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Introduction

The National Accelerator Laboratory (NAL) facility is
a proton synchrotron with a design energy of 200 Gev (billiocn
electron volts); however, the accelerator is now operated
routinely at 300 GeV and it reached a maximum energy of 400 GeV
in 1972. The primary purpose of the installation is fundamental
research in high-energy physics. It is located in the greater
Chicago area (Fig. 1), permitting convenient access for users
throughout the country. The 10.6 sq. mi. (27.5 km?) tract of
land comprising the site is in an area which is rapidly
changing from farming to residential use. There are many
municipalities in the vicinity, resulting in a distinct pattern
of high population concentration. Within a 2 mile (3 km)
distance from the Laboratory boundaries Batavia {(pop. 8,500),
Warrenville (pop. 3,000), and West Chicago (pop. 9,900) may be
found.

The two major environmental features near the Laboratory
are the Fox River to the west which flows south through
Batavia with an average of 500 million gallons per day, and
the west branch of the DuPage River which passes east of the
site flowing south with lower flow rate through Warrenville.
The land on the site is relatively flat with a high area
{elevation 800 £t. above sea level, ASL) near the western
boundary and low point (elevation 715 ft., ASL) toward the
southeast. The-drainage of the ground water and most of the
surface water is toward the southeastern corner of the Laboratory,
toward the DuPage River. A somewhat smaller amount drains
to the southwest, toward the Fox River.1 The drinking water in
many of the surrounding communities comes from deep wells
usually drilled 1200 feet deep into the Cambrian Ordovician

aquifer system.2

The 2 km (1.2 mi.) diameter main accelerator (Fig. 2)
receives 8 GeV protcons from a combined function booster
accelerator which is fed by a 200 MeV linear accelerator

(linac). The linac receives protons from a hydrogen ion

/19



Figure | - Location of National Accelerctor Laboratory (NAL)
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source via a 750 keV Cockroft-Walton electrostatic accelcrator.
The beam extracted from the main accelerator can be taken to
three different areas (Figs. 3, 4). All three of these

arcas received proton beams for the first time in 1972.
Radiocactivity is produced as a result of the interaction of the
accelerated protons with matter. Most of this activity is
contained in insoluble shields and beam dumps. Operation of
the accelerator will produce some radiation which penetrates
the shielding as well as sofie air-borne activity. Also, scme
radioactivation of the soil will occur. Thus, a broad program

of environmental monitoring is being maintained.

An environmental radiation monitoring station, located
temporarily in a house in the NAL Village (Fig. 2), has been
in operation throughout 1972. Also, a four-wheel-drive
vehicle is being especially equipped for environmental radiation
monitoring. This mobility is very desirable in view of the
long distance from one corner of the site to another, or from
the origin of a beam line to its terminus. Water samples are
analyzed by an independent testing laboratory as well as in
NAL Nuclear Chemistry and Counting Laboratories. Environmental
radiation data are collected from a multitude of radiation

detectors throughout the accelerator and experimental areas.

The analyses for residual radicactivity are performed
specifically for accelerator-produced nuclides as well as for
radium and thorium. Since there is no reactor facility on the
site, no program has been initiated for monitoring fission
product activity such as occurs from ruptured fuel rcds or in
fall out from nuclear weapons tests. Some analyses of this
type arc carried out on samples collected near the site by

Argonne National Laboratory located 15 mi. (23 km) away.

Summary

In 1972 the design energy of 200 GeV was first achicved
and the first beam extracted from the accelerator before the
scheduled daote of July 1. The protcen cnergy was raised to

300 GeV (now the standard operating energy) during the summcr
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and then near the end of 1072, 400 GeV operation was achieved.
The Neutrino Arca (igs. 3, 4) reccived extracted beam for
extended periods of time at high proton beam intensitics

while the Proton and Mason Areas, which are still under
construction, recoived low vroton bean intensities starting

in Soptewber mainly for transpoct studies. Beam splitters

ar2 now peing iastalled to allow the three arcas to receive
simuliancceusly portions of the sawms beam pulse. In addition,
using a pulsed bypass systen, bubble chamber pictures have

been teaken at 105, 200, and 300 GeV, using low beam intensities
while the bulk ¢of the beam was being used for muon and neutrino
production. 8Since the beam intensity delivered to the Nautrino
Area never crcecded one hundredth of the design intensity,

the amcunt of radiocactivilty produced outside Lhe shields and
dunps was preportionally qdita smaill. A measurement of
activity produced in scil dirvectly above the target in the

Neutrine Area supported this conclusion.

Watey sawnplzs have bhesn taken from all sumps along the
beam lines (Figs. 2, 4) before the beam was extracted in order
to establish normal background levele. From that time a
number of sumps in the three experimental arcas have heen
sampled on a routine basis to verify that no accelerator
produced activities had veazsched thew. Water from the closed
leoop magnet cooling sys tems in the Heutrino Area and in the
Main Ring (main accelerator) and Booster (booster accelerator)
have also been analvzed. The water swiples wore analyzed
independently by tha U. 8. Tosting Comopany, Inc. of Richland,
Washington, and by MNAL. Bxczuot for a minute amount of tritium
in the closed leop in the Meutrine Arca, no accelevator
produced activiity other than 53 day hali-life Beryllium-7
has bean Tound in tha water. The Be-7 in the water has been

[ )

asuranle gquantities by capture in the

ion exchange resin used to maintain lowv conductivity in the
cloced wvater cocling systems. BRBe~7 is subscguently released

into the efllucnt from regoeneration of lhe regin, and a

’F32,



measurement made of its concentration and volume. Since the
half-1ife of Be-7 is short, the relative velocity of the Be-7
ion very low%.and the effluent is released inside the Main Ring
where the Be—-7 is trapped essentially forever, 1t cannot
conceivably becomz a pollutant in domestic water. It does
serve the useful functicn of giving an early warning of the

production of 12.3 year half-life tritium.

Air-borne radiocactivity was measured for the first time
during accelerator operations this reporting period. The
location chosen for monitoring was in the vicinity of the
target inside the Neutrino Area Target Tube, a location which
is probably the worst case in the whole site at the present
time, i.e., concentrations are prcbably highest there. The
beam travels through more than 10 meters (approx. 30 ft.) of
air between the end of the beam pipe and the target, and the
target is inside a 2 m=2ter (6 ft.) diameter tube. The area
is interlocked so that no pecrsons are present when the beam
strikes the target because the dose rate at a meter from the
target is in excess of 1000 rem/hr at that time. Alr was
drawn into the tritium monitor through a plastic tube, the
open end of which was 2 meters inside the Target Tube. The
concentration of air-borne activity was found to be a few
times maximum permissible concentration and it had a short
enough half-1life that it fell below maximum permissible levels

Ly the time persons centered the tube.

Penetrating radiation is monitored alt the Environmantal
Radiation iMonitering Station located in the NAL Village. No
evidence of accolerator produced radiation has been scen by
any dotector in the station during the reporting period. The
three gamma sensitive monitors (aluminum-argon ion chamber,
tissuc~eqguivalent ion chamber and NaT (T1) crystal) have
consistently indicated natural-background-level exposures
of approximately 0.011 millirad/hour cxcopt for brief periaods
discusscd in Section 4 when radon daughters in rain clouds

S

were detocted. The neutron monitors have dndicated an average

7934



neutron dose of approximately 0.0605 mram/hr, which is

consistent with the exnected cosmic-ray neutron background.
r

There were no unusual incidents or releases during the

reporting periced,. In addition, there wore no nonradiocactive

4
8]

materials produced in cuantities which could pollute the

o]

environmant, and thore wasre no gbhnormal nataral ocourraonce

which could have resulted frow or have had some impact

~
!
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3.1 Penetrating Radiation

Operaticon of the accelerator at full design energy and
intensity will inevitahly result in production cf some
penetrating radiation (primarily neutrons and nuons)
outside the shielding. Although the shielding has been
designed to he adequate for foresccable cilrcumstances,
monitoring for purpozes of determining actual radiation

levels both on and off the site is ncceessary.

A central monitoring station is maintained in the HAL
site "Villiage” for detecting pznetrating radiation. The

monitoring equiprant consists of five major components.

A.  Alwninum—Arcgon ionization chamber. This choiwber is
nestly gensitive to muons and guuma rays, and much
less gonsitive to neuirons. . The data is recoxdoed as
daily intngrals of the ionization current. A

ontiruous strip-chart receord of ionization curront

O

ig also made.
B3, Yiscue-eguivaient lonizatlon chombar. Thisz chamber
is scusitive to neutrons as well as gammas ang

:tions.  The data ig recorded

}=e

divecitly diounising rad

i

as dally integroales of the ionization currxont and as

a strip-chart rocord of lonization current.
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C. A 7.6 cm diameter x 7.6 cm (3 in. x 3 in.) NaI(T1)
radiation detector. This device is sensitive '
primarily to gamma radiation above 100 keV.5 The
data is recorded as daily integrals of the counts

and as a strip-chart record of count rate.

D. Bonner spectremeter., This device is an array of
moderating hydrogenous spheres with thermal-neutron
sensitive Li-6 I(Eu) scintillators located at the
center of eacﬁ sphere, The data is recorded as the
daily integral of counts in each detector. It may
be unfolded by a computer program to obtain the

neutron flux, dose and dose equivalent.

E. Precision reproducible (DePangher) long counter.6
This device is a BF3 proportional counter moderated
by polyethylene to obtain an essentially enerqy
independent response to neutrons up to about 14 MeV,
The count rate from this device is thus a measure of
neutron flux. The data is recorded as daily integrals

of neuvtron counts.

A number of short periods of increased radiation levels
have been obiserved with the ion chambers (A, B) and the NaI
crystal (C) since the monitoring station was put into operation,
but no correlation with accelerator production of penetration
radiation has been found. 'These short pariods bhecame more
fredquent in the past six months and they were studied in some
depth. Since the increase was most easily detected using
the 7.6 cm x 7.6 cm Nal(7T1l) detector, it was decided to
record multichannel aralyzer spectra from the NaI(Tl) detector
to see 1f the spectrum was altered during the period of
increased radiation. It was found that the peaks correspondincg
to daughters of radium were enhanced relative to the XK-40 peak.
The energiecs were measured precisely using a Ge(Li) detector

to verify that the gamma rays were emitted by radium daughters.
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It soon became upparent that there was a definite cor-
relation bcitwesn the presence of low-lying rain clouds and
increases in radiation level. A one-to-one correlation was
made2 between increases end precipitation as measured with the
rain gage recently installed on the site by the State of
Tllinnis Water Survey bivision. It remained to collect a
rain water s:uple and eobserve the activity directly. Since
the dauchtcrs of interest have half-lives of approximately
ona-half hour, a esn sample was collected during a shower for

ess than Ffive minutes awd was counted for 1000 sec starting
about one minute thereafter. The grantities of Pb-214 and
Bi~214 were found in concentrations of approximately 60 nCi/
liter. “he daughters of radium obscrved are also daughters
of radon, a noble gas which is known to be released into the
atmosshere naturally. BAleso, scme radon is released in the
procass of burning fossil fuels, especially coal. The con-
centyation of radon in the atmosphere is too low to explain
the large increase in radiation level qoen,] but a mechanism
for concentrating the activity is provided by condensation of
water vaoor at the ionized atomic sites. A literature scarch
revealed that concentrations of Phb-214 and Bi-214 in
precipitation bave been cobserved in excess of the above

values

This effort in trying to understand the variations in the
bacl.ground raie may be justified from the point of view of
lecal protzction of NAL. Neighbors using less sophisticated
equipment than that avaeilable at BAL could erroneously assian
the variatioas in the environmental radiaticn to the operation
of the auooleorator.

Wigh thn exception of the periods of increased radiation
levels from radon daughters (the maximwa increase beilng

'

approximately three times natural background levels) thoe

radiation level has rocained relatively stable throughout
the roportving period. The value of 0.000 mrad/hr reportnd In

Calendar Year 1971 was measured inside the Eavirounmantal
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Radiation Monitoring Station, a wooden frame house in the
NAL Village. Subsecuently, the radiaticn level has been
measured outside using the tissue-eguivalent ionization
chamber calibrated using a radium source whose strength was
determined by direct comparison with a radium source cali-
brated by the NNational Bureau of Standards. The values of
the radiation level inside and outside the house were 0.008
and 0.011 nrad/hr, respectively. The latter value compares
well with the values of the 0.012 to 0.013 mrad/hr reported
for this srea by the Health and Safety Laboratory9 and 0.014
to 0.015 mrad/hr reported by Kastner, et al., using a similar

chamber.lO

As mentiocned above, the Bonner spectrometer and the
precision reproducible (DePangher) long counter are used to
determine the neutron flux and dose. The use of the Bonner
spectrometer for measurement of neutron backgrounds has been
hampered by interference from gamma-ray interactions in
the 6LiI Zu) scintillators. Experiments conducted here have
demonstrated that most of the background can be eliminated
by using pulse shape discrimination as follows:

6

The LiI crystal is surrounded by a plastic scintillator

.12 ghe electrons from gamma-ray

forming a "Phoswich”.
interactions and charge particles from cosmic rays deposit
energy in the small diamcter 6L:LI crvstal and the plastic
scintillator shroud, and produce fast pulses of light in the
plastic scintillator. The pulses from the interactions in
the 6LiI crystal give slow (long duraticn) pulses of light.
The two pulses are separated electronically. OCnly the neu-

bri-Yue + 33 + Q) arce counted.

tron initiated events (n +
Efforts are being made to obtain additional satisfactory
Phoswiches and necessary electronics for converting the IDonner
spectrometer to the pulse share discrimination cystenm.

The cosmic ray neutron background was measuXed using the

o . & .
precisien revroducible (DePangher) long counter ™’ which

V' I
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Air-borne Radioactivity

Under normal operation radioactivation of air may occur
in the vicinity of certain beam dumps and target boxes.
Monitoring of such activation will be carried out for
purposes of personnel exposure control. Under no circum-
stances is the off-site concentration of air-borne
radiocactivity expected to approach the limits set forth
in the AEC Manual, Chapter 0524,

The first monitoring of air-borne radiocactivity was
carried ouit during this reporting period. A Jchnston
Laboratories, Inc. Triton Monitor Model 955B was calibrated
using tritiated methane and used to sample gas from the
Neutrino Area Target Tube. This location is inside an
interlocked enclosure and represents a "worst case" on
the site at the present time because the proton heam
travels through more than 10 meters of air between the
end of the beam pipe and the target, the target is inside
a two meter diamecter tube which somewhat restricts the
flow of air, and the full intensity beam strikes the
target. Actually, the plan calls for extending the
vacuum pipe and for keeping the radioactive gases inside
the building by turning off the ventilating fans during
operation. All persons are excluded at this time because
of high radiation levels. Since efforts are made to
contain rather than exhaust the radioactive gascs,
concentrations measured by remotely collecting a ssmple
from the Target Tube during operaticn should be far in
excess of those which could be realized for venting the
radioactive gas to the atmosphere. VPor example, 1f the
gas from a 10 meter sectioa of the Target Tube were

mixed thoroughly with the air in the rest of the enclosure,
a dilution of approximately 300 tiwmes would be achieved.
Also, further dilution would occur bhefore the gas reached
the site boundary about 2000 meters away, and the short

. . , . 7 .
Lhalf--lives of the radioactive coustituents’ ' would also

reduce the environmental load greatly. The cffects of

CEFN
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Ailution by ever changing winds has becn rentioned

_ 16
¢lcewhere.

The Triton onitor detects all radicactive gases. In
fact, the far more cnergetic heta perticles (almost two
orders of magnitude higher than the 19 eV end point

. s . . 11
frea bhe docay of thoe triten) ewitted by C,

1, G, aad oy sroducad in air result in a much
higher rcading than ong gets froam thoe soam2 numer of
disintegrations of tritium. Thus, the use of tritium

for calibration results in an overestimration oI the

dncay rate and, hence, concentration of the radicsctive
gascs. o correction was made for this overestimation
vhich is expected to be greater than one order of
nagnitude. A table of maximum permissible concentrations

.. .- . . 7, 15
(iPCts) for radioisotoves produced in air follows''’

Tahle 1
Some Maximun Permissible Concentrations (Air)
llc , 13N 130 41Ar

Eﬁ Mmas 0.97 1.20 1.74 1.20 MeV

wadiatien 59 40 27 47 uCi/m3
Yiorkaxr

(40 br/wk)

.

Population 0.026 0.023 0.02 0.02 nei

at Large

A

Losad on thessz concentrations, the radiation lavels

(i

cheserved corresponsod to a fow MeC's Lox radiavion
workers. The concentrations f211 below maximun
criasible a Few minutes after the beam was turaed oft.
fy comparison, radiation from the targot at the sampling
location would have resulted in a lethal dose in
approvimotely one hour. Thus, whoa piobions from

radicactive gas appear, they should be easily manageah Lo

at this facility.

/712
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Water-horne Radioactivity

During accelerator operations, some radioactivation of

the soil will occunl7’ 3

Leaching of these radionuclides
into the ground water provides a possible mechanism for
transport of NAL produced radionuclides into surface
run-off waters and theaguifer. Hence, a broad program

of ground water monitoring for radioactivity is maintained.

Monthly water samples are taken at various locations on
the site and analyzed for the presence of those radio-
nuclides which have been experimentally determined to be
producaed and to be leachable from NAL soils in measurable

gquantities.

The water sampling locations were chosen to sample two

ground water systems:

1. Surface and near-surface waters. These samples were
taken from sumps which collect water in the vicinity
of accelerator components and from on-site streams

and industrial holding ponds.

2. Silurian aquifer. These samples were taken from farm
wells which tap the 70 foot silurian dolemite aquifer
which is a prime water supply for many private

residences in the area.

Water Sample Collection

Water samples collected from wells not in regular use are
pumped for a sufficient length of time, usually two or
three hours, to insure that the water standing in the
pipe has been pumped out before a sample is taken. The
water in the -pipe could conceivably have becn there sinca
the last time a sample was taken. Normally, tho pip:
voluma is pumped scveral times before sampling., Water
samples f£rom sumps, creeks, and other surface waters are
normally collected by dipping a bottle well below the

surface. Scveral of the sumps inside normally locked
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occurring radioisotopes have been detected in
samples from shallower wells. This test was
designed to establish normal background levels
in water from surrounding communities and has
been essentially completed.18 Routine samnling
of the one deep well on the NAL site for radium
and thorium is being carricd out to observe

any long term changes in the concentrations
which might éignal a change in the pattern of

water flow.

Type III Chemical separation of Calcium-45. If the con-
centrations of certain radionuclides ever
become large, the detection of a low concentra-
tion of Calcium-45 in the presence of a high
concentration of those radionuclides will be
difficult. In those cases a chemical separation

will be required before analysis.

Type IV. Tritium only. Because tritium has only a very
low enargy beta particle emission (19 keV end
point), it is normally detected by intimate
mixing with liguid scintillator. Analyses are
usually used in conjunction with studies of

cloged water cooling systens.
The procedures used by U. S. Testing Company follow:

Gamma-Rav Spectroscopy

For gamma-ray pulse height analysis for National
Accelerator Laboratory samples, the sample is homogen-—
eously mixed and a 500 milliliter aliquot is transferred

to a polyethylene bottle for a dircct count. Ten per cenkt

t
i

of all samples are done in duvuplicate.

A gamma-ray spectrum is obtained by plotting events
detectad by the analyzer on the ordinate and the pulse
height on the abscissa. There is a Gaussian distribution

about the gamma enorgy photopeak and a Compion continuum



=t

extending from zcro eneroy to a point a little Lolow

the photopceak. Dremsstrahlunyg interactions ada to ine
comizlexity of the lover region of the ¢nergy spootrum.
Peaks ey also be present from paire production and

hacgkscatvtes ovents,

Althoush al: of o suootrum is charactoeristic of

vacticular racionuzlide in a givoen cou ting geagicetyy,

only the photopesk orca is curcently esed to ddaatily
(4

and mzasuvre the amount of the radionuclide present.

=1}

Tf more than one rodionuclide is vresent, thelr spactra

re aqditiva.

ot}

§]

Resolution of a comnlex apectrum of gama energics into

its component parts regulres a determination of the

]

Conmpton or other contribution from each radionuclide

i
present to (e photopeak arca of cach of the radionuclides

For the rcsolution of Four comporents, (in the case of
National RAccelerator Laboratory samples, Na-22, Co-60,

d kEa-7) four sinmltaneous linear eguations
comprising 47 coefficients (Compton and interferance
coerrection factors) are used. Tha gamma spectrometer us:

is calibrated for approximately 40 different radionuclides.

The systeom solutions are obtained by an iterative
process performed by conputer uszing ap cspealally

dosigned data procogaing program viilch converto Trom

counts to nuwser of disintegrations, including Conghon
and interforeace corveciion facters obtoined from a

calibrarion of a spuceiiioed gource-crystal geomstry.

e gunaray detector used 1 the Jdoterminations s a

- . - — . . ar, .t - - -~ - =
Harshow Chomical Comsany 2308 em diamcboer by Z0.3 om deoep

(7,375« 8%) thallivm-activatad sodiuam ioaidn crystal
with a 7.6 cn diamncter by 12.7 om deepn (3% x 5%) waoll.
The crymtal is opticoadly counled 1o seven 5.1 cw (27)
chaotomaltinlicr tubos.  The recointicn, full width ot
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covresooading to the 062 eV

]
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D

b T T P TR [ T -
Baln mocsimu, Cor Lo noal
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ganma ray from 13/C5 is eleven per cent. A Packard
Instrument Company 4C0 channel analyzer is used to
accumulate the pulse height information. Instrumént
gain and hackgrounds are deteyxmined cvery eight hours,
or more freguently if counting data or other phenomena
indicate significant backgrocund change or electronic
gain drift. Counting efficiencies are checked once
per eight-hour shift at four different energy levels:
0.06, 0.566, 1.16, and 2.50 MeV, using calibrated
241An, 137Cs, éﬁd 6()Co sources. Count rates are
expected to fall within two standard deviations of

the exrected values, determined from historical data.
Also, the gain of the system must be such that the
peak corresponding to 241 2m (0.06 MeVv) fall within
channels 5.98 and 6.02 and the peak corresponding to
13705 (0.66 1ev) fall within channels 66.06 and 66.26
in order for the unit to be considered calibrated for

counting.

Radionuclide standards are purchased from Westinghouse
Hanford Corporation, Richland, Wash., with + 2 pex
cent stated accuracy. Efficlencies have been deter-
mined for various geometrical configurations based on

nultiple counts of replicate standards.

Alpha Counting

Proportional counters are used for determining the
presence of thoriuwn and radium by alpha-particle de-
tecticon. Either an open window luclecar Measurements
Corporation or a 0.5 ing gold coated window Beckman
Gharp Lahoratcories 5.7 om diaméter (2.25") propor-
tional counter is used. Backgrounds are determined
daily by an ecight hour count. Operating plateaus

are determined weekly and counting efficiencies twice
daily using 239Pu sources. Counting efficiencies are
owoected to fall within two per cent of the expected

values as determinced {rom-historical data. Deviations



greater than this will re 2quire the instrument Lo be
renoved from uze and returuned wihen the problem is
rectified. Feor the proportional ccunters, curves
oF counting elficicney versus vprocivitate welght on
counting wianchet® have heen coustriuvctzd based on

pultints covnits ¢ rerilcate standsrds at cach point

on ihe corves.,  whis method of calibration sanrves to
corvoct Sor ouch thingz as backscottor as well as air,
VLTICON no gamle absorpitlon

1t

madiai i Natioual Zfecelevator Laboratory samples is
separatad from other interfering nuclides by copre-
ipitation witl: calibrated barium carrier, first as
the carborate, thoen as the nitrate, and finally as
chromate. The precipitazte is transferred to a
-

tared vlsnchet, dried, weighed, then alpha counied

irmediatoly. (£ the {irst count 1ls three or more
times nmrmai bhacizaround [luctuntion, decay counts
are mace at 3, 15, and 230 davs irom the date of se-
paration. This method preovides f[or a check on the
1

ingrovwth of radiuvm daunhtcrs and also crovides for
22 226,

the determination of "Ry and Ra. The yield is

{9

icterminzd by coupsring the final precipitate to the
ount added. The activiiy after conversion to dis-—

intogrations per minute from counts per minute is ad-
je
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er cont with the yield factor.

whan o thoriun soepormiion is reguested for National

Coceiorater Taborabtory sameies, the soample 1 ova-
nerated to noar dryncess and then tliz thorium 15 pre-
PCrane o noall Gy = Ang 1eh [FE W L8 uam L5 pre

cipiinated as a {luoride. This serves to isolate
chosrium from clenonts other than the rare earths and
(V) actipides.  fcon, zinc, titoniun, molyhdoenun, and

!

Contalua somnobimes coprecipitate as will the allalina

carvha. vFyxitraction of Cthorium with WA 1n benrene,
at oo wil of 1oLo 2, icaves rare carth, actinium and

GFLoy Alomeonts extractable in the higher pl rangos

vowainine i Wie Qosouy s, Conavyation from winc,
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protactinium, plﬁtonium, neptunium, iron (III), and
tin (II1II) is accomplished by back-extraction of

thorium into 2N HNO After volume reduction the

3
sample is transferred to a planchet for activity

determination.

Samples are mounted on the planchets as securely as
possible to prevent sample loss both outside and
inside the'counting chamber. This 1s accomplished

by "flaming" or electrodeposition. Samples are not
counted if they are likely to contaminate the count-
ing chamber. In those cases new samples are prepared
from additional aliguots. Planchet holders and sample
changers are cleaned daily with mild detergent and/or
decontamination solution and dried with alcchol. The
Deckwran detectors have windows which can be replaced
should thev become contaminated. Rackground stability
ie maintained Ly requiring resulis to lie within two
times the expected standard deviation limits. If
background counts fall outside these limits, the in-
strument is removed for service and returned to use
when background determinations are normal. A high
background is an indication of contamination; conse-
guently is the first priority. Should decontamination
fail to remedy the situation, the unit is checked for

component malfunction.

Liguid Scintillation Counting

Ao

Concentrations of tritium and = ~Ca are determined by
intimate mixing of the gamples with liguid scintilla-~
tor and couating in a refrigerated unit where the

noise from the photomultiplier tubes has been greatly

recaucaod.

Ligquid scintillation counting is done using the
Packard Instrument Company llodel No. 3320 Tri-Carb

Liguid Scintillation Snectrometer. Optimum opecrating

79732
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settings arn deternined prior to use for each radio-

nuclida to be enalyzed, using the appropriate sourco,
3 45 . Lo

. 5., . e e e T
i.e., “H and Ca £or WNationrd Jfcoclerator Labovatorv

gemnies,  Caz-tenth of all sawnios counted is hacl -

crouna. oSro-tenth of all counted 1u a stondard

v "upiled" aftor

sourca. Doy unknown is

Lie orizina® count, ith a calibrated source, and

recouanted to accouratoly detoviine the cuenching e lfect
M - el r

o cine durnlicate sainvles are counted, one of which i=

seikad. nDozlwrounds are aboul 22 counts per minute.
Counting efficiencies arve expectced to fall within Tour

- the ewprected values as determined by his-
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tions outzide expected limits
result in reooval of the instrument from service until
trhe problem is correciad.

H !

Prilium in wabter ig measured Ly a dlrect count of the
mesma T ey A THenid emdintil At i on conntar, Cevon

Ty

wmilliliters of saiiple is pilveticd into 18 ml of PPO,
POPOP, toluene, and Rohm and Hoas Company Triton x-100.

The mixbture is transferred to ire deep freeze and is

allowad to remain there one hour hefors counting is
hegun., Thiz waiting period allows temperature el -

1ivrium to b2 reached and the docav of axcitation frowr
the plastic vials to occur. Durlicate samples are

run for Nalional Accnlerator Labovetory and one 1

grniiod W amount of rritium. his proccedura

Gdnation OF ogononing and counting

is approximarely 55 per cont fox

26 141 of scintiliazcion "cockbail®,

T

Calcimw—4s in vatey samples ifrom A7 con also be
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tritium (Scction 4), is difficult to make in the presence
of higher concentrations of tritium and other accelerator
produced isotopes such as 22Na. When there are inter-
fering nuclides, a 45'Ca separation must be done and is

described below.

To an aliguot of sample a known amcunt of calcium is

added along with strontium hold-back carrier. This
procedure involves a nitrate precipitation of calcium.

The precipitate 1s dis3olved in hydrochloric acid and
evaporated to dryness. The salts are dissolved in dis-
tilled water and diluted to 10 ml. Calcium recovery is
determinaed by Atomic Absorption Spectroscopy and the
sample is counted before and after separation. The count-
ing procedure is the samc as above except that in this
case the sewarated 45Ca sample is counted, then spiked

and recounted.

Results of Analyses

Samples were analyzed by U. 8. Tecsting Co. from the lo-
cations shown on Figures 2, 3, and 4. A description of
the waters sampled is given in Table 2, and elevations
of sump pit bottoms and well water levels are reported
in Table 3, The sampling freguencies, the type of anal-
ysis, and the results cof the analyses are tabulated in
Table 4. The concentration guides on which the specifi-
cations for the analyscs were based are discussed in

Section 4.

No measurable concentraticns of accelerator nroduced
radionuclides were found in surface or ground watcers.

. 7. 3 L
Small concentrations of "Be and "I (tritium) were found

in closed loop magnet cooling water sysiems.

Concentrations of long-lived tritium would he expected
to increase even without an increase in beam intensity.
However, beam intensity may incrcase still by more than

. 3 L .
one oxder of magnitude, hence "H concentration in the

/‘j;luzv
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Fl

¢l,G1,G2,6G3

—
-
=

=

.ps aleng heam line Shallovr ground valor

cen Transfer Halil from footings
Heutrf'~ Liren

Cront-end engloesare

1l Central Utilitics Industricl cooling
iAo Ceoling Tond water
K28 ,1128,112C, Flalncaoccee lrrator Industrial cocling
B20, 0T, H2E Cooling Pond water
W3 Village COxidation Pond Waste water
AL, mFL 02,03 Sumps along heaw 1ine Shallow yground watexr
Lebtween Transfer Hall from footings
and lescon frea Yront-
cnd enclcesure
mp4A-LPLE Summs in Mezson Area Shallcw vround water
from footings
1l Sump 1in lMeutrino Area Shallow ground valer
Promit~pnd enclosure colleotad in Jacay
pive underdralins
M2 Sump in MHeuvtrino Are: Shallov gLUbF” vater
Enclosuvre 100 collectad in docay
pipe underdrains
brl,PEZ Sumps along beam line Shallc“ ground water
between Transfer Hall from footings
and Proion Area Front-
end eanclosure
PR3,PE4,PXD Sumps in Preton Arca Shallow ground water
from footings
1l FTerry Creel Surifaco wator
n2 Eress {roct surfacs watex
r3 Indian (Cre=it Suvface waltar
R4 Nrainage NDitch botween Suriace vatcy
Meutrino and Proton
Lroeas
31,055,89,51%, Swens adiacoent to Shallow ground wator
s1l6,521 Boos Loy enclosuve from footina:s
) Suian adjacent to Siralloy ground water
ertrockion ~ovona In Trom footings
Transfoy Hatl
Y NAL Villago water supnly Silurian aguiler
Coaceod fam wells Silurian aguitaer
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Table 3
Water Sampling Elevations

A. Approximate Well Water Levels

Designation Elevation Above Sea lLevel* (feet)
W 694
W16 | o 694
Wol ) 693
W29 701
W38 696
139 701
W43 638
W49 . 708
W50 704
w52 696
W55 690
W59 689
W64 694
W66 708
We g 706
W74 700
W75 711

* Values obtained from Robert 7. Sasman, State of Illinois,
Water Survey Division, Prelimninary Hap £2, June 1969,

/7712,
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Table 4
Results of Water Sample AnalysesT

Part A ~ Surface and Shallow Ground Water

Month Jan. Feh. % Mar. Apr. May June
Batch HNo. 22 23 24 25 26 27
Location
Al Nohe None None
A2 None
Bl None None None
Cl None None
C2 Ncne
D1 None None
El lione None
E2 None .
Fl i None None
gl ! None None
G1 None None
G2 ’ None None
G3 None None
H1 None Hone i None None None None
H2A None | ;
H2B | None ‘
H2C | None
H2D i None
H2E None
H2F None
Mil None None
MF1 Ncone None
ME2 None None
MF3 . None None
M1 Mone None None
N2 Mone None Wone None None
PE] None None
PE2 None None
R1 None
2 None
R3 None
sl llone None None Hone None None
Sh None None
Sl2 None Hone : None | None
521 None llone HNone 3
T1 ‘ None None None

= {Footnotaos follow DPaxrt B.)

/5 i
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Table 4

Results of Water Sample Analysest

Part A (Cont.) -
ey i
Month ! July l Aug.
“paten wo., 29 30 |

Location N o

51 Lone No;e

S5 None

59

512 Norne lone

516

521 None

T1 None None

T (Footnotes follow Part B.)

Surface and Shallow

None

None

None

None

Ground Water

Mone

None

None

None

None

None

tlone

None

None

7y
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Pesulis of Watcer Sample AnalysesT
Pert B - VWells
S — . | - ; .
: . i i !
. ' I X
onth o Jen Tabh,o o SAEY . ' Apr., i May Juno
N - il
Batoh e ey 253 24 25 26 27
’ : P : ;
LOCATLON : i
. : ‘ ,
[P p ; :
- : : ; 5
V i i ' Hone
: . i ﬁ | :
Wi ; : ; None : None ! None
i i :
! _ !
' i : i ~
7 : ‘: ; : mnonao :
i : ; :
. : . | . H
W2l . licne Fone rone | None None lione
: i ! 5 % :
- i . t i ) : ;
Wei o Bons : | Mone i
4 ' H i 1 P
. } ! i H
: ‘
W33 f tone | ! lone | |
‘ : E | |
4 : A, . - H 1 - : N : -
Wi3 P Nonea ‘ Hene ! HNone ! iane | None ! Hone
i i i . b
: ; ! 3 ; :
- ; . : i . ] . i ) : N
Wab . Hone ,  None E None | none Hone | slone
' ! ! t ;
: ' | i
W50 f i Mone | ; |
i i : I. ]w i
. ' i i ! :
W52 . llona | | | None |
R s : : X 1
' H . X |
W55 : ; ! None ; E
: | tc : | ‘
. : : ! ' N :
w59 , i i i Hono
: ? : E E
.- ' : ] . i ;
v 1 ! MNons | ;
‘ i : :
‘ ] | :
TG 6 } . lone : 1 | none
: i ;
(efegt: ? ; lonae
| ‘ ; : i
W7 : ¢« Nene | 2
i N i i
’ : i 4 !
i t : i
w75 Lowen e ; ! ; None
(ooonn] Todiow and of Part RO)
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Table 4

Part B (Ccnt.)

- Wolls

J— - I e e ——
Month L July Aug . Sept. Oct. Nov.
Batch No. 29 30 i 31 32 33
Location 5 i |

v -

W4 i None MNone Nene None None
W7 | None

wle | |

W21 | None None None None None
W29

w38 None

w39 ~ None None
Vid3 None None MNone None None
V149 None None None None None
W50 None

W52 None

W55 Hone None
W59 None None NMone
We 4 None Mone

W66 None

W68 None
W74 Nene

W75 i None

None

None

None
None

None

None
None

None

None

7 Interpretation of data entries:
A blank indicates no sanple was talken.

nonae

of the

tocations are shown on Pigure 2.

nxample:

radlonuclides

"None"
five radionuclides tested for was ohserved.
Refer to Tabhlce 5§ for applicable sensitivities.

heans

that

Well

A zample was collected in July from well W21; no

viel e

detectad.
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cooling water systems will increase considerably. Re-
lease of these radionuclides from closad loops will be
carefully monitorced and controlicd. T 1972 a total of

/

2.9 mi of ‘#Be waz releasced to the environment at an

-
. ) . - ~ S *
aviradge concentration o6 2 X 0 o1/l (maximaaw con-~

cenbration S ox 10 uCi/ml or 4.5 pox cent oi thoe MPC),
Ohic Aactivity was released oo feot below the suviace

he ring of the main accelerator.

. 7. “
(%3 days) of "RBe and 1ts very stron

~heomical offinity with the soll insures that its veleas
1

will nlace no burden on the environment, There was no

¥no-n roeleaese of tritium or other radionuclides besides

For the cuirpoeose of dotermininy the concentration of
lerater produced radicactivity in the soil, soil
gamples taken Ffrom Just outsids the Neutrino Area Tar-
get Tube woere analvzed using the Jithivm drifted ger-

a (Ge(Li)) gamme-ray detector in the Nuclear
Counting Lakoratory. The soil waos recovared from the
region just above the target svpproximately five months
after the first beam siruck the target Beam intensi-
tiea during this period were hziow 10 protons per
vulse (less than 0.2 per cent of design intensity),
hence the choice of one of the highest radiaticn areas
as the sampling lecation was mado,

22

)

The concentration of the 2.6 yoor b

half-1life Ma achivi

- from the soll

10 to 20 mor cent of which can b2
-—

wan determiprsed to be 9 x 10 7 wCi/y just outside tho
2 m odia. steal TParget ffube.  Assuning 20 per cent could

Lo lecched into a volwue of wotor having 10 times the
veluht az the soll (the sane raLio as wwaz usoed in the
leaching teosts), the resulting concontration in the

water would be apuroximately two per cent of the maxi-

mun vermiszcibhle for goneral consumntion (Section 4).

. S . 22 . : :
The wotivaty of Mo, which 1is norohably the worst

g

©

A -
7
LY o

-
)
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envircnmental offender in soil of all the accclerator
produced radioisotopes, had become barely detectable

(x4 x 1077 uCi/g) an additional meter away.

Nonradioactive Pollutants

. Purity of iOrinking Water

The dcemeclic water supply at NAL is provided essentially
by two wells approximately 220 feet deep. One (W1l in
Fig. 2) is 1ocatéd in the Central Laboratory Area and
the other (V in YPig. 2) 1is in the Village. In case of
low pressure, a third 220 fi. deep well (W3 in Fig. 2)
is used to supply the additional water in the Central
Laboratory Areca. Samples of water from taps at 27 dif-
ferent locations throughout the Central Laboratory Area
and its veriphery have been analyzed throughout 1972 on
a three sample per weeck basis for coliforms (bacterial
contamination) by Aﬁrora Clinical Laboratory, Aurora,
Illinois. Samples of water from the domestic water
supply in the Village have been analyzed by the State of
Tllinois twice a month during 1972. 7he high purity
necessary for drinking has been maintained in the NAL
domestic water supplies without cxcessive chlorination

throughout this past year.

Tests for Teollutants in Waters Leaving the Site

All three creeks carrying waterxr off the site (Fig. 2)
have been analyzed monthly, by means of water samples
sent to the State of Illinois, for various dissolved
chemicals with good results. Ferry Creek which carries
overflov water off site from the Viilage oxidation

pond (I3 in VFig. 2), a holding pond for waste water

from the Village, has been analyzed every two wecks
since June 1972 by Tenco Hydro/Aerosciences, Inc. of

5t. Charles, <ilinois for biological oxygen demand (BOD),
suspendad solids and pH with results verifiying the

r

absence of vellution. One complete analysis of the
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dissolved salts was also made on the three creeks. The
surface waters leaving the site have been clear of any

harmful waste products during 1972.

Storage and Treatment of Waters Kept on Site

A new reservoir, Casey's Pond, is being filled and a
pumping station built to increase our water reserves
for times of inadequate rainfall. Because of the abun-
dant rainfall at the present time, it may be possible
to fill it without using water diverted from the Fox
River which was polluted in 1972 according to results

reported for samples we had analyzed.

A new sewage plant in the Centrxal Laboratory Area will
be completed in early 1973. The dissoclved oxygen level,
BOD, pH, settled and suspended solids content of the
Village oxidation pond effluent are determined at the
present time at N2T. hy an nnerator licensed by the
State, and results are reported to the Bureau df Water
Pollution Control in Springfield, Ill. The same opera-
tor will analyze the new plant operation effluent and

forward results to the State.

Our policy with regard to chemical treatment of our
water system is to use the least possible amount,
partly to prevent our site from becoming contaminated
by noxious chemicals, and partly to protect wildlife
and fish. We employ a biochemist as a consultant to
advise us on the proper use of chemicals. The Main Ring
cooling ponds have so far not been much of a problem.
We have used a little copper sulfate to inhibit algae
growth. However, 1t was necessary to treat the Booster
Pond (Hl in Fig. 2) with an algaecide and the Village
oxidation pond with a chemical specifically for killing

duckweed last year.

191



-36=

References

The concentration guides (Maximum Permissible Limits)
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specifications are given in Table 5. The concentration guides
for air-borne activity were taken from the same source, Table
II, Column 1 (Concentrations in Air in Uncontrolled Areas),

and divided by a factor of three for application to populations.

The appropriate standard for penetrating radiation applied
to populations was taken from R. R. Wilson's directive to M.
Awschalom which states that the radiation contributed to the
off-site environment shall be less than ten millirem per year.
It must be noted that this directive is seventeen times more
stringent than the limits set by the AEC Manual, Chapter 0524,
Paragraph II.A, i.e., one hundred and seventy millirem per
year.
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Table 5

Specifications for the Analyses
of Radionuclides in Water

Specified?* Spvecified*
Concentration Guide Sensitivity Precisicn
Radionuclide nCi/ml ___ucCi/ual uCi/ml
’H 1 x 10 3 3 x 10 ° 3 x 10 °®
"Be 6.7 x 10 ° - 5 x 10 7 5 x 10 7
221a 1 x 10 ° 3 x 107 3 x 107
“tca 3 x 10 °© 3 x 107 3 x 10 7
5"Mn 3.3 x 10 °® 5 x 10 °® 5 x 10 ¢
§9¢co 1 x 10 ° 1 x 107 1 x 107

* The precision and sensitivity are stated for the €8% con-

fidence level (one standard deviation).

797 A



s

1522



Distributicn List

No. of

- 40_

Copies Recipient

13 U. S§. Atomic Fnergy Commission

30 National Accelerator Laboratory

“R.
H.
M.
S.
W.
G.
W.
R.
H.

H.
P.
R.
L.
R.
J.
P.
W.
<.
R.
S.
D.

1 Illinois

R.

1 Argonne National Laboratory,

J.

R. Wilson, Director
Allen
Awschalom (10)
I. Baker
Baker
Biallis
Bosworth
Dorner
Hinterberger
Howe

V. Livdahl
Lundy
Malamud

Orr

Peoples

J. Reardon
Riches

M. Sceper
Vanacek
Velen

Young

Sasman

Sedlet

State Water Survey,

/932



t";

e~ -3 national accelerator laboratory
‘Etﬁfia P.0. Box 500, Batavia, Illinois 60510

Evaluation of Dose to the Public
An Addendum to the Environmental Monitoring
Report for Calendar Year 1972

Samuel I. Baker
April 19, 1973

Summa ‘
.

During Calendar Year 1972 the main accelerator at
the National Accelerator Laboratory became operational.
The design energy of 200 GeV (billion electron volts)
was achieved in March and a low intensity beam reached
the 30 inch bubble chamber for the first pictures of

200 GeV proton interactions in June. The intensity of

12 protoné

per pulse (two per'cent of the design intensity) in
November. The beam energy was increased to 300 GeV in
July and a short period of operation at 400 GeV was
achieved in December.

the beam was gradually increased and reached 10

The maximum offsite exposure due to accelerator
operation in CY 1972 was far below one per cent of the
relevant AEC Manual, Chapter 0524 dose standards for the
population at large. This low exposure resulted both
from the existence of adequate radiation shielding and
from the low intensities and small fraction of time the
beam was at full energy. The shielding was designed to
keep the offsite dose below 10 mrem/yr at the site
boundary {approximately six per cent of the maximum
permissible amount for the population at large) at full
design intensity and around the clock operationl.
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Measurements are in progress to verify the adequacy of
the shielding for each mode of operation. An approved
accelerator experiment (#108) will study the effective-
ness of various shielding configurations using an
extended period of operation with the primary proton
beam. A brief description of the measurements supporting
the conclusion of very low offsite exposure in CY 1972
follows.

Evidence for Minimal Offsite Exposures

The three types of accelerator produced radiation
meriting consideration in determining offsite exposures
are penetrating radiation, air-borne radioactivity, and
water-borne radioactivity. Each will be discussed
separately.

2.1 Penetrating Radiation

During 1972, measurements were made of the penetrating

‘radiation at many different locations around the accelera-

tor of a 24 hour per day basis.  The location having the
highest beam losses around the main ring was found in
the transfer hall wheré the beam is extracted. Only on
approximately one dozen days in 1972 was radiation,
produced by the accelerator, detectable above normal
background radiation levels on top of the berm above the
loss point. The highest level observed was 0.6 mrem/hr.
The level was 10 times less for two other detectors on
top of the berm within 40 meters of the high loss point
at that time. In addition, charts of the loss points
around the main ring made using residual radiation

indicate far less in all other areas except one.

A calculation of the dose at the nearest site
boundary1 for the dozen days at a level of 0.6 mrem/hr
above the loss point was made using the condition that
the loss occurred everywhere around the 6300 meter (four
mile) circumference of the ring instead of in a region
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of less than 40 meters. Using this gross overestimétion,
a dose of 0.4 mrem/yr was estimated, which is still
considerably less than one per cent of the applicable
limit. Similar arguments can be made to show that the
contributions from the experimental areas were quite low.

2.2 Air-borne Radioactivity
In CY 1972 the beam traveled a short distance

through air inside an interlocked enclosure. The measured
concentration at the highest intensities was a few times
the maximum permissible concentration for radiation
workers (AECM 0524) inside the enclosure and a few times
the maximum permissible concentration for the population
at large at the entrance to the air exhaust stack.
Considering one dozen days at the maximum intensity and
including variable wind direction2 but ignoring dilution,
decay and effect of stack height, one still obtains a
dose at the site boundary of less than one per cent of
the applicable limit for the population at large. The
dilution,c decay,and effect of stack height, reduce the
percentage significantly. Also, future operatiéns
without beam pipe will be conducted with fans off to
contain the radioactive gas so that most of the
radicactivity will decay inside the enclosure.

2.3 Water-borne Radioactivity

A broad program of water sampling was maintained
in CY 1972. No accelerator produced activity was found
except inside the closed loop magnet cooling systems.

. The regeneration of the ion exchange columns on the
closed loop systems resulted in the release of 2.9 mCi
of 7Be at an average concentration of three per cent
{maximum concentration 4.5 per cent) of the applicable
limit for consumption by the population at large.

This activity was released into the soil inside the ring
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of the main accelerator. The short half-life (53 days)
of 7
insure that the offsite concentration of this radio-

Be and its strong chemical affinity with the soil3

nuclide will be negligible.

References

1. M. Awschalom, D. Theriot and A. Van Ginneken,
NAL-TM-306 (1971).

2. M. Awschalom, NAL-TM-408A (1973).

3. T. B. Borak, et al, Health Physies 23, 679 (1972).

29



