys will be bLegun in
September, and vill include studies of representative samples of vater, sediment
plenkton, algae, and fish. It ia expected that the results of thase preliminary
surveys will form the besis for more extsnsive joint studies with these agencies

in the future.

An exploratory meeting with representatives of the IVA, U. 8. Pudlic Healid
Service, Tennessee Department of Public Health, and AEC Division of Enginesring
wag held at Chattanocoga, August 24, to discuss the general range of interests in
problens of radioactive vastes and possible coordinatiocn among several public

agencies.
THEORETICAL PHYSICS

Evaluation of Relative Siopping Power

Bloch's formula (Haitler, "Quantum Theory of Radiaticn", p. 218) for energy
loss per cm of path is used to calculate the relative astopping power for alpha
and beta particles. Yor fixed energy the relative stopping power per elsctron
is & linear function of log Z. This is plotted on Figure I and II for ensrgies
above 1 Mav in ths case of alphas and above .0l Msv in the case of betas.

The oethod is certainly not sccurate much below these ensrgies but sesms
trustvorthy for higher energies and particularly on high atomic mumbsrs. Com-
parigon with Mano's experimental values for 6 Mev alphas reveals a maximum dis-
crepancy of the order o¢f 5% over the entire range of Z. The calculatsd values
for 1.8 Mev betas are in substantial agreement with the experimental results
of Gray, though here the data ssems less trustworthy.

Bvaluation of Slow Neutron Tolerance (Problems Incomplets)

The collision demsity due to bombardment of tissus by thermal neutrons is
investigated undsr the following assumptions: (1) The tisgue ias ropresented
ae a glab 30 cm in thickness, the other dimensions being infinite. The total

© scattering cross section was taken as 2.05 barns and the absorption croes
saction as .023 barnes {2) & monoenergetic beam of trons impinges normally

on one face of the slab with density of 1 nsutron/cme/unit time, and ths re-
sulting distribution is assumed to have attained equilibrium. Backscattering

from the surrounding space iz assumed to be absent. (3) The energy of the

neutron is assumed to remain constant during itz passage through the tissue
and scattering is assumed tc be isotropic in the laboratory system of coor-
dinatss.
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With these aseumptiens, the collisiom demsity, f(x), is given at depth

» T by ths integral equaticm, 30 \
W tnze* ., 2 e / tinE (y-m)a
2\ ja

E, (z) is the exponentiasl integral,

oo
B (x) = [ a
,}1 t

This problem has been attacked by the "Nonts Carlo” method. At each
cellizion the meutron has three alterantives: {a) to go back a given distance
{(b) to go forward a given distancs, and (c) to be abeorbed. 7Thes probabilities
of (a), {b) and (c) can be computed under the conditions (1), (2) and (3) of
ths problem. The solutiom of the problem ig then affacted by melecting a
auccession ¢f randem nuzbers wvhose interprstation dscides the fate of the
neutron at each atep of its path. The interpretation is determinsd in such a
vay that the alternatives (aj, (b) and (c) have ths computed probsbility of
cccurrence at each step. 3By taking a large =uiple the resulting dtztridbution
of colliaicms is, in principle, the solution of Equatiom (1).

. Actually a sample of 100 neutrems giving about 1800 collisgicoms was token.
The data was emoothed and itsrated in equaticm (1). The curves cbtained are

indicatad in ths accompanying graph (Figare II).

At present it seems desirsble to do further work with the solutiom curve
both by perferming further iteraticns and by attempting to f£1t an analytical
formula to the curve. Ths aim will be to obtain as complete informatiom as
rossible and also to get some absclute bound for the error. Some preliminagry

work has been dome in thoee directions, but ths work is now awmiting the
availability of further ccaputatiopal assistance.

Problems Under Study
(1) Rediation Effects dus to Fast Heutrong
(2) Bremsstrahlung - It is intended to mske ths following svaluations:

(a) Determine cross sectioms 9 {k, E) for the lover ensrgy ranges to
mke them appliceble for B. S. arising from the beta radigtion of rile
produced activities. In computing the cross secticns account will be
taken of errors involving the use of Born's approximation, screening effect
and collision losses during time intervals separating two Bromsstrahlung
ancounters.

{b) Determine the fregquency spectrum of radiaticn emitted by eliectron
of initisli epergy E.

{c) Apply the above results and investigate problems concerned with
health hazards arising from Bremmsatrahlung.
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EXPERIMENTAL PHYSICS

The personnel and fecliitiss of this group have been largely devoted to
problems for agencies other than the ABC. Measurenents involving absorption
and reflection of radiation under rather specific conditions ares given in the
following reporta or memos:

(1) shadow Shield Experinent, Roberson, Morgan and Rucker, July 30, 1948.
Reflection of radiation from Lanthsmm-140 by a right sphericsal un-
gula of air is determined.

{2) ORNL-145 - T. B. Bortmsr, 8-31-48.
Reflection of radiation froa Tantalum 182 by various matsrisls undsr
certain specific gecmetrical conditions is datermined.

Reoults of other activities for cutside agencies are no? available for pub-
lication at the pregent tims.

The parsmount problem from ocur own laboratory has bsen the particulate
radiocactive cvatamination of the atmosphere in ths ORNL area. Through the
Joint efforts of this group and the Survey group, some progress has bsen made
in evaluating the extent of tho contamination, but as yat ths data aro very
incomplete. Data are given in meworanda by K. Z. Morgan, 8-2-48 and 9-15-48;
and J. S. Cheke and H. J. McAldurf, 8-24-48.

Status of Problem of Particulate Cantaminaticn

Investigations to the present time indicats that:

{1) Largs mwmbers of radicactive particles are carried by the air used
to ccol the pile and discharged through a 200 foot stack;

{2} The particulate contaminsticn of the atnaiphere from the pile may Le
much greater than nermel during and impediately following ths removal
of a ruptured uranium slug from ths pils;

(3) At certain timss and locaticns the mmjority of the particles in the
air are in dust swept up from the ground by traffic and wind; and

{4} Certain chemical cpsraticns may add to the psrticulste contamination
of the atmosphere.

Particles ranging in size from 400 microns to 80 microms have been isclated,
cbserved under a microscope, and counted for alpha and beta activities. Due
to irregularities in shape, estimates of volume bassd on linear measuremsnts are
very rough, but perbaps the greatest variation to be expsected in the results of
experimental determinatioms of specific activities ia, for alpha content, age in
the pile and, for beta content, age ocut of the pile. Specific sipha ectivities
ranging from 6 x 10712 to 107 gd.crocur%ec per cublc microm and spscific beta
activities ranging from 2 x 107" to 107° microcuriss per cubic micron heve been

reported.
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Particles smellar than 80 micrcns have not been isoclated for _Lssrvation
undsr a microscope. Such particles are most reeadily detscted by long ex-
posurs of an x-ray £ilm in close proximity to the dust in which the active
particles are collected. Rough indicatioms of the activities of the par-
ticles are afforded by the dianeters of the blacksned spots on ths developsd
film after exposure for a dofinite length of time. Zxtrapclations from the
rapgs of specific activities determinsd for largs particles, while not reliable,
indicate the size of particles observed sutoradiographically probadly extend
down into or through the nasighborhocd of one microa.

No basis exists for an overall estimate of thes hasards associated with
radicective particulate atoospheric contanination. Whether an individual
particlo has a finite probablility of producing sericus denage 1 taken into
the lungs is not kmown. Lacking such knowledge it beccmss desirable to reduce
to negligidble valne, in the shortest possible time, the probadility of breath-
ing rediocactive particles iato the lung. Coordinated efforts in this directiom
by plant management and the variocus plant divisions are being undertaken by the
Acti~'ty Hazards Committes.

RDUCATION AND TRAINING

The time of the Section Leader has been divided between participation in
th. Radioisotopes Training Program of the Oak Ridge Insgtitute of Nuclear Studies
and the planning and presliminary nsgotiaticn for the presentation of a 12 to 15
month course in radiation protection for holders of bachelor's degrses in
science and engineering. The course structure end content have been worked
out and diacussions are being held with the URiversity of Temmessee Physics
Department and Graduate School to see if arrangements could be made for them
to present the background material, administer the program and grant a master's
degree on the strength of it. The University has 2o far indicated great in
terest and a meeting will soon be held to consider details of financing, tech-
nicel directicn ete.

. During the month of July the Section Leader spemt perhaps 30% of his work-
ing times on locan to the CRINS as instructor and radistion protection man for
the Fadioizotopes Techniques Course. The August seasicn required consider-
ably less time, though the September presentation will again require sbout
304 participstion because the Institute is losing aeveral of the imstructors
from the earlier courses.

A progran to provide textual and reference material in the fielid of Health
Fhyr..23 has gotten under way with the employment of a junicr physicist {Aug.15)
and a technical stenographer (September 15) to assist in the compilation, edit-
ing, end production of appropriate materials.

int addition to thess major developments, ccomsideration has been given to

- DmArous requests for short term training, long term individual apprenticeehips,

end veriocus consultative activities. We have completed in this period the
training of 2 one year students, and 4 ninety day trainses and still cerry

il
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at this time four 1 year students.

CONSULTATION

In addition to the more or less routine on-andoff-Ares Consultation, Mr.
V. H. Ray has designed for the New York Directed Operations, a model Radio-
chemical Laboratory, vhich, with some alterations, 1s xnow on display at the
Hew York Golden Jubiles. He has also degigned and comstructed, with the
cooperation of thes Engineering Division, and ORRL display for the September
moeting of the A. A. A~ S. at Washington. This display consists of 12 booths
featuring protection from radicactivity by prevention of inhalation, control
af contaminstion, and comtrol of irradiation dosage.

i
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HEALTE PHYS3ICS DIVISICHN

QUARTERLY REPORT FOR PERYCD ENDING NOVEMBER 30, 1948

X. Z. Morgen

This report —~overs the activities of those grcoups in the Health Physics
Divisien primarily engaged in Applied Research or Development. More or less
routine activitiss of the Survey-Honitering Section are covered in thes Labora-
tory Weekly Progress Report.

INSTRUMERT DEVELOPMENT

Considersbie progress in providing suitable laboratoriss for the
{nstrument Development Secticn has besn mads. An additicnal slectrical
engineer joined the Section November 1, making a total of six members.

A purchase requisition fer the development and producticn of 20 units
of an improved oscilloscope, Hazeltine Mcdel 1421, was issued November 8.
Of these, 10 units are to be distributed cutside Oak Ridge Rational Labora-
tery by the AEC Radiation Instrument Branch. This instrument is to be
adapted to photegraphic and visual cbservatien cf rendom pulsss with ex-
tremely short rise tims.

Efforts to interest cne of the larger manufacturers in a contract for
the develcpment of the Walkie-Poppile { Portable Alpha Survey Metser} were
not successful. Progress in the development of this instrument within the
aection has been made. At the present state, the Welkie Talkie will detect
a source of approximetely 135 dpm, and will cpsrate thrcugh a range of 700
volts probe potential. The latter feature elimirnates the necessity for
voltage regulaticn and may eliminate the necessity for a voltage adjust-
ment control. A pre-amplifiey has veen built within the probe, and the
amplifier has been gimplified. Work on the improvement of the high voltags
supply is in progress. Three interim mcdels are %o be ccnatructed for
field testing and criticism by the Survey Monitoring Section.

The improvement of instrumentaticn for the detection of Pu in body
fluids ig in progreus, As alphs amplifier has been made and has the
following measured characteristics:

Max. cutput -~ 24 volis to scope or scaler

Max. input - for distorticn less than 20% the maximum input at
50 KC is 0.8 millivelt.

Gadin - 3 x 107 at 50 KC

The noise ievel at input is approximately 30 microvelts. This
correspends to a noise level of 1 velt at cutput.

Alphs Chember and Preamplifier work indicates the necessity for im-
provement in that field. Some work is being dcne o wealize the best
eigpal to noise ratio in a combined alpha chamber and preamplifisr.

This is considered to oe a part cf the overall lew background alpha

sounting problem cf the Urinalysis Laboratory.
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A Keleket Alpha Bceler, Mcdel K-262 is being examined and tested by
this eectlcn for reliability and accurscy. The installation of anothex
unit of this model in the Urinalysis Laberatory has reduced scmewbas the
pressure cn the preject disecussed sbove.

Instrument dscontaminaticon by the removel of a peelabls plastic
ccating has been demonstrated and the materialw and presedure given to
the Survey-MHonitcring Secticn.

Work by the Chemistry Diviszicn or an Alpha Sweep Pulse Analyeer ia
being edapted to the needs of Heaelth Physiss to previde a sultebls instru-
ment for the rapid analyais of alpha contaminaticn resulting frem Iabora-
tosy operaticns.

In eddition to uncompleted projects listed irn the last quarterliy
report, work 1n progress includes improvemsnt of instrumentation for the
magsurement cf fast neutrons in & gamma f£isld.

A detailed discussicn of the activities ¢f the iInstrument Developmsnt
Section is given in a quarterly report by Wm. M. Hurst.

WASTE DISPOSAL STUDIES

The orgenizaticn of this section as covered by the surrent budget
has been completed. During the past quarter, Ccemdr. R. B. XKrum has
Joined the group fer helf-time; and cpe Researczh Assistant, cae Chemical
Engineer, and cne Chemist have been added to the group. A laboratery for
the analysis and processing of samples,in comnection withk surveys and
experiments, has been completed; and provigsien made for the counting of
such samples in thes divisicnal counting room.

The preliminary surveys of Watts Bar Resevoir msnticned in the pre-
vicus quartsrly report have been completed and the data have been tabulated
in preparaticn for a report on this project. ‘These inciudad the collection
of vater, sediment, and algse semples from ten stations during Ssptenmber,
with cooperation of the TVA Stream Sanitaticn Branch. During October fish
from these areas were collseted and g9xamined with ccoperaticn of the Fish and
Wildlife Section of the TVA.

Considerable study has been given toc measurement of water rumoeff and
radicacitivity in the White Cak Creek drainage system. A report sovering
an analysis of runoff dste collected by the Ares Monitoring Sroup during
1948 has been prepared by L. R. Setter awd will be released smocn. A study
of twe small floods cn November 19-20 and agein cn Rovember 28-29 is in
proegress. These studies are of speclsl interest because of the artificisally
reguiated and sometimes low stream rlows in Clinch River and the fact that
Watts Bar Resevoir is used as a socurce of water supply at several peints
some mileg down strean.

Preliminary leboratery studies of water and waste treatment proceasses
have been begun. Thees include, at present, coagulation and absorption ex-
pariments. Guided by the results obtainsd, asystematic laboratory-scale
experiments with a variety of processes are anticipated. QA s g
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Deotailed descriptions of the activities ¢f the Waste Disposal Sectien
during the past quarter sre glvem in monthly reports for September, October,
and Rovember, written by R. J. Morton.

Preliminary plans, sstimates of ccat and a definite proposal have been
made for an exparimental plant to study water end sewage treatment metheds
and equipnent. Iif provided, the plant will allow intensive study ¢f con-
ventional water and sewage treatment plant units and processes, both on a
laboratory and pilot plant scaise. Interviews with manmufacturers' reprosente-
tives and with several sanitary chemists and sanitary eongincers have been had
in the development of plang for the experimental plant.

Problene of instrumentaticn are recognized as basic in waste dispossal
studies. ZHapecially important is the developmsnt of instruments for field
uge in: (1) scanning of fish; {2) detection of radicactivity in wet masses
of material such as muds and algse; {3) detection and delimitation <€ radio-
active materials in streams apd other surface watera; and (4) contibuocus
monitoring of water or liquid effluents to detect and measure radicactivity.
A ypecial. ingtrument for the scavning of fish was completed through coopsera-
ticen of the Experimental Physics Section and the Research Instrument Shop
of this Divisgicn and was used in the preliminsry fish study. VWith further
improvement this instrument should prove generally useful in the ¥aste Dis-
posel program. A blanking die and spimming tool vere completed by the
Research Instrument Shop te make metal counting dishes. A preliminary trial
indicates that thease have definite edvantages and they will be produced
from several nstals and in guentities es needed.

On two cccesions officials of the TVA have visited the Divisicn and
conferred with representatives of the Laboratory and cf the Atomiz Energy
Commission concerning the basis of a ccoperative agreement for a future
long range program cf Waste Disposal Studdes. It is expected that a general
agreement for such a program will be formulated during Decemberar Jamuary.

Dr. Paris B. Stockdale, a congultant to the Oak Ridge office of the
Atomic Energy Commission i3 beginning an active program of geological
giudies in this and surrcunding areas. The Health Physics Division is
aapecially interested in these studies as they may give informatioa on
the undergrecund flcw of water in this vicinity. The Waste Disposal
Group has had several discussions with Dr. Stockdale aud expecis to
cooperate more clogely as his studies progress.

PERMISSIBLE INTERNAL DOSE FROM RADIOISCTOPES

In ccoperation with the sub-committee of the Haticnal Committse on
Radilaotion Protection, deeling with this prcblem; the laboratcery has employed
Dr. C. H, Perxyv ¥n gerve as vorking secretary of the sub-ccamittee. Workine

i
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under the direction of the Rirsctor of the Health Physics Division, who is
Chairman of the sub-committse, it will be Dr. Perry's assignment to keep

, up with 211 reports dealing with this subject; to collect the data; ideas,
and interpretations from persons interested in this provlen, and to main-
tain a current list of permissible internal dose values. Trese ligts of
zrapared information regarding the various radiocisotopes will give the
maximum permissible amounts in the body, the meximum permissible concentra-
tion in eir and in water and the concentration in urine, feces and expired
air that corresponds to the mazximm permissible amcunt in the body. This
requires the evaluaticn of vest smounts of available data as well as the ob-
teining of additional pertinent data from biological laboratories in various
parts of the country. The following cutline is scmevhat categorical and
lacks of detail, however it gives some indication of the scope of the

assigament:

A. Catalog Present Regearch Data
1. Make ssarch for both published and unpublished documents which con-
tain datae pertinent to the general problems of vermissible intermal dose,

and to catalog thege data.

3. Review and Evaluate Present Remzesrch Data
1. The distribution, firzation and toxicity of the verious radiocisotopes
will depend largely upon the physical and chemical form in which they are
administersd to the animal or person. This is an exenple of one of the
many items which require evaluation before being used in the calculation
of the permizsible internal doze.

C. Prepare Itemized List of Required Data
1. The accuracy of the calculation of the permissible intermal dsse of a
glven radioisotope will depend upon the accuracy of the data itgelf as
well as the completences of the data. For this reason it is mendatory
thet sufficient data be available go as to make it unneceesary to
approximate in a criticel calculation. For this purpese an itemized
list of "required data" wlll be prepared, vaich will indicate what roesawch

is required.

D. Prepare List of Available Data
1. After the "required list of data” has been agreed upon ag being perti-
neat, feasible and complete, prepars charts of the - wrious iasotopes, in-
dicating the availablo datn. These charts will aut -watically ahow walch
dats are required ir order that precise calculation of the yermiesible
internal doses may btis mads.

E. Obtain Unavailable
1. After it has been determined thet certain defdnm o additional data
are required, obtain the research assisvance of the irious ‘biological\l_‘
lzboratories todtain these data which will be used : the calculations™

of the permissible internal doses.

F. Publish List of Permissible Internail Doees
1. After the acceptance by the committee of the various calculated
permissible internal doseg, these values are to bo published with sub-
stantieting data.

——
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THEORETICAL PEYBICS .

Bvaluation of 8low NHeutron Tolersnce

Work is contimiing on the slow neutron problem by seeking an approxi-
mate solution of the fellowing equaticn:

£(x) = &% +l/m Blx-3]) 2v) &

[ <]
It has been proven that if a trial solution F(x) has the property
that
< ®
F(x)} e + }\[ El(sx -7 F(y) dy, for a1l x
o

then F(x) lies everywhere sbove the true solution. Similarly if a triel
solution

o0
G(x>\<e'x + i\/ Bl z-v|) o) a

for all x , the G { x} lies below the correct sclution. This method, which
seems to be new, gives in principle, a method of determining e band in
vhich the correct solution must be up to the choices for F { x ) as follows:

P{z) =5.16

-
F{x) «fe =

Some progress has been made in getting a closer upper band for the
aclution and this work is ccntinuing.

Beta Ray Dec-gy_'

A study has been undertaken to detormine the anguler correlation between
the direction of electron and neutrino escaping frem the nucleus during
the beta ray decay. To determine such correlation, it iz required to have
a preliminary knowledge of the relativistic equation of an electron in
Coulomb field subject to the condition that at infinity the electron be-
haves 1tgelf as an outgoirg particle. From the survey of literature it
eppears that such an equaticn has not been derived yet and various 2pproxi~
mate formulations are not applicable to the problem. A suggestion has been
made to use the relativistic equation ¢f the electron scattered by the
fiald of a nmucleus {(Mott, Proc. Roy. Soc. A, 135 {1932) 429). The feasi-

o, A (A Wi $raryn = = -



JRNL-227

B -5- Fovember 30, 1943

bility of this suggestion is being ianvestigated.

Tachnical Agasistance

This section has supplied technical informaticn needed for the re-
calculation of absorption coefficients for Compton sffect, photoelectric
affect, palr preduction for air, aluminum, carbon and oxygen. This
vork is contimuing.

EXPERIMERTAL THYSICS

The time of three persons has been spent upon continuation of a projsct
for an Agency outside the Atomic Energy Commission.

Studies on the mwoblem of particulate contamination of the atmosphere
have contimued through the quarter. A filter plant wee installed in the
pile exhaust system and put inte cperation November 15. A summary of ob-
servations by this division is given in a progress report by J. 5. Cheka
and H. J. MecAlduff, ORFL-211, December 9, 1948. Work of the Chemistry
and Fhysice Divisions on this problem is to be issued as ORNL-197.

During ths study of general perticulate contamination of the atmosphere,
it was obgerved by a member of the Chemistry Division that the level of
contamination in the Pile Building was much higher then in othsr buildings.
Extensive monitoring of pile operations by a Health Physics Surveyor assigned
to the 105 Area disclosed that, despite the low pressure at which the in-
tericr of the pile is maintained, most pile operations were dragging radio-
active particles out intc the suwrrounding atmosphere. FRngineering work to
correct this condition is in progress.

EDUCATION ARD TRAINIHAG

The first "Professional Heelth Physics Training Courss” for persons
holding Aaticnal Research Council Technical Fellowships in this field, was
initiated, November 30, with 10 students. Tais number repressnts half of
those currently being irained in Health Physics under ths Fellowship progrem;
a similar group is being trained at Rochester.

After éonsiderable negotiation; the course content and the organization
for instruction bave beceme firm, and are reviewed briefly hers:

Because of the gensral inadequsey of the students! tackground in
physics and mathematics, instructicn has begun with a two-month period
of group tutoring in these subjects. After Jamuary 1, 1949 the group
will have formel lecture courses in physics, hsalth physice and instr-
mentation, and will do laboratery exparinents to supplement the instrument
vork. In esddition to thisz they will work half time in *he operating and
research gsections of the Health Physics Division.
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ORHL-227
: SR =i November 30, 1948

The cooperation of the Oak Ridge Institute of Fuclear S%udies and the
University of Termessee has been secured so that acms of the courses noy be
taught in classrcoms at the Ingtitute building in Osk Ridge, and eac that
the burden of teaching the background physics and Preparatory material are
boxne meinly by the staf? members of the University.

The health physics and instrumentaticon course will be taught by ataf?f
nembers of the Health Physics Divisicn, and the necesgary laboratory ex-
periments are being designed and equipment constructed within the Divizions'
facilities.

It 13 ezpected that this initial presemtation of the Profossionsl Health
‘hysics Trainming Progrem will iast until Fovember 1, 1949, though some of
the students uay leave easrlier to enter upon formel graduats study for an
advanced degree. It is impossible =g yet to predict the probable size. or
even the existence of such a course nesi year.

Other activities have included the continmed training of five one year
apprentices and ssveral people who cculd spend only a shorter veriod here.
Ve have vontinued to supply a seminar leader in haslth physics to each of
the O2k Ridge Institute’s radioisotopes training prograns.

The only major future program of which we are at present well informsd
calls for the treining of ten Army, Havy, and Public Health Service medical
orficers for four months, begimming spproximately April 1, 1949. This
course »ill be largely field work in health phydes and instrumentation.
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HEALTH PHYSICS DIVISION

QUARTERLY REPORT FOR PERIOD ENDING FEBRUARY 28, 1949

K. 2. Morgan
F. Western

This report covers the activities of those groups in the Health Physics
Division primarily engaged in Applied Research or Development. More or less
routine activities of the Survey-Monitoring Section are covered in the
Laboratory Weekly Progress Report.

INSTRUMENT DEVELOPMENT

The resignation of one member of the group and the assignment of another
full-time to the physical preparation and teaching of a laboratory course in
instrumentation for the A, E. C. - N. R. C. fellowship course in health physics has
reduced the effective size of the group to four men.

Re-engineering of the performance characteristics of the Walkie-Poppy
(portable alpha survey meter) is considered complete except for some modification
of the probe to permit satisfactory operation in an ambient of 100% relative
humidity.

The principal effort of the group is presently dirscted at the development
of satisfactory survey instrumentation for fast neutrons, Three possible methods
of measurementi are being studied:

A. Proportional counting of recoils to sxclude effects of gamma radiation;
B, Figsion counting; and
G. Ionization, by modifications of the Chang and Eng.

Tt is tentatively planned to continue the development of a chamber and
preamplifier for low level alpha counting as a completely battery operated,
dessicated and singly housed unit to avoid spurious counts due to power line
transients, voltage variations, and high humidity.

WASTE DISPOSAL STUDIES

4 preliminary report by L. R, Setter, "Discharges of Radioactivity into
White Oak Creek and the Clinch River, January 1 to November 27, 1948" Central
Files Number 48-12-293, was issued December 30. Further studies of the White
Oak Creek drainage system from the points of view of both rates of discharge
of radioactive materials and control of rate of flow of water, have been made.

Studies on the distribution of radiocactive materials in Clinch River
fish, taken in a preliminary survey last October, have continumed, with emphasis
upon methods of identification of the principal radioisotopes involved. Difficul-~
ties stem primarily from the low levels of activity involved and from uncertainties
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as to the histories of the fish relative to location in the river. In view of these
difficulties, i1t is planned to make the next geries of studies on fish taken from
White Oak Lake.

Plans for an experimental plant for the study of relationships between
radiocactive wastes and water and sewage treatment plants have been completed and
Porwerded to the AEC for consideration. A series of studies, on a lgboratory
scale, of the problems is under way. General plans have been made, in cooperation
with other groups, by which data on filtration at the K-25 water plant and
specimens of water, sediment and filter sand scrapings from representative
weter plants downstream on the Clinch and Tennessee rivers can be obtained.

The office of Biology and Medicine of Oak Ridge Operations of the AEC
hes coordinated discussions leading to plans for an initial ecological survey
of the White Osk drainage system by a Biological Studies Section of the Health
and Safety Division of the T. V. A. It is believed that such a study might
disclose any significant radicactive effects to date on the life of the system
and would form & basis for comparisons in possible future studies of the region.

Detailed descriptions of the activities of the Waste Disposal Studles
Group appear in monthly reports for December, January, end February written
by R. J. Morton primerily for distribution within the Health Physics Division .

EDUCATION AND TRAINING

The program of the Education and Training Section is unchanged since the
igsue of the last quarterly report. A group of nine medical officers of the
Armed Forces who have been receiving basic scientific treining at ‘regional AEC
training centers is scheduled to arrive April 1 for six wonths riela training
in health physics.

THEORETICAL PHYSICS

Evaluation of Slow Neutron Tolerance

Progress has been made in estimating upper and lower bounds for the collision
densities in tissue, following the method outline in the report of last quarter.
Present estimates indicate that the maximum collision density is at least on
the order of two times end not substantially more than four times the incident
f£lux. The method for & rather precise estimate of the lower bound is well in hand
and such en estimate should be forthcoming within a few weeks.

Tvaluation of Fast Neutron Tolerance

A study has been undertaken of the effect of fagt neutrons impinging uvon a
phantom and to determine the energy spectrum of neutrons at different depth for
the purpose of evaluating tolerance.

The preparatory work has been completed and further work on the problem
is contingent upon the avallebllity of the computation machine.
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Evelustion of Bremsstrahlung Effects in Solutions of Radioactive.Substances

The investigation is limited to Bremsstrahlung effects in the low energy
region (for electron energles £3 Mev) which are of particuler interest in de-
termining the spectral distribution and the total energy of gemme rays produced
in storage banks with solutions of beta ray emitting substance. Approximate
evaluations heve been made by Parker (Rediation Hazards of Bremsstrshlung -
MDDC1012) who completely neglected collision losses in evaluating Bremsstrahlung
effects. The purpose of this investigation 18 to obtain more accurate results.

At present the plans are to use an averaging process for the ionizing
collisions and to use its cross section for radioactive collisions from Heitler
(Quantum Theory of Radiation - page 170). The validity of the method is at
present being investigated.

Recalculaetion of Various Gamma Ray Cross Sections

The calculation of the cross sections for the photoelectric effect, Compton
scettering, and palr production of gamma rays in H, C, N, O, A, Al, Cu, Ag, Sn, Pb,
Ta, U, air, water, tissue have been computed from the theoretical formulas of
Heitler (Quentum Theory of Radiation, pp 124-5; 157; 2017), for energles from
.0l Mev. to 1000 Mev. The various graphs and tables are now ready for drafting
and a detalled report on the project is being written.

EXPERIMENTAL PHYSICS

The time of two persons has been spent in continuation of a project for
an agency outside the Atomic Energy Commission. It is anticipated that our
participation in this project will be completed within the next six weeks.

The current phase of study of the problem of particulate radioactive
contamination of the atmosphere is nearing completion with the writing of a
report summarizing observations over the past nine months. Routine observations
of particulate contamination of the atmosphere will be made by the Survey-Monitor-
ing Section of the Health Physics Division. Some consideration has been given to
the desirability of establishing a small, long range program in the field, but
definite plans have not been formulated.

A series of tests on the pocket ionization meters presently in use for
monitoring of exposure of personnel to hard garma radiation has been made to
obtain an indication of their relisbility under conditions of high radiation
intensity. With levels of radiation obtainable from a two gram radium source,
and within the accuracy of the minometer commonly used to read such meters,
errors due to lack of saturation at high rates of exposure have not been found.
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Anslyses of Body Fluids for Radiolgotopes

One person is presently engaged in cooperation with the Radiobiochemistry
Group of the Biochemistry Section of the Biology Division, in the development
of methods of analyzing body fluids for below tolerance concentrations of some
of the beta-gamma emitting radioisotopes considered most hazardous in ORNL
operations. In addition to chemical difficulties, problems assoclated with
such analyses included uncertainties in ratios of quantities excreted to con-
centrations in critical tissues and lack of instrumentation for reliaeble counting
at the low levels of activity involved.

A method of analysis for uranium, developed to meet the need for a method
gufficiently sensitive for monitoring significant body content of U233, has been
put into routine operation. The method consists essentially of the following
steps:

(1) Heating of urine in 0.1 N EHCl to destroy urea.

(2) Separation of anions by Dowex-50 cation exchange resin.
(3) Elution of total cations in 6 N HCL.

(4) Evaporation to a convenient volume in BNO3.

(5) Diethyl ether extraction of the uranium from s solution which is
2N in HNO3 and 2.0 M in Al(NO3)3. 9 HO.

(6) The ether is stripped with water which is evaporated to dryness.

(7) A repeated extraction similar to step (5) above in which the volume
of the feed is held to 10 ml; concentration of Al(NO3) . 9H20 is
2.5 M end the acidity in HNO; is 0.2N. 3

(8) The ether is evaporated to dryness over <~ 1/2 ml BO.

(9) The liguid is transferred to a platinum plate and is evaporated
to dryness.

(10) The alpha activity is counted on a standard linear amplifier alpha
counter.

The overall efficiency of the above procedure has been checked with U233
tracer. A recovery of 80 to 85% can be expected.

During the past six months 158 ursnium analyses have been made on urine
gpecimens. An average alpha activity of C.43 c‘bs/m:Ln. above background has been
found in the samples analyzed to date. Eleven samples gave a value of greater than

0.82 ¢/m/500 ml of urine. The highest valuc .as 1.66 cts/min. A group of un-
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exposed personnel had an average urine count of 0.3k counts/min. so there was no
significant difference between the potentially exposed and the control group.
With utilization of Chauvenet's criterion the limiting value of 0.82 counts/min.
was obtained thus excluding the eleven highest values over 0.82/counts/min. The
probability of counts occurring by chance that are three standerd deviations greater
than the meen of controls (greater than 0.79 counts/min.) is 0.003. Therefore, it
seems likely that most of the potentially exposed persons to U233 daid not have
appreciable amount of 0233 in their systems but that the persons with the highest
readings did have some 233 in their systems. Our knowledge concerning the
tolerance of U233 is very limited but the present evidence is that no one in the
laboratory has as yet fixed in his system quentities of U233 greater than the
maximim permissible amount.
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HEALTH PHYSICS DIVISION QUARTERLY REPORT*

This report covers the activities of those groups in the Health Physics
Division primarily engaged in Applied Research or Development. More or less
routine activities of the Survey-Monitoring Section are covered in the Labo-
ratory Weekly Progress Report.

Instrument Development. During this period the manpower of this group
has been increased by the transfer of one engineer from the Special Problems
Group of the Health Physics Division and by the transfer of a draftsman from
the Technical Division.

Work on a fast neutron portable survey meter during this period indicates
the feasibility of a portable instrument indicating direction of source, and
measuring the dosage due to neutrons ranging in energy from 0.1 Mev to 10 Mev.
However, immediate attention has been given to the production of a breadboard
model of a simplified version, of less weight, which indicates only fast
neutron flux. This model has been well received in the field and has proved
to have very stable operating characteristics. It utilizes a proportional
counter, with a probe of approximately 1 in. internal diameter and 8 in. in
length, filled with methane at atmospheric pressure. A central wire potential
of 2000 volts renders it operative in the proportional region. Fast neutrons,
of energy greater than approximately 0.1 Mev, give pulses of sufficient size
to fire the thyratron after one stage of amplification. The inherent simpli-
city is due in part to the fact that individual secondary electrons from gamma
radiation give pulses too small to operate the thyratron. In fields of
radiation greater than 0.4 r/hr coincidence pulses from such electrons become
significant.

Due to some reduction in local pressure for an improved low level alpha
counter, this problem has been assigned secondary priority and little time has
been devoted to it during the past quarter.

Recent development in the techniques of scintillation counting suggest
the possibility of interesting applications in the field of Health Physics in-
strumentation. One member of the group has been given the assignment of study-~
ing present techniques with a view of adapting them to our problems wherever

they may offer advantages.

¢ Due to a change in the scheduled dates for Health Physics Quarterly Reports, the period
covered by this report extends from March 1, to July 15.
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In studying the relative merits of various films for use as window material
for the alpha survey meter, comparisons of the rates of diffusivity of modsture
through nylon and pliofilm have been made. For these tests silica gel was
placed in containers capped with the film under test. With the use of sealing
tape around the rims of the containers, cups were formed of which the bottoms
were the samples of the filmto be tested. Water was kept in these cups through
the duration of the tests. It was found that the rate of diffusivity of water
vapor through nylon is greater than that through pliofilm by a factor of 34.

Progress in the development by a commercial manufacturer, of an improved
oscilloscope, mentioned in the quarterly reports for periods ending August 31,
and November 30, 1948, has indicated the desirability of some revision in the
specifications for this oscilloscope. In cooperation with a member of the
Physics Division, some time has been spent with the contractor in discussing
the problems involved in raising the instrument from its present level of
development to that desired. New specifications have been written for sub-
mission to the contractor for his consideration.

To assist in the design and testing of portable instrumentation, where we
are concerned with instrumentation life expectancy and reliability, two items
have been added to our laboratory equipment. These are (1) a vibration fatigue
testing machine model, 25-HA. made by the All American Tool and Manufacturing
Company, maximum load 25 1lbs at 10 g, total displacement adjustable 0-0.125 in.
frequency adjustable 10-60 cps, and (2) a stroboscope (631-B Strobotac) for
visual observations of apparatus being tested.

Detailed activities of the Instrument Development Section during this
period are described in a quarterly report prepared for limited distribution
by W. M. Hurst.

Waste Disposal Studies. The Waste Disposal Research Group includes re-
search workers and assistants employed in the Health Physics Division and also
personnel assigned on loan from other agencies. During this quarter there has
been no change in the permanent staff of employees. Of the assigned personnel,
L. R. Setter, of TVA accepted a position elsewhere and left the group June 3,
1949. ILt. Comdr. R. B. Krum of U. S, Navy was transferred for duty elsewhere
effective May 1, 1949. Additioms to the group have included Lt. Thomas R.
Ostrom, of U. S. Army, assigned, for a period of one year or longer, for full
time work and experience in this sectionj and two trainees, Lt. Col. John H.
Rust, III, and Mr. A. Emmons, who will participate part time for several months

from about May 1.
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The principal survey project during this quarter was the collection and
study of an extensive sample of fish from White Oak Lake with cooperation of
TVA Game and Fish Section. Fish were collected May 2 and 3, and throughout
the month of May were processed and examined to determine the amount and kinds
of radioactive material present in particular tissues of different species and
from several locations in the lake. Lt. Col. Rust selected various specimens
and several hundred microscopic sections are being made formore detailed study.

Studies of more or less conventional water treatment methods as a possible
means of decontamination of radiocactive liquid wastes have been continued. A
laboratory with small treatment units for semi-works trials of these processes
has been established in the old water plant building, pending action on a re-
quest for an experimental laboratory and pilot plant which would house an ex-
tensive projected program in the field of water plant and sewage disposal
studies.

"A Preliminary Report on Studies of the Removal of Radioactivity from
Waste Water by Adsorption on Clay Particles™ was submitted to R. J. Morton by
R, A. Lauderdale about June 1, 1949.

Congiderable attention has been given to the proposed experimental labo-
ratory and pilot plant. Since the original proposal was submitted for approval,
discussions have been held with representatives of the AEC and other in-
terested groups. The original proposal has been modified in an effort to in-
clude more adequately the probable interests of these various groups.

The question of sewage treatment for the Laboratory has been of special
interest as a source of sewage materials for Waste Disposal Research studies,
and close contact has been maintained with the Engineering and Maintenance
Division and the Austin Company in the development of sewage plans. To assist
in obtainingmore adequate data on sewage flows and sanitary chemical conditions,
a special project was carried out during the first two weeks of June in which
members of the Waste Disposal Section analyzed hourly samples of sewage col-
lected by the Austin Company. After assembly of the analytical data a special
report was prepared and distributed and has been discussed with the design
groups on several occasions.

Work on waste disposal instrumentation problems has been mainly toward
the development of a satisfactory portable probing instrument for the detection
of radicactivity in the water and bottom deposits of streams or lakes. Three
models of such an instrument have been developed and comstructed and several

6
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testing and ‘sampling-trips-on Norris Reservoir and-on Glineh River have been
made.

Representatives of the Atomic Energy Commission have formulated and dis-
cussed tentative plans for a comprehensive ecological and biological survey of
White Oak Creek and Clinch River areas. This project is of fundamental interest
and importance in relation to radioactive waste disposal research studies and,
if the proposed plan is adopted, members of'this Section will cooperate and
participate in the project.

Detailed activities of the Waste Disposal.Regearch Sectiont are covered b&
monthly reports prepared for limited distribution by R. J. Morton.

Theoretical Physics. A preliminary report covering the proposed method
for the evaluation of ionization excitation losses in tissue was submitted to
the Division Director June 8, 1949. The .proposed method is now awaiting
appraisal by one or more consultants.

fhe collision density due to a beam of thermal neutrons normally incident
on a half-space of tissue has been computed under the assumption of isotopic
scattering and constant energy. Tolerance calculations based on this infor-
mation are being computed and a detailed report will be issued upon their com-
pletion.

One member of this section is working jointly with the Physics Division
on the problem of the neutron scattering coefficient of NaCl crystals at
various temperatures. The other member of this section is participating in
the Summer Shielding Session being held at Oak Ridge National Laboratory.

Experimental Physics. The aerial survey project in which members of this
section were engaged for several months, in cooperation with the Air Forces,
has been written up and a limited report, ORNL 341, has been issued.

An experimental study of the attenuation of the activity of stack gases
from X-10 to K-25 is being made. Measurements are being made with an air
conductivity measuring apparatus which has been developed to be used as a
gaseous air monitoring device. The apparatus, essentially ar ion collector,
responds to the intensity of ionization in the air passing through a tube. It
has the following advantages: a response proportional to the energy radiated
by radioactive gases, higher sensitivity than ion chambers or G-M tubes, short
time constant, and simplicity. It has the disadvantages of being somewhat
affected by smoke or fog in the air and of being more difficult to calibrate.

A continuous recording moving filter unit with beta and alpha counters

measuring particulate activity continuously at periods of 20 minutes and 4-1/2




hours after collection is in process of construction. This will give valuable
data on the variation of natural background activity of radon. and thorom, by
measuring their decay products, as well as on other particulate activity.

A cooperative effort with the Weather Bureau is getting underway. A
study of the activity of the stack effluent at different locations and meteoro-
logical conditions is anticipated. At present six balloon borme beta G-M
counters have been constructed and a balloon ionization chamber is being de-
veloped where the balloon itself is the ion chamber.

Special Problems. Two members of the Special Problems Section have de-
voted their efforts to the design and assembly of instrumentation for the
Waste Disposal Research Section. One of these members has recently been trans-
ferred to the Instrument Development Section.

A number of activities have been in connection with problems of interest
to the Division and to the Laboratory. These have included accurate measure-
ments of radiation from cobalt and tantalum sources; observations of scatter-
ing of radiation from floor and walls during calibration of instruments; per-
fection of a convenient vacuum tube electrometer for accurate radiation measure-
ments and the construction of various thin-walled ionization chambers .for
measurement of B radiation.

A preliminary redetermination of the radiation from the surface of natural
uranium metal gives a value of 240 mrep/hr in close agreement with the value
reported at the last Health Physics Information Meeting by Bass, DiGiovanni,
and LeVine of the New York Office of Directed Operations, AEC., An improved
extrapolation chamber has been designed and is under construction. Detailed
studies have been made of the absorptionof 8 radiation from uranium, P°2, sr?,
and Bi?*", by a number of absorbers including Al, Ni, Cu, Mo, Cd, Pb, polyethy-
lene, cellulose acetate, cellulose, cellophane, teflon, glygerine, rubber and
a black conducting paper which has been found useful for the construction of
thin-walled ionization chambers.

Urinalysis. A program directed at the development of methods of analys-
ing body fluids for low tolerance concentrations of some of the B~y .emitting
radioisotopes which are considered most hazardous in ORNL operations has pro-
gressed to the stage that the method can be used for analyses of urine speci-
mens for these radioisotopes. Development of these methods has been done by
the Radiobiochemistry Group of the Biochemistry Section of the Biology Division,
with the cooperation of one member of the Chemistry Group of the Health Physics
Division. Procedures will be published soon in a report, ORNL 368, entitled
"Procedure for the Radiochemical Analysis of Barium, Strontium and Rare Earths

in Human Urine" by Paul C. Tompkins, L. B. Farabee and J. X. Khym.

8



The procedure is essentially quantitative for lanthanum and yttrium. The
recovery of barium was found to be around 95%, while that of strontium was
approximately 9.

Consultation and Radiation Protection Engineering. One member of the
section has been on loan to another AEC operation since April 26, 1949.

Major activities have included study and consultation on possible radiation
hazards involved in the recently constructed evaporator for concentration of
radioactive wastes, the new Isotopes Separation area, the projected Research
Laboratory, and the Physics of Solids Building.

Field tests for possible flaws in lead slabs to be used in numerous
shields in the Isotopes Separation Area have been made using a nine curie co-
balt source of radiation.

Education and Training. Current training in Health Physics includes three
more or less formal programs for the following groups:

(1) Nine N. R. C. Health Physics Fellowship Students for a 12 months
period from November 1, 1948.

(2) Eight Medical Officers for a six months period from April 11.

(3) Fourteen >fficers from the Armed Forces engaged in a three year pro-
gram in radiationsnd assigned to this laboratory for an eight weeks' period of
field training, from July 7.

During this period three persons from Brookhaven spent ten days each with
this Division and one person from New York Directed Operations spent five days.

Substantial contributions to the success of the Health Physics Training
Programs has been and continues to be made by the cooperation of other labo-
ratory groups. In addition to the field work made possible by the operations
of the laboratory and production groups, personnel from some of these groups
have given lectures on specialized subjects. The Biology Division has been
especially generous in this respect.

Divisional Organization. To provide a bird's eye view of the activities

of the Division, a divisional organization chart is appended to the current

report.




HEALTH PHYSICS DIVISION ORGANIZATION:  CHART
July 1, 1949

Director - Karl Z. Morgan

Asstt Director - Forrest Western

Assistant to Director - C. E. Haynes

~Qffice Staff to Director -

Kay Dixon, M. Farabee, M. Wright
Secretary to Asstt Director - E. McBee

Librarian-- C. Long

Procurement and Supply - R. C. Andrews

bBX Operator - T. Henderson

‘CONSULTATIGN - AND RADIATION
PROTECTION ENGINEERING

W. H. Ray
H. J. McAlduff
T.- H. J. Burnett

RADIOISOTOPES -- COMMITTEE ON
PERMISSIBLE INTERNAL DOSE

C. H. Perry
M. Doherty

WASTE DISPOSAL RESEARCH

R. J. Morton

B. Beasley

T. A. Brockett
R. A. Lauderdale
V. I. Knobf

K. 8. Lyle

T. R. Ostrum¥

0. R.

Placak**

EDUCATION AND TRAINING

R. S. Thackeray
B. Helton
M. F. Fair
M. R. Ford
L. C. Leibowitz
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EXPERIMENTAL PHYSICS

F. J. Davis
R. Roberis
P. W. Reinhardi

SPECIAL PROBLEMS

F. Western
T. E. Bortner
J. S. Cheka
J. M. Garner

THEORETICAL PHYSICS

J. Neufeld
W. S. Snyder

INSTRUMENT DEVELOPMENT

W. M. Hurst
B. Helton
G. S. Hurst
J. A. Harter
W. B. McDonald
R. C. Elerbee
E. B. Wagner
E. G. Purdom¥***

+ On loan from USMSC
«s On loan from USPHS
sss Summer Visitor - Guilford College,
N. C. ORINS




Director - K. Z. Morgan

Ass't Director -

SURVEY MONITORING SECTION

J. C. Hart
C. Scott
A, Canfield

Forrest Western

SURVEY GROUP A

0. D. Teague

100 AREA

R. L. Ciark
W. H. Table

200 AREA

I.. C. Johnson
J. P. Lane

9207 BIOLOGY
P. C. McRee

SEMI~ WORKS

H. A. McClearen
J. C. Davis

GENERAL SURVEY

E. -J. Kuna
R. L. Lindsay
P. 0. Martin

706 A AREA

G. R. Patterson
T. G. Pappas

_ SURVEY GROUP B

A, D. Warden

706 C-D

E. L. Sharp
C. A. Golden
Geo., Hall
R. S. Parker

SHIFTS

mpr G, A, Cain
B. C. Bartley
wg" (., S. Bensey
J. Burden
ncr D, E. Arthur
R. T. Wiggins
R. Guinn
D,

C. Nichols

"D" C.

DT IV Cass A A T W

PERSONNEL MONITORING GROUP

ASSAYS - INSTRUMENTS

J. C. Ledbetter
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J. Tench J

X SHIFT - H. R,

CRAFT

., Soard

N. Conant G. Reeves

Y SHIFT - H. T. WALTERS
W. Bowelle J. Huff

R. Cobb D. Soard

Z SHIFT - H. H. ABEE

N. Fields G. Lee

P. Reese S. Terrell
NON-ROUTINE PROCESSING
E. Bardill M. Johnson
C. Henson F. Thomas

'

D. M. Davis

AREA MONITORING

W. D. Cottrell

FIELD ANALYSES
R. G. Lawler

W. D. Neely
R. Stepp

LABORATORY ANALYSES

M. L. McKee
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ASSAYS - P. E. BROWN
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A. M. Smith

A, E, Flynn
S. P. Byrd

COUNTING ROOM

J. Anderson
K. McDaniel
H. Barker
M. Tiller
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M. Hagood
B. LaCook
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INSTRUMENT DEVELOPMENT

F. A. Markli
A, E. Carter
C. L. Yochem

CALIBRATIONS

J. M. Davis
A. C. Butler
J. P. Sprain
H. J. Wyrick
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This report covers the activities of those groups in the

Health Physics Division primarily engaged in Applied Research
or Development.

More or less routine activities of the Survey-

Monitoring Section are covered in the Laboratory Weekly Pro-
gress Report..




INSTRUMENT .DEVELOPMENT

During this period one man has been transferred out the group and another
has been transferred into the group but loaned 90% of his time to the Waste
Disposal Research Section.

Fast Neutron Portable Survey Meter. A second .experimental model of the
simplified fast neutron portable survey meter has been made and is being rou-
tinely used with excellent results by Health Physics men in the reactor build-
ing. This model measures fast neutron fields ranging from 10 to 10,000 neu-
trons/cm?/sec. Pulse counting by earphones 1is used for low values and the

conversion factor is:

counts per minute/3 = neutrons/cm?/sec.

High values are indicated on a single (modified logarithmic) scale rate meter.
This design philosophy includes accuracy at approximately neutron tolerance
levels, and only rough indications for higher values. Gamma fields, of 1 R/hr
or less, have negligible effect. On a future model the logarithmic rate meter
will be replaced by a linear scale three ranges meter for increased accuracy.

An AC operated (and portable) continuous duty version of the above is now
being constructed It will include a non-directional proportional counter, an
RF-HV supply, a circuit lighting a lamp and operating an alarm relay when the
flux .density reaches .tolerance level, and an output meter with linear scale,
ranges 0-50, 0-1,000 and 0-10,000 neutrons/cm?/sec. The proportional counter
will be connected by a 10 ft cable permitting its use as a survey instrument.
Two identical instruments are to be made.

Proportional counter development in relation to fast neutron measurements

will continue with emphasis on:

1. Testing, by pulse analysis, their conformance to Gray principle.
9. Counter efficiency for various monoenergetic neutron fluxes.

3. Material and process controls required to duplicate characteristics.

This phase of the program is regarded as being the most important, as the fast
neutron instrumentation must be based upon a complete and thorough knowledge
of the proportional counter and its various possibilities.

A final objective of the program is the development of a fast neutron sur-

vey meter which considers both the flux density and pulse heights, and gives




an output meter reading in energy lost (in tissue) in ergs per gram, where the
neutron energy range is anywhere between 0.1 and 10 Mev. Progress has been
made such that an operating preliminary model of this instrument is expected
before the end of December, 1949.

This version of the fast neutron meter is of immediate interest in con-
nection with the shielding program of the Technical Division, to enable them
to.evaluate the effectiveness of various neutron shields in terms of permissible
exposure to personnel.

A problem of measurements encountered in personnel monitoring neutron film
calibration has .been discussed, and a fast neutron meter for particular appli-
cation to that calibration work will be made. It will include a smaller pro-
portional counter, modified amplifier, battery operated, output meter to read
in arbitrary units of n/cm®. A major requirement is reproducible results at
a relatively high neutron flux level.

A preliminary.article by G. S. Hurst on the subject "Fast Neutron Measure-
ments for Health Physics" was published in the September, 1949, (Vol. 2, No. 4)
issue of Ra-Det. The interim model No. 2 fast neutron portable survey meter is
described, sufficiently to permit other areas to duplicate that instrument, by
G. S. Hurst, in his report "Portable Fast Neutron Survey Meter" ORNL 485.

Portable Alpha Survey Meter. Models of this instrument are now being field
tested by the Health Physics Survey-Monitoring Section. Preliminary reports
are favorable. A report describing the design, construction and required pro-
cess controls is to be written.

Cathode Ray Oscilloscope, Hazeltine Model 1424. A contract for the de-
velopment and manufacture of 20 -improved oscilloscopes for ORNL and other groups
discussed in Quarterly Reports of August 31 and November 30, 1948, and January
15, 1949, has been cancelled. At the time of cancellation it was concluded
that the needs to be met by these oscilloscopes could be more economically met
by the use of a combination of models now available and under development by
other companies.

Scintillation Counter. The first application of this technique to some of
our problems will be in the form of an instrument for low level alpha counting.
The immediate problem is to achieve good counting efficiency with a low (3
counts per hour) background as has been reported from another (NY0) area.

Continuous Water Monitoring Instrumentation. The AEC, Office of Research
and Medicine, Oak Ridge, is sponsoring an engineering purchase order for the

subject apparatus. The specifications have been tentatively set at:



1. Detect gamma radiation, and beta radiation of energies higher

than about 0.1 or 0.2 Mev.
9. Alarm at an arbitrary radiation level (presently not specified).
3. Operate 24 hr/day.
4. Sufficient models to only prove the design, performance and draw-

ings to be constructed by engineering contract.

This work is at a low priority compared to the instrumentation listed

the preceding paragraph.
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WASTE DISPOSAL STUDIES

During this period there has been.no change in the permanent research staff
of this section. Of the assigned personnel, two sanitary engineers from the
U. S. Public Health Service and one from the U. S. Army have remained; a sani-
tary engineer of the Stream Sanitation Section, Tennessee Valley Authority, re-
ported July 25, on loan to this group for a period of at least one year or
.longer.

Personnel assigned.to this section from other groups within the Health
Physics Division numbers 2.5 persons.

Water and Sewage Treatment Process. Good progress has been made in water
and waste decontamination studies. A small model water treatment plant has
been operated for three experimental runs of three to five days each, two to
test the plant.for normal water .treatment results and one for efficiency in
removal of P32 from turbide water. Much additional laboratory work has been
done in order to extend the range and assist in the interpretation of results
of these experiments. Progress reports on the first two runs have been pre-
pared and released and .a draft of the third report completed. A duplicate
model of this semi-works water treatment plant, constructed of stainless steel
and including a Spaulding type precipitator, has been completed.

Other studies of treatment processes have included a continuation of labor-
atory tests of ion exchange materials and preliminary work on domestic sewage
using a small contact aerator constructed previously in the Health Physics
Research Shop. The work on domestic sewage is directed toward studies both of
the effectiveness of biological slimes in removal of radioactive materials from
sewage streams and of radiocactive hazards due to the accumulation by such slimes
of radiocactive materials in sewage lines.

Survey Studies of White Oak Lake.and Clinch River. Studies of radioacti-
vity of fish collected fromWhite Oak Lake have been continued using the samples
collected in May and another collection August 1 and 2. Samples from the latter
collection were assayed to supplement the earlier analysis and also were pre-
pared and sent to the Chemistry Division for chemical analysis, a report of
which has been received. A number of laboratory experiments have been made up-
on fish tissuesand similar material to determine the loss of activity during

digestion with acid or ashing by heat. A special press has been designed and

ey




constructed for distribution of .such materials in counting dishes for assay
after air or low temperature drying.

Tentative drafts of several reports on survey studies of conditions on
White Oak Lake and Clinch River have been reworked and are practically ready
for final revision and release. Also the entire survey programis being restud-
ied and outlined with a view of improvement and .selection of work assignments
for the remainder of this fiscal year.

Instrumentation. In instrumentation the principal effort has been toward
the development of continuous measurement and recording of both water levels
to provide indicating recording and alarm instruments at the OBNL area. In-
vestigation and cost estimates of equipment and construction necessary for such
a system have been obtained and proposal with recommendations that the system
be installed has been prepared and submitted.

Miscellaneous Activities. Members of the group have spent considerable
time in cooperation with others engaged in related work. A second series of
analyses of sewage samples collected by the Austin Company on August 7 was
carried out by members of this group. The purpose was to determine the effects
of various settling times upon the .treatment processes to be employed in the
Laboratory sewage treatment plant. Preliminary plans and design criteria for
the sewer system.and sewage treatment plant have been reviewed and discussed
with representatives of the Engineering and Maintenance Division and the Austin
Company.

A small amount of assay work has been done on samples collected from White
Oak Creek in connection with the ecological survey being conducted by the
Tennessee Valley Authority by arrangement with AEC, ORO. Also some continuing
joint work with the K-25 Health Physics has been maintained, including discus-
sion of problems of mutual interest, exchanges of information, and minor as-
sistance in the examination of survey samples.

Detailed activities of the Waste Disposal Research Section are covered by

monthly reports prepared for limited distribution by R. J. Morton.




THEORETICAL PHYSICS

Gamma Ray Absorption Coefficients. As a result of the participation of
one member of this group in the Summer Shielding Session at OBNL, a report on
these studies.is being issued shortly with the Shielding Session report.

Determination of the Variation of the Charge of an.Ion with Its Velocity.
Graphs .are being prepared .showing the .relationship between .the nuclear charge
Z of .an ion, its .electronic charge, ne, and the energy I, required to extract
the outermost electron from the ion.

Determination of Energy Loss of Particles. This investigation is con-
cerned with .evaluation of excitation and ionization losses of particles having
velocity Bc with B<Z/137 where Z is the atomic number of the .stopping sub-

stance., Preliminary estimates have been made and the work is in progress.

10
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EXPERIMENTAL PHYSICS

The Experimental Physics Group has been brought up to its former strength
of three members by the transfer of one junior physicist from the Instrument
Development Section.

Backgrounds. The variation of the radon and thoron content of the atmos-
phere for the past two months has been continuously recorded by amoving filter
monitron unit. This unit collects the particulate matter containing the active
deposit of radon and thoron from the air at.a rate of about six cubic feet per
minute. The filter moves under two alpha counting chambers so that the activity
of the particulate matter is counted.at intervals of 20 minutes .and 4% hours
after it is collected. The alpha count at 20 minutes after collection is due
mainly to its short life active deposit of radon, while the 4% hour delayed
count is due mainly to its longer life active deposit of thoron. Calibrating
the instrument by measuring the radon content of air samples directly and com-
paring the result with the filter count indicated that 530 £ 20 counts per
minute from the filter was equivalent toa concentration of 10°° microcuries of
radon.per cc of air.

The .records .for .the past two months show that a typical condition is re-
presented by a concentration of 0.15 X 10°% upc/cc of radon during the day and
a building up of radon concentration over night during the normal temperature
inversion period to a maximum of 0.7 X 10°° pc/cc in the morning when the in-
version breaks. Values.as lowas0.07%10"% pc/cc during the day and 1.0 X 10~°
ic/cc in the morning are not unusual. An example involving an inversion
is shown in the following figure. In cases when we have no temperature inver-
sion during the night, the radon does not build up and remains more or less the
same as the concentration during the day.

The thoron concentration is expected to follow the same typical variation;
however, the records do not show as marked a variation due to long half life of
ThB (10.5 hrs) which does not have time to come to equilibrium with the chang-
ing thoron content but lags behind with dampened magnitude of variation. The
thoron radon ratio assuming the same efficiency of active deposit collection
appears to be about 3 percent.

Distribution of Gaseous Activity from X-10 Stacks. A project to study the
attenuation of stack gases from X-10 to K-25 was described briefly in the last

11
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quarterly report. One unit of the experimental .apparatus was located in the
vicinity of K-25, but due to unfavorable location and experimental difficulties,
little progress has been made. It is now planned to accelerate and improve
the studies by use of three movable umits, each of which will be independent
with its power supplied by a gasoline generator. Apparatus to operate these
units is being assembled. Continuous records will be obtained .from (1) moving
filter monitrons giving the alpha and beta .activity of particulate matter, (2)
air conductivity apparatus givingtheionizationofthe air, and (3) G-M counters
in anticoincidence registering the gamma activity. These units will permit
observations not only in the direction of K-25 but in other directions of in-
terest. Data obtained .from these observatioms will be correlated with the
data obtained by the AEC Weather Bureau Meteorological Project inwhich data on
atmospheric activity is being studied in connection with meteorological condi-
tions by use of balloon borne G-M counters.

Consultant Service to the Geological Survey. Approximately one .month’s
time of two people in the section was devoted to the Geological Survey as con-
sultant service for the purpose of design and operation of instruments aboard
an aircraft (DC-3) for aerial prospecting for uranium. A test strip in the red
desert of Wyoming .was .run and the activity record from flights at 500 feet
above ground correlate well with ore deposits containing 0.01 percent U,0,..
At 1000 feet .some correlation but weak response was obtained. Flight at 250
feet gave marked responses over twice background level. These recordswere ob-
tained from air conductivity apparatus and G-M counters connected in anti-coin-
cidence. No shielding was used with the counters. Tests made in the labora-
tory show that 1 inch lead shields weighing 180 pounds covering the G+M count-
ers will reduce background by a factor of six so that improved response is ex-
pected with use of the shield on the next test run which is scheduled the last

week in October.
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SPECIAL PROBLEMS

Changes .of personnel of this group include.the addition of Dr. H. K.
Richards in the capacity of Section Leader. One associate physicist formerly
assigned to this group but primarily concerned .with instrumentation for the
Waste Disposal Research Section has been.transferredto the Instrument Develop-
ment Section. An associate physicist recently employed by the Division has
been assigned to this section.

Neutron Monitoring. Work on the problem of neutron monitoring by means
of films supplementary to that in MDDC-890 is in progress. The experimental
data for fast fission neutrons show a tract demsity of recoil protons about
15% above .the .calculated values, possibly due to instability of the Victoreen
meters, Exposure to a Po-Be neutron source gave experimental values 3.5 times
those expected. The discrepancy was apparently due.to the fact that the high
energy neutrons from this source produced recoil protons in a paper wrapping
with sufficiently large ranges to give tracks in the film. Evidence for this
hypothesis was obtained by experiments in which a bare film, exposed with the
emulsion toward the source gave the calculated value as did a film shielded by
1 mm Cd from protons formed in the wrapper, while a film exposed, emulsion to
source, fully wrapped, and another one exposed bare, emulsion away.from source,
showed 3 .8 respectively, 4.3 times the calculated values. Studies to determine
the possibility of using calibrated Po-Be sources to calibrate NTA films
for exposure to fission neutrons indicated that, for NTA films of emulsion
#42243475666 (30 1) and #42301014406 (40 p), one week’s tolerance of fission
neutrons (2.9 x 107 nf/cm?) as determined by Victoreen measurements were ob-
tained by exposure of 1.52 X 107 and 1.53 X 10’ Po-Be neutrons, respectively.

Studies on the blackening of commercial films of various types by fast
neutrons are underway. Evaluation of results have been made difficult by
irregular dark areas in the irradiated film.

Atmospheric Contamination. In cooperation with another laboratory an in-
vestigation of a method of estimating contamination of the atmosphere by non-
gaseous radioactive materials is in progress. The method consists essentially
of collecting .large quantities of rain water, concentrating the radioactive
materials in the water by addition of aluminum sulphate and analysing the con-

centrated material for radioisotopes of interest. For this purpose rain water
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is being collected from the middle western section of the Health Physics Build-
ing. Apreliminary scrub of the roof and intermediate trough.with stiff brush-
es and water has been made and collected in a 300 gal .tank. Surveys of the
roof prior to the scrub revealed many high .spots of radiation particularly in
the trough. The maximum reading obtained was 5% mr/hr. After scrubbing most
spots had been decreased in radiation intensity by at least a factor of 10.
Analytical procedure on the scrub sample has been rather difficult because of
the large amounts of solids present. Three collections of rain water of volumes
ranging from 250 gal to 300 gal have been made. Analyses on the three runs
have not been completed.

Studies on 8 Radiation. The construction of an improved extrapolation
chamber combined with a vibrating reed electrometer was completed during this
quarter. This instrument is now being used for beta absorption, beta scatter-
ing and determination of the surface dosage of uranium.

Studies on B absorption and angular .distribution of scattered B's are

being made with .the use of a G-M counter.
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URINALYSIS

An exploratory sampling of B-y activities in urine from laboratory employ-
ees handling large quantities of B-7 emitting materials has been started.
Seven persons who are believed not to be exposed to significant .radioactive
hazards .have been used as controls. The average activity above background
found.in 24 hr samples for the seven persons was 1.1 c¢/m withamaximum activity
of 2.2 ¢/m. Among samples from personnel working with S8-¥ materials occasional
activities of the order of magnitude of 50 c¢/m for a 24 hr sample have been
found. Decay studies indicate that a large fraction of such activities may be
due to Sr®%,

Although .the procedure for analysis of body fluids for low tolerance con-
centrations of some of the beta-gamma emitting radioisotopes have been develop-
ed to provide quantitative recovery of Sr, Ba, Y and La, some additional
changes were found desirable before routine analyses could be carried out.
Since a large fraction of the samples studied contained beta-gamma activities
only .slightly .above the background of the counter, it was desirable to elimi-
nate all activity introduced by carriers and chemical reagents used in the
analysis.

Lanthanum and yttrium carriers were found to give some beta-gamma acti-
vity., It was possible to remove the impurities in these carriers such that
the activity remaining was .less than the statistical error of counting. Im-
purities can be removed from yttriumby precipitation procedures and from lanth-
anum by use of a cation exchange resin column. Use of Ng,CrO, as a reagent
.in .the final precipitation instead of K,CrO, was found necessary. Activity
from K*? which was .not removed by the limited wash of the final precipitate

was sufficiently high to warrant the change.
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CONSULTATION AND RADIATION. PROTECTION ENGINEERING

During the past quarter the senior member of this group has spent one
month on loan to Los Alamos Scientific Laboratory and has spent two days as
consultant to Y-12 and one day toK-25. It is estimated that during the quarter
members of this group have considered an.average of three problems per day in
consultation and liason with persons within the Division, within the Labora-
tory and outside the Laboratory.

The group has undertaken long range critical studies of Health Physics
functions at OBNL for the purpose of recommending .changes or improvements to
increase the efficiency and effectiveness of the functions. A report on the
progress of this study during the past six weeks has been presented to the
Director of the Division.

Closer liason between Health Physics and persons responsible for the design
and construction of new laboratory facilities will be effected by membership
of one of this group on the ORNL Building Committee. Members of the group
operating as individuals through the past quarter have for various reasons fail-
ed to keep abreast of the rapid progress of the building program. It 1s anti-
cipated that with.all three members of the group participating as a team in an
organized effort these difficulties will be remedied. Inspection of the 900
Area reveals that advice recommending designs which would eliminate the possi-
bility of splatter from "hot" sinks and positive pressures in the "hot" waste
system.has not been heeded. Although much good design has been incorporated,
this group feels that it has failed because of the persistence of these two
items.

An inspection by this group of the lead shielding installed in the 900
Area discloses cracks where the lead panels butted against steel .supports.
These cracks .result from inability to fill channels with molten lead. Colli-
mated leaks at these points were of the order of those which would be produced
by 2 in. of lead missing in a 6 in. shield.

A problem receiving consideration by this Division and other laboratory
groups is that of formulation and administration of a reasonable policy cover-
ing the issue and handling of clothing for radiation protection. One phase of
this problem involves such items as the choice of materials, the possible use
of dyes for identification and procedures in decontamination or disposal pro-

cedures. Pilot studies of decontamination have been made in beakers using
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coverall cloth dyed with yellow Rit. Such studies show that .the presence of
dyes does not make decontamination more difficult. In these studies it was
found that commercial detergents were considerably inferior to the presently
used laundry solution employing .citric acid followed by igapl. A commercial
soap was found to be considerably better than the detergents but inferior to
the citric acid procedure.

A course in basic physics and health physics (totalling 20 hrs) has been
conducted for the benefit of OBNL personnel engaged in shipping radioisotopes.
The objective is an explanation of the shipping regulations to enable these

persons .to better perform their work.
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PERMISSIBLE INTERNAL DOSE

During.this period calculations were made.and the Subcommittee of National
Radiation Protection Committee has agreed upon a tentative maximum permissible
concentration of C“O2 in controlled areas (plant atmospheres). The tentative
level .is 10°7 puc C1402/cc air.

Approximately 225 key persons in the United States were notified of the
committee’s recommendation concerning the C“O2 level.

A table of 24 radioisotopes has been prepared and sent to the committee
members. This table consists of all pertinent information to enable.the members
to arrive at a recommended .level for .each of the isotopes. The particular
isotopes are those which-are common to the normal body metabolism and only

those which have half-lives >I1 hr. The isotopes are:

HS, C14 Na22, Na24' P32’ S3S, C136’ K40’ K42, Ca45’ Ca47, Ca49’
Mn5’2’ Mn54, Mn56, Fe52’ FeSQ’ FeSS’ Cu67’ IIZS’ 1126’ Il30’

131 133
I ) A

!
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EDUCATION AND TRAINING

The .education and tr aining in Health Physics during this period included

programs for the following groups or persons:

10

The nine NRC Fellows who have been here for a period of one year
beginning November 1, 1948, ‘and who completed their training
October 8, 1949,

Eight medical officers for a six months period, beginning April 11,

1949.

Fourteen .officers from the Armed Forces engaged in a three year
program in radiation and assigned to this Laboratory for eight

weeks of field training from July 7, to September.l, 1949.

One person from.the AEC Installation at Rochester, New York, for

special .training for one month.

One Naval Officer who completed a more or less formal training
period of approximately one year working with the Special Pro-

blems group.

Six personnel .from the Brookhaven Laboratery for a period of ten

days for field training.

Nine NRC Fellows (the number will be increased at least to ten and
perhaps more) who began, on October 5, 1949, a training period of

one year.

Substantial contributions to the training program have been made by other

laboratory groups and personnel-—field work training by the Operations and

Production groups, léctures on special subjects by members of other .divisions

and the AEC.

B R T e ahall

e v T ey <y . .
Sl 2 ol 5 PV < Ot .

20




ORNL-596 %

. - Progress Report
Lo U . ORNL T ASA
1 osgeaTion . eavtnie A ¥

o A .
‘.!)\"‘ .
i . Yom T '

.~ %

i ,

D LR T AT Ce e
L ebSeMhAnT ST

(o BAL NMVEE WYIDMAL LABORATGRY. .
AUTHCRATY s DELEBATED BY EROK 841537

.
'

4

4. . HEALTH PHYSICS:DIVISION -

4. . QUARTERLY PROGRESS REPORT -
“  FOR‘PERIOD ENDING JANUARY 15,1950

Ty o
Od ] i .

it 3‘ ,’-' 7 ‘..,“

AR . AT Y

T 3 .,
N | ‘
' ﬂ-- B S ‘

N -

3 e 7 Oy 4
S, s :
Vo ,
[k - . o
AR g
LG B oyt .
-y “3{‘:: h" B X

e
R ]

-
~

ERORRRY
593 1979
9.

\x\‘:ﬂ,it N &‘,)_‘;3-.6 .

k]

.} WA
o 2
AL e
UHENT RAY B2
t S,CJ.;..
‘:.’.‘V\- -y v‘

I8 nes

g
AL
)
{2

<y
"N

»

e
~~

P g .
. 4
! t L. <~ \'

A LY
i
14

¥ IS ERE

OAK- RIDGE- NATIONAL. LABORATORY" -.-
‘ ; C OPERATED BY "
CARBIDE. AND: CARBON CHEMICALS D'IVISIJQN
" UNION CARBIDE AND CARBON CORPORATION ./
B iR
) POST OFFICE B8OX P
f | R . DAK .RIDGE, TENNESSEE"

§
© PER OB L

':-‘ . 'l RS
o AN wt
&-TRY L
e Y "-
e
el e
Yed
-~

-~ -
~

»
3
i
-
*
2

Rew
Tt T~ e s
AN

J§
.

e

-
‘1
1y 3 . ‘ . . . 2 .
g t} oo cr N Lot
i, .

4 ' -
o .- . ’




A T R R o nr s & o /R T T - P o

Py

ORNL 596

R
This document consisty of J
17 pages, s’
Cop / of 76
Ser

3 ch Lester lnstructions Ot
D Léﬁgﬁ Eﬁ AEC f-2C-53

1)) /SE}SUPHML FILES

HEALTH PHYSICS DIVISION

Contract No, W-7405-eng-~26

K. Z. Morgan, Director

F. Western, Assiscant Director

QUARTERLY PROGRESS REPORT
for: Period Ending January 15, 1950

R

~3
1¢o]

50

DATE ISSUED FE

OAK RIDGE NATIONAL LABORATORY
Operated by
CARBIDE AND CARBON CHEMICALS DIVISION
Union Carbide and Carbon Corporation
Post Office Box P
Oak Ridge, Tennessee

" ,?&_"JP,'{M
W“'w*‘ﬁ SRR 8 41@*%&“
e nformatxon Mhe
TSR *;?F%ﬂr TR a5 -
RIBIONTOP: "f’ﬁﬁ A AR RAT S ARl P Y

manner to an, unnthorued person is pro

n severe~crimineds pemﬁmm
wepkivapiestederal-dans oo eae ik Lk RSO

R [



TABLE OF CONTENTS

INSTRUMENT DEVELOPMENT

Fast Neutron Instrumentation
‘Continuous Water Monitoring Instrumentation
Low Level Alpha Scintillation Counter

WASTE DISPOSAL STUDIES

Water and Sewage Treatment Process

Survey Studies of White Oak Lake and Clinch River
Instrumentation

Miscellaneous Activities

THEORETICAL PHYSICS

Projects Completed
Active Projects

EXPERIMENTAL PHYSICS
SPECIAL PROBLEMS GROUP

Surface Dose of Uranium and Thorium
Backscattering.

Absorption of Beta Radiation

Fast Neutron Monitoring with Commercial Films
Neutron Monitoring by NTA Films

Neutron Monitoring with Palladium

URINALYSIS
PERMISSIBLE INTERNAL DOSE
EDUCATION AND TRAINING

O oo 0~ -~ At wn

y—
o

e
o O

o
[

e o
O U O L

[
~ oo



INSTRUMENT DEVELOPMENT

Fast Neutron Instrumentation. A. The portable battery operated fast
neutpwon survey meter, described by G. S. Hurst in report ORNL 485, has proven
to be reliable and a desirable instrument in the past six months of usage in
the pile building. The Health Physics Survey-Monitoring Section is procuring
three instruments to increase its fast neutron surveying capacity. Large
numbers of this instrument will not be built as it is regarded as an interim
model (see following paragraph).

B. G. S. Hurst has completed in rough draft a report in which the critical
specifications of a special type of fast neutron dosimeter are calculated.
This instrument would be designed for measurements 1in unidirectional beams,
and would be unique in that a good approximation to the dosage {(or energy lost
in tissue) would be given by considering count rate only. A result is the
simplification of associated electronics such as to require only a one or two
tube amplifier. The report is now being criticized and is to be issued short-
ly. Components and apparatus are being procured and arrangements are being
made to experimentally test this design with monoenergetic neutron beams.

C. An a-c operated. portable, fast neutron monitor with alarm has been
constructed and tested. A report is now being written by R. J. Farber, and
drawings are to be made. The Survey-Monitoring Section 1s expected to have
three models constructed.

D. A fast neutron meter, integrating version considering both flux den-
sity and pulse heights, has been constructed (and is now being "debugged™)
by F. M. Glass of the Radiation Detection Section of the Instrument Department.
This activity is in the interests of the Technical Division Shielding Program
as well as the Health Physics Division.

E. The proportional counter development is continuing with application
to all of the above instruments.

F. Film calibration for fast neutrons related to personnel monitoring was
thought to have need of a special design of the instrument noted in paragraph
A above. Work was started, then stopped dve to pressure of other problems,
and the job is now inactive.

Continuous Water Monitoring Instrumentation. This work, mentioned in the
preceding quarterly report, is presently inactive. Work may be started in

about one month.




Low Level Alpha Scintillation Counter. One laboratory model is being
made for testingby the Health Physics Counting Room and the Chemistry Section.
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WASTE DISPOSAL STUDIES

During this period there has been no change in the permanent research
staff of the Section nor in the personnel assigned from other agencies and
groups as mentioned in previous quarterly reports.

Water and Sewage Treatment Process. A major part of the program 1is
continued study of the well-known and widely used methods of water, sewage, and
industrial waste treatment. The general purpose is to determine the efficacy
of such sanitary plants and processes in the removal of various radioactive
materials from water or waste liquids. and to evaluate and adapt these methods
as a means for economical treatment of relatively large volumes of slightly
or moderately contaminated radioactive wastes.

The small model water treatment plant had to be removed from Building 813
which was torn down beginning October 17. Duplicate stainless steel units
have been completed and the two plants set up ready to resume operation 1in a
laboratory of the Health Physics building. Laboratory work has been continued
on the removal of P®2 and also I*®* by modified water treatment methods and a
report on the P2 work has been compiled for limited distribution. It was
found that the removal of P®% by these processes is very efficient, but the
removal of I'®! by the methods tried thus far 1is relatively poor. It is plan-
ned to continue both laboratory and semi.works experiments on a number of other
radioisotopes and to try various modifications of treatment before decontamina-
tion of mixed wastes is studied.

Studies of sewage treatment processes have included operation of sewage
sludge digestion flasks for extended periods with daily additions of raw
sludge, analysesof the sewage, and collection and analysis of the gas evolved.
The purpose is to determine the digestion and other characteristics of the
local sewage as a preliminary to experiments on the absorption and removal of
various radioisotopes by sewage constituents. Also a six-foot sewage filter
column has been dosed with a dilution of I*3%* in sewage at filtration rates
from 5.6 to 18.3 million gallons per acre daily. Preliminary findings indicate
a reduction in activity ranging from 40 to 24 per cent in this range of dosage.

Two small series of experiments on the extrusion of radioisotopes from
water during freezing have beef completed and a memorandum suggesting the

course and value of further work on these phenomena has been prepared.
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Apparently progress has been made and tentative approval has been given
toward the provision of more adequate facilities for waste disposal research
which was proposed several months ago. These would include a building for
laboratories and for semi-works and pilot plant space to be devoted to water
and waste decontamination and related study projects which are of particular
interest to a number of agencies.

Survey Studies of White 0ak Lake and Clinch River. Much of the work on
survey studies has been in cooperation with the TVA ecological reconnaissance
and the comprehensive biological study project whichis authorized and scheduled
to become active early in 1950. This has included the study and improvement
of techniques for the assay of biological specimens and mud, and for mud and
water surveys in order to measure more accurately the exposure and radioisotape
concentration levels of the biological organisms to be studied. A large wood
stave tank previously made available for instrument testing was prepared for
the storage of uncontaminated fish to be collected and used by TVA personnel
in connection with this project. A special study has been made in an effort
to evaluate the magnitude of common errors in beta counting of biological and
other bulky materials and to indicate correction factors for errors due to
variations in the spread of samples, scattering from sides of counting dishes,
self absorption losses, and other factors.

Hydraulic and hydrologic data concerning variations of flow and time of
water and wave travel in Clinch River in relation to discharges from White Oak
Creek have been analyzed and the first in a series of reports on these studies
has been issued as ORNL 562.

Some work has been done in cooperation with the AEC geological study pro-
ject in its program of core drilling in and around the Laboratory area for the
exploration of ground water movement and evidences of contamination.

Instrumentation. Further work on the development and calibration of
probe instruments for mud and stream water surveys has been done. For contin -
wous measurements of radioactivity and water discharges at White Oak Dam a
pilot model gamma ray monitor has been operated more or less continuously at
the dam for testing and calibration. A project has been approved for installa-
tion of continuous monitoring, water level recording, and telemetering at
White Oak Dam in order to provide information for the special survey studies
and also routine operating data.

Instruments have been adapted for continuous indication and recording of

levels of radiocactivity in different parts of the continous waste treatment
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experimental units in connection with water and sewage decontamination studies.
Miscellaneous Activities. Three pabers were prepared and presented by
members of the staff at meetings during this period: O. R. Placak on "In-
vestigations on Radioactive Waste Disposal in Relation to Water and Sewage
Treatment" at the Twenty-first Annual Meeting of the Kentucky-Tennessee Section
of the A.W.W.A. and the Third Annual Meeting of the Kentucky-Tennessee I. W. &
S. W. A., Lexington, Kentucky, October 31 and November 1, 1949; R. J. Morton
on "Public Health Aspects of Atomic Energy" at the General Session of Thirteenth
Annual Meeting, Mississippi Public Health Association, Jackson, Mississippi,
December 13, 1949; and C. P. Straub on "The Sanitary Engineering Aspects of
Radioactive Waste Disposal™ at the 116th Meeting of the Americam Association
for the Advancement of Science, New York, New York, December 26 to 31, 1949.
0. R. Placak has served and done considerable work on the Subcommittee
on Waste Disposal, National Committee on Radiation Protection. This has in-
cluded attendance at a Subcommittee meeting, completion of a draft of recom-
mendations for exhaust air criteria applicable to laboratory hoods, and review
and comment upon several drafts on other subjects by Subcommittee members.
Detailed activities of the Waste Disposal Research Section are covered

by monthly reports prepared for limited distribution by R. J. Morton.
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THEGRETICAL PHYSICS

Projects Completed. The calculation of collision density for a beam of
thermal neutrons on a tissue slab was completed, and a paper giving the solu-
tion and some discussion of its significance in determining maximum permissible
exposures is to appear in the February issue of Nucleonics.

The gamma ray mass absorption coefficient project completed jointly by
W. S. Snyder and J. L. Powell was issued jointly by the Health Physics Division
and the Summer Shielding Session. This report is now in process of declassi-
fication and is to be issued as ORNL 421.

A paper, "An Alignment Chart for Monte Carlo Solution of the Transport
Problem," jointly authored by Snyder, Goertzel and Spinrad, was prepared for
publication in a forthcoming volume of the Procedings of the Conference on
Monte Carlo Methods at Los Angeles.

Active Projects. The thermal neutron problem, mentioned above for the
case of an incident normal beam, is being considered for the case of a general
distribution of the angle of incidence of the neutrons.

A method has been outlined for determining energy losses of charged
particles of intermediate energies; 1. e., which do not carry bound electrons
and have velocities lower than the K shell velocity of the stopping atom. The

results obtained are also of interest in evaluating energy losses for low

energies.
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EXPERIMENTAL PHYSICS

The project to study the distribution or reactor stack gases, discussed
in the two preceding quarterly reports,(l) is in the midst of instrument con-
struction and is about two thirds completed. The usual "de-bugging" of appa-
ratus consumes most of -the time of two people in the section.

A trip was taken to the Los Alamos Laboratory to obtain data on parti-
culate fall out from atmospheric contamination. The data will be useful in
evaluation hazards due to radioiodine or other volatile isotopes. Some data
have been received and more recent data will arrive shortly.

Two members of the section were on loan to the Geological Survey during
the month of November. A test flight of the instruments aboard the survey
aircraft for uranium prospecting purposes indicated that connection of the
conductivity apparatus to the ventilating system was not feasible and it is
intended to mount the conductivity tube on the outside of the aircraft. A

test of the mounting and operation of the instrument is planned in February.

(1a) Morgan, K. A. and Western. F., Health Physics Division Quarterly Progress Report for Period
Ending July 15, 1949, ORNL 375 (August 23, 1949)

(1b) Morgan., K. Z. and Western. F . Health Physics Division Quarterly Progress Report for Period
Ending October 15, 1949, ORNL 495 (November 29 1949)
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SPECYAL PROBLEMS GROUP

Surface Dose of ‘Uranium and Thorium. The beta surface dose of uranium
was measured with an extrapolation chamber. The gamma radiation 1is included
in this experiment. The result was 239.86 mrep/hour, corrected for 760 mm Hg
and 0°C. The determination of the total dose for uranium and thorium 1is in
progress and will probablybe finished in the near future. A considerable part
of the time was spent in calibration and readjustment of the extrapolation
chamber. ’

Backscattering. Backscattering experiments were conducted with several
sources such as P®2, S®P%, and Sr®%. The backscattering was measured with an
extrapolation chamber, and the experiments will be repeated with a beta pro-
portional counter. The backscattering was measured in percents of the ioni-
zation produced by the source only. The source was deposited on rubber hydro-
chloride having negligible backscattering itself. Eleven elements were tested,
ranging from Be to uranium. The backscattering material was placed directly
behind the rubber hydrochloride. The effective thickness of the scatterer
was practically infinite (multiple backscattering). The distance between
the rubber hydrochloride and the chamber was variable from 1 to 25 mm. The
detailed description of the measurement will follow in a later report.

The primary radiation of each source has a wide spectral range from very
low values to a maximum energy .about 1.72 Mev for P®2 and 0.168 Mev for S°°.
Since exact experiments would require a defined single energy, the observations
cannot yet be evaluated with certainty. The following preliminary results
were obtained:

1. The amount of backscattering increases with increasing atom number Z,
rapidly for lower Z and medium Z, and to a lesser degree for high Z.

9. The relative intensity of backscattering is higher from a high energy
source (P?®2) than that from one of low energy (S°%).

3. Interposing absorbers between source and chamber (air distance or
preferably Al) reduced the backscattering from lower atom numbers by a much
larger percentage than that from high atom numbers. For instance, 6.6 mg/cm?
Al as an absorber reduced the backscattering from Be by 45% and that from Pb
by 8.6%.

The result was considered as a possible indication that the backscattered

electrons fromBe have a lower average energy than those of Pb. These experi-
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ments had to be discontinued temporarily.

Absorption of Beta Radiation. Absorption experiments of beta rays with
several materials are in progress.

Fast Neutron Monitoring with Commerical Films. The films were investi-
gated for blackening rather than for tracks. A Po-Be source was used for ex-
posures from one week to more than 35 weeks tolerance (2.5 x 107 to 1 x 10°
Nf/cmz). One part of the film was exposed to the direct radiation (open win-
dow), while the other part was shielded by 0.07 in. lead. While relatively
"fast films" failed to show a linear relation between flux and log of blacken-
ing with a densitometer, the relationship for slow films (Ansco process film)
could be graphed as a straight line on log paper.

The shielded portion of the film showed an increased blackening over the
open window portion. This suggested that secondary X-ray or beta radiation 1s
produced in the lead either by the primary neutrons or by some gamma radiation
or by both. A number of investigations have been conducted to decide the ori-
gin or nature of the blackening, as follows:

1. The distance of the source excluded heavy particles such as alpha and
primary protons.

9. Since aluminum between the source and lead shield did not reduce the
blackening, primary beta rays are excluded.

3. As to the question of primary gamma radiation, one cobalt and one
radium source showed less blackening behind the lead shield than behind the
open window, i. e., the opposite behaviour of Po-Be. Apparently the lead re-
duces the blackening from the gamma radiation of cobalt and radium but not the
radiation from Po-Be.

4. Additional aluminum shielding between the lead shield and the film,
using Po-Be, eliminated or reduced this blackening. It is, therefore, possible
that this type of radiation consists either of very soft X-rays, beta radiation,
or both probably produced by the primary neutrons of Po-Be by inelastic
scattering lead.

5. By exposing the film to the Po-Be source in such a way that the film
is parallel to the direction of the neutron beam (striking incidence) actual
recoil proton tracks could be observed.

The final evaluationof these results, however, will require more investi-

gation.
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Neutron Honitoring by NTA Films. The supplementary report on neutron
monitoring by means of NTA emulsion was finished, and is in the process of
publication as ORNL 547 (unclassified).

The track expectancy in NTA emulsion previously reported in MDDC-890 was
recalculated on the basis of Eastman’s analysis of composition of their present
NTA emulsion, and B. E. Watt’s determination of the fission energy spectrum
(LA-718). The new values were somewhat higher than those reported previously.

Track demsities found were greater than those expected from the emulsion
alone, and it was determined that this was the effect of the protons formed in
the film wrappers. The excess, with fission neutrons was on the order of 25%,
and with Po-Be neutrons on the order of 200%, i. e., the number of externally
formed protons which were being recorded was a function of incident neutron
energy.

The fading of the latent images of proton tracks was investigated. The
rate of loss was found to vary with different batches of film, but could be
diminished by using a longer development time. With the one week cycle of
film change now used, probable track loss is approximately 12% in most of the
batches tested. It was also noted that when the emulsion was mounted on glass
plates, the latent images tended to greater stability.

Calibration and monitoring procedures were reviewed as to statistical
reliability. Tt was found that with the more sensitive batches of film, and
using the current tolerance values (K.Z.M. Jour. Ind. Hyg. & Tox., September
1948) exposure in the range of tolerance doses could only be determined to
within a factor of two.

A more sensitive and reliable method of monitoring personnel for neutron
exposure is still being sought.

Neutron Monitoring with Paliadium. Investigation was begun on the possible
use of palladium as a fast neutron detector. This was suggested by resistance
changes noted by B. R. Gossick, working in the Physics Division, when irradi-
ating Pd coils with fast neutrons. If this effect can be determined to be due

to fast neutrons, it may be used for monitoraing.
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URINALYSIS

The exploratory survey for determining beta-gamma activity in urine speci-
mens of Laboratory employees handling large quantities of beta-gamma emitting
materials has been continued during the period. Urinalyses for alkaline earth
and rare earth beta-gamma emitting elements have been made on 38 individuals.

A tabulation of the results of the activity found in the samples is listed
below. The beta-gamma activity was determined by counting the sample in a

G-M counter with a thin mica window. The geometry was 27.5%.
Net cts/min excreted per day Number of individuals

<5.0 ¢/m 15
5.0 to 10 ¢/m
10.0 to 20 ¢/m
20.0 to 50 ¢/m
>50.0 ¢/m

~l DN N W

Detailed studies of the nine cases which showed excretion >20 c¢/m per day
have been made. Seven of the nine samples showed a decay with a half-life of
approximately 60 days. This beta activity is believed to be strontium®®.

Absorption curve studies substantiate this fact. The activity of the samples
)

from the other two individuals was shown to be strontium © —yttrium®®. This
was proven both by absorption curve studies and by radiochemical separation
with a subsequent study of the decay and/or growth of the component parts.

Of particular interest was the case which showed the highest activity.
This case was studied in detail by the analysis of weekend samples for seven
consecutive weeks. The following table shows the total beta-gamma activity
found during the period checked:

Cts/min excreted per day*

1st week 830
2nd week 214
3rd week 201
4th week 82
5th week 59
6th week 56
T7th week t4
*Activity due to sr9%v?0 in equilibrium
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PERMISSIBLE INTERNAL DOSE

Calculations for permissible concentrations for some 27 radioisotopes

completed during this quarter are recapitulated in Report No. OBNL 591.

EDUCATION AND TRAINING

The Education and Training in Health Physics during this period included
programs for the following groups and persons-
1. The elevenNBC Fellows who began their training here on October 5, 1949,

_ have during this quarter been occupied with the following courses:

Atomic Physics 4 hrs. per week
Electronics and 4 hrs. of lecture per week and
Instrumentation 3 hrs. of laboratory per week.

Two of the Fellows, who have had considerable work in electronics were
excused from participation in that course to do lab work with Health Physics
Research groups. One has been assigned to the Experimental Physics group and
the other to the Special Problems group.

2. An employee of the U. S. Department of Agriculture, Agricultural Re-
search Administration, Beltsville, Maryland, spent two weeks at the Laboratory
with the various Health Physics survey groups on a schedule worked out jointly
by this section and the survey monitoring section.

In addition to the above training program, the section has been working
in two major problems: (1) The organization and credit for the AEC Technical
Fellowship program for next year, 1950-51, and (2) the writing of a manual and

the preparation of a curriculum for the Civil Defense program.

17
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This report covers the activities of those groups in the Health
Physics Division primarily engaged in Applied Research or Development.
More or less routine activities of the Survey-Monitoring Section are

covered in the Laboratory Weekly Progress Report.




INSTRUMENT DEYELOPMENT

Past Neutron Program. A. The calculations describing a proportional
counter applicable to a portable fast neutron dosimeter, where the neutron
dosage is indicated directly by a counting rate, are included in a report
ORNL 589¢!’ issued February 17, 1950. Since that date, refinement of some of
the assumptions have been made, and experimental counters to test the theories
involved have been constructed. Test measurements using various monoenergetic
neutron beams provided by equipment at Los Alamos are scheduled to take place
about April 10-14, 1950.

B. A report, ORNL 590(2) jgsued March 21, 1950, describes a Fast Neutron
Continuous Monitor and Survey Meter. The survey meter has a count rate meter
with.full scale values of 50, 1,000, and 10,000 neutrons/cm?/second. The in-
strument will discriminate against gamma radiation up to about 10 r/hr. The
probe is connected by a 12 foot cable to a power supply permitting the use of
the probe as a survey instrument. An alarm circuit is provided. The instru-
ment is powered by the 110 volt 60 cycle line. One model of this instrument

is in operation and will be observed for reliability and general performance.

€. Work is proceeding on the design and construction of a proportional
counter to have a uniform response or count rate sensitivity related to neutron
energy, where the neutron beam may have energies between 0.5 Mev and 15 Mev.
The application of this counter is to measure total emission of such sources
as Po-Be, Ra-Be, etc., and an objective is increased accuracy over present

methods of such source measurements.

D. A proportional counter to have equal sensitivity in all directions is
being developed. The application of this counter will be largely for shield-

ing measurements and monitoring.

Portable Alpha Survey Meter. A. Report ORNL 602¢(3) issued March 14, 1950,
describes the subject instrument which, briefly, is a proportional counter,

gamma discriminating, battery operated, survey meter of four pounds total

(1) BHurst, G. S., Fast Neutron Count-Rate Dosimetry, ORNL 589 (February 17, 1950).
(2) Farber, R. J., Fast Neutron Continuous Monitor and Survey Meier, ORNL 590 (March 21, 1950).

(3) Hurst, ¥. M., Hurst, G. S., and NcDonald, W. B., A Portable Alpha Survey Meter e ORNL 602
(March 14, 1950).




weight. Operation in a high humidity is achieved by the use of silica gel in
the probe and some effort is now being made to eliminate the silica gel by the
use of guard rings. Twelve instruments are ordered for further field testing.

Some consideration is being given to the possibility of a commercial produc-

tion contract.

constant Water Monitoring. A. This problem has been worked on for one
month. Exploratory work is contemplated for a period of about six more months
at which time we will want to freeze on the type of detector to be used and

construct a laboratory model.

Beta Dosimeter. A. This problem is to be attacked starting April, 1950,
and the objective is a survey instrument, possibly operated from 110 volt

line, for use in scanning laboratory tables, equipment, and machinery.
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WASTE DISPOSAL STUDIES

During this period there have been no major changes in the research
staff and facilities of the Waste Disposal Research Section. There have
been some important changes in the work program, particularly increased emphasis
on laboratory studies of processes for water decontamination, and extensions
of cooperation with other groups and agencies and the development of joint re-

search projects.

water and Liquid Waste Decontamination Processes. The small model water
treatment plant set-up has been completed ina laboratory of the Health Physics
Building. Numerous items of experimental and control equipment have been
procured and installed making the plant practically automatic in operation.
These include a weir type effluent collecting and sampling container, a con-
stant head multiple orifice feedbox, lucite tubing rapid sand filters, Flow-
rator control devices, a supporting stand for the feedbox, and other necessary
accessories. A preliminary run with the Spaulding precipitator has been
carried out without radicactive materials and with comparative use of alum and

ferric chloride as a coagulant.

Extensive series of experiments on coagulation and precipitation processes
for the decontamination of liquids have been continued. The purpose is two-
fold: (1) to evaluate the action of usual water coagulation processes in the
removal of typical radioisotopes and mixed fission products; (2) to find and
evaluate the coagulant aids that can be used effectively and without too much
modi fication in conjunction with conventional water and waste treatment pro-
cedures. The study is planned to include a wide range of operating conditions
as found in typical water plants. Experiments thus far have included tests
upon the removal of cerium 144, zinc 65, yttrium 91, and tungsten 185, and a
number of other isotopes have been obtained for use in future series of ex-
periments. Preliminary results indicate very good efficiencies in the removal

of the isotopes tested from very low as well as from moderate concentrations
in water.
Further laboratory tests of a sample of East Pond water have been made in

the study of adsorption of activity on particles of kaolinitic clay, and radio-

chemical analyses are being made to determine the sources of activity in this




sample. Previous results were confirmed and a report on this project is being

prepared.

Studies of sewage treatment processes have included an additional series
of sewage digestion experiments begun on January 28 and completed near the end
of March. For further study of the action of sewage filters in the concentra-
tion of radioactive materials, a number of the six foot sewage filter columns
arranged for sampling at intervals of one foot depths have been completed by

the Research Instrument Shop.

The proposal for construction of a laboratory and pilot plant building
for research in water and liquid waste decontamination has been approved and
the Division is authorized to proceed with this project. With cooperation
from the Engineering and Maintenance Division the change recommendation (CR-75
Revised) "Facilities for researchin water and liquid waste decontamination"” and
preliminary plans for the building have been compieted and design criteria for
the building and equipment to. be procured under contract are being prepared.
In addition to the Health Physics Waste Disposal Studies, these facilities
will provide for research projects of particular interest to the Public Health
Service and to military agencies, and a plan for cooperative work by which
these agencies will participate in water and waste decontamination studies at
OBNL has been developed. At a conference on April 12 in the Health Physics
Division, representatives of the Public Health Service, the Armed Forces, the
AEC and OBNL were present and a framework of genmeral policy and plans for this

program of cooperative research was adopted.

sSurvey Studies of White Oak Drainage System and Clinch River. The con-
tract between AEC and TVA covering an Ecological Study of White Oak Drainage
System was drawn up and approved in January and general plans for the study
have been completed. The stated general purpose is (1) to determine what
radioactive elements have accumulated in living things in the stream, (2) where
they have accumulated, and (3) what has been the effect on survival rates,
population balances, and types of organisms. This is a comprehensive long
range program with which ORNL will cooperate and work jointly since the study
includes many questions with which the Health Physics research program is con-
cerned. Major sections of the work plan include a physical survey of the

White Oak Creek Drainage area, a limnological study, fish population biolegy,




and a radiological study of the drainage area possibly as far down stream as
Watts Bar Dam. An advisory committee was formed and has held two meetings.
General direction of the study and the physical survey is a function of the
Health and Safety Division of TVA. Detailed studies of fish and fish food
biology are to be conducted by the TVA Fish and Game Branch. Much of the
radiological study will be per formed by the Health Phy31cs Division as a part
of the program of waste disposal studies or through analytlcal and assay
services rendered to TVA. Use of the data obtained and supplementary studies
are to be made by the Waste Disposal Research Group in order to interpret the

results of the Ecoiogical Study from the viewpoints of Health Physics.

Work in connection with the.White Oak Drainage System has been continued
both as a part of Waste Disposal studies and in preparation for the Ecological
Study mentioned above. This has included (1) field measurements of the volume
of flow through White Oak Dam at various water elevations to provide a more
accurate rating curve, (2) review of data and preparation of drafts of reports
on all previous fish studies in White Oak Lake and Clinch River, (3) progress
toward the completion of the continuous monitoring installation at White Oak
Dam, and (4) plans for a re-survey of radioactivity in mud deposits above White

Oak Dam.

The AEC Geological Survey project has completed the core drilling of 51
test wells totaling 4500 feet of holes for the study of ground water contamina-
tion. The Health Physics Division is cooperating in probing and analyses for
radioactive measurements in these wells. A special probing detector with about
200 feet of cable and indicating-recording instruments has been assembled to
permit logging of the test wells after they are completed and several wells
have been measured and reported. It was agreed that all wells should be probed
for evidences of radioactivity above natural background, that pulverized rock
samples of the cores from representative strata should be counted and analyzed,
and that radiochemical analyses of water samples from selected wells should be

made by the Waste Disposal Research Group.

Instrumentation. For the probing of test wells mentioned above a probing
detector has been constructed and tested in manual operation. An automatic
reel and recorder assembly for the well probe has been designed and assigned

to the shop for construction. Other work has included preliminary design and
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testing of a small probe for scanning fish specimens for radioactivity, further
design and testing of a detector for continuous monitoring of water at White

Oak Dam, and preliminary work on a special probing instrument for mud surveys.

A small radiochemical laboratory has been equipped for analyses in con-
nection with the TVA-AEC Ecological Study and in the regular program of waste
disposal studies; active work has been done in the adaptation of radiochemical
techniques for use with organic specimens and the other types of materials in-

volved in these programs.

Miscellaneous Activities. Liaison has been maintained and several con-
ferences have been held with members of the Chemical Technology Division for
exchange of information, coordination of Waste Disposal Research activities,
and preparation of material to represent ORNL in the new AEC working group on

waste disposal problems.

As a result ofira flood in White Oak Creek in January, temporary measures
were taken to provide emergency protection against overflow of the roadway and
possible destruction of the dam. Members of the Waste Disposal Research Group
have collaborated with design engineers and others in the development of plans

for permanent changes in the dam to eliminate flood hazards.

10




THEORETICAL PHYSICS

Ionization and Excitation Losses of Charged Particles Traversing Matter.
Efforts are being made to fit the available data into the formulas previously
derived in order to determine the oscillator strengths of a Fermi-Thomas atom.
These oscillator strengths are the only empirical constants which are necessary
in order to evaluate the energy losses of heavy particles of intermediate en-

ergies.

The only available data are from the stopping power measurements of pro-
tons in the various substances performed by S. D. Warshaw.(!)> Unfortunately,
these measurements cover a low energy range (below 600 Kev) and, therefore,

the data do not appear to be very useful.

Consideration was given to the stopping power calculations made by
Hirschfelder and Magee¢2?’ using the Bethe theory. These calculations cover
the intermediate energy range and, therefore, could be used for determination
of oscillator strength. However, it was found that the calculations are quite
unreliable since in the low energy range they differ from the measurements of

Warshaw by 35 to 40 percent.

Interpretation of Cross Section Data. During the recent few months, the
Mathematics Panel was engaged in interpretation of cross-section measurements
performed by Dr. S. Bernstein and his associates. In that connection a certain
amount of theoretical and experimental material has been compiled justifying
the assumption that the neutron width of the element under consideration is as

follows:

2.3 x 10°3VE, >, > 0.3x10°*V E,

n

where E, is the resonance energy in ev.

Fast Neutron Problem in Tissue. The problem is now on the calculating

machines and the fifth collision calculations are completed. There has been

(1) Warshaw, S. D., % The Stopping Power for Protons in Severai Metais,” Phys. Rev. 76, 1759 (1949).

(2) Higschfelder, J. 0. and Magee, J. L., °° Range-Energy Relations for Protons in Substances Contein-
ing C, H, 0, A, and Xe,” Phys. Rev. 73, 211 {1948).
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considerable delay due to machine trouble, but the neutron histories should be
available in a matter of weeks Preliminary studies are in progress to deter-

mine the most effective method of handling this data for tolerance calculations.

12




S

EXPERIMENTAL PHYSICS

Apparatus previously used for determination of radom content of air
samples and radium content of water samples is being overhauled. When recon-
ditioned, this apparatus will be used for radium analyses of core samples from
bore holes in an effort to correlate radium content with natural background
variations observed in the logging of these holes with a Geiger counter probe

(See discussions of core drilling project under "Water Disposal Studies.™)

As a part of the program of studies of dispersal of stack gases in the
atmosphere two of four high pressure ionization chambers containing 100 cubic
feet of argon each have been installed at distances of approximately one and
three miles east of the stack. The other two will be placed as soon as lines
are available at corresponding distances to the west of the stack. All four
chambers will feed into recording apparatus in Building 104-B. Since the
winds are usually up and down the valley, the two chambers upwind will act as
background measurements to subtract from the activity measured downwind from
the stack. Three trailers containing apparatus for measuring air contamination
are near completion It is intended to place at least two of the trailers at

positions occupied by the high pressure chambers.

Approximately one month’s time of two people in the section was devoted
to the US Geological Survey for the purpose of instrument design and use in
aerial prospecting for uranium The present sensitivity of the apparatus is
the detection of small outcrops of 0.1% ore while flying at 500 feet above
ground. It is desirable to have a sensitivity of about ten times this which
means counting rates of the order of 100 times the present. Attempts to
aéproach this sensitivity are being made by using bundles of large Geiger
counters and also by use of large crystals of sodium iodide as scintillation

counters.

13
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SPECIAL PROBLEMS

Surface Dose of Uranium. Enriched uranium was investigated to determine
the alpha and beta dose. The details and results will be given in a later re-
port, ORNL 697.

Backscattering of Beta Particles with an Extrapolation Chamber. The
previous experiments with P3? were continued. The source was deposited on the
inside of the upper electrode, consisting of rubber hydrochloride made con-

ductive with aquadag. The mass was less than one-mg per cm’.

The primary beta radiation, the backscattered electrons, and the ions
‘produced a current through a resistance from the collector to ground. The
voltage across this resistor was measured. The rubber hydrochloride was usually
the negative electrode and the collector was the positive one. The distance
between the upper electrode and the collector was varied from about 1 mm to

0.5 mm to obtain a correct extrapolated value.

The contribution of several collector materials to the backscattering was
investigated. The current increases considerably with increasing atom number
Z of thecollector. A correction of about 1,75 percent for beryllium collector
should be méde to account for backscattering from the rubber hydrochloride

Theoretically the following observations should be expected:

Setting:
Iﬂ = primary beta current
m = average number of ion pairs per primary beta
l = average distance between collector and source
s = number of backscattered electrons per primary beta
n = number of ion pairs per cm produced by backscattered
electrons
I = total current through collector

14




ARG * g scl = iR 4

It shall be assumed that all the backscattered electrons are reaching
the negative electrode.

It follows then:

(v 1 = I3 [l +al -s+tsnll], s = f(Z)

(2) dI/dl Iﬁ[M+sn],n>m,

since the backscattered electrons have a lower velocity than the betas, and
are producing more ions/cm. Since s increases considerably with Z, the
intercept for | = 0 on the I - l coordinates should decrease with increasing
Z, while according to (2), the slope dI/dl should increase. While the second
conclusion was confirmed qualitatively, the first one is not yet proved. The

investigations are still in progress.

Backscatter Measured with Beta Counter Filled with A and CH,. A special
construction of the ionization chamber makes it possible to limit the back-
scattering to that of the source carrier, that is, rubber hydrochloride. The
backscattering material can be supported in such a way that it contacts the
outside of the rubber hydrochloride very closely. The source itself is on the
inside of the rubber hydrochloride and has a geometry of nearly 50 percent.
The construction permits a rapid exchange of backscattering material without

opening the ionization chamber.

A. Backscattering from the thick materials: The intensity of the back-
scattered electrons has been plotted in percents of the beta radiation without

scatterer. The following results were obtained:

z INTENSITY IN PERCERT OR RADIATION WITHOUT BACKSCATTERER
Polystyrene 6 23%
Al 13 31%
Cu 29 43.5%
Cd 48 49.5%
Pb 82 58.5%
15
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B. Backscattering with materials of varying thickness. Al, Zn, Sn,
Pb, were investigated from about 5 mg/cm? for Al; 15 mg/cm? for Pb; 40 mg/cm?
for Sn and Zn up to saturation backscattering for each element. The increase
of intensity with weight is larger for higher atom numbers and approached
saturation for about 100-150 mg/cm?. The details are still under investigation
(Figs. 1 and 2).

For 30 mg/cm? backscatter of Al, Zn, Sn, Pb, the experimental values
were reduced to the relative backscattering for the same number of atoms. It
appears that the backscattering increases like constant X Z®., 1 < n < 2.
Further investigations with very thin foils are required to give dependable

results.

Absorption of Beta Particles. A number of experiments have been started

with the beta counter using collimation.

Neutron Monitoring. A. Resistance changes of Pd resistors as observed
and reported by B. R. Gossick{®’ when covered with hydrogeneous materials under
neutron bombardment were investigated. Most tests were made without enamel
coating. The resistances ranged from 50 K toabout 1,000 K. Preliminary tests

with 6 X 10° roentgens from cobalt did not show any measurable response.

The changes by temperature were very troublesome. The resistances were,
therefore, divided in groups, kept above and below room temperature for awhile,
and their return to the original values were measured. It seems that the
thermal history is an important factor in the resistance value. These super-
imposed thermo-effects are somewhat unpredictable and make it very difficult
to observe small resistance changes due to fast neutrons. Exposure to~ 6.8 X 104
weeks tolerance doses of fast neutrons produce drops in resistance from 0.5%
to 3%, the higher resistances giving the higher percentage. These changes are
showing healing effects with half-life times of 4 - 5 days. B. R. Gossick ob-
tained the large and permanent changes with radiations of several magnitudes

higher.

(1) Goasick, B. R., “ Pd Film Fast Neutron Detector,” Phys. Rev. 77, 297 (1950).
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URINALYSIS

Analysis of Urine for Radioactive Strontium. The results of an ex-
ploratoery survey of excreted beta-gamma emitting fission productéin,urine have
embhasized the need for an analysis procedure which is specific for strontium.
The procedure used in the survey isolated a group of elements including stron-
tium, barium, yttrium, lanthanum and associated rare earths in one operation.
Due to the low level of activity which was found in most of the urine samples,
it was difficult to determine -the radioactive element: or elements present by
conventional absorﬁtion curve and/oé decay studies. A change in the procedure

is recommended in the event an analysis for strontium alone in urine is needed.

The analysis procedure described in report ORNL 368¢(!) provides separation
of Sr, Ba and the rare earths from Ca and Mg by brecipitating SrCr0, and
BaCrO; from a chromate solution at pH 8 in the presence of alcohol. The sug-
gested change would separate Sr from Ca and Mg by a Sr(NO,), precipitation
from a 70% nitric acid solution. The Sr can then be recovered as SrC,0,°H,0.
The percentage recovery can be determined gravimetrically by comparison of
the recovered Sr with the Sr tracer originally added to the urine sample. The

beta-gamma activity can be determined by conventional counting procedures.

Eighteen urine samples have been assayed for strontium by this procedure.

An average recovery of 90.3% t 5.6% has been achieved.

Method for Removing Impurities from Lanthanum. When water or urine
samples with plutonium activity of approximately 5 d/min are assayed using
lanthanumas a carrier, it is desirable to eliminate the radioactive impurities
normally present in lanthanum. Impurities may be found in commercial lan-
thanum compounds which will contribute extraneous alpha from 1 to 2 d/min/mg.
Some beta-gamma activity will also be present. Lanthanum can be separated

from these impurities satisfactorily by use of synthetic cation exchange resins.
Essentially the separation can be made as follows:

1. Use of Dowex - 50 resin (40 to 60 mesh) in a cylindrical glass
column approximately 3 ft in height.

2. Put onto resin column the lanthanum in 0.1 N HCl (1 gm La per

cm? of resin bed).

(1) Tompkins; P. C., Farabee, L. B., and Bhym, J. X., Procedure for the Radiochemical Analysis of
Bariust, Strontius and the Raré Earths in Human Urine, ORNL 368 (October,. 1949).
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3. Elution of lanthanum from the resin with 5% citric acid at a pH
of 3.4 at a flow rate of 0.1 cc/min/cm® resin.

4. Becovery of lanthanum as lanthanum oxalate.

5. Two re-precipitations of lanthanum oxalate.

6. Ignition of the oxalate to La,0,.

By this procedure lanthanum has been prepared with alpha activity less
than 0.02 disintegrations/minute/mg. This represented removal of more than

99% of the alpha impurities essentially present. The removal of beta-gamma

emitting impurities was also good.
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EDUCATION AND TRAINING

1. During this quarter, the eleven NRC Fellows who began their year’s
training here October 5, 1949, have beenoccupied with basic courses in Nuclear
Physics, Mathematics, and Elementary Biology. In addition most of the fellows
have been working on reguiar Research projects in the Health Physics Division,

the Biology Division or the Chemistry Division.

2. Five medical officers fromDuke University (the sixth is still waiting
for clearance) came to the Laboratory April 3, for an eight week training
period.

The training program for these men consist of field training supplemented

.

by lectures in Health Physics and related subjects.

3. Considerable time has been devoted to planning for the Civilian
Teachers Training Course in Radiological Defense, jointly sponsored by the Oak

Ridge National Laboratory and the Oak Ridge Instituteof Nuclear Studies.

The course now in progress began April 3, and will continue for a period
of five weeks. The Laboratory has taken full responsibility for the field
test., This section has drawn heavily on other members of the Health Physics

Division for teaching and planning this course.

4. On March 6, the first draft of the Manual of Radiological Protection
for Civilian Defense was completed and sent to Washington for a classification
check and distribution to the training centers. Since that time, the section
has been busy correcting, revising, and editing the manual, which should be

ready for final distribution in the near future.

5. The reorganization of the AEC Fellowship Program for next year has
been completed. The ORINS has the administration details of the program of
the training being given at Vanderbilt University and the Oak Ridge National
Laboratory. Vanderbilt University will grant graduate credit for this program,
Present plans are that the student will spend the first quarter at Vanderbilts,
and the next nine months at the Laboratory. Those students, to whom a six

months extension in their fellowship is granted, will spend an additional two
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quarters at Vanderbilt earning master’s degrees in science. It is expected

that the research problems will be done at the Laboratory.

The preliminary selection of candidates has been completed for next year.
There were 200 applications for the Fellowship. The number to be trained at

ORNL has been increased to 20 for next year.
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This report covers the activities of those groups in
the Health Physics Division primarily engaged in Applied
Research or Development. More or less routine activities
of the Survey-Monitoring Section are covered in the Lab-
toratory Weekly Progress Report.




INSTRUMENT DEVELOPMENT

portable Fast Neutron Dosimeter. The special design of a recoil proton
proportional counter, applicable to a fast neutron dosimeter(!’ where the
neutyron dosage is indicated directly by a counting rate, 1s confirmed in the
neutron energy range of 0.3 to 2.5 Mev by experiments with monoenergetic
neutron. beams at Los Alamos. Measurements in the energy range of 2.5 to 6 Mev
are scheduled for about July 12-16. 1950 at Carnegie Institute, Department of

Terrestial Magnetism.

Fast Neutron Fluxmeter. Two experimental proportional counters have been
constructed, designed to have uniform count rate response to fast neutrons 1in
the energy range of 0.5 to 15 Mev. These counters will be tested in the energy
range of 2.5 to 6 Mev at the Carnegie Institute, Department of Terrestial

Magnetism.

Non-Directional pProportional Counter. One experimental non-directional
proportional counter is ready for testing and another is now being processed.
These counters will in the near future be tested for non-directional charac-
teristics relative to neutron energy absorption. These counters are for

general monitoring and special applications.

portable Alpha Survey Meter. Modifications, largely in the probe, have
been made in the alpha survey meter described in ORNL-602,¢?) resulting in an
instrument operable in 98% relative humidity without the usage of a desiccant.
Briefly, the probe insulator holding one end.of the collector wire is removed
from ground and is now supported by a beam attached to the capacitor H. V
supply. A supplement to ORNL-602 is being prepared, describing the modifi-
cations in detail and listing all drawings required to manufacture the com-

plete instrument.

Continuous Water Monitoring. In general, the water supply of a community
is provided by a filtration and processing plant which receives its water from

a source such as a river, mountain stream, spring, or water table. All types

(1) HRurst, G. S.; Fast Neutron Count-Rate Dosimetry, ‘ORNL 589 (Feb.:17, 1950)}.-

(2) Hurst, W, M. Hurst, G. S., and McDonald, W. B., YA Portable Alpha Survey Meter, ORNL 602
(Mar, -14, 1950).




of sources are subject to the possibility, usually remote, of contamination
significantly above natural background by radiocactive isotopes. We are con-
cerned with the instrumentation problems of monitoring amunicipal water supply
so as to protect the community against exposure to a possibly dangerous con-

centration of radiocactive materials in drinking water.

Preliminary specifications considered for the monitoring instrumentation

include the following:

1. The instrument is to detect beta and gamma radiation.

9. The instrument will not be required co detect alpha radiation.

3. The instrument is to alarm at the maximum permissible level of
activity. .

4. A continuous record is %o bemade showing the water quality to be

"safe'" or '"dangerous.™

5. Radiation energy measurements will not be required.

It is desirable that the instrument should be sufficiently sensitlive to
provide a continuous record showing the jevel of radiocactive content of the
water to be "safe" or "dangerous." and to alarm when the level becomes danger-
ous. Consideration of these features discloses two difficulties (1) The
level of activity at which the water shall be considered dangerous is somewhat
arbitrary, and (2) the level of activity at which one desires an alarm may be

below the sensitivity of present day radiation detectors.

Recommended maximum permissible concentrations of radioisotopes in drink -
ing water are customarily based on the assumption that the water is to be used
at these concentrations over a period of many years. For some of the radio-
isotopes for which the permissible levels for contipuous use of the water are
particularly low, the effective contribution to the radiation dosage of the
body due to an unusual period of high activity is approximately proportional
both to the level of activity and to the length of period through which this
level persists. In other words. 1in describingithe hazard involved in drinking
water with a radioactive content above, the maximum permissible level, 1t
should be understood that it is generally not dangerous to drink the water but
that it may be dangerous to use the water for drinking over a period of time,
the length of which depends on the level of activity and the characteristics

of the radiocactive materials involved.




The maximum permissible concentrations of radioisotopes in drinking water
for continuous usage range from the order of 10°7 microcuries/cc up to about
10°2 microcuries/cc. and these levels are for long ingestion terms of many
years. To alarm at the low level of 10 " microcuries/cc the instrument would
have to reliably detect activity of the order of 10°8% microcuries/cc, and that
is considerably beyond the sensitivity of present day radiation detectors.
For instance, activity of 10°% microcuries/cc is about 0.02 dis/min/cc, and
the background count of various beta ~etectors is of the order of 20 or 30
counts/min. To detect a low-level dose -ate in water concentration of the

activity found in a gross quantity of wate: s mandatory

A compromise is effected if we stipulate shat the constant water monitor-
ing is to detect a short-term high dose rate level or "surge" and the low-
level activity is to be monitored by concentration of the activity. Continuous
monitoring for the detection of shor:t term high level acztivity should be per-
formed on the intake or raw water both to permit the plant operator more time
to handle an unexpected surge of activity and %o provide higher sensitivity of
detection than would be afforded by the processed water from which some of the
activity would have been removed However <concentration for measurement of

routine low level activity should be from the processed water

A rough set of numbers. supporting such a design philosophy may be pre-
pared by using the following assumptions

1. The transit time of water through the process plant and on to
the consumer is longer than 30 minutes

9. Direct measurement of *he surge (high dose rate) may be a 15
minute integration

3. The surge activity is to be approximately 5 X 10 ° microcuries/cc
(or about 100 disintegrations/minute/cc)
Such an operating condition gives us two maximum permissible values
(related to a short and a long term level) to monitor, and a single instrument
may suffice for both measurements if the long term activity level is concen-

trated from an appropriately large volume of water.

The design of a continuous water monitor is now thought of as consisting

of the following components:;
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1. The radiation detector is to be an anthracene crystal followed
by a "light piper" and the RCA 5819 photomultiplier tube. A
light-tight housing for the detector is also to house a tray
filled with running water to be monitored and possibly a pre-
amplifier or cathode follower.

9. A differential pulse height selector is used to eliminate tube
noise and to reduce the response to cosmic ray pulses.

3. An amplifier of extremely stable and reliable operation is
essential. To start with, an A-l linear amplifier would be used.
A small amplifier is feasible, but will require engineering.

4. A recording counter is required with automatic reset to record
a 15 minute integration of counts and then repeat.

The long-term tolerance activity is to be concentrated from a large volume
of water by the use of a coagulent, collection of the floc and drying. Pre-
liminary work by the Waste Disposal Research Section of the OBRNL-Health Physics
Division has disclosed attractive results relative to a single stage coagu-
lation and the percentage of activity removed from a gross guantity of water.
A desirable feature of this method of activity concentration is that the
materials and process used are already present as a normal phase of water

processing.
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WASTE DISPOSAL STUDIES

The present program of the Waste Disposal Research Section is concerned
principally with methods for the decontamination of water supplies and liquid
radioactive wastes, studies of the effects - of radioactive contaminants upon
streams, instrument development and adaptation for waste disposal research,
and related cooperative or miscellaneous activities. The established projects
in these categories have been continued. In addition, active progress has
been made with the TVA-AEC Ecological Study and the cooperative project for

liquid waste research.

Water and Liguid Waste Decontamination Processes. A series of laboratory
jar-test experiments on coagulations and precipitation processes to study the
removal of individual isotopes has been completed. Data from these studies
have been assembled into a draft of a report which is in process of review
and final revision. Similar experiments have been begun on the removal of
mixed fission products using iodine dissolver solution as the source of
radiocactive materials. Tune-up operation of the small model water treatment
plant without radioactive materials has been completed and one experimental
run has been made using conventional water treatment processes on a raw water
to which radioiodine has been added. With the laboratory jar-test studies
as a guide, it ds planned that the next run of,the water treatment plant will

be on a raw water solution of mixed fission products.

In another series of laboratory studies now in progress, precipitation
and coagulation will be applied to determine the feasibility of concentrating
and measuring radioisotopes in river water as a possible method of monitoring

raw water supplies that are near tolerance levels of radiocactivity.

! A graduate student assigned to this group has selected as a thesis

problem the efficiency of trickling filters in the removal of selected radio-
isotopes from sewage. He has operated for seeding and will use in his problem

the six foot sewage filter columns mentioned in the preceding quarterly report.

A cooperative program with the U. S. Public Health Service for liquid
waste research will include the construction of a laboratory and pilot plant
building for research in water and liquid waste decontamination and studies

on civilian and military water supply decontamination. Through efforts of

10




the Health Physics and the Engineering and Maintanence Divisions of ORNL and
of the Austin Company, design criteria and preliminary plans for the research
building and equipment have been expedited. Complete preliminary plans and
specifications have been reviewed and contract drawings are expected to be

complete about August 1.

Representatives of this Division conferred with Public Health Service
officers in Cincinnati May 23 and 24 regarding design details of the building
and basic equipment and also regarding general work plans and assignment of
personnel for intensifying the studies of water and liquid waste decontamination
methods. Early in July correspondence was completed which authorizes the
Laboratory to accept equipment and personnel from the Army Corps of Engineers
and to initiate immediately a program to evaluate the efficacy of military
field water supply equipment in the removal of radioactive materials from

water.

Survey Studies of White 0ak Drainage Systemand Clinch River. Organization
and planning of the Ecological Study to be conducted by the Tennessee Valley
Authority under contract to the AEC has proceeded actively and is essentially
complete. The present full-time staff employed by TVA for this purpose
includes two aquatic biologists, a botanist, dnd a biological aide. One or
two additional workers are to be employed and further assistance will be
afforded by the part-time and cooperative efforts of personnel of TVA and ORNL.
General plans for the study were reviewed at a full staff meeting of the
Ecological Study in the offices of AEC on June 27. The technical staff meets
each Monday morning to work out the details of the program. New members of the
staff -have acquainted themselves with the White Oak Creek area, sampling
equipment has been procured and assigned to the Laboratory for this Study,
orientation and lectures are conducted weekly for this group and arrangements

are complete for personnel monitoring service and storage of equipment.

During the past three months much work has been done in preparation for
the Ecological Study. Two stream gaging stations have been installed on White
Oak Creek, permanent reference markers have been placed along the banks of
White Oak Lake, a silt survey to define the topography and depth of bottom
deposits in the Lake is in progress, and an additional weather bureau stafion

has been located near the area of study.

To supplement the Ecological Study and to assist in the interpretation
of field survey data, additional studies are being developed in the Health

11
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Physics Division. Laboratory collections of small fish, snails, aquatic
plants and other organisms have been established in preparation for controlled
exposure of living organisms to radioactive materials. For these experiments
natural specimens are collected from uncontaminated parts of the White Oak

Creek area.

Instrumentation., Work on instrumentation has been largely in preparation
for the Ecological Study. Two models of a probe, one for gamma and the other
for beta-gamma radiation, have been developed and are being tested for the
indication of radioactivity in live fish. A portable battery operated scaler

will be used with these probes.

In an effort to improve the measurement of radioactivity in mud, a mud
probe assembled with a Tracerlab survey meter, modified for this use, has been
completed and calibrated. Also an experimental model of an auger-type mud
sampler designed to obtain undisturbed sediment samples under water has been
constructed. This sampler is being tested and is to be constructed in final

form as soon as possible.

For further observation of the test wells drilled under the AEC Geological
Survey project, an automatic cable reel for periodic probing of the wells for
radioactivity has been designed and is under construction by the shop. Radio-
chemical analyses were made on two samples of water from test well #1. Ruthenium
106 was isolated and identified in very low concentrations from a 45 gallon
sample but another 15 gallon sample failed to show identifiable radioactive

contamination.

With assistance from hydraulic engineers from TVA, work is continuing to
develop a continuous proportional sampler to provide a representative sample
of the discharge of settling basin effluent into the creek. At present it
appears that a design known as the "Trebler" sampler offers the best promise

of successful adaptation.

A major portion of the work necessary to install continuous monitoring,
water level measurements and telemetering at White Oak Dam has been completed
during the period. The stilling well and water level are in place, instruments
have been received, and an instrument house has been moved and installed at

the dam.

Miscellaneous Activities. Members of this section have cooperated in

education and training and related activities. Through arrangements by the

12
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Education and Training Section, a group of Army and Navy Medical Officer
trainees reviewed waste disposal research activities during the period May 3
to May 9.

A research participant from the University of Texas Sanitary Engineering
Staff joined the Group for a three months period about June 1; and a graduate
student from Georgia Institute of Technology was assigned to the Group early

in May for a research problem which will require approximately six months.

Detailed activities of the Waste Disposal Research Section are covered by

monthly reports prepared for limited distribution by R. J. Morton.

13
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THEORETICAL .PHYSICS

Fast Neutron Tolerance Calculations. The life histories of 2,000 neutrons
of 10 Mev initial energy have been computed by the Monte Carlo method to show
the energy losses due to scattering in tissue. Each neutron was followed
until thermal energy was obtained. At present the energy losses are being

tabulated to obtain their distribution as a function of energy and distance.

An Empirical Evaluation of Effective Aiomic Number. Using experimental
data from the literature, we are attempting to derive an analytic formula for
the effective atomic number of a substance to be used in the calculation of a
mass absorption coefficient for gamma rays. The attempt is to establish
definite ranges of atomic number and energy and the maximum energies for which

the formula is valid.

calculation of Stopping Power at Intermediate Energies. An attempt is
made to verify the formulas derived previously with some experimental data of
S. D. Warshaw.(!) Because of the low energy of particles measured, the
verification will be limited in scope. The problem has been temporarily

superseded by others.

(1) Warshaw, S. P., ** The Stopping Power for Protons in Several Metals,”’ Phys. Rev. 76, 1759
(Aug. 15, 1949).
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EXPERIMENTAL RADIATION MEASUREMENTS

(formerly Experimental Physics)

pDispersal of Stack Gases. Work on this program has continued through
the quarter.’ To provide a controlled source of radioactive material for dis-
charge through the pile stack, an aluminum pressure tank containing argon has
been placed in the pile. The tank is placed in hole #18 and runs the full
length of the pile. The volume is roughly one cubic foot and when up to de-
sign pressure of 500 1bs/in.? will contain approximately 27 cu ft. The equi-
librium argon activity with full pile power will be of the order of 200 curies.
A manifold is incorporated with pre-set flow rates which will empty the tank
in the following times: 10 minutes, 30 minutes, 1 hour, and 2 hours. It 1is
intended to operate intermittently so as to put out puffs of activity such as
releasing the activity for one hour every other hour. 1In this case the argon
would be at roughly one-half equilibrium activity and of the order of 100
curies/hour would be released every second hour. It is intended to release
the activity under various meteorological conditions to be studied and the
activity at the trailer stations will be compared so as to get attenuation

factors.

Each of the three trailer stations contains its own gas electric generator
and equipment to measure (1) gamma ray activity indicated by a bundle of 19
Geiger counters connected in anti-coincidence, (2) beta activity by four 10-
inch beta tubes in parallel mounted above the trailer, (3) total ionization of
the air conductivity measuring apparatus, and (4) alpha activity which is
essentially radon active deposit by counting alpha emissions from a moving
filter. Besides the trailers, four fixed pressure ionization chambers have
been placed at distances of one and three miles from the stacks up and down

the valley.

Geological Surveys. A large sodiumiodide crystal, four inches in diameter
and two inches thick, has been received for use in a high sensitivity scintil-
lation counter. It is expected that the scintillation counter will replace
presefit Geiger counter equipment in the Geological Survey DC-3 airplane for
aerial uranium prospecting., The Survey is ordering six more which will be

connected in parallel with the one just received to push the sensitivity still
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further. It is planned to include a gating circuit so that the response is to
the energy regions of radium gamma rays, thereby cutting out high energy

background radiation.

In order to get measurements on the attenuation of the gamma radiation
from radium with height above ground, flights were made over two sources, (1)
a two gram radium source, and (2) a stockpile of pitchblende. In a paper by
Gladys R. - White,(!) it is shown that the build-up factor of scattered radiation
over primary radiation is proportional to the height h in the region we are
interested in, and at very large distances approaches a value h'*%_ assuming
a build-up factor proportional to height h. the attenuation with height should
follow the law e**P/h. The signal was multipiied by the height and plotted on
semi-log paper versus height to obtain the air absorption coefficient p from
the slope of the curve. At heights in the neighborhood of 500 feet above the
2 gram Ra source the mass absorption coefficient u/p: where o is the density of
the air was 0.071 cm?/gm which agrees with the theoretical value for a gamma
ray energy of 0.8 Mev which is also the average energy:of the gamma rays from
radium and its decay products. Above 1000 feet the mass absorption coefficient
was 0.049 cm?/gm which corresponds to a theoretical value for a gamma ray
energy of 1,6 Mev indicating a considerable hardening of the radiation or a
change in the build-up factor From the data obtained from flights above
the pitchblende source the mass absorption coefficient in the region 500 feet
to 1800 feet was 0.056 cm?/gm corresponding to a theoretical value for a gamma
ray energy of 1.2 Mev, showing considerable hardening had taken place by self-

absorption in the pitchblende.

If we assume a uniformly distributed source in the ground with an absorp-
tion coefficient g, and integrate assuming a build-up factor proportional to
the distance traveled in the two media, ground and air, multiplied by their

respective absorption coefficients, we obtain the simple relation for the
3

response:
. KSe'“h
R :_ﬁz__—-
Mo

where S. is the source concentration to be measured in gms of Ra/gm. p, the

density of the ground, and
- 2R h,

-uh
Syue#"0

(1) White, Giladys Re., * Penetzation and Diffusion of Herd X Rays Through Thick Bazriezs VI,’ to be
published in the Physical Reviev.




where R, is the response to a calibration source of strength S; in gms of Ra
measured at height h,. A calibration of the present Geiger counter equipment
for flights at 500 feet is 2 %X 10" %% gms Ra/gm/div. Since the standard
deviation is about five divisions a change of 10" *? gms Ra/gm is the minimum
detectable amount. With the high sensitivity scintillation counter we should

expect. to detect changes smailer by a factor of 5 to 10.

The design of apparatus coupled to the radio-altimeter in the airplane
to automatically correct for the var-ia:“‘on in altitude above the terrain ac-

cording to this function is in progress.

Data obtained from flights over areas Zn the northern Michigan peninsula
indicate that geological formations can be mappsd from correlation with their
natural radioactive content Areas of shale fsr Instance show a marked dif-
ferentiation from granite and both show marked radioactivity above that of
Lake Superior. This will be investigated further when the more sensitive
scintillation counters are completed A circular pupn:ished by the Department
of Interior "Airborne Radioactivity Survey of Parts of Marquette, Dickinson

and Baraga Counties, Michigan"t wiil appear in a few weeks.
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PHYSICS OF NUCLEAR RADIATION

(formerly Special Problems)

rBackscattering and Absorption of Beta Particles.

A. Absorption. Comparisons were made between absorption of beta radia-
tion as measured with an end-window beta counter and as measured in an ex-
trapolation chamber.: P32, Sr°%, UX,, and S®° were used as sources of beta
radiation, and aluminum, copper, tin, lead, cellulose acetate, and polystyrene
were used as absorbers.” (Measurements with S35 were limited to absorbers of
low atomic number.) It was found that the absorption was larger for the ioni-

zation chamber-in every case. .

B. Backscattering. The relative radiation measured fromsources oriented
with the mounting between the radioactive material and the sensitive volume
of the instrument was compared with that measured with the radioactive material
between the mounting and the sensitive volume of the instrument. Measurements
were -made with a number of radioisotopes, all mounted on rubber hydrochloride,
using both the extrapolation chamber and an argon-methane filled proportional
counfe&?' In the first orientation, both the direct and the backscattered
radiation must pass through the rubber hydrochloride; while, in the second
orientation, the direct radiation does not pass through the rubber hydrochloride
but both the backscattered radiation and the primary radiation which produces

it must pass through the rubber hydrochloride.

Expressed as percentages of the direct radiation, the backscattering of
radiation from P3? and Sr?° with the source between the mounting and the
sensitive volume of the extrapolation'chamber was 50% of that for the reverse
orientation; while with the S35 of relatively low energy,the corresponding
ratio was only about 25%. Measurements with P32, using the proportional
counter showed the same type of result, although the ratio was reduced only to
about 75%.- The difference between ionization and counter methods is apparently
the fact that the slow electrons are producing more ions/cm and their elimi-
nation from the ionization chamber has a larger effect than in the beta counter,
since this is operated at the plateau, where only the number of particles is

counted. -
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¢. Absorption of backscattered radiation. The investigation is in pro-
gress and confirms an increase in energy of the backscattered radiation with

the atom number.-

Detection of Fast Neutroms. Conductivity changes in germanium semi-

conductors have been observed and reported by Lark-Horovitz.(!)

Some germanium diodes from G. E. were investigatéd and their forward re-
sistance, in the order of some hundred ohms, was measured before and after
radiation with a neutron flux of 10'2 fast neutrons. An increase in resistance
was observed, though very irregular, and the sensitivity is too low for health

physics application by a factor of 10%.

Experiments with hydrogeneous piezo-electric crystals are in preparation.

(1) Lark-Horovits, K.:and Crawford, Je:H.i Jroi * Fast Neutron Bombardment Effects in Germanium,”
Phys. Rev. 78, 645 (June 1, 1950).
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RADICCHEMICAL ANALYSIS

(formerly Urinalysis)

One person is presently engaged in the development of a procedure for
determining radioactive phosphorus in body fluids. A satisfactory procedure
for analysis of body fluids is needed for (1) routine analysis of personnel
who work with large quantities of P32, and (2) analysis of body flwids for in-
duced beta activity resulting from slow neutron bombardment of the phosphorus
of the body. 1In the latter case, analysis would be necessary only in event of

accidential exposure to a person by an overdose of slow neutrons.

Gravimetric determination of alkaline earth phosphates is possible pro-
vided only one cation is present. However. the transfer of the phosphate
precipitate to a convenient holder for counting the beta activity is dif-
ficult because the phosphates have a tendency to adhere to the container. To
circumvent this difficulty one step in the proposed procedure provides a method

for quantitative determination of total phosphates.

The final precipitate used for counting the beta activity can be weighed
and the ratio of the phosphorus in the counting capsule to the total phosphorus

can be calculated. Essentially the steps are as follows:

1. Precipitation of alkaline earth phosphates from urine.

2. Destruction of organic matter with nitric acid and hydrogen
peroxide. :

3. Removal of cations by passing the solution over a cation-exchange
resin.
4, Titration of the effluent which contains hydrochloric acid and

phosphoric acid from the primary phosphate to the secondary salt
with sodium hydroxide.

5. Precipitation of the phosphate as magnesium ammonium phosphate.
6. Ignition to magnesium pyrophosphate.

7. Transfer of a convenient amount of the precipitate to a counting
capsule, weigh and count.

Preliminary investigation indicates that an over-all recovery of 95% or

better can be expected.
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EDUCATION AND TRAINING

AEC Fellowship program. During this quarter, the eleven NRC Fellows who
began this year’s training October 5, 1949, have been occupied with the

following courses and projects:

a. Radiation Biology 3 hours per week Biology Division
b. Health Physics Lectures 4 hours per week E. E. Anderson
c. Health Physics Laboratory 4 hours per week L. C. Leibowitz
d. Completion of.projects with research groups in various divisions

of the Laboratory
e. Field training in health physics, since July 10.

A conference was held June 28 on the Atomic Energy Commission Fellowship
Program for next year. The AEC, Vanderbilt University, University of Rochester,
Oak Ridge Institute of Nuclear Studies, and Qak Ridge National Laboratory were

represented. The following matters were discussed:

The curriculum.
Time schedule for Vanderbilt University and ORNL.

c. Possibility of students from the University of Rochester receiv-
ing their field training at CENL.

d. Possibility of members of the Education and Training Section of
the Health Physics Division of the ORNL going to Vanderbilt to
teach Health Physics courses. This is being investigated at the
present time.

Training Programs for Military Personnel. Six medical officers assigned
to this division for eight weeks training in health physics completed their
assignment May 26. The training included both lectures and field training,

and followed a year of training in radiation bio-physics at Duke University.

+ On July 10, twenty-four officers from the Armed Forces Special Weapons
Project arrived at the Laboratory for field training in radiation protection.
Fifteen of these officers are from the University of California, Berkeley,

California, the other nine from Ohio State University, Columbus, Ohio.

civilian Defense. The five weeks Civilian Teachers’ Training Course in
Radiological Defense, jointly given by this Laboratory and the QOak Ridge
Institute of Nuclear Studies was completed May 5. The field test, for which
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the Laboratory assumed full responsibility, was held May 1and 2. The splendid
cooperation received by the Health Physics Division from other divisions of

the Laboratory contributed greatly to the successful execution of the test.

The correcting, revising, and editing of a "Manual of Radiological
Protection" for civilian defense was completed and two copies sent to the
Atomic Energy Commission at Washington the latter part of April. No word con-

cerning its release has been received to date.
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INSTRUMENT DEVELOPMENT

Personnel in this group previously engaged in physical research directed
toward the development of components for radiation instrumentation have been
transferred to a group newly organized within the Health Physics Division

under the name "Physics of Radiation Dosimetry Group."

constant Water Monitor. A scintillation counter was bread-boarded and
tested. The low-energy beta activity was largely masked by the high efficiency
for gamma counting, therefore the work on the scintillation counter was

shelved.

A continuous-gas-flow proportional counter, 100 cm® in volume with an
aluminum window 0.0005 in. in thickness, was tested. Preliminary measurements
gave a background count of about 70 c¢/m over a 15-min interval, and 210 c¢/m
when water having 440 d/m/cm® was under the counter window. This attack
appears promising; the associated apparatus is being simplified and refine-

ments are to be made.

Radio-frequency High-voltage swpply. A laboratory H-V supply to provide
a regulated potential adjustable, from 500 to 2000 volts, maximum current drain
0.001 amp at regulated output and 0.0018 amp at short circuit for safety, is
being packaged and drawings are to be made. The purpose of this H-V supply is

to reduce the health hazard to Laboratory personnel.

Fast-neutron Survey Meter. The progress of development of proportional
counters for various types of neutron measurements has been given in previous
quarterly reports and is given below under "Physics of Radiation Dosimetry."
A member of the Instrument Development Group is now considering the circuitry
problems involved in engineering both a simplified fast-neutron survey meter
and a fast-neutron dosimeter incorporating special designs of the fast-neutron

proportional counter.
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RADIOACTIVE WASTE DISPOSAL RESEARCH

The personnel, facilities, and basic program of the Waste Disposal
Research Section have continued, with minor changes, as reported previously,
Cooperation with other groups and agencies and the conduct of joint research

projects have continued to receive emphasis.

Water and Liquid-waste Decontamination Processes. Continued studies
of conventional water-treatment methods to determine their efficiency in the
removal of various radioactive materials have included laboratory jar tests
and operation of the small experimental water-treatment plant. The experiments
were designed to approximate average conditions which might be encountered
in water-purification plants. The data obtained thus far are incomplete and
have not been fully analyzed, but they indicate generally the efficiencies
that may be expected. Although certain radioisotopes are almost completely
removed from water by these methods, the overall efficiency in the removal of
mixed fission products is rather low (of the order of 50 to 80 percent) under

usual conditions of operations.

Studies ou the removal of radioisotopes from liquids by the process of
precipitating calcium phosphate flocs from solutions of high pH have continued.
Tt is hoped that chemical treatment methods will be found which will be
useful as a means either of increasing the efficiency of water decontamination
processes or of treating economically large volumes of low-level radioactive
wastes. The research participant from the University of Texas Sanitary
Engineering Staff, who completed his three months’ assignment to this project
on September 22, has assisted in these studies. Several phosphate co-
agulants and a variety of experimental conditions were tested with individual
radioisotopes and with mixed fission products. It was found that high levels
of removal were obtained if an excess of phosphate was used with a pH above
11.3 during precipitation. A preliminary report of the results of these
studies was made at the meeting of the American Chemical Society in Chicago,

September 7.

The graduate student assigned to studies of sewage trickling filters has
completed his shakedown experiment and has begun a series of studies to deter-
mine their efficiency in removal of radioiodine. These studies are expected

to be completed about the end of December.




Survey Studies of White 0Oak Drainage System and Clinch River. Most of
the survey work has been in connection with the TVA-AEC Ecological Study of
White Oak Creek (described in the two preceding quarterly progress reports,
ORNL 695 and 786). Members of the TVA-AEC staff are conducting reconnaissance
surveys of the entire creek and lake area below the ORNL site. The fisheries
biologist has completed field collections for an estimate of the population
and of the specific characteristics of fish in White Oak Lake; the botanist
and the limnologist, assisted by the biological aide, are collecting, preparing,
and preserving for present and future study hundreds of specimens from this
drainage area and from other streams and pools. It appears that the flora and

fauna of the White Oak Creek area are typical for this region.

The physical survey of the area, largely by TVA, ORNL, and USGS personnel,
is well advanced. The installation of field location monuments, preparation
of a large-scale map for field survey use, and a silt-depth survey of White
Oak Lake have been completed. A systematic mud survey, consisting in the
collection and radioassay of mud samples from the entire lake and marsh area,
was performed by the Survey Monitoring Section during September. Water samples
for physical, chemical, and radiological analysis are collected biweekly.
The first of a series of measurements by TVA specialists to determine the time
of water travel downstream through the creek and lake at various stages of
stream flow has been completed. An intercepting sewer and weir-box installation
to permit accurate measurement and monitoring of the effluent from the settling

basin is nearing completion.

A series of laboratory experiments with controlled exposure of aquatic
organisms to radioactive materials has been begun. Small fish now being kept
in aquaria containing dilute solutions of radioactive cesium will be sacrificed
at various time intervals for study of the concentration of the cesium. These
specimens will also be used in work to improve the techniques for analysis

of biological samples from the natural environment,

During September the logging of radiocactivity in the test wells installed
under the AEC Geological Survey Project was resumed, and measurements have
been made on approximately half of the 51 test wells. This work is to be
continued until records are complete. It will be repeated in the future
with a semiautomatic cable reel and recorder mounted on a small trailer; these

instruments are now being constructed and assembled.




Instrumentation and Techniques. Further work has been done on the
development of mud probes to estimate the radiocactivity from 1 to 18 in. below
the surface of the mud in White Oak Lake and under various depths of water up
to 12 ft. The instrument consists of a thick-wall stainless-steel G-M tube
detector mounted on the end of a jointed aluminum tube and assembled with a
portable survey meter adapted for this purpose. The instrument has been
calibrated with a radium standard to give readings approximately in milliroent-
gens per hour and has a range of from 0.01 to 100 mr/hr on four scales. It
has been field-tested and used to estimate the exposure received by organisms
submerged in the mud below White Oak Dam. A newly d-signed gamma detector for

this probe is being constructed. A beta detector has also been designed.

Progress has been made in the further development and testing of other
instruments for use in the Ecological Study and other field survey projects.
The fish probes are being calibrated by taking readings on live fish through
the mouth and then sacrificing the fish for dissection and radiocassay. A
continuous proportional sampler of the "Trebler" type has been delivered and
is being installed in the effluent weir box at the settling basin. Some tests
have been made of the auger-type mud sampler, and work has been started to

develop an underwater sampler for taking samples at the water-mud interface.

Two workers in this group, with advice from specialists in other groups,
are working on methods for improving the efficiency of counting the disinte-
grations in samples containing unknown mixtures of radioisotopes of various
energies. The approach adoptedis, first, to determine the counting efficiency
of beta particles as a function of the energy of the particles, and, second,
to develop a method to determine a mean energy for a mixture of isotopes from
which a mean counting efficiency may be obtained. A tentative method has been
developed, and work will be continued in an effort to evaluate the factors

that affect the accuracy of the method.

The fisheries biologist of the Ecological Study and a radiochemist of this
Section have developed techniques for handling fish tissues through digestion
and radiochemical separation procedures on a volumetric basis so as toeliminate
all routine weighing of samples after the initial weighing. This procedure
has been tested and outlined in detail and is being adopted for routine use on

all suitable biological samples.

Further details of the waste-disposal studies in the Health Physics
Division are given in the quarterly progress report of the Waste Disposal

Research Section for the period July 1 to September 30, 1950.
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THEORETICAL PHYSICS

Empirical Evaluation of Effective Atomic Number. Experimental values of
the mass absorption coefficient for gamma and X rays, u/p, have been tabulated
by J. M. Allen.(l) If the mass absorption coefficient o/p corresponding to
the Compton effect as computed from the Klein-Nishina formula is subtracted,

7/p, the mass absorption coefficient for the photoelectric effect, is obtained.

Using least squares, these semiexperimental values of 7/p are fitted by
the formula 7/p = kZP/EY, where Z is the atomic number and E is the energy.
It is found that with k = 6.4598 x 107, p = 3.2315, andgq = 2.9881 the computed
values of #/p are not in error by more than 20 percent for the range 5 $z< 20
and 0.01 SE S 0.2 Mev. For the range 1 S Z %16 and 0.03 S E S 0.2Mev the
error is within 1] peréent, and it is within 6 percent over much of this range:
Using the formula for 7/p, a formula for effective atomic number can be derived

in the usual way.
A detailed report of this project is in preparation.

Calculation of Stopping Power at Intermediate Energies. The proposed
methods described in previous quarterly reports have been used in determining
the stopping power for protons in gold, silver, and aluminum within the energy
range from 300 to 600 Kev. The results obtained differ from experimental
data of Warshaw(2) by 12 to 19 percent. The project has been completed, and

the results will be described in detail in a report to be issued soon.

Fast-neutron Tolerance Calculations. The life histories of 2000 neutrons
of initial energy 10 Mev scattering in an infinite space of tissue have been
computed by the Monte Carlo method. The collision density as a function of
energy and position has been tabulated for the case in which the neutrons are
normally incident on a slab of 30 cm thickness and for that in which they are

normally incident on a half-space.

The corresponding energy loss per neutron has been tabulated for the slab
geometry and indicates a peak at the boundary of 0.3 Mev/cm® and a second peak
of nearly the same height at about 4 cm. The curve then falls of f monotonically
to 0.085 Mev/cm® at 30 cm. Preliminary statistical tests indicate an accuracy

of about 10 percent in these figures, but further investigation is in progress.

(1) In Handbook of Chemistry and Physics, 31st Edition, pp. 2031.2036, Chemical Rubber Publishing Co.,
Cleveland, 1949.

(2) Varshaw, S, D., * The Stopping Power for Protons in Several Metals,” Phys. Rev. 76, 1759 (1949).




Using BBE (relative biological effectiveness) factors of 10 for the
energy losses due to protons and 20 for energy losses due to the recoil of
heavier nuclei, a dosage curve is obtained, the highest point of which indicates
a maximum permissible flux of 14 neutrons/cm?/sec based on a tolerance value
of 0.06 rem per 24-hr day. These figures are to be regarded as provisional

pending a more detailed analysis of the data.

This method takes into account multiple scattering as well as the finite
thickness of the body. For comparison, the tolerance given by K. Z. Morgan
for 10-Mev neutrons and based on first scattering is about 12 neutrons/cm?/sec
and assumes the RBE to be 10 for the processes considered above. Using an

BBE factor of 10 throughout, our value would be 16 neutrons/cm?/sec.

A detailed report on the problem will be issued after further analysis of
the data. It is planned also to use the data to obtain tolerance values for
beams of lower energies, but this project canmot be carried out until computing

machines are available.
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EXPERIMENTAL RADIATION MEASUREMENTS

Dispersal of Stack Gases. About 25 runs, each releasing roughly 200 curies
of radioactive argon from the pile stacks, have been made during the past
month. A thorough analysis comparing the data with meteorological conditions

has not been completed.

Geological Surveys. During the past month, an aerial survey of regions
in Wyoming and South Dakota was made for the purpose of discovering radioactive
ore. Some anomalies noted in South Dakota will be investigated further. The
equipment used in this survey consisted of 38 Geiger counters, each 2 in, in
diameter and 10 in. long, connected in anticoincidence. Apparatus coupled to
the radio-altimeter and using a cam arrangement to adjust the sensitivity of
the recording rate meter to compensate for variation in height of flight above
terrain was tried out and shown to be accurate within the statistical error of

the recording.

Radiation Background Studies. A flight over the Arco area in Idaho 1is
being considered to record the background of the area before operations are
started. This is expected to take place next spring following the installation
of scintillation counters, consisting of seven large sodium iodide crystals,

each 4 in. in diameter and 2 in. thick, which will replace the Geiger Counters.

11
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PHYSICS OF NUCLEAR RADIATION

Backscattering. Studies of backscattering with the use of an extrapolation
chamber discussed in the last report have been continued. Partial collimation
of beta rays was used in an investigation of the backscattering by a number of
materials of atomic number ranging from that of beryllium to that of lead.
The minimum deflection between the primary direction and the final direction
varied between 71° and 86° while the maximum deflection possible was always
180°. For saturation backscattering the intensity was considerably reduced
with increasing collimation. The ratio of backscattered radiation from
material of high atomic number to that of material of low atomic number in-

creases with increasing collimation.

The energy of the backscattered radiation was investigated using aluminum
absorbers of increasing thickness. In agreement with previous investigations
it was found that the average enmergy of backscattered radiation increases with
the increase in atomic number of the backscattering material. A qualitative
theoretical explanation of this effect can be given by combining Rutherford’s
or Mott’s scattering formula with Bloch’s energy-absorption formula for fast

electrons.

Investigations of the growth of backscattering with thickness of material
were continued to determine the mass per unit area of each material required
to produce one-half of the saturation backscattering for that material. It
has been found that these values decrease with increasing atomic numbers, as
would be expected theoretically. The following values were found with partially

collimated backscattering: Al, 32 mg/cm?; Sn, 29 mg/cm?; Pb, 21 mg/cm? .

An investigation was conducted to determine the average energy distribution
of the backscattered radiation with increasing thickness of the backscatterer.
For lead and aluminum it was found that the average energy increased with
increasing thickness. Further investigations with pressure chambers and
different gases for backscattering are in progress. A detailed report of the

results is being prepared.

Fast Neutron Monitoring. A series of tests has been run on ADP (NH/H,PO,)
piezoelectric crystals to evaluate any possible frequency change which may

occur under fast-neutron bombardment. Since this compoundhas a high hydrogen
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content, it was considered possible that recoil protons produced by fast
neutrons would disrupt the crystal lattice sufficiently tomodify the frequency

characteristics to a measurable extent.

The crystals were obtained from Brush Development Company. Zero temper-
ature cuts were not available. The temperature coefficient of frequency
averaged -280 cycles/°C between 0°C and 23°C. The high coefficient made very
close temperature control necessary, which was accomplished by use of a bath
of melting ice in which the crystal holder was immersed when cycle frequency

was being measured.

Reproducibility of frequency at ice temperature (0°C) could be attained
only to within about 80 cycles, the frequency of the crystals used being about
1 megacycle. Any effect of ng bombardment was less than this, though there
was a tendency for a reading after bombardment by approximately 1012 nf/cm2
to be somewhat less than the reading just previous. At any rate, since weekly
tolerance exposure is about 107 nf/cmz, this method is too insensitive for

personnel monitoring even if the effect is real.

Although ADP crystals cannot, as yet, be made with zero cuts, inquiries
are being made toward the procurement of ethylene diamine tartrate (EDT)
crystals, which are also rich in hydrogen and can be made with zero cuts.
While this does not promise much in the way of amethod of personnel monitoring,
it may be that, when temperature effects are eliminated, the crystals may

furnish a method for catastrophe monitoring.

Some of Eastman’s boron- and lithium-loaded nuclear plates have been
ordered. Calculations show that if enough boron screening is used to give
essentially a flat response to high-energy neutrons, the emulsion 1s not so
sensitive as the Eastman NTA-emulsion H-recoil response, but it is proposed
that tests be made with boron-wedge screens under different circumstances in

order to see what can be deduced from alpha-track distributions.

Preliminary calculations indicate that a fast-neutron pocket meter may

be feasible. This is being investigated.
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RADIOCHEMICAL ANALYSIS

Exploratory Survey for Rare Earth Fission-product Activity in Urine of
Personnel at ORNL. Among the beta-gamma-emitting radioisotopes to which
laboratory employees are more commonly exposed, Sr??, Sr®°, and Bal*? are
considered to be among the most hazardous, Since Y?® and La'*®, the decay
products of Sr?? and Bal4?, are also radioactive and have short haif-lives,
there exists the possibility that the content of Sr®° and Ba!*? in urine
samples may in some cases be more advantageously determined by the measure-
ment of these rare earth daughter products in radioactive equilibrium than
by the direct determination of the parent isotopes. This possibility is
especially attractive in the case of urine samples submitted for the determi-
nation of plutonium content. Since in the procedure currently used for
plutonium determinations rare earths occurring in the samples are precipitated
along with the plutonium, an indication of the possible activity of Sr° and
Bal4? in the urine sample may be obtained by the simple expedient of counting
the beta activity of the plates already prepared for alpha counting, provided
that the daughter products have sufficient time to reach transient radiocactive

equilibrium in the urine before the chemical separations are made.

A survey was begun February 1 and continued through August 15 in order to
determine (1) to what extent the plutonium samples would have measurable
amounts of beta-gamma activity and (2) how well the beta-gamma activity

corresponds to Sr°® and Ba!#4?.

Two hundred and forty-two samples that had been prepared for plutonium
determination were counted in a thin-mica end-window G-M counter with a
geometry of approximately 25 percent. About 5.5 percent of the samples had
activities higher than 5 ¢/m, the highest being 28 ¢/m. Decay studies of
samples with the higher levels of activity showed the presence of Y°? in most

cases.,

Thirty-seven samples were studied by determining the beta-gamma activity
of the rare earth fraction and analyzing the urine supernatant for strontium

and barium. The results are shown in Table I.
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TABLE I

BETA-GAMMA BETA ACTIVITY
ACTIVITY ON RECOVERED FROH" APPROXIMATE
NO. OF Pu PLATE URINE SUPERNATANT DISTRIBUTION
SAMPLES (c/m) (c/m) OF ISOTOPES
18 <3 < 3
5 <3 3 to 9 Sr8?
6 3 to 5 4 to 24 Sr89 and Sr°
2 5 to 8 4 to 6 Bal4?®
5 5 to 10 8 to 14 S99
1 28 86 Sr9°

The results give no indication of the presence or absence of Sr8?, but
this method is an easy one for survey of Sr®® and Ral!*? in personnel who are
not routinely checked but who may have ingested or inhaled such materials.
It is not expected that this type of analysis will replace the procedure

described in previous reports for gross fission products analysis in urine,

but rather that it will supplement it.

B
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PHYSICS OF RABDIATION DOSIMETRY

During the last month of the quarter this new group was organized. It
consists of a senior physicist, new to the Division, and two men, who, with
their current program of research in neutron dosimetry, were transferred from

the Instrument Development Group.

Neutron Dosimetry. The development of fast-neutron proportional counters
of specialized design was discussed in the Health Physics Division’s last
three quarterly reports, ORNL 596, 695, and 786.

Tests on the response of a fast-neutron dosimeter designed to give a
counting rate proportional to the neutron dosage in a collimated beam of fast
neutrons have been extended into the energy range from 4 to 5.5 Mev, using the
Van de Graaff generator of the Carnegie Institution of Washington. These
tests, together with tests previously reported, confirm the theoretical
design for energies ranging from approximately 0.3 to 5.5 Mev. It should be
noted that the accuracy of this instrument is dependent upon the collimation

of the beam.

The nondirectional integrating fast-neutron dosimeter using a proportional
counter designed in accordance with L. H. Gray’s principle of radiation
dosimetry has received further tests at Carnegie Institution. In these tests,
integration of pulse heights representing absorption of energy in units of
various sizes was performed manually with the use of an A-1 linear amplifier,
and measured energy absorption was found to be proportional to the computed
dose. In application, an integrating electrical circuit designed and built
by the ORNL Instrument Department is used with the proportional counter o
measure the dose. The integrating circuit has been tested and found to be
linear in its response. This assembly is presently being used in neutron

shielding research currently in progress in the Physics Division.

16

| e, - s




CONSULTATION AND SPECIAL PROBLEMS

The chief effort of the group during the past quarter has been devoted
to routine consideration of short-term problems related to radiation measure-
ments and radiation protection and to studies of building design, from the
point of view of radiation protection, in the current Laboratory building

program.

One member of the group coordinated an investigation of clothing decon-
tamination methods as applied to Army field laundry equipment. This investi-
gation, a joint project of the Quartermaster Corps and the Chemical Corps,
provided opportunity for a field test of a mobile radiological laboratory

designed by the Army Signal Corps.

17
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EDUCATION AND TRAINING

AEC Fellowship Program. The 11 NRC Fellows who came to the Division
last fall completed their work September 15. Three of them returned to school
for further graduate study, and the remaining eight have accepted positions
in the health physics field in universities, in national laboratories and

institutes, or in industry.

The new group of AEC Fellows in Radiological Physics registered in the
graduate school at Vanderbilt University September 25. They will remain there
until June, taking course work in biology, physics, electronics, and health
physics. Members of the Laboratory staff will teach the courses in health
physics at Vanderbilt during the second semester, which _course work is now

being planned. In June the Fellows will come to ORNL for field training and

research.

program for Military Personnel. A group of medical officers, following
their year of study in radiation biophysics at Rice Institute, came to the

Laboratory for eight weeks (July 31 to Sept. 992) of training in health physics.

Physics Course for Division personnel. A course in atomic and nuclear
physics at the college level has been instituted for a group of health physics
surveyors who expressed a desire for such a course. It is given in the evening

three hours a week.

At the request of the group conducting the TVA-AEC Ecological Study, a
course of lectures in nuclear physics is being given, designed to assist them

in the interpretation and analysis of their field data.

orientation Lectures. The Education and Training Section has taken over
the responsibility for that portion of the weekly orientation program pertain-

ing to health physics.

miscellaneous Activities. Members of the staff are assisting in other
teaching activities in the Laboratory, particularly in the Apprentice Training

School and in the Reactor School.
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1. INSTRUMENT DEVELOPMENT SECTION

Constant Water Monitor. An increase in sensitivity of the system being
designed has been obtained by surrounding a thin-walled beta counter with a
vertical cylindrical wall of water having about 1/8 in. air gap between the
water wall and the counter. The wall of water is almost 1/2 in. thick, and

there is no spray or splashing to contaminate ‘the counter.

The continuous gas flow discharge counter 0.75 in. in diameter and about
2 in. in length was- constructed largely of 0.0005-in. sheet aluminum so as to
have a beta window area about 90 per cent of the totgi area of the counter.
The counter, operatéd in the Geiger region, has a background counting rate of
11 c¢/min when shielded with 3 in. of lead. The beta window area is approxi-

mately 4.8 in.?

A sample solution ofSr?% having an activity of 20 dis/cc/min was measured
with the above apparatus with the following results: total counting rate,
32 c¢/min; background, 11 c¢/min; and net counting rate 21 c¢/min. In thiscase the
activi'ty counting rate is. closely equal to the dis/cc/min of the activity.
A test of activity measurement for 8 hr resulted in no increase of background
counting rate although some water vapor did condense into a fine film on the
lower part of the counter and thereby forcibly demonstrate the lack of carry-

over of activity.

In brief, the work accomplished to date, although incomplete in fine
detail, does indicate that a continuous water monitor can be constructed to
have a significant reading (twice the background) where the activity of

energetic betas is 11 dis/cc/min or more.

A modification of the instrument will permit rapid (10-min) measurements
of beta activity in liquid solution of about 50 cc volume where the lower
limit of a@ctivity is ,about 10 dis/cc/min., A desirable feature is in not
having to reduce the activity to a solid. A disadvantage of the instrument is
the counter shell which requires a beta energy of at least 45 Kev for pene-

tration.

Fast-neutron Survey Meter. In collaboration with the Physics- of Radiation

Dosimetry Section, design information is being assembled so that commerical

production of this instrument may be discussed.
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2. RADIOACTIVE WASTE DISPOSAL RESEARCH

Physical facilities for research on problems of radioactive waste dis-
posal will be expanded by construction of a laboratory and pilot plant build-
ing especially designed for this purpose, A contract for the construction
of this building was awarded in December. 1950, and construction was begun
early in January, 1951. Under the cooperative program with the U. S, Public
Health Service and other agencies, this facility is being provided primarily
for water decontamination research on both civilian and military problems,
but it will also be an advantage in related waste-disposal studies., Com-

pletion is expected in the middle or latter part of the summer of 1951.

The principal change of program during this period has been in the
reorganization and intensification of the laboratory and small pilot plant
studies on various methods of water treatment for the removal of particular
isotopes and mixed fission products. There is a greatly increased demand for
information and advice regarding the problems of possible contamination of
community water supplies with radioactive materials, particularly from water
works and sanitation officials who are responsible for emergency water-supply
protection in connection with civil defense programs. Considerable time and
effort have been devoted to the assembly of available data on water decon-

tamination and to discussions of these problems with various groups.

Water and Liquid-waste Decontamination Processes. Two types of fission
product mixtures were used in experimental studies to obtain further data on
removal by water-treatment procedures. In one series, radioisotopes were
mixed in proportions estimated to approximate the contamination of water that
might result from an atomic explosion. In the experimental water-treatment
plant this radioisotope mixture was fed to tap water containing 100 ppm of
clay turbidity and was treated by coagulation with alum, lime, and.sodium
silicate; sedimentation. and passage through gravity filter columns containing
standard sand and Anthrafilt media. Efficiencies in the removal of individual
radioisotopes varied widely but overall removals for the mixture were 70
to 73 percent In the laboratory a specially developed jar test unit was used
in a series of studies to determine the reduction in activity in an aged and
previously treated tank waste by variable amounts of clay turbidity. For
clay additions ranging from zero to 4400 ppm followed by stirring and clari-

fication. reductions up to 88% were obtained.




No further experimental work has been done on the calcium phosphate
precipitation process for the decontamination of waters and liquid wastes
mentioned in a previous progress report (ORNL+877). A report on these studies
has been prepared and released, Studies on the Removal of Radioisotopes from
Liquid Wastes by Coagulation, by R. A, Lauderdale, Jr., ORNL-932.

A special progress report and summary of data obtained thus far from the
water-decontamination studies at ORNL are being prepared and are to be com-
pleted during January, 1951. The purpose is to indicate, as definitely as
present data will permit, the efficacy ofnormal and modified water purification
procedures in the removal of radioactive contaminants from water. Considerable
information concerning methods of water decontamination was reviewed in an
article and in a paper prepared during this period: (1) "Observations on the
Removal of Radioactive Materials from Waste Solutions" by Conrad P. Straub,
scheduled for publication in Sewage and Industrial Wastes, February, 1951;
and (2) "Recent Developments in the Treatment and Disposal of Radioactive
Waste Liquors," by Conrad P. Straub, a paper presented at the 117th Meeting of
the American Association for the Advancement of Science in Cleveland, Ohio,

Dec. 29, 1950.

In an effort to meet the needs of civil defense agencies and others for a
reliable method of decontaminating small guantities of drinking water, two
workers of this section have developed and tested a small water-decontami-
nation unit for this purpose. Numerous tests have indicated that by passage
through this unit, quite large concentrations of mixed fission products can be
reduced by a factor of 104 or greater. A preliminary report is to be completed
soon describing the details of this unit and the results of evaluation tests

that have been completed up to that time.

Some work on sewage-treatment processes has been continued. The graduate
student of the Georgia Institute of Technology assigned to this section com-
pleted his thesis work on the removal of I!'3! from sewage by laboratory trick-
ling filters, prepared a preliminary draft of his findings, and is compiling
a final report and thesis on this project. In other series of experiments,
the efficacy of activated sludge in the removal of mixed contaminants from a
diluted waste~tank solution using jar tests with various periods of stirring
and also the removal of I!3! from raw sewage mixtures by contact during stir-

ring were given further study.
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Survey Studies and Ecological Study of White Qak Creek Drainage System.
This category includes studies and installations that are of particular
interest to the ORNL program and also those concerned specifically with the

special Ecological Study being executed by TVA.

The weir installation below the settling basin has been completed, and
the entire flow from the settling basin is now passed through the weir box. A
continuous wateq-level recorder and a continuous sampler have been installed.
Continuous records of outflow and facilities for proportional sampling of the

effluent are therefore available.

The trailer-mounted automatic cable reel for the logging of radicactivity
in the test wells previously installed at various points in the X-10 area was
constructed, used for making about thirty logging records, and corrected for
improved operation. Two new reels designed for operation by gravity instead
of by motor drive are being constructed. When the development of these is
completed it is expected that periodic logging of the fifty test wells will be

adopted as a routine survey operation.

Studies by the staff of the Ecological Study program include physical
studies, fisheries biology, botany, and limnology. A summary of progress in

these studies includes the following:

1. The study of the time of water travel from the X-10 area through
White Oak Lake was repeated using fluorescein dye instead of
salt as the indicator of water movement.

2. A "Preliminary Study of the Fish Population of White QOak Creek,
September - October, 1950" was completed, and a report of this
study has been prepared for early distribution.

3, A detailed study of the level and distribution of radioactivity
in fish of White Oak lLake is in progress and about 20% com-
plete. This involves dissection and radioassay of specimens of
each species of fish present in the lake and the calibration
of the fish probes against the radiocactivity found in the sacri-
ficed fish.

4, The relation of vegetation to soil activity in the lake area
is being studied by sampling and analysis, and an improved method
of preparing soil samples for gross beta counting through the
use of a graduated set of sieves has been developed.

5. Limnological investigations were directed particularly toward a
survey of the plankton flora and fauna of White Oak Lake. These
have included observations and appraisal of related conditions
such as temperature, oxygen content, nitrogenous compounds,
carbonates, and turbidity and the collection, classification,
and quantitative estimation of plankton specimens at numerous
selected points in the lake.
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Instrumentation and Techniques. Progress in instrumentation for waste
disposal studies has included redesign and shop work orders of the well-logging
equipment mentioned above and further work and calibration on the several
Ecological Study instruments mentioned in previous quarterly reports. A source
of concentric tubing was located, and with improved shop techniques this per-
mits construction of G-M tubes for beta probes with walls approximately

0.001 in. thick without strengthening ribs.

As a part of the project to measure and record water levels and radio-
activity at White Oak Dam with telemetering to the X-10 Area, the float-
operated water-level recorder was installed at White Oak Dam and hids been in
operation for some time. However, changes of the design for alterations and
further construction at the dam may necessitate gauging and monitoring at a
different location frgm that originally selected, and, therefore, the instal-
lation of telemetering and monitoring facilities has been deferred until the

final design for these alterations has been adopted.

For the measurement of radicactivity in live fish, improved gamma probes
have been constructed using copper tubes lined with bismuth instead of the
stainless steel tubes. Also a scintillation type gamma detector using sodium
iodide crystals has been designed and is being constructed in an effort to

attain the desired gamma sensitivity in the fish probe instrument.




3. THEORETICAL PHYSICS

Fast-neutron Tolerance Calculations. Collision densities and energy
losses from a 10-Mev beam of neutrons normally incident on a 30-cm slab of
tissue have been obtained by a Monte Carlo procedure. A preliminary report
summarizing the data, together with the resulting tolerance determination, is
being prepared. As soon as machine time is available, the data will be used

to obtain information concerning beams of lower energies.

Empirical Evaluation of Effective Atomic Number. A report on the deter-
mination and use of an effective atomic number for compounds is being written.
It is found that while the gamma-ray mass absorption coefficient can, in
general, be determined within 10 per cent by using such formulas for the range
6 £ Z < 20 and for 0.01 Mev € E < 0.25 Mev, the error in some few cases may

be as much as 20%.

Calculation of Stopuing Power at Intermediate Energies. The problem has

been completed and the details are published in ORNL-884.

Stopping Power of Ions in Tissue. The problem consists in evaluating
the relative damage caused by recoil H, C, N, and O ions in tissue due to
fast-neutron radiation. The contribution due to atomic collisions has been
evaluated. The ranges of energy considered are 0.25 Kev to 2.5 Mev for

hydrogen ions and 2.5 Kev to 25 Mev for heavier ions.
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4. PHYSICS OF NUCLEAR RADIATION

Measurements of Neutron Dosage. (a) Piezoelectric frequencies. Previ-
ously mentioned (ORNL-786) 5- and l-megacycle quartz crystals were further
tested. One 5-megacycle crystal, 5-A, showed a frequency variation of 15 cycles
in the course of several days of observation. Another specimen, 5-B, on
being washed with distilled water and dried with hot air, showed a drop in
frequency of about 100 cycles, after which there was a fluctuation of about
13 cycles. Crystal 1-A, activated at its second harmonic (approximately
2 megacycles), also showed a frequency range of about 15 cycles. Crystal 1-C,
on being washed with distilled water, showed an immediate drop in frequency
of about 30 cycles and an additional drop of approximately 20 cycles in the
course of two weeks, after which its frequency varied within a range of about

5 cycles.

The cooperation of R. S. Livingston and his group was obtained to make
exposures of these crystals to a beam of 1-Mev protons in their 22-in. cyclo-
tron. Crystal 5-B was exposed to 10 pa-sec at 1 pa of the proton current. A
drop in frequency of 320 cycles occurred, but the exposed face of the crystal
was somewhat discolored, and it appeared possible that the frequency change was
due to loading by some foreign material carried by the beam. After the crystal
was washed with HCl, the frequency increased by about 25 cycles. Crystal 5-A
was then exposed to 30 pa-sec at 1.5 pa, but it was shattered by this current.
Crystal 5-B was accidentally chipped. Other exposures are planned, the
crystal to be screened with aluminum foil, but these are to be sandwiched in

as convenient to both parties.

Through the kind cooperation of V. V. Siebs of Western Electric Company,
who are the only producers at present, we secured a few specimens of EDT
(ethylenediamine tartrate) piezoelectric crystals. Since half the atoms of
this material are hydrogen, any effects due to recoil protons from fast
neutrons were expected to be maximum. The crystals had a fundamental frequency

of 55.950 kilocycles, and an oscillator with multiplier stages was therefore

constructed, giving the 18th harmonic of about 1 megacycle. These specimens

were of zero cut at 26°C and were very stable, varying only about 2 cycles per

megacycle in the course of two days. One specimen was exposed to 4.8 X 10°

nf/cm2 (Po-Be), 8.1 x 10° nf/cm2 (Po-Be), about 3 x 1012 nf/cm2 (fission),

and 2.4 x 1013 nf/cm2 (fission). At the end of this series there was a drop
11
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in frequency of 1.7 * 0.9 — an insignificant change. Since this series of
fast-neutron exposures comprises about 9 X 10° weeks of tolerable exposure,

it is evident that the material is not suitable for neutron monitoring.

(b) Modification of conventional gamma pocket meters. Work was begun
on the modification of pocket meters to try to determine fast-neutron ex-
posures. Calculations had indicated that, by modification of materials,
differential response to n; and ¥ radiation should be obtainable. While the

response was not expected to correspond to rem, it was expected to be measurable.

The first test consisted in filling a group of the tenite II—walled
Victoreen pocket meters with propane gas (C;Hg). On an average, seven of
these chambers responded only 2 per cent more to Po-Be neutrons than eight
air-filled chambers. At the same time, ¥ (Ra) response was increased by

34 per cent. From this it appeared that wall effects would have to be used.

In a second test 12 Victoreen pocket meters were used. Half had sleeves
of 2S aluminum, sufficient to stop 10-Mev protons, inserted to shield the
tenite walls. The other half had sleeves of an equivalent thickness of
aquadag-coated polyethylene inserted. This latter had the dual purpose of
both equalizing the collecting volume and enriching the walls in hydrogen
content. Exposures to Ra ¥ gave a 24 per cent drop in average readings by the
polyethylene-lined group, and a 20 per cent drop in the aluminum-lined group
when compared to a control group of 20 unmodified chambers. Exposure to Po-Be
neutrons gave an 18 per cent rise in the polyethylene-lined group, and a

49 per cent drop in the aluminum-lined group as compared to the control group.

Four chambers were then fabricated; two of them had aluminum walls and
teflon insulators, to eliminate hydrogen, and the other two had polyethylene
walls and insulators to maximize the hydrogen content of the walls. Prelimi-
nary tests indicate that the gamma response of the two groups is approximately
the same, and the neutron response of the hydrogenous chambers 1s about
2.5 times that of the nonhydrogenous group. However, there has been con-
siderable irregularity of leakage stability and the chambers are too few for
conclusive tests. Six more of each type have been constructed and are about
to undergo further tests. With some modification and refinement, this project

shows promise of feasibility.

(¢) Particle film microscopy. A rotating azimuthal dark-field condenser
developed by E. H. Land, and described in AECU-700, has been fabricated at

our shop. This device causes nuclear tracks, which consist of aligned silver

12
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grains, to fluctuate in intensity of illumination as the beam rotates, while
leaving random grains relatively constant. As a consequence, tracks are

recognizable at lower magnification, and the area scanned by a microscope

field is larger.

It was observed that at 100X the effectively illuminated areawas 20 times
that of one microscope field at about 900x. It was further noted that while
a three-grain track can be distinguished at 900X.it cannot be distinguished at
100X even with the rotating dark-field. In fact, counting efficiency was
about 35 per cent. Thus the effective improvement is by a factor of about 7.
There is the further drawback that personal judgment of the observer is more
significant than with 900x standard dark-field observation. A few films,
counted by three observers, showed counts varying by about 30 per cent. On
the other hand, the statistics of the counts are improved considerably:, since
tolerable exposure is indicated by about 150 tracks per 12 fields rather than
22 tracks per 10 fields as by the present method. Further practice may bring

about more consistency.

Beta Scattering. Experiments discussed in ORNL-877 were continued. A
modification of the design of the extrapolation chamber previously used
permitted measurements in gases other than air and in vacuo. The modified
chamber is described in ORNL-905. The purpose of the investigation in vacuo
was to determine the actual electron backscattering. Most of the investi-

gation was made with beta radiation from S35,

The first part of the investigation consisted in the evaluation of the
backscatter from the collector material. It was noted that the reversal of
the collecting voltage, about 90 volts, between the source carrier and the
collector produced a considerable change in intensity. Therefore, using a
beryllium collector, the collecting voltage was varied from zero to about
14 volts between the source carrier and collector, keeping first the collector
positive, later negative relative to the carrier. The change of intensity
amounted to an increase of about 30 per cent for positive collection (positive
collector), and a decrease of the same order for negative collection, taking
the intensity at collector voltage zero as 100 per cent. The major portion of

the variation occurred between zero and 3 volts in either direction.

Repeating these experiments with cadmium and lead collectors, the per-

centage variations increased up to 85 per cent while the actual intensities

13




decreased. This decrease of the total intensity with Z was expected and
looked for owing to previous theoretical considerations. Extending the
variation of the collector voltage up to 1500 volts, it was found that only a
very slow, 5 to:10 per cent, gradual increase for positive collection and a
still smaller decrease occurred for negative collection beyond 10 to 14 volts.
These observations are in gualitative agreement with the report of 1. J. Trump
and R. J. Van de Graaff in Physical Review 75, 44-45 (1949). However, a

preliminary evaluation will be given here pending further investigation.

The very large intensity variations bhetween zero and 10 volts (Fig. 1)
and the very small changes from 15 to 1500 volts (Fig. 2) indicate that two
different processes have to be considered. The slowly varying intensity above
15 volts is apparently due to the effect of the battery voltage between source
and collector on the primary and backscattered particles of comparatively high
energy. Since S35 has an energy distribution varying from zero to 168 Kev,

it is quite understandable that the effect of 1.5 Kev should be small.

The comparatively large effect of the very low potential from zero to
10 volts is apparently not due to real backscattering but to the production of
actual secondary electrons of properties similar to those produced in a
vacuum tube. Consider a high-velocity particle, sjprimary or backscattered,,
moving through matter. The particle will produce ionization along its path
and, therefore, electrons with energies up to a few volts. Inside the material
these electrons will be stopped within some few atomic layers, but at the
boundary between the material and the vacuum they can enter the vacuum if

their energy exceeds the work function of the material. Let

I, = the current measured with the collecting electrode positive

I_ = the current measured with the collecting electrode negative

Iﬁ = the.current carried by the primary beta particles emitted
from the source

a, = the fraction of IB backscattered from the collector

Sp = the number of secondary electrons emitted from the source
carrier per primary beta particle

S, = the number of secondary electrons emitted from the collector

material, of atomic number Z, per backscattered beta particile

14
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f(Ez) the distribution of energy of the beta particles backscattered
from a collector of atomic number Z. (This distribution is,
of course, dependent upon the distribution of energy of pri-
mary particles which, for purposes of this discussion, is

assumed constant. )

F(Ep) the distribution of energy of the primary betas.

Ep = battery voltage.

The currents will be given, neglecting second-order terms, as a rough

approximation by

—
+
1

Ep
= I, 1 - a, [1 - J f(E,) dE:}+ S, (1)

10

~
]
1

Ep
= I, [1 - ay - [ FE,) d - a.z.sz“ (15)

10 -

The following treatment makes the assumption that the fast particles are
producing secondaries principally in the direction of their movement. For an

exact quantitative result this is not quite correct.

The secondaries, except for a small number with energies more than 10
volts (see Figs. 1 and 2), opposed by the applied voltage Ep cannot reach the
opposite electrode, i.e., in.Eq. (la) the secondaries originating from the
collector, in Eq. (1b) those originating from the source carrier are elimi-
nated. The secondaries in the direction of the applied field will reach or
leave the collector and will be counted. :In Egs. (la) and (1b) the electron
current flowing into the collector is counted as positive and the electron
current leaving the collector as negative. These equations show that for
increasing values of oy, the total currents decrease. Since a, always increases
with A, the current measured decreases with increasing atomic number of the
collector. Furthermore, owing to the positive sign of Sp and to the minus
sign of a,S,, I, is always larger than I.,. Both conclusions are fully con-

firmed by the experiment (Fig. 3).
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Equations (la) and (1b) can be simplified for collector voltages less

than 200 volts by neglecting the contributions of the integrals

L}

I. Iﬁ(l - ag - aySy) (2b)

Plotting I, and I., for a constant collector potential of 90 volts, on
semilog paper (Fig. 3) the curves can be extrapolated to Z = 0. For Z = 0,
a, should be equal to zero (no backscattering) and I_ = Iﬂ; Sp can now be
obtained from Eq. (2a). Using the value of IB as a constant and Sy as approxi-

mately constant, the a, can be calculated from Fig. 3.

They were found to be

COLLECTOR aZ
"4 Be 6
13 Al 19
29 Cu 30.5
48 Cd 41.0
73 Ta 49.5
89 Pb 53.0

For applied potentials less than 15 or 20 volts, the secondary electrons
will partially overcome the opposing field. Beginning with zero voltage and
increasing the field for positive collection, the current of electrons flowing

out the collector will be -a,S, less those that cannot overcome the opposing
E
B
voltage; i.e., azsz,j f(Eg ;). The integral will be equal to 1 for Ep=0,
0
which is actually approximatedby Ep = 15 volts.

Applying the same consideration for negative collection, the result is

given by:

. Ep
I, =151 -a, - a,s, [1 - f flEg, 2 dE:l . S,,} 30)
1]
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and

, Ep
0

where f(ES z) and f(Eg p) are the distribution functions of the secondaries

originating from the collector and from the source carrier.
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5. RADIOCHEMICAL ANALYSIS

Analytical Procedure for Analysis for Plutonium in River Water. There
exists a need for a procedure for analysis of river and stream water for
plutonium. It is of special interest at Oak Ridge National Laboratory since
water from the White Oak [Cam is discharged into the Clinch River. The pro-
ceduré which is presently used is unsatisfactory because of the difficulty
of separating the plutonium from iron and other inorganic constituents of the
sample. Also, indeterminate self-absorption of alpha radiation results from

extraneous inorganic materials being plated with plutonium.

The development of a procedure has been complicated by such problems as
(1) working with a minimum volume of 1 liter, (2) complete destruction of
silicates, and (3) separation of plutonium from iron. At present a method for
separation of plutonium from iron has -not been satisfactorily worked out.
Most promising is a procedure in which plutonium is coprecipitated with
calcium oxalate at a pH of 2.5. However,,separation from iron is not complete,

and the control of the pH is difficult under the conditions of precipitation.

It is desired to have a procedure which is reproducible and quantitative

to approximately 90 per cent.
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6. PHYSICS OF RADIATION DOSIMETRY

Neutron Dosimetry. The development of fast-neutron proportional counters
of specialized design discussed in the Health Physics Division s last four
quarterly reports, ORNL-596, 695, 786, and 877, has been written up in detail
as a report just issued, ORNL-930, entitled A Count-Rate Method of Measuring

Fast Neutron Tissue Dose.

Currently work is continuing on designs for a counter that will have a
uniformly cylindrical electric field with negligible end corrections. to be
used with the pulse integration type of neutron dosimeter previously described.
The purpose of this field arrangement is to produce a uniform gas amplification
throughout the active volume of the counter so that calibrations in terms
of reps may be made with an alpha particle source built into the counter,

instead of requiring a known neutron:source each time recalibration is needed.

The Instrument Development Section of this Division has designed a cir-
cuit and preliminary packaging, and we have adapted one of the tynes of
counters described in ORNL-930 to make a complete fast-neutron survey meter,
This instrument represents a distinct improvement in weight, convenience, and
reliability over the preliminary models of the instrument which have proved
reasonably satisfactory in field work by our Padiation Survey Section. Com-

mercial production of this instrument will be discussed in the near future.

Shielding Calculations. As a part of our cooperation with the Shielding
Program of the Physics Division, calculations have been made and a report will
shortly be made to the Shielding Group estimating the corrections to be made
to the fast-neutron dosimeter readings inside a thick shield containing water.
The purpose is to correct from the experimental observations within a large
tank, where scattering material is on all sides of the dosimeter, to the
practical situation where all the shielding material is between the dosimeter
and the source. There will also be given a method of extending the theory of
Bethe, Hurwitz, and Tonks (AECD-2790) to include neutron capture when the
theory is used to calculate dosimeter readings in shields composed of heavy
materials. This method reduces considerably the amount of work which is

required to obtain.numerical results.

Personnel Monitoring for Beta Rays. The widely used pocket ionization

chamber has relatively thick walls and hence is opaque to beta rays of energy
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less than 700 to 900 Kev. The ionization in its chamber produced by higher
energy betas is reduced by about this amount, so the chamber is very insensi-
tive to ordinary beta rays. Work is in progress on a chamber of similar
gamma sensitivity but with a wall thickness of only 6.7 mg/cm?, equivalent
to the average thickness of the insensitive layer of the human epidermis and
penetrable by beta rays of about 70 Kev energy. This thin paper wall is pro-
tected by a fine-mesh screen of metal or perhaps plastic for mechanical
strength., Preliminary models show about the expected gamma sensitivity, and
a response to known beta sources which is very promising. Leakage seems to

compare very favorably with the commercial gamma chambers.

X-rays. A 250-kv-constant-potential X-ray machine has been purchased
from Westinghouse and is in process of installation. This will be operated
both for research projects of this section and as a service to the entire

division.

Stopping of Heavy Ions. Preliminary studies are being made of the feasi-
bility of experimental investigation on the damage caused by heavy ions to
tissue-like materials in the region beyond the end of their ionization range.
Protons may have energies of hundreds of Kev, and fission fragments may have
energies of even several Mev, yet be going too slowly to ionize, at least
according to presently accepted theories of Bohr and others. This residual
energy has heretofore either been neglected in Health Physics calculations,
or it has been assumed that the total damage is proportional to the ioni-
zation. The object of the project will be to investigate the validity of

these assumptions.
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7. EDUCATION AND TRAINING

AEC Fellowsﬁip Program. The present group of 20 AEC Fellows in Radio-
logical Physics have completed the first quarter of their graduate work at
Vanderbilt University with satisfactory records and have begun the second
guarter of work there. Beginning February 12 members of the Laboratory staff
will go to Nashville two days a week to teach the Health Physics course. The

course will continue throughout the remainder of the school year.

Physics Course for Division Personnel. A course in atomic and nuclear
physics at the college level which was instituted for a group of health physiecs
surveyors who expressed a desire for such a course has continued throughout

this period. It is given in the evening 3 hr per week.

Miscellaneous Activities. Members of the staff are assisting in other
teaching activities in the Laboratory, particularly in the Apprentice Training
School and in the Reactor School. The Education and Training Section has
assumed the responsibility for that portion of the weekly orientation program

pertaining to health physics.
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1. INSTRUMENT DEVELOPMENT

Constant Water Monitor. A production design of a constant water monitor
has been completed and reduced to drawings, Nos. D-9029 through D-9035, which
are on file in the Engineering and Maintenance Division. The drawings describe
a continuous-flow water cell of 4 liters/min capacity, a 40-Kev beta-sensitive
Geiger-Mueller counter, lead shielding, and control panel. The normal back-
ground count rate is about 7 c¢/m, and water of about 2 X 10 pc/ml of Sr?°
activity is detectable by an approximately 50% increase of the background

counting rate.

An operating model has been constructed and assembled. It is now monitor-
ing the drinking water supply in room 100, and is under observation for
possible faults. The present method of recording the count rate uses a scale
of 2 and a traffic counter to print 15-min count integrations, totalizing and

recycling every hour.

The production design is being considered (by Chemical Technology Division)

for application to some waste-water monitoring problems on and off the area.

We have been informed by the Patent Office that a patent search discloses
no similar art; an application will be made for a U. S. patent covering the

features embodied in the water cell and counter assembly.

A preliminary report is to be written, for purposes of record and dis-

cussion, as to feasibility of continued effort.
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2. RADIOACTIVE-WASTE-DISPOSAL RESEARCH

Further progress has been made toward expansion of the cooperative program
of research on water and liquid-waste decontamination, particularly through
increased participation by the Public Health Service. One additional sanitary
engineer has been assigned on loan for an indefinite period for work in the
waste research program. A detailed plan and budget for further increases of
Public Health Service personnel assigned to this project during the next fiscal

year have been prepared and are being considered for approval and authorization.

Construction of the Health Physics Waste Research Building, mentioned in
the previous quarterly report (ORNL-968), is proceeding on schedule, and pro-
curement of laboratory and experimental equipment for this building has begun.
Facilities necessary to meet immediate needs for additional work space and
equipment are being provided on a site near White Oak Creek east of the
settling basin. These include a prefabricated building, a raw-water intake on
White Oak Creek, re-erection of a 35,000-gal wooden tank salvaged from the
former X-10 water plant building, pipes and connections for disposal of test

materials, and arrangements for access to this site from the exclusion area.

Various members of the Waste Disposal Research Group have continued to
spend considerable time and effort in assisting in education and training
activities and in making available information regarding methods of water
decontamination and liquid-waste control. For example, a group of seven
municipal and state water works and public health officials from Missouri,
Indiana, and the City of Detroit visited the Laboratory for two days to discuss
specific questions pertaining to potential radioactive contamination and
methods of emergency protection of large water supply systems. Under present
plans it is expected that two professors of sanitary engineering and two
graduate students will join the group early this summer for extended periods
of work and training experience. Other activities in this category have in-
cluded four lectures as part of water and sewage works short courses, a lecture
to a student engineering society, participation in a two-day conference on
sanitary engineering training, including qualifications for work in the atomic
energy field, and preparation of replies to numerous inquiries concerning the

results of the ORNL studies on radioactive-waste-disposal problems and

techniques.
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Water and Liquid-Waste Decontamination Processes. Active work has been
continued in studies of the removal of radioactive materials by water treat-
ment procedures. An extensive series of jar-test coagulation experiments
designed to show the factorial interaction of four variable conditions has
been completed. The radioactive test material was a mixture of radioisotopes
which might be found in a water supply soon after an atomic explosion. The
variables tested were: pH, turbidity (clay), coagulant dosage (alum), and
level of radioactivity. In the experiments three values of each of the above
variables were represented. Removals of radioactivity were in the range of 50

to 60%.

A series of studies on adsorption has been begun and is still in progress.
In water contaminated with a storage-tank waste (evaporator concentrate) at
least ten adsorbents are being tested, including montmorillonitic clays,
tannins, and lignins. These experiments on a jar-test scale indicate removals

of 10 to 50% of the radioactive contaminants.

A series of jar-test coagulation experiments to determine removals of
yttrium, cerium, and iodine, singly and in combination, with variations of pH
and turbidity has been completed. Under the best conditions, the removals of
yttrium and cerium in a mixture and also individually ranged up to 98% while

removals of iodine were about 77%.

Pursuant to an inquiry and request from the Engineering and Maintenance
Division, sanitary engineers of the Waste Disposal Research Group are co-
operating in a study to evaluate the efficiency of operation of the new ORNL
sewage treatment plant, particularly in the removal of suspended solids.
Changes in the routine of pump operation are being made to obtain better
equalization of the flow of raw sewage to the treatment plant, after which a

program of sampling and analytical determinations will be carried out.

Further studies have been made on the methods for emergency decontamination
of drinking water. Experimental work has been completed for the evaluation of
the small water-decontamination unit, mentioned in a previous report (ORNL-
968), and a descriptive report of this unit and of the results obtained with
it has been completed for publication in May. Also, some work has been done
on the evaluation of a small commercial mixed-resin ion-exchange water-
treatment unit of the type recommended for deionization of small quantities of
water for laboratory use. The purpose is to appraise the operating charac-

teristics of such a unit as well as performance of the materials it contains.




Survey Studies and Ecological Study of White 0ak Creek Drainage Systen.

The following studies have been made during the past quarter:

1. A determination of the time of water travel through White Oak
Creek and Lake, using fluorescein dye, was made at the time that
the rate of flow in the creek was about 7 cfs and the lake level
was approximately 3 ft below the elevation of the spillway. It
was found that under these conditions dye applied to the head of
the lake first reached the dam in 29 hr and that the first peak
moved through the lake and arrived at the dam in about 36 hr
after dosage. A second peak somewhat higher than the first
arrived on the fourth day and it was estimated that the mean
time of travel or period of retention in the lake was approxi-
mately six days. Arrival at the dam of the fastest moving water
particle in 29 hr indicates a minimum displacement of only 13%
of the six million cubic feet of water contained in the lake at
this water level. No stratification of flow in the lake was

observed.

A second determination of the time of water travel through
the creek and lake has been made at a higher rate of flow in the
stream and at a higher elevation of the lake, again without
stratification. The results of the determination have not been
reported.

9. The fish population study for the spring of 1951 is due to be
completed on April 25. Preliminary estimates of the fish
population indicate a decrease in numbers of about 25% from the
estimate of last fall. This is considered within the natural
range of winter mortalities in fish populations.

3. The botanist has completed the collection of several hundred
sheets of plant specimens for definition of flora during the
early spring period, and identification of specimens collected
last fall has been practically completed subject only to checking
and verification. Some absences of species of flora expected in
this region have been noted but have not been explained.

4. In the limnological study increased time has been devoted to the
collection of bottom organisms. These and other aquatic speci-
mens showed normal changes during the winter season.

5. Physical and chemical studies have included completion of the
silt survey of White Oak Lake, continued biweekly sampling of
water at various points in the lake, and collection of a monthly
sample for mineral analysis at the upper and lower end of the

lake.

An analysis of the data on the discharge of radioactivity from White Oak
Lake and diluting flows in the Clinch River during the past several years was

prepared and presented at the meeting of the AEC Waste Processing Committee
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at ORNL on February 5 and 6. Available data from past surveys of the Clinch
River are being collected to aid in the preparation by the Tennessee Valley
Authority of a comprehensive report on conditions in the entire Tennessee River
Basin. This report deals principally with domestic sewage and other water
pollutants, but any available information concerning radioactive contaminants

was requested.

Preliminary laboratory experiments to determine the various factors that
affect the uptake of radioactivity in small fish were carried out in tap water
to which was added Cs!37. An extensive factorial series of further experi-
ments to aid in evaluating the significance of five variable factors at three

levels of radioactivity has been designed with assistance from the ORNL

Mathematics Panel.

Well-logging measurements to determine and record the levels of gross
radioactivity in the test wells installed in connection with the Geological
Survey of the Laboratory area have been continued. To date a total of 80
records on 40 wells have been completed. An improved design of the cable reel
apparatus is being used and two new reel outfits are being constructed. A
summary report of well-logging data obtained up to March was prepared and
furnished to the geologists together with tables, interpretations, and sug-
gestions for further work. It was suggested that to aid in defining the
subsurface background of radioactivity and in interpreting the well-logging
data, two additional test wells should be drilled in an uncontaminated area of
approximately the same geological formation that prevails where the 51 test

wells have been installed for study of the X-10 site.

Instrumentation and Techniques. For use by the Health Physics Division
and particularly in the development of instruments for waste-disposal research,
a dry box has been completed for grinding and polishing sodium iodide crystals
for scintillation-counter construction. An electric power grinder for grind-

ing small crystals has been designed and is to be constructed.

Preliminary work has been done to explore the feasibility of measuring
the concentration of fluoroescein dye as used in time-of-water-travel studies

by means of photoelectric methods.

A detection and recording assembly has been completed and is being used
in connection with continuous-flow ion-exchange experiments. The purpose 1is
to detect residual contamination if present in the ion-exchange resins as

received and also to measure radioactivity in the effluent during the experi-

ments.




In response to requests for information from water works officials and
sanitary engineers, two Landsverk analysis units have been repaired and
tested. Further experiments will be made to determine the sensitivity and
suitability of these units for the measurement of radioactivity in water

supplies in the event of accidental or emergency contamination.

In preparation for the equipment and use of the Waste Research Building
when completed, considerable time has been spent in the selection and prepa-
ration of procurement data for control instruments and equipment which will be

needed in laboratory and pilot plant experimental studies.

Publications. The following is a list of reports which have been pub-

lished during the past quarter:

1. Studies on the Removal of Radioisotopes from Liquid Wastes by
Coagulation, R. A. Lauderdale, Jr., ORNL-932 (Jan. 23, 1951).

2. "Observation on the Removal of Radioactive Materials from Waste
Solutions,"” Conrad P. Straub, Sewage and Industrial Wastes 23,
No. 2, pp. 188-193 (February, 1951).

3. "Problems in Disposal of Radioactive Wastes," Conrad P. Straub,
Wastes Engineering 22, No. 2, pp. 70-71 (February, 1951).
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3. THEORETICAL PHYSICS

Fast-Neutron Tolerance Calculations. Collision densities and energy
losses from a 10-Mev beam of neutrons normally incident on a 30-cm slab of
tissue have been obtained by a Monte Carlo procedure. A preliminary report
summarizing the data, together with the resulting tolerance determination, 1is
being prepared. The neutron histories obtained for the 10-Mev beam are now

being analyzed to obtain the energy losses of beams of lower initial energies.

Empirical Evaluation of an Effective Atomic Number. A report on the
determination and use of an effective atomic number for compounds is being
written. It is found that while the gamma-ray mass absorption coefficient can,
in general, be determined to within 10% by the use of such formulas for

the range 6 < Z < 20 and for 0.01Mev < E < 0.25 Mev, the error in some

few cases may be as much as 20%.

Radiation Damage Due to Electromic and Nuclear Collisions in Tissue. The
problem consists in evaluating energy losses due to fast-neutron radiation.
The electronic and nuclear stopping powers of recoil ions of H, C, N, and O
have been evaluated, using Bohr’s formula [Phys. Rev. 59, 271 (1941)]. The
electronic stopping power as calculated does not agree with some experimental
values, and therefore a semiempirical approach is used as suggested by Knipp

and Teller [Phys. Rev. 59, 658 (1941)].

Stopping Power of Protons, Alpha Particles, and Ions of Carbon and Oxygen
in Tissue. In the projects discussed above we are concerned with the relative
damage due to electronic vs. nuclear collisions for slow ions released by a
fast-neutron stream. In this project we calculate the losses due to electronic
collisions only, over an extended range of energies including those for which
the nuclear collision losses are negligible. The method used is based on
results of Hirschfelder and Magee [Phys. Rev. 13, 207 (1948)] and Knipp and
Teller [Phys. Rev. 59, 658 (1941)].

11
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4. PHYSICS OF NUCLEAR RADIATIONS

Measurements of Neutron Dosage. Work this quarter consisted mainly of
further investigation of the practicability of monitoring exposure to fast
neutrons against a gamma background by means of the difference in the responses
of pocket chambers with walls of hydrogenous and nonhydrogenous materials
The responses of pocket chambers of various materials and dimensions were
studied, using polonium-beryllium and polonium boron neutron sources. The
polonium-beryllium source has an energy spectrum averaging approximately 4.5
Mev with a maximum of about 11 Mev, while the polonium-boron source has an

average of approximately 2.5 Mev with a maximum of about 6 Mev

Materials used included polyethylene carbon., and aluminum The inside
diameters of the chambers varied from 0 68 to 1.76 cm Electrodes used 1in the
smaller chambers were of aluminum 0 16 cm (1/16 in.) in diameter, while
electrodes used in the larger chambers were of various materials and ranged
upward to 1.12 cm in diameter The purpose of these variations in size was to
change the surface-to-volume ratio- other consequences were changes 1in col-

lecting volume and in capacitance

In order to have a basis of comparison the response of each chamber to a
neutron source is expressed by giving the number of milliroentgens of radium
gamma radiation required to give a tesponse equivalent to that observed from

2

an exposure of 107 neutrons/cm® from the source.

The best neutron responses occurred with polyethylene wallsand electrodes
and were approximately 55 mr equivalents per 107 Po-Be neutrons/cm? and
approximately 43 mr equivalents per 107 Po-B neutrons/cm?., This ratio of
approximately 1.3 for the two energy spectra appeared in all chambers with
organic walls. Aluminum walls and electrodes showed neutron responses of 17
to 20 mr equivalents per 107 Po-Be neutrons/cm? and approximately 11 mr
equivalents per 107 Po-B neutrons/cm?. The ratio of responses ranged between
1.58 and 1.77. Graphite wall and electrode gave 22.7 mr equivalents per 107

Po-Be neutrons/cm? and a ratio of 1 83.

It is thought that the rvesponses of the hydrogen-free meters under the
conditions of these experiments are not entirely due to gamma radiation. The

fraction of the response which may be ascribed to neutron irradiation of the

meters is under investigation.




The pocket meters described above are read by observing the position of an
electrometer filament. Another construction underway uses the capacitance
change of a leaf electrometer when discharged by radiation. This meter is
inserted in a high-frequency circuit where the capacitance variation produces
a frequency variation measured againsta crystal-controlled frequency standard.
This method may become very sensitive, since small fractions of 1 upf can

cause a frequency change of several kilocycles. This construction is still in

the initial stage.

Beta Particles. Absorption measurements were completed with collimation
for P32, Sr?°%, and S35, using absorbers of varying thicknesses and atom
numbers from 4 to 82. Organic substances and wet tissues were investigated
particularly. The extrapolation chamber and Geiger counter were used for these
measurements to obtain the attenuation by energy absorption (chamber) as well

as the reduction of number of particles (counter).

In addition, the attenuation by air was investigated with the counter up

to 500 ecm (P32, S°%°%) distance between source and detector.

Particle Problems. Facilities for radioactive particles technology are
under construction in Building 2001. Their completion is anticipated during
the next quarter. The laboratory will be under positive pressure with incoming
and outgoing air carefully filtered to make 1t as dustproof as possible.
Micromanipulators, a microforge, and thermal precipitators have been acquired,

and a Leitz "Panphot" photomicrographic apparatus with necessary accessories

is on order.

During this quarter a technique for the measurement of particles down to
0.006 1 (60 A) in diameter has been investigated with good preliminary results.
Measurements in the range of 0.003 to 0.006 p are somewhat questionable, and
measurements below 0.003 i do not seem feasible with the equipment presently
available. A size analysis of particles penetrating CWS No. 6 filter paper
shows that the greatest penetration does not occur with particles of 0.3 p.
Using a group of influent particles ranging from 0.01 to 2.8 o with a medium
size of 0.13 x, it was observed that the size giving maximum penetration lies

below 0.02 x. Below 0.01 p the discrimination between particles and background

becomes difficult.
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Publications. The following are reports which have been published by

this section during the past gquarter:

1. Construction and Operation of a Variable Pressure Extrapolation

Chamber, T. E. Bortner, OBNL-905 (Mar. 19, 1951).

2. Dose Rates of Radiation from Thorium and from Enriched Uraniunm,
T. E. Bortner and H. K. Richards, ORNL-761 (Apr. 9, 1951).

14
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5. RADIOCHEMICAL ANALYSIS

Analytical Procedure for Analysis of Urine for Uranium. Preliminary work
has been done on the development of a better procedure for the analysis of
urine for uranium. For the determination of uranium isotopes with short half-
lives at levels of urinary excretion which are considered safe, it is necessary
to measure the alpha activity of the sample rather than depending upon fluoro-

metric analysis.

The Health Physics Division Quarterly Report for Period Ending February
28, 1949 (ORNL-346) described a method for isotopic determination of uranium
in urine. However, the procedure is long and time-consuming. The primary
objective in seeking a new analytical procedure is for efficiency of time and

ease of routine operations.

The details of the procedure now under investigation will be reported
upon completion of the work. In 12 experimental runs, made thus far, an av-
erage of 88% of tracer uranium has been recovered from 100-ml urine samples.
The reproducibility of results is favorable in that the maximum deviation from

the average was 4%.

15
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6. PHYSICS OF RADIATION DOSIMETRY

Pulse-Integration Fast-Neutron Dosimeter. Recently reported neutron
cross-sections [R. K. Adair, Revs. Mod. Phys. 22, 249 (1950)] have been used
to compare the energy absorbed per gram of tissue to the energy absorbed per
gram of ethylene due to fast-neutron irradiation. It was found that the ratio
of tissue dose to ethylene dose is very nearly independent of the neutron
energy in the region of 100 Kev to 20 Mev. Thus ethylene 1s tissue-equivalent
insofar as fast-neutron dosimetry is concerned. Since paraffin has almost the
same atomic composition it may be used as a wall liner for chambers containing

ethylene.

More careful investigation of the problem of measuring the fast-neutron
tissue dose with the proportional counter, mentioned inHealth Physics Division
Quarterly Progress Report for Period Ending January 20, 1951, ORNL-968, reveals
that the proportional-counter method is completely analogous to the ionization-

chamber method, provided special consideration is given to the following:

1. The gas amplification of the counter must be known at all times.
This may be achieved by permanently installing an alpha source
in the counter. The problem is now being investigated.

2. A correction must be made for energy of those protons which
recoil with an energy less than that which will be rejected by
the bias which is used to discriminate against gamma-ray pulses.
A preliminary calculation has been made and the results are as
follows in the case of 0.2 Mev bias energy:

NEUTRON ENERGY PERCENT OF TOTAL ENERGY
(Mev) LOST UNDER BIAS
) 0.2 100.0
0.4 26.0
1.0 5.0
2.0 20
4.0 1.0

3. The linear amplifier which is used to observe the pulses produced
in the proportional counter must have a rise time and a decay
time such that the maximum height of the output pulse is not
appreciably affected by the rise time of the counter pulse. The
distribution in rise times is being measured and the necessary
amplifier characteristics are being determined.

16




Arrangements have been made for the use of the Cockcroft-Walton machine
in the High Voltage Laboratory for the purpose of using the counter to measure
the dose from well-defined beams of monoergic neutrons. A target and counter

assembly has been designed and constructed for the D-D and the D¢T thick-target

reactions.

Uniform-Response Neutron Proportional Counter. The uniform-response
neutron counter, mentioned in Health Physics Division QuarterlyProgress Report
for Period Ending April 15, 1950, ORNL-695, has been calibrated with the
polonium-beryllium and the polonium-boron neutron sources. The counter has an
equal sensitivity of (1.75% 0.10)x 1072 counts/neutron/crf for the two sources.

2 and the background less than 10 counts per

The sensitive area is about 20 cm
hour. In order to make these calibrations, it was necessary to correct for
the neutrons scattered from the floor and walls of the laboratory. This correc-
tion was first made by suspending the source and counter about 15 ft from the
ground. With this geometry a 15-in. cone of paraffin placed between the source
and counter reduced the count rate to 3% of the rate when the cone was not
used. If it is then assumed arbitrarily that half this reading is still due
to scattered neutrons (from the suspension), then the cone is effective in
reducing the direct neutrons to 1.5%. This assumption seems reasonable when
it is considered that the scattering near a floor amounts to 13%. The cone is

then used to make scattering corrections under the conditions of laboratory

geometry.

The counters have the physical size of the count-rate dosimeters described
in ORNL-930. It is calculated that their response is uniform from 0.5 to 10
Mev, while being insensitive to less than 2 r/hr of gamma radiation. Their
response to monoergic neutrons of various energies will be determined when

sources become available.

Shielding Calculations. Calculations have been made of the contribution
of neutrons scattered in air to the total dose at different distances from a
spherically symmetric shield assuming constant cross-sections, isotropic
scattering, and no absorption in the air. The calculations were made by
evaluating the exact solution of the Boltzmann equation for this case. The
results do not agree with those (NEPA-997 and 1657) which treat only first and
second collisions. It has been shown that¢(!) the diffusion type solution
is approached rapidly as the distance from the source is increased so that
the method of treating only the first two collisions seems to be in error and
to give results which are too low.

(1) G. Placzek, Notes on Diffusion of Neutrons Without Change in Energy, Montreal Report MT-4 (April,
1943).
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It may be shown that the dose received in air at a distance R from a
spherically symmetric shield of radius r is % (r/R)?D if r << R. D is the
dose measured at the outerside of the shield. This result is independent of

the angular distribution of the dose at the shield surface.

In determining thermal-neutron flux in water by the foil method, a
correction must be made for the difference in flux perturbation in water and
in the standard graphite pile. The theory proposed by Skyrme¢2) yas used to
calculate this correction for a 1-mil foil. The activity found in water

should be increased by 5%.

To obtain an idea of the error in Skyrme’s theory, which is correct to
second order only, a one-dimensional model of a delta source and a foil in an
infinite capturing medium was considered. This model should be a good approxi-
mation for large foils in water. The flux at any point in the infinite medium
may be described by an integral equation which involves the symmetric kernel
E(x - z') and which is integrated over all space. It may be converted to a
much simpler integral equation by applying a Fourier transformation. The
resulting equation is integrated over the foil only and has as a kernel the
solution for the undisturbed density in an infinite medium. Numerical work

with this equation is planned.

To determine a more accurate value of the diffusion length of thermal
neutrons in graphite from experimental data, the solution for the thermal-
neutron density in a rectangular parallelopiped containing a point nonthermal
source has been given to the Mathematics Panel in a form suitable for compu-

tation. It will be iterated over the data to obtain an improved value for the

diffusion length.

X-Rays. Further work on pocket ionization chambers has been delayed by
the necessity of improving the shielding on the X-ray machine before it can be
used. Extensive lead shielding has been added to the tube head, and modified

controls are under construction to permit a wide range of dosage rates.

Cooperation with the School of Reactor Technology. One member of the
section has been assisting the School of Reactor Technology Laboratory in the
completion of an experiment on the space distribution of neutron flux in the

X-10 pile.

(2) T. H. R. Skyrme, Montreal Report MS-91 (no date).
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7. EDUCATION AND TRAINING

AEC Fellowship Program. The present group of 20 AEC Fellows in Radiologi-
cal Physics are in their third quarter of work at Vanderbilt University.
Since February 12, members of the Health Physics Division have been spending

two days a week in Nashville teaching a four-semester-hour course in health

physiecs.

Training Program for Military Persommel. On April 2 six medical officers
were assigned to this Section for an eight-week training course in health
physics