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1. Introduction 

The National Accelerator Laboratory (NAL) facility is 

a proton synchrotron with a design energy of 200 GeV (billion 
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. l), 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 ft. 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 protons from a combined function booster 
accelerator which is fed by a 200 MeV linear accelerator 
(linac). The linac receives protons from a hydrogen ion 
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Figure I -Location of Nalianal AccalrWor Laboratory (NAL) 
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source via a 750 keV Cockroft-Walton electrostatic accelerator. 
The beam extracted from the main accelerator can be taken to 
three different areas (Figs. 3, 4). All three of these 

areas received proton beams for the first time in 1972. 

Radioactivity is psoduced as a result of the interaction of the 
accelerated protons with matter. Most of this activity is 
contained in insoluhl e shields and beam dumps. Operation of 
the accelerator will produce some radiation which penetrates 
the shielding as well ,as some air-borne activity. Also, some 
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 PJuclear 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 radioactivity are performed 
specifically for accelerator-produced nuclides as well as for 
radium znd thorium. Since there is no reactor facility on Chc 

site, no program has been initiated for monit.oring fission 
product. acti.vity such ‘as occurs from ruptured fuel rods o:c In 
fall out from nuclear WSapOilS tesi:s. Some analyses of this 

type are carried out on samples collected near the site by 
Argonne Natiorlal Laboratory located 3.5 mi. (25 km) away. 

2. Sur!'m;xy --.. __- 
In 1972 the! design energy of 200 GcV was first achicvcd 

and tile first beam extracted from the accelerator before the 
scheduled dstc of July 1. The proton energy was raised to 

300 GcV (now the standard operating energy) during the summc~ 
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and then near the end of IqI%, 400 Cc'J operation was achieved, 

The Neutrino Arca (rigs. 3, 4) i:ccr?ived ext_racted beam for 
extended periods cE time at hi g-h proton benrr, intensiti.cs 
VjlliIE: t:hCZ PXOi:Ori 2nd M:qSon AreaS, ~lhich are still under 
conStrV.ctiOi;, re i‘. y ivsd ll-)L., uroton beam i.ntenSi ties starting 
111 S-Yp ie2i;*l>2r &a; :i .I j! fO:c tl:r.!?SlJCLt 5tUGic?S. J3o;Inl splitters 
ar3 no;,: i2eil.g i;::> ta !.lcd to ;l.Lox the i-hree arcas to rcccive 
Sj.F.u ].JL;!rl<-.Js ly r.:c:. i: j.o:l:; (si' :.:j:d SE11!13 !~~.dG?l PUlSC . In addition, 

'cc.1 i using 3. pu.~~..a 2y?-!::S ypt$y,, b~Sble c!xwher pictures hil.ve 
beeri tZ!::Ci? C;‘i 1.03, 2C1C!, &Td 300 CkTJ, using low beam intensities 
v:hile tlic: bulk O-E tile hecim i~‘aS beizq udL c.-,d foe muon and ncutrino 
productiox. Since the betim intensii-y delivered to the i\!r?utrino 
Arca never c>rc;~c$.fici one 11uxdredth of the design intensity, 
the ammn'; o!: rac!l oat-tivity pl-educed outside the shields and 
dumps v;Li.s prOT/"L >--ti.onal‘!.y qui I-e S;?aj.l . A measurement of 
activity produc22 in soi. dicectly a!xxe the target in the 
Neutrino Area su;s;wrted this conclusFon. 

Water samples have bee!1 taken from all sumps along the 
beam lines (Fi.gs. 3, 4) befoi:e tho bezm v?as extracted in order 
to eStab?.iSh normal background levels. From that time a 
number of Sunps in the three experimental. .arc:as have been 
sampled on a routi;:e basis to verify that no acceIera-tar 
produced activities hzd Cc;:c:lcd 'ih?Iii. Water from the closed 
1002 IX?l<:Iic:t COOl.iii’J SYS telTLS in the ;Jeutrino Area and in the 
Main Ri:,:: (maj n accelerator) and Rooster (!nos.ieI accelerator) 
irave also been ana!y:ied. ':ile ~,;a-iter .)L!!i!~l!.C!S V:eI)XC analyzed 
indepen:ieiitl\i !Jy I-:, 2 U . s. '~.:Sting Cr~,n:~:~~ly, inc. of Tiicilland, 
\\7ashi.ncJto:i, and i?:J EWL. .l L:xcz;~t for a minute amount of trltium 

in tiic closed 1coi.i in ;-he i'r"~~t.rlno AYLT~I, no acccierator 
nroiluc!Y; L 2CtiVFt)~ oi-her i:!v!n 53 day I;i!l.-- I i. fe Bery'llium- 7 

has bC.3~I ~oil!lcl :i1; 'ii!? w;~t:cl:. xl‘- *> 1x2-7 i.n the water has been 
CO?LC2iItL. ~Lt~?d i.'i.i.() i;i:.: 5 f: U i‘ iid I 3 .C rjua:itit ; es i:~;~: capt11re ii1 the 

7 1 ion cXci;:Ll.ge rcG ii IVeix 110 I_ ,xlln t.-<a.1..1 l0.i crl;lr- UCti\ 1 rity in the 
cl.o:::~d l:a;.+?r CC'CJI l.::(J systr-P.S. Rc-7 i:; su~~c'plcrl:- ly L-cl Cased 

ii\ i-0 ti:t? ?ff LL!2i7i :I-on ri?c!.,~l:trc:ti.c?r~ cil: I hc resin, and ‘1 

1932. 
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measurement made of its concentration and volume. Since the 
half-life of Be-7 is short, the relative velocity of the Be-7 

3 ion very low , and the effluent is released inside the Main Ring 
where the Be-7 is trapped essentially forever, it cannot 

conceivably become a pollutant in domestic vlater. It cloes 
serve the useful function of giving an early warning of the 
production of 12.3 year half-life tritj~um. 

Air--borne radioactivity-was measured for the first time 

during accelerator opePations this reporting period. The 
location chosen for monitoring was in the vicinity of the 
target inside the Neutrino Area Target 7!ube, a location which 
is probably the worst case in the whole site at the present 
time, &, concentrations are probably highest there. The 
beam tra;rels through more than 10 meters (approx. 30 ft.) of 
air betweon the end of the beam pipe and the target, and the 
target is inside a 2 m?ter (G ft.) diameter tube. The area 
is interlocked so that no persons 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 t!lat time. Air 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 perml 'ssible concentration and it had a short 

enough half-life that it fell below maximum permissible levels 
by the time pe.rsons cntercd the tube. 

Penetrating radiation is monitored at tlie Environmnntal 
Radiation Plonitoring Station J.ocated in the NEJJ Vi.l.lage . NO 

evidence of acccicrato- T- produced radiation 11~1s been seen by 
any d-Ccc-i;or in the statio:i during t!lc reporting period. The 

three gamma sensitive monitors (aluminum-argon ion c?lambcr, 
tissue-equival cnt ion cllambcr and T‘?a C (Tl) crys :aI) have 
consistently indicated nntural--baclcgro~!lld-1~eve1 CXpOSLlK?S 

of approxi.matel.~- !).Ol.l millirad/iiour e>:copt for brief periods 
discussed in Section 4 whorl radon daughters in rain clouds 
were il<?tcctcd . The l-!cuizrcn n!onit-.ors h;l\/c in3icntcd an average 
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nent-ron close o? appro~:irwtcly 0. 0605 mrc?l,'!:r, ~~;hich is 
consistent with tI:,'iz cxpccted cosmic-ray neutron bnckcpowid. 

4 

There wc:'rc no unusua:L incic’lcr~t-s 0L‘ r-c*i.eascs d~!rixq !:!ie 

rcpc:tk~; pc:~ic:i. Iin acidition, there vcrc: no noriradixictive 
rnd t- ,2 r i. a 1. L: prc.ii;c:crl ir. c;u;mtities which could polluic ;!.I= 
EIlVi::Li:P,?*it I 0: :i t!:zrc ;~.:L-c 110 ;;hnL3rm31. llal-Llral occurx~~ces 
W!liC’i CO~!l(i !.iQi: lCC?5Lll tZr! frGli! CT ilSV2 kdd SOi!lE? ii[!!>LlCt UpOil 

the f;l,Ij.:1:)- ti.7 it.5 o~J’:‘ra;ion. 

3. i~ion5.ior.i-5 ---- I'J, 7;:ia Co! 12: ;-ion ~-Lz.!:~;ai~ an? Evalurlticm - .---- .-----!-----. _.--. .._J_------------ 

'~'i~~ '(.!,rc.z bypzs 0.i acca~l era;.or produced radiation 
merit; ng zwritoring for environiwntal purkx2ses are discussed 
h c 1 ci?! - 

3.1 P c I-, c :. 1. 2 t i !' g P.a.?ia.?:i. ?!i -_--.- _ .-._ .__----- .--- 
~lperst-ic?i of t!;? i!CcC lerator at: full design er:crgy and 
inti?xsi.ty will i;:cvitehly >result in production cf some 
penetrz.tir;q raciiatl.02 (primarily neutrons and muons) 
outside the shle:l.dilig. Al.tilough i he shielding has been 

designed to he adequate for f0resecabl.e circumsianccs, 
monitorinq for purpoues of determir?ing actual radiation 
levels boi.!l on and off the site is necessary. 

11 cc%ntrz-.l r,cxitoring slkltion is mai!?kai.ned in the NRL 
site "Viliage" for dotecbing L;zne't:ra::i.ug radiat-iGil. Thz 
m,?ni-l:oring equipz:2nt. consis'rs of five major com,ponents. 

ii . r‘~!.~,ni.!ll_i!n-Ar-<~G:~ io!~:i :i. ;lte.i<>:l C!IZ:T~C?~ . This cl) -iiiGxr i. s 

rnos t 11 F p:-: $j i Jc- j. Vi? to Tr,u<;:i s and g~il!una rays, ilTlC1 17lllCh 

lZS5 sc~!;:;:i.-!.iv. t c Ileui.J:ilils . Thi? ii3ta 3,s I:c-rxxs!c?cl 2:: 

daFly int:>gral.s of the ic>,,izatioli currei;t-. A 

co:7L- .1 : .1?C>US stri p--c?~;~rt ixccrc? of Foni2at3.03 curr-zrit: 

is z:so Klde. 

13 . l'iS~‘l~ii-e(!l~i.v~!I;~r~l~i- .ic;~lizni.:~ on d~;rmi:sr. 7%~:~ c!;;:m!;er 

is ::;:1!5ii:iv:2 tc; il<?Lt’I’1OiiS 25 V/t21 1 <TTY g~~lTll~:~ ?!Ld 

dircci'l.:y .iozI.::-i.;:f; r;cli;:t iozi:. '.rl~e data i!: rrcord(xl 
ilii Cic) i 1.7 j y;tpc;r:~:l.:< cjf tile io:lir:abi.on cIlr::,>1?t c?lIc! Cl.5 

a St!Yi i)~eC!?ill'L I-::cOKc; 0.E 'lO!l:iZ;: t.iOn CLli:JTEil:- . 
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C. A 7.G 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. Bonrier spectrometer. This device is an array of 
moder-ating hydrogenous spheres with thermal-neutron 
sensitive Ii-6 I(Eu) scintillators located at the 
center of eaci snhere. The data is recorded as the 
daily integral of counts in each detector. It may 
be unfolded by a computer program to obtain the 
neui-ron flux, dose and dose equivalent. 

E. Precision reproducible (DePangher) long counter. 6 

This devi.ce is a BF 3 proportional counter moderated 
by polyethylene to obtain an essentially energy 
indcpsndent 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 neutron counts. 

A number of short periods of increased radiation levels 
have been observed with the ion chambers (A, B) and the iiaI 
crystal (C) since the monitoring station was put into operation, 
but no correlation with accelerator production of penetration 
radiation has been found. These short periods became more 
frequent in the past six months and they lucre studied in some 
depth. Since the increase was most easily detected using 
the 7.6 cm x 7.6 cm EaI('J'1) detector, it yeas decided to 
record multictianncl analyzer spectra from the NaI (1'1) dcl-ector 
to see if the spectrum IQ;IS altered during the period of 
increased radiation. It was found thai: the peaks corresponding 
to daughters of radium were enhanced relative to the K-40 peak. 
The cnergi.es were measured precisely using a Ge (Li) detector 
to verify that the qamma rays were emitted by radium daucjhtcrs. 
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It soon bccamc ;;yL)arcnt that t!;c;re was a definite co::- 
relation bci-v'e'n the presence of lorq-laying rain CROUPS and 

increases in r,;diation level.. A one-to-one corrciation xas 
mzd- between ;increa:;es dnd precipitation as measured with the 
rain q'ay~a r~~ocntly ii:s kSl.1 -d on t-he site hy the State of 
Illin9is \:ai-zr Survey Dj.vision , ;I: renI~3ir;crl to col.lcct a 
raj.11 xatei ~;~::~ple s?d cbse-rvc the acti.vi?-y directly. Since 
tile d2uClit:ci-S of inte.rcs-t have half-lives of npproximakely 

one-half hour, a frcsi1, sample was collected during a shower for 
less -than five minutes al,d 'tias coilclted Ear 1090 set starting 
aboui: O;IZ rni,!l:tc-: thereafter. The quantiiies of Pb-214 and 
Gi--214 WC:IC f011nd in concentrations of ap;Troximately 60 nCi/ 
liter. The d<?llLghters 0.: radium ohserl-ed asc al.so daughters 
of radon, ;I noble gas !>!hic!l is kno:-:n to be released int-o the 
ntn.:os;;herc nskurally. Also, scmc radon is released in the 
process of burni;;g fossil fi?els, especially coal. The con- 
centration of radon in the atmosphere is too low to explain 
the l?lrgC iilcrease in radiation level seen, 'I but a mechanism 
for concentrating the activity is provi.dcd by condensati.on of 
water vn.;>or at the ionized atomic sites. A litera-i.ure search 
revealed that concentrations of F'b-214 al-~d l3i-214 in 
preci.pFtati.on have been observed in excess of the above 

values. 8 

ThiS ei7for-l; in trying to understand i-he variations in th<? 
bac!.cJIoulid r;\i:~ may bc justiEied F-rom 'ilif: point: of VI.~W Of 

lecdl pIrot.:ci:io.! of NAL. Neighbors usinq 1.25 s so;:hi st$::;t-pd 

ecju.i;:ilrzrlt t.k.z: tl~~+: avq::i1.ai31c ai: p:fJL C.CjClrIi erroneol~sl.~~ :l:::~; <fZ 

the varietl.cp.ls i-11 the f::TJiSGill~~llt?i 1 r?.diiit iG1 ‘I:0 the 0:>21:2t ioil 

(jiy t:,i: i.c:c‘~.~:.,~:-(,l-or. 

\:!i-;:.'.l i,!lcJ eXCCpt4.Oil Of l:il:? periods of ir;crease(l raiiiakion 

lC\Z.3 1:; fIbi! lI;ti!Oll dtJll~htC?SS (tlls maxFi?luin 3 ncreasz hf!lnng 

approximi;l:el~.' tlli~e tirms naturr?:l. back~!toull~l lyve 1s ) t-h? 

radia ti23 lc.vcL 11;15 ri.l;.;lj.::;:tl rclativc:ly L7 ?ablc tI;r0UyllOl:t 

t:112 rczpol-t i.l,!j ,>'.:rlofl. ‘i’h:: VdlUe @f 0. 00:; lnr;ld/hr reportpd j-1, 
(‘;1l.t.riCl&i Y!:.li: ! ?:I. \,:‘iCj m!n:..ure~?. ii;s<.c2;c t1;,> ~~;l~rirOlil;~~211~ al. 
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Radiation Monitoring Station, a wooden frame house in the 
NE.L Village. Subsequently, the radiation level has been 
measured outside using the tissue-equivalent ionization 
chamber calibrated using a radium source whose strength was 
determined by direct comparison v;ith a radium source cali- 
brated by the ?.?ational. Rureau of Stanc?ards. The values of 
the radiation level inside and outside t!le house were 0.008 
and 0.011 mrad/hr, respectively. The latter value compares 
well with the valueq of the 0.012 to 0.013 mrad/hr reported 
for this ?rea by the Health and Safety Latcratory 9 and 0.014 
to 0.015 mrhd/hr reported by Kastner, et al., using a similar -- 
chamber. 10 

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

The G LiI crystal is surrounded by a plastic scintillator 
forming a "Phoswich". 11,12 The electrons from gamma-ray 
i.nteractions and charge particles from cosmic rays deposit 
energy in the small diameter 6 LiI crystal and the plastic 

scintilla-tor shroud, and produce fast pulses of light in the 
plastic scirltilla-tor. The pulses from the interactions in 

the 6 LiI crystal give slov7 (long duration) pulses of lig!?t. 
The two pulses are separate<1 eSectronic~l1~~. Cnly t!le neu- 
tron initiCitcJd evelits (n + G Li+'He + 311 + c)) are counted. 

Efforts are be<ny made to obtain additional satisfactory 

Phoswiches and necessary electronics for converting ti-c ::onner 
spectromcVer to the pulse shape discrilnination system. 

'i'he ccbsiaic ray neutron h.=~ckgroun? \:as measured using tl~c 
prccisicn i:c::roducible (CePanghcr) 1 ong counter 6,13 i:hich 

'57-L 
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differs fi-om ot:>:,r lorg counters through the use of ~~oly- 

cthylece instead of paraffi- as tha i:o(lerator, and by ;-lie use 
of a well clefire< (repsoduclble!) qzolvetry. Tile loner c0n11tcr 
-was cai~.bra.tc\l-', using a Pu-?ie ncuirron sou.rcc whose ncui.ron 
cmi:;sj.on ;:clfc ;iari Il2e2 previcusl y iXciCISLlZ?id 135’ the mallq!n!:pse 
SLllf3.i~~ :,.:1 !? i-c:ct7r.i;iu:2 3t the N3ti'.iil?l ~>:11:eJLJ S-f Starli!c!i:c~s 

al-!3 2.t ;1 7. :i (3 7 I-, r \ ? 7 : 1 i- _ j . ..- ional. L.?A.)L.a;-or:>', 'l]le rChUl ts of til?i;c> ~:-~:,To 
i 7 I ~7 .y ;-, c 7- .-? c 7 3 + 'T:.,>;.r~,', .‘eir<Jr:t->., ;!re’vrcrj tc 7,;; :-!li:: .I 7 i-2?: cpn<- ?!,c I 
zcci1rncy OE ;;ic !::~;i5ur2n2;ii :, . '?hc ll~~l~t.ron da b action ef2.icicnc-y 

of the n,?i'anq:?,:!r (:ou!itnr is csscritial.Lv energy iXldei>ClldCIlt 

be 10TTjr 10 i,Ie\F. (;,I3 Tiie encr(;i is of ncut,rons emit-i-cd by 7.hi: Pu-Be 
neutron source fzl1. wi thir: tilis ranqc and providr! a good 
calibration for XiCL i- pl1rpf?s~s, e.0. --2' reactor non-itol--irIg I 

Horse ve r , the CO-;L-;ic ray neutron spectrum has neutrons wi.t:h 
much hgh~x e~-;r~~:q? ts than ic I&V. 

Tilf shal;;: oi i:he cosmic ray ne;ltrc,n spectrum haS !.:-cn 
li 

extracted ~ro;il 3cxn2r suhere m2aSu1‘2:n;:I> i.3 1 alid i-t was used 
in conjuuction with the mVzCiJ. _ ^ -r~li-emc~~ts 07 the DsPanFher counter 
to dctern!i.nc the c-osmic r;\!l ne\ltron f3 L::C and r,cutron dose 

ecjciva:!erl-i: a,~surning that the :Ii?isC hu.il~dinrj in which the 
counter was iocatcd did not di Start tl;e lleui-ran spectrum 
significantly. The dose equivalent raLe was calculated for 
bilakcxr.:! is0t.repic irradia?Lon of 2 30 cm thick tissue slab 
(approximating th3 averap 1x2.:~) r u:;incJ tlie neutron f1.u:: 

s;7cctru;:l ki:rl rdose equiv;liz::Y c 011 t.72 :::.; -i. c,n -7 2 r; t: c I j: r; of 1:a :i I; G ;. , ct. -- 

The c; icuic: i--?:! a~ji:j:ac;'~. c:nsi!;i c L ;.:I !~r~~.:t:f:m-: r 1. (1. :,I it t- i- 11 9 

4 
21 ; 

r')llT ; l'o!(lt',. '1> t4.1 . _. - p,a: : : /: :- 1 (7g I ~-in:-1itori~~ S~:r:t.i.c;:~ in c’a 1 ,:.ric;aY ‘:.: n r i.c;-/s 

‘,:ZS 0. OlC.1 F1.f’ (Cl;:‘? --;..Zi:) diid t-i12 c’,:,nc: c<;ui.v,:cr:?.: I‘ CL t e 1,: i? c; 0 . (I 0 0 5 :I 

rnrcqnjiw (3 .g !:~rx!!j;~-c:*r) , C orr~~~c:Li~i;~ t-o ::fd :I r2cl usi r?~ i he 
ci~;-,;',;i;"li( i? oi I~2ut-:~-c~:l .Fiu;: C~:I thi.Cl:Jl(.tr;C; i-1 C- the ~.~~j7c>:i)iJ~;~ ,.<, 
y c 1) (-! j: t (7 ci : , I' : ;. - 0: y,&Jil, t I?;2 .Ii2.;!l: 1: i?zc;i;.iizs !! . 8i; ;]. :I/ ( r;.b,2.- (;cc) 

i.n cJc?c)~: .;;.‘]-.~‘c,,yi>y‘i ~.:~iVll o.on8? dJ?;:Ili;!~2:.; I”;’ i:rijn 11, c( ii L 1 
_.__ --: I 

and <3:;!1,". iy T) ;' j 1.: I':; r;ln~Jl.ng :'ic.t!n 0 .P::i,:r to i‘l. ()I,$ r::;a,?ilre(~ 

pscvioL':: 1:;. 
/j 
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3.2 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 concentrati.on of air-borne 
radioactivity expected to approach the limits set forth 
in the AEC Manual, Chapter 0524. 

The first monitoring of air-borne radioactivity was 
carried out duriny this reporting period. A Johnston 
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 beam 
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 diameter tube which somewhat restricts the 
flow of ai.r, 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. P.11 persons are excluded at this time because 
of high radiation levels. Since efforts are made to 
contain rather than exhaust t!le radioactive gases, 
concentrations measured by remote!..;; collecting a sample 
from the Target Tube during operati.on should he far in 
excess of tllose nhich could be realized for ventin the 
radioactive gas to the atmosphere. l'or example, if the 
g.3S froiil il 2.0 meter section of tlie ?';lrget Tube were 
mixed thoro:lghly with the air in the rest of the enclosure, 
a dilution of approximately 300 times wou1.d be achieved. 

Also, f~~rthc~r dilui-ion would occur before the gas reached 
t:llc site boundary about 2000 meters away, and t-he short 

lialf.-live:; aE the r;iclioactivc colisti.lllctni-!;7' 1.5 would also 

rf:clucc the environmental lozd gi‘ea1::I.y. 'The cffccts of 
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$j.Jut-on I,-?, ever cllt;ngincj wj rids has i?ecn rent ioned 

cicewhire. 3.6 

l’F,- ‘i’rI.tCi? ;loni{:or ~let~ect.5 all radioact:‘; VC cjTtSC!S . In 
fact, t!!o f.;sr.- *,orc crlc?r;jet:ic ixcta p,7rticl.cs (almosi- two . 
o1;i:'ees of !,>?gni tudp iliiJllc:C ti!.Zr. tl;e I'? ILC?V end i;,X.lIt 

<.~ :-: 2;: gi, : 1 c,,!:. Lhr: i:i'(:sy ::f t2;p t.rj.toll) e!!.ltted by I.+, 
1~ .3 i‘; -i i. rP'.i 1.' it- ii1 a r:ll;CZ!l I 

15c 
I 5-i ,: cl AL ~rc!clucnd i.2 air 

fl-irj!!cr r~;rJijl(f tll&i OieLZa (l&S f.TLClTL ttlC c;;;i‘i3 :lLIY!>;?!: of 

d!.s.; :li:cg;:ati 011~ o?' i-:ri{-ium. Thus , .I:ile use of tritium 
for c:~.LLb~:ak.io;~ rcsul':s in an overectilr2-tioil 02 tlli: a 
dzcay rLtl e and, hence, concentration of the radiozcti ve 
0 its e s s I:0 corrcci-ion :Ia.c, Kad2 for this overestimL7tio:l 

v;llj ch :i.s e:;pcted to he grea??r than one order of 

r!a!jni tude. A table nf maximum permissible coni:-ntrations 
7 I 1.5 

(IZC s) for radioisotopes produced in ,:ir foll:;:3S 

Some Maximum Permissible Concentr.lti2ns (Air) 

1l.C 13x 15* 41 
nr 

I'$ max 

Radi.a.tion 
V!ork.3:.- 
(JO hrr/\ll') 

Pcpillation 
R i: L a:: '2 e 

0.97 1.20 IL.711 1.20 LYcV 

59 40 27 47 yCi/m3 

0.026 0.023 0.02 0.02 pC:i/m3 

D~.szcl 011 i.i!~:s~ co~,(~c,~~r,~lti.c?l~s, the ri::iia.t.io:-: 1 ev-1 5 

o],,s er\Zed r’C)r j:<? r; [Jc’:~~~f~:rJ (j t: Cb S. fC1; ! ZPC ’ !T i 0 r r rl3 i Ti -L- .i. 0 n 

\;:>j:7:2TS. rl':lc ~OIICC'II L-rations f ? 1.1. I-:? 10 :I Tll ?A X i XL1 Tll 
i-' i! I- I ,, ‘. 3 : .;. I-1 .I. 2 a ;c:i.: I~l.il:!.~.[ es ati-r.r 'c!;r :3i:cu3: L;SS tw-i,ec1 or f . 

“j, co:i:,‘ilr:i ::oi1, rs.c?~.ai:~.cx~ from {-]-!e .t-;;rq2t at: i-h.2 smpl i:1r; 

.lGC.ii i. OTi $;:7-dJL,A ]lavp ~::+s~~lt-:-tift in a I.rxt’iI;~l. :io.;r> ill 

;1 L, II i 0:: j ii:;. I 1 t c 1.:; c)l?r? ?I.nur . ‘Th~1.c; , r&c,1 ;2;(>?:~ :Lc:!!s :frclm 

j- 3 :; i G il c' f; i i' i.! ‘J 2 54 apy>l.‘?,r, t11cy sljou] d l,rl c,,-.:; j-1 >r Vi;lllCC;i: 21) 1-t 

at- t-!:jS (. : 3’. i 1 i ! i’ .I - 
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3.3 Water-borne Radioactivity 
During accelerator operations, some radioactivation of 
the soil will OCCUL 17, 3 Leaching of these radionuclides 
into the ground water provides a possible mechanism for 
transport of NBL produced radionuclides into surface 
run-off waters and thecyuifer. 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 
produced and to be leachable from NAL soils in measurable 
quantities. 

The water sampling locatj.ons were chosen to sample two 
ground water systems: 

I. . Surface and near-surface waters. These samples were 
taken from sumps which collect water in the vicinj.ty 
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 dolomite aquifer 
which is a prime water supply for many private 
residences in the area. 

3.3.1 Water Snmnl.e Collection ---A--...- 
Water samples collected from wells not in regular use are 
pumped for a sufficient le:lgth of time, usually two or 
three hours, to insure that the water standing i.n the 
pipe has been pumped out ?Jcforc a sample is taken. The 

water in the .pipc could conceivably have been there since 
the last time a sample was taken. Mormal.l.y, M-1: pip" 
voluln~ is puniped scv‘:ral. times hcZore sampling. T\r,tcr 

samples from sumps , creeks, and other surf&c? waters arc 

normally collected by dipping a bottle well ?~elow t!lc 

surface. Several of the sumps inside normally locked 
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enclcsurc~ are smp:ad by rcmot.2ly operated ~PI-istaltic 
pumps or Llhe SUP2 ~2illT?iJS t!lcTCl~~?l~re~. 

The sa!.:p!!2? arc treFitf?d with concrntr~~~-ed iIyciroc:"iIoric 
acid t.3 prevent p-vrlipitatia5 of ~ad.io:~iiclidcr , prior 
t:c sh.ipr:~?J~ to 1i.S. Testing C. r'c'c~7L7'i~f 111 RiChl.Zilil, \':2Sll-- 

tagto: . s <I n I1 c 3 C,.Jl l;Jctsrj fT<JX ]:cy 1.o(-;:tims xIicr12 some 
jy,:-: p;.ct;-\--: . 1-1 .i C;il of ';J,i ipr a.rL(?,:'cJ < sojl !lray !iavc uccu-ircfl 

i!;::-, ccl;:-:i.b-~< !J,c~o~.-o slli:~fi;cilt usincr L-17:: thnllium-activated . . . 
c. 0 cl :j. il! 3 j.OC?; c’? <~i:Li-!TCPrc?y c!<?tCzCtmGr Ii.11 i!m12 :GL?L PJLlC7.CEIr 

Cabl:~t.i.n~ .L r.!2crd::nxy . Also, s 2PlL71tz s from the closed 
lO0p il,T.LJ?Ct coolil:q ~~~S~tf~~x3 are exzmincd j-11 the Cmxtincj 
J2~iloratcry. ‘1%~ si~l.l,,nent e;rc:!l rmni-11 i.i:cludes a sample 
ccl iai:: Iny ::.;1,lYb);sTi ill.ii)iiltS Of CC'i era1 of the accelerator 
p:oriucx?d I-;~~~~~";.!ucl:icic~ to chccl; the accuracy of the assays 
r!, f-L ,-z e L v i r 1 . 2: . 'l-e-ting co?,l;3ri;l;l. 

The: acjr<:~l,,,. _ -01-t of til2 ~cported co1 :scntraiions wi L-1: the 
knc~:n cozcznl~ratlons C?I rac,z.orlLr..! .icxs .Lu.r i.llcsc: coil ix01 
sarnp1.e~ pt.ovidsd vcl-i2icatioll tl!,:t the analyses were 
rnc-!~l~inci Cl0 2 5peciEications ayr,-cc'i upon in the cont-ract 
:qitii iJ.S. Testing Coai~2ariy. These snecificatiwls, given 
j-11 Section 4, provide lrarnilzg of the prcstncc of radio- 
nuc!.idcs c;t- ccnc~2nt~.akions fex helov: the naxin:um 
p3r~!&ssiblle. 

3. 3.2 Ti~~nI\:tici~l. ProzJ.tIrc:n at U.S. '?c:i:ti ,ICJ Crzanaily __ _____ j____ ____.__ --_-__-.-_-. .- --.------ ~..----.'--'- 

C)r’(--~ ~-.he I:;:I-~~“~~c~~ re~,.-h U I s . ‘;‘;~.;i-i-lij C~l;r,~~:l~ t1i-y are 0. .- 

silbjpct ii; i ‘,,;a . . . . . r/ r ;.,jj~l:i?‘~~Li.~ ci CJ,~.:’ Cl. ;.:-ie ;,:j.li,.?i:c,<r _I ;‘:!&lys&: 

Type I . ‘.I‘.~ : t f (-) r , j -1: < ;’ C)C, ,-+ ‘1 .- ‘, .J (tri Lilir.) f i3:>r\‘l:L:i.;::::- 7, 

':Gfi! iJ.;:,--? ;? , (:~Ic.~.LIP.~-~~ 5, i:21;c~;in2al;-54, c:~Ld 

cc'n,i.l:r~~?$. Ans1.y:: i S '1';:,-:25 L ir; pCrfOLTlcsd on 

;~l:no~:t: ~11. sCarq~...:s . 11 

'.i'y":Je IT . iLi?L:L’,:T;i _ 27 i; i!ilil ",';1;,1-:?.~-:;:;- 2 3? . 'Fir i.s iin a I y .c: j i; i L; 
;,(,-f' ?(>>r,!:?<l ri)utj it;?] *,' ,-'ill.;r OX ~jr:!~L! lL2s f.c<;L?l C!'?t:iIl 

r.:,_ i 1 :; (cs{rc:-;;;'(:r 't.l*;>r.: :i!;C je,:ct. tic:cp) L-i i i 1 c. c; 1, 0 
; / ~ -, j ;- c ;' i. ‘i:J j <: c~jjc:~[,t-:.,:t. jc,l:. (JL t-l!ebt~ II,T:.U rally 
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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 samnl ing 
of the one deep well on the NAL site for radium 
and thorium is being carried out to observe 
any long term changes in the concenkrations 

which mtght signal 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 lop? concentra- 
tion of Calcium-45 in tile presence of a high 
concentra-::ion of those radionuclidcs will be 
difficult. In those cases a chemical separation 
will be required before analysis. 

Type IV. Tritium only. Because t.ritium has only a very 
low energy beta particle emission (19 keV end 
point), it is normally detected by intimate 

mixing with liquid scintillator. Analyses are 
usually used in conjunction with studies of 
closed water cooling systems. 

The procedures used by LJ. S. Testing Company follow: 

3.3.2.1 Gmma-Kay Spectrascopy 

nor gamma-ray ;>ul.se height analysis for Nation?:1 
Accelerator Laboratory samples, the scimplc i.s homogcn- 
eous ly mixed and a 500 milliliter aliqnot is transferred 

to a !j31~Ctll~r!.~:ilC bottle for a direct COLlYlt. Ten per cent 

of n 1 1 c. amp le c are done in dupl .ic;l I-c . 

A gar:?lr<a- r2.y spectrum is obtained by &IlOttiilT events 
de tectcci by khc anz.ly.s- --r on the ordinate and the pulse 

hc.igh:- on the clb,scissa. !f']lerc j.s a Gaussian distribution 

about: :-!lC gc?lim~.~ r:lcl-cJy $iotopea!< ;II~ a Compi-on continuum 
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es-tending :iTrnfir zero cnerny to a poini- 3 li.tV-lc. i~~l.OW 

the photopc?-ll:. ~rnI!l.i;6f..KCl111L,II~ int-2racLions ;iJii ?tJ tl.iC 

c,e,ni,jlc:-ri i-i_i of tl]f! 10 .;CK TfC.c?j.Gil Of thCZ ClIclY<jy ~~I~‘Ct~~llll~ 

1, $2 c< ’ ; s j ,7, ( , ‘,_. ;: 1. <$ (; !-\ 2 j:: 1‘ +- K ;j il ‘c .Ercji;l Dai.r production 2 r:rj 

~:~.c:;-:cd;:t~~..y ‘?r,;cqt.s . 

;: -! k 1~1 CA. >, : 7. ?.I!., of 3 Z.~jS~Jtl~U~[I i5; cl!;lraci-t?c.',stic 01 : 
_ . 

1' ; 1 <. i- 1 c: i' I z 3' rL:(‘L cy!',? :: 1 i ric in il (j iv<!? cmx?t-ing c;e(,,.-L: t 1:y, 

011 L! jJ i.h C! j-!ilOl c:~,c?cl-k. ..!rtid is c~LI.~~,;.;~ ~~eii -i-d ~.dI.dlZy 
t 

2 I-, +, fl.'Z ii s 1' r p C 17 '2 ;>.y': (‘r I; 1; t 0 i' t ii e ip CT< dicmuc:li.de prese:~ t . 

If m~;..2 .t::3rL O:iC? r<-.di.onuLiifiz i:; \j,;‘esfs:ct, t-heir sp7cPl:a 

axe ac'rditj.vz . 

~p:sc..l~~i:ic1.2 01: a cony?c~s ;p.-- ..,. 0"t--v:n of ~~ainrnn cner>;L2s into 
, J.-c5 csn?pOrl’:!:t pd.::tS i~CC{Llli-C?:; a detcrmin2tioi~ of tile 

Co;?;!to:? 01 cthc~r cc;~::uil:uLion From earh r;ldionuc:l ; dc? 
p 3. Ci S T' Ii % C G ';;:e lil!ol-o~p?cl!e ar;:a of c;~c!r of ihe rack j.onuclidfl$ 

y!rc?sent . 

Foi: tile rcsolutj.c>n GE four ccq\po:??nts, (in the Case Of 
>:atj.onaL &c:celera:-or L2bOrat-Or~~ Sii!TLpIPS, Ntl-22, CO-50, 

yin- 5 (1 , and i-r.:?-7) four sin~ult~neous 1 ine?.r ecpationt; 
ccij:qrisj nc; 4 2 co3f~~.c~ie~~ts (Cr~npkon a::$ interfel-encc 
ccrrc~~-tio~~ factors) 3x-e IlSCc’; . Tl]E ga;l\T,;i spectroxvztc-c us',<< 
is ca:Lil-~l.;ii-eci for e~pprosimate!y r,o c1.j ff+2p;nt- r&(.3 .i_c;;luclii;,t-~5 . 

The sy.stc-T;1 :;01Llt10:15 are obtair:ed by an itej--at it-? 
! % i cj J e r; 5 17 ,-> i ,, zor!nctd !7'1' cc:~:!pl.ltc2r I,;:< j:.lrr 2,: c~]::Jcial J\i 
('*,z$< .i<J!l#.?d dp.ta i)r(jC,L'.<:j :;'T prC>C~j?miL!fi '<-iii Ch CO2‘4".:>Tt-!L i- 1-i j, <, 
c 011 i-i t I; t-s ; : T!,'.-;p~y of (j i L. - i .,....ctil LecCjYEJ.I 3 O!! S , ii-,<- I.~.l< !_ ,?i‘ Lr':.!:~. to,1 
i .i i 1 d j nt,c~fc3:,.~~;::~? c:.~,-j_~,=-;.~ol~ .i:;,ci:o;:s <'!‘I ;<I j.nccl fr0.7 d 
(:a LL’sTYClli.!>!.? Of 2 si?c:c:ilii::d t:r,u=Ct'--Cr~'sI~:L ~cotc.5 j-y. 

'in'>,2 , c; 1 :':: n; ! 1. c I " &iLc-c-; 01: ,.~sp<i :L 1 i ll!~ ,',; '~l.i.r~,i.nafi.c,r.,: j :- a 

!I;!.rsil<;'.,: c.1; iy; c;ij C'C‘:::',rLJ!\' 'Li. ;; I.;!3 & il!>b,'; ,I r- b _- ;' %r! , 3 cm d,J!.!l, 

(7 . ;i-/:;j" :.: g;') til,~~] lj l!!!;-a(;tj \rLl: ,?ti sodj LX id< fir7 ClY>‘Xi-ill 

L-i!.!1 <I 7. 6 CT11 (ji c~mc~‘~;,r ?,Jy 13. 1 PTl di;?C?-> (3’: :< r;“) y..::,IL. 

7’11.7 c’j^ j: :: I-. (7, yL ;. ;j (]::r- :I :‘ ,,:j:iy C(>ii~Yl;rc~ -1’3 SC\T<;: 5. 1 C’,i’ (?‘I) 

;?i~i3l-?!,l!il t i ; t1 .i t-r t-Ulj<. 2 . Tll!! I:. .c:il:t.icdi, L u11 \:' j ii : i 1 ,: t 

1: ;., 1 . . !,l;I.ce: ::\:.,i,, r ;(:r i :,C ],?C!!C ' ,.(-~l.:_(:i:-~,~.l,ti!l!T t-r, tk!<! \."I !;eV 

/9?& 
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gamma ray from 137 Cs is eleven per cent. A Packard 
Instrument Company 4CO channel analyzer is used to 
accumulate the pulse height information. Instrument 
gain and hackgrounds iire determined every eight hours, 

or more frequently if counting data or other phenomena 
i;:dicate signiE%cant background change or electronic 
gain drif-t. Counting efficiencies are checked once 
per eight-hour s!lift at four differeilt energy levels: 

0.06, 0.66, 1.16, and 2.50 KeV, using calibrated 
241pJn 137Cs I I ind GO co sour-C!L’S . Count rates are 
ex~ect.eci :c fall wi-!.hin tc:o standard deviations of 
the expected values, determined from historical data. 
lil.SO, the gain of the system must be such that the 
peak corresponding to 241 Am (0.06 MeV) fall within 
channels 5.93 and 6.02 and the peak corresponding to 
137 CR (0.66 :ieV) fa.Ll within channels 66.06 and 66.26 
in order for the unit to be considered calibrated for 
cou;lting . 

Kadionuclide standards are purchased from Uestinghouse 
Hanford Corporation, Richland, Wash., with + 2 per 
cent stat.ed accuracy. Efficiencies have been dcter- 
Inined for various geometrical configurations based on 
multiple counts of replicate standards. 

3. 3. 2 .2 &.~:]a Co_unti.ng -2 

Proportional counters are used for dctcrmining the 
presence of thoriwl and radium by alpha-particle de- 
tcct1on. E:i'i;ier an o.pen 1,;indow ;;uc1ci?r ?~leasul-ements 

Corporation or a 0.5 i\Ig gold coated v:Fndow J;ecl:l:ian 
::hsrp Lal~oratories 5.7 cm diniudt?r (2.25") proFor- 
tionzl. cocnter is used. Backgrounds are determined 

daily h.'y ;ln tight 11our collnt . Operating platea.us 
are determined weekly ;i:ld counting el"fI ciencics twice 

daj.ly 11s i.llcj 239 Pu 5ourcCs . Counting efficiencies arc 
c 'r; ,;; c c t c> i: to fall ~:.iLhi.n two per cent of the cxpccted 
V~.LUc!!~ (1‘1 cltiturmi.n~~i Crom.hir;torical data. De\ri;lti.onr, 
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greater i-h811 thj.r. x;;ili rdcj~iil:C the i nstruriieti.? ;:o bc 
rc2rslovcd f~:orr. 1152 ~IICI ret.urr~ecl Wii’;In C.5~3 problcx is 

rect-lficc, L F 0 1: r--l;c propurL.i.b!~:iJ. cc~!;1tci-S , cuI_'I'cc; 

0 f coti:>>;; pc*2 e:f;.c:; ci1c; versus pr~cir,i.;;~te r:cic;i~t cn 

c 0 L] r, 'i 1L i i i : -,I &pC),pf.-': :?.I ..C' ]~~c*: co:1st::rct ,?cl hnscj on a .I _ 

-~~l.t.T.~> j :. ip:yilt-> c:; x.a;2;.icz:::c r,:,~:.n.c;:;r-clr. at e;rc!3 . pr,i lit 

cn '\:',-<-; c _.-.I-,,-c.'; . '1 I i-t, .-:,- :l]o:; 0 E c;;lj 1,~-,stion si':.:.;cs tn 

c:c:l:y-:': t .:c.r . : ‘.I ‘L !- .1 :;’ ;.I.-~:.~ L: 2.~; j~,~.~:i:.sc,~. ‘itc\c a5 v-r?11 J,S zir, 

'.;Ir&r.:'):'; .:?lr! .SZJ;',-!i,' 

*- 

‘Lsforptio;: ! 

~.,~~::; ;i;! ii; >I,; t i (? L-1 S I. ~s-~ele7:~t~i Labordiory smy~lcr; is 

c e 0 c. r a t2.z <i ;-rol;! :Ithe:r intet:Ce:Cing nucliiles by coorc- 
. . ciprcaL2eon .:.iti! ca! ;.bY;Ltcd bzri~m carrier, first iis 

the c2IlIkLIc,1.at.c, -c : I L-2 11 3s tile nitrate , and fix13!.1 :,r 2s 

+A.? chrm.:,te . ?':i- PI. ecipj.t;Lte is t:rdnsferred to a 

+:c,re<l y]..~:;~l,:he t, &---es,, we i.~!lczi! , then dli?!la COLl’:‘LCCl 

i.i.:'.:~-,ji.ctc :l.,J. :c f il! c r.irs i CCJU!lt is I-hree or I;:crre 

t’p1PI’ nr,r-FL3.1 I-,;lcI:c:roilr?:i i~tllc’.-llJ~.-~o,r., rlccav cn:111’;s 

alye r<\a& ;t 3, 1.5, ar.fi 30 c?ayS ;:l:Ol;l LhC? date OF SC- 

paration. 'I'hi.s 1,-..:2;:bood prc.Jj.clcc; ior a check cn t.!lC 

.il-lqm:.~t:~ of r;Lcjiulfl :lc~ilr~htcrs iii*<; aisn ;rrovidcs for. 
Jc :I e cl,,~~~~ri!l;.nat.j 011 CtE 12"I?ii and 2ZGr. ,-.a . T’ile yield is 
u?t~:i~ni~~rd by cp;:~p:~l:iny thp fina. precipitate k0 the 

ai,!ount L~c?c~~I&. 'I'llC ;Ic:tiv jtLy ~,fi:c:~- cot3.r. ersi on to dis- 

1. i; : ~: g r a t i ci ii .3 pex- la.il~~;te froin cour;~ts per mii:i:te is ad- 

jl~r;Cc[] 2.~: 100 per ccin'i vii-th the vi.f,l.d factor. -. 

‘y;Tpy! j t.‘:l?j+j.C;!,l CII’.‘)L?j ? +.:iO*i i.S YC:(~~l.l2~Lt?~~ f 0 r F I C :I. 0 3 d i 

;?, ,z c.: <:: 1. c-3 1: T, -.. : .c 1 ~ : i, . : . , : i- S C y ‘- . ,: !i. :i.:‘ c , k i-L!2 r:~;;r’;;;..e 1 i:; ,ir,rr:- 

;>Cl;ctClj LCJ rrL‘ai^ (J y',', 1,. '-, c2 ‘]1,(3 -tilc:-i 1 --&I Ll,I! t’lDrl.Gi>l 3 5 1‘ r-e - 

c i ; 1 ; ;: ; r.- i < P r: a Z! u.dl-idi7. rJ.'h.:s sr:rvi‘n L 0 is 0 1 i? t i‘ 

;- 1 ? :, ,- i i' I: ; c iiJJi, ,; :L(31'.. ::1;:s c'illi)-- t.::;ij3 t:19 r;11-c cm-:\:,:; iu-Ld 

( i Iv- ) 2 : * t .: ~7 i >i > :; . :i;_ci!:, ~,inc, t.it-,:r.ij:J:!, lilOl~'~*C~ i!l?l.lJ.lL Lli:C! 

L.~:~t<llLi. t .cy,::- I- :;.I!::::-: ~-.c~;d_:.ec;.i ;li LT!lc ri:m -;Gll hlle dj L:iJ.inz 

c2ii.T i-l- :S ~ :':<:;L-~.~ctio!l ,>f ~!iL>rj.7g:u ~:j.th 't":'i\ j.1: !~~Tli:t~11C?, 

7. i. :I I"; ;,I :. Lo 2; :i ,?i3VI‘S :-Jrc: c;11 kh, ;ict.ii:icin ::l:cL 

;,C];,:.;- ,7:-.? :.',,:3':'1a;; p;.;i 1 ;'i;k ,]jlt: j1J t.!:(- ]:i.t:!:Qlr [>I! l.~~iiIc~~C!!5 

, ;':!i,' i.3).; ri ; .i :'I ;.; I,.. ;" !,,.'r,[!:, ;.':I .,::c: . :;c.!'c? ;ri t i.011 f‘).sOii\ i: ill? f 
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protactinium, plutonium, neptunium, iron (III), and 
tin (III) is accomplished by back-extraction of 
thorium into 2N HNO3. After vo!.ume reduction the 
sample is tra.nsferred to a planchct for activity 
deter-kination. 

Sam~lc~ arc mounted on the planchets as securely as 
possib1.e to prevent sample loss Lath outside and 
insi-de the. counting chamber. This is accompli.shed 

by "flam.ing" oz electrodeposition. Samples are not 
countci if they are likely to contaminate the count- 
ing chamber. In those casts new samples are prepared 
from additional aliyuots. Planchet holders and sample 
changers are cleaned daily with mild detergent and/or 
decontamination solution and dried with alcohol. The 
Fecirii!:+il detectors llave windows which can be replaced 
should they become contaminated. Background stability 
is maintainid by requiring resul'ts to lie within two 

times the expected standard devj.ation limits. If 
background counts fall. outside these limits, the in- 
strument is removed for service and returned to use 

when background de-terminations are normal. A high 
background is an indicatiun of contamination; conse- 
quently is the first priority. Silould decontamination 
fail to remedy the situation, the unit is checked for 
component malfunction. 

3.3.2.3 Liquici Scintillation Counting ____-~---_- ---_-- 

Concentrations of tri.tium and 45 Ca are determined by 

intimL2te mi>:.in~~: 0'7 the samples wi;Ih liquid scintills- 
tor and ccju,lling in a refrigerate<? unit where the 
noi,-;e tram the l~lhotomultiplier tubes !las been grcat1.y 
rcc;uc?il . 

Liquid scinkillation counting is done using the 
rat!: srd 1 nstr1imcnt Company i!oclel No. 3320 Tri-Carb 

id Scinti St‘1 i.i.on S;octrometer. Opti.mum operating 
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settinr;s arc cictcrlninc:i prior 110 USC TOY each ra::j.,- 
nac!.idF3 to i:c i'naly;:~-'.:!, usj ng '_i:z aFi~Z'lCO!'i:.idte _ I so::l-ci~, 

i.e., 3 II 9iild 
4 5 

Cd f?L- ;Jati~jj:; j ,; ,Y ~. ,-\ -c -.tL~r;~LOr !,sbcrc:l-(xy __-- - 
s 1 :;. !‘ : \s :; . c,l,~--tcnLh of a11 :,;:.,!::,I1 .?:i c.oul!tc?ci iy !>zc!-- 

c; ;- i' 'J : ; CL . ';r..; -'Lpr.,:!> 0; ,1 11 s>.:::,:- 7 5-c. Cr)cl~!‘;rd i.:: a s1-,rrl:i<,J-,i 

:;,I ,’ ,;,q i-7 7,: i’.’ lj 111; nr’-:‘:l i s i nt; ( n;? 1.lyr 'I: j~~j~!:eti" <i : !:,:I- 
c:!r <,1-.: -'fI;7-. c;>!-\r:: , j ;!I a r~a:! i!~~,2L~:2Li :.iJ\Ij:cp, c~-,,i 

L~'-.:,>c~iii<;'j *-Cj ,Ir.cu~-3~!~c!'>~ ;' Cd t .p -.-i j 7 ,:z t+Jp I :lJZlrCl?i,l:; <.‘. Ii> c I- . 

(Y:- - 7 -,e :::;r-.l I<;<-;$e soio~:l.cn 21-e CC,l.l!it?c! -. , one of v:llic:11 1.:~ 

S’- i ‘,-Cl:. * r~ .-, ,: ; L-7 r O!> :I d -; 3rc ahsul i 2 c c u 11 t :; p e r :11i. I 1 u kc . 
CrJUTLiilr~ C c~j.ciF.1,cic?i; 3rc es;:‘:‘. ,LC c ---'--4 to fall wiChir1 Cour 

COZ ::cnt C i- i.ile c2::ypctCii V~llUc~S ?!s dstermj r~eci 17~ isis- 
tori.c:a:L ci;ita j UC-,~iations oui~:1~!.c expected li.nti.';s 

rr,L!yL'i in ~-(c;y-l77.:‘7,]. 0 F till.- ii:3 ::I-Ui.iCllt fro:? service until 
ti-.c j: rol:: lcr:: : " coirec I-t-Jr‘ . 

‘l’_i t.: I;:?: j-1, ‘..,,,k!,: ir: i.:e&;urf[j I-,:, d C!Frcci- count of ilxz 
_.,^ \7 . .' ,., ii, ,q , 4 ,-r,, i rl cr.4 l-l+- 1 1 1 ii+ 17317 rr>11:1tcr. $ <; \,'P n 

111'. 1.1 :i l.it.erLj 02 32i.;;:lC .iS Pir,F:t'.::I i:,to 10 ml OE F'PO, 

p ('-\? Ti : .) \_.. , -;-.oll~cnc , <and Robin and l-:h:i S Co:npauy Triton x-100. 
'17!:E. n1:.x ::ure is transrerred to J11-2 citep Zreeze an6 is 
al].o:,::d to ~~r;;lj.l~ ti:prp cmrie hov:: bel"or2 cour?ting iS 

!JcGLill . Ti;l; :~aitin<q c ,3criod al :.a':-3 tcn;:crGt~UrC? ?C.{!il_i- 
1 _i 5ri ;1,3 Co h-2 reach,?:! a:IG the i’cCCi<:: of oxcitF!ti cx fro12 

thrz C'lacLic via1.s to o';cur. I;c-I iciltf: sankplr;:; ar-e 

rcIl 201‘ "j;li:ion;ll >.cc&tt2~-ator j c,i;sr-;tory arid ollc is 
c ,-, T, : (1 ((2, T, i <L ,, ‘1 if !-no:~.n a;._:o::nt 0 .? : : i ++i j.i:l. 'i'b is ~‘I:""C.';l.lr-. 
Lx;. j (i:. ,; 1 i, ' i _ c . [ 1:c ;{c';(‘ --,. i r!,.i::I',:! ;‘I ',,;?;:":.,i.:lg ilrl<j LOti.: >liL,i 
ej;]-ic:;ii,c.y, k!?C 1 I: -;. -; (? /^ i s a;,~-,:r:,?:i.,;,-I-cl'r 55 mer r.cnt i Q r 

J. r,;J (>i ::a;:.:,)J.c in 2i; 1.11 o= :;<ai ii; .i 1 j.,i 2: 0n “COC:C 1;d 1.J." . 

c“> -1 <; i :j.!:,-- L! :, j. 1, 7, 1 <I t c '\T i; ;: ;‘i,? 1 ?? :; ,i 1. ( I. :-, ,17 :,. I c.;“, sJ.:;o IJC * I- 
.-. 0 f '1 3 ̂  '_ ‘1 .1 .', I, !,,.,\d '-:, -, I.:,,? ~l.j;~~;c ,.-!~::c,::-;l: 0 ,' !:n.&'.-;:I, .tI;,,cil;; :. 

,.;: :,!;!?:>I i .!Li-! rclr t;- i tj )J,:,: j-1, i:!:c : 1~ ijrp.3 cot:; i,: i -i . 
~5 .' 

Ii,-- t.~..i.'\‘%3:‘ , t;lc r:,~tejrll;.r.,.,,,-i:c,;, 0;: -' :J., :.;-ii.r:li 112:; a \tc:ry 
10: :!..::,:i --:;~.,;i ~~c~-lli:;:::;);lr: cc;:;~. ;!I. ;-,.I:.; 0:: ~o;cy;~j ~3 ?ii <-'I 
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tritiun (Section 4), is difficult to make in the presence 
of higher concentrations of tritium and other accelerator 
produced isotopes such as 22 Ida. When there are intcr- 
fering nuclides, a 45 'Ca separation must be done and is 
described belo';:. 

To an aliguot of sample a known amount of calcium is 
added aLong k,ith strontium hold-back carrier. This 
procedure involves a nitrate precipitation of calcium. 
The precipitate i.,s dissolved in hydrochloric acid and 
evaporated to dryness. The salts are dissolved in dis- 
tilled water and diluted to 10 ml. Calcium recovery is 
determined by Atomic Absorption Spectroscopy and the 
sample is counted before and after separation. The count- 
ing procedure is the same as above except that in this 
case the se??arated 45 Ca sample is counted, then spiked 
and recounted. 

3.3.3 Results of Analyses -- 

Samples were analyzed by U. S. Testing Co. from the lo- 
cations shown on Figures 2, 3, and 4. A description of 
the T;i:atcrs sampled is given in TabLe 2, and elevations 
Of SUnip pit bOttOmS and well water levels arc reported 
in Table 3. The sampling frequencies, the type of anal- 
ysis, and the results of the analyses are tabulated in 
Table 4. The concentration guides on which the specifi- 
CatiOnS for the analyses ;:-ere based arc discussed in 

Section .!. 

No measurable concentrations of accelerator :?rod.uccd 
radionuclides were found in surface or ground waters. 

Small coaccntrations of 7 He and 3 II (tritiun) Lere found 
in cl.o.scd loop magnet cooling water systems . 

Concentrations of loncj-lived tritium would 1~e expected 
to incr:!asc even ~~itliout an increase i.n be;+::: intensity. 
Iiowever, !~am Llitensity may increase still !~y more than 
011e orc!r:r of i,!aqnitudc, hence 3 I; conq2ntrat.j on in .tllc 
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?at-ti e 2 
J,er,ci:~.~.~t~.On 0.: Sainnl inu bxations 
_~__i. ___---.---A-.-_.- - -- 

M 2 

PZl, PE2 

._ 
PI.?3 l’r.4 ,PX!J ’ I 

79 1 _\ 

7’3 \ ‘< 

t:3 

R ,! 

;1,,:;5,s51 ‘2’ , h I :. , 

SIG , I, ? 1. 
'T 1 

!‘~~sc:rintion _ __---.-.. ---- 
Sax!;,5 ndj r3ec;;t to :L!ai.r: 

i'i~;ccl crat-.or cnc1c.sur-c 

s Lxl?,? 3 nlc:1cr ! J ‘;? ;-in 1 i i: + -, 
~l?:.i.c!~p. ‘!‘l ;2;l::,~l~l- Hali 
a.!ld. ;:ey,l:r.l.:.-: I LYC‘.?. 

7 !‘::C!lI:-C‘lL i-.-,.2lc.iul-c 

:'en:.l-;::I i.LiL ;.:zi.cs 
!,I>: ?iT-1 I!(! f'-rri i>,-:y ;'ppq 

ija.i.;:r ;‘,ilcPl'-'L-;:tor 
C:fJr>liijC BSlY3 J 

Village @;<i~ation s:ot-d 

S?lrl;ps aionq I-ca'n ? i.nc 
bct'.:~en '2r,3:;5;fer IIal!. 
and 1.:eccn .; <I?;! F:co:!t-- 
end cnclocl~re 

s UT,D ’ 1 in 1: e 11 ;r -r i. n co 9.1 c a 
l’rt-.>,-;--prr: OTC-1 ns,:1re 

Sun:;) in 1;cntrino Arei: 

Enclosure i.Oc 

Sumps along !.:e2lIn 1Ll;e 

!7 e t%mC C- 11 -i’ lI 2 il5 fer Hall. 

and Proton ii:-cc E'rcn t:-- 

end c:;lcloc-~1;: 

s urn;> s in P:cton i'.rea 

I!:,&. c-i!-, C,re::!;: 

l??:<ij.r.acj..: J3itc.i: ! IC?~L-C’C’:I 

I:CI.I t I ii-10 and. Pro i:Gn 
r. ,I c 2 :; 

s(l;;,‘T;; ;ic!j ac!i1-:t to 
13 0 (i :-: ;: r r ( :I 8’. 1, I:, c ii /: e 

s I.! 1 -i;.’ ,-1,:-i ~cc~~;ii,: t-0 
t2 ; - t :y ;’ \y t -; <? AT ,'rc!3. in 
;',-;:j;:>f<-., I!,-. / 1. 

T:Jcit.i:r S..r:;tpm ,C;;+ii!pirPd _ -____. --__ 

s 112 1 1 ( )‘. (jrounci ~:i~Cc:r 

froiu Laoi.ings 

Silal lo:, ‘2 inun v,aL121 
fl-rJm ic:oti.n:j :; 

I~~d2~~th.c.l C-OO:m.i i;\] 

!;,’ 2. i-. C? 1: 

Ir,tlIIS~i-rial cot! ;.:l;J 

I$ a. t e r 

Waste voter 

frcin ioo’:-j nc,is 

SllCil 
frw; 

1c.w yrour,r'i kiate 

:I-:cNtings 
,511 i Ilo..\i qround L-aL-c:-. 

coLlc?:!'x:l i *, " ,y ,;a>,7 

pip2 uliGerc:rriil;s 

Shalleo;' CJ'O""" vT;lt.er 

collector! in 6:.cay 
pipe undeKdra.ins 
sh~llc:: q1:9,u;lci .xater 
From -:octir,y:; 

-/ Si~~l.1.C~:~ grc7ui:c. Le.. 2. t e j.- 

from foeti.nc;s 
S\]j-facx VIai-I- 
,c :: 1- ;: ;! :: CL \ : ii t t.3 1: 
r (, >.‘ f t> ( : ,-.' L_ v,- ;: dc <: j- 

:;-(,~-~~;ii..? v at:c:- 

ShaLlc;:,: qrOl.i!li L il 1.,x! 

f::a3:,1 i-oc);:i 1,q:- 

‘;T Iii:IJ \.,J i \ :! 3 <-; :-’ : / j , : c; j: c; :,r,;: 1. :: Sj.1 1.1r.i:ill a?!1 i.fi,r 

:-y; ,! i ,ij: ~; , :::I ! ,~!,1”, !‘:;I, ,,,-I j.,7\Cc;;! ypl , :j S;j lnr?Ltil ;Ic:Uil ;:I 
-,r:;:: ,I .,I ‘.-’ I(> 

, 1. ;i,.!.. ;: , 
1.: ‘, ” , : ,’ .; :: : ;; -, , : ,,: . 

,\.Gi, ,\‘- . ;;;(, t. /. , i;: i : , ,.I:/ r, 
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Table 3 

Water Sampling Elevations 

A. Approximate Well Water Levels 

DesirJnation --i_- 

W7 

Wl6 
c 

P: 2 1 

w29 

w3a 

PJ39 

W4 3 

w49 

W50 

W52 

W55 

W59 

W64 

W6 6 

KG 8 

W74 

\;'75 

Elevation Above Sea Le~el.'~ (fpet) 

694 

694 

693 

701 

696 

701 

638 

708 

7 0 4 

696 

630 

689 

694 

708 

706 

7 0 0 

711 

* 7’alues ol3kaillcd from Robert T. Sasmar., State of Illinois, 
I:atcr Survey Division, Preliminary lisp ?2, June 1969. 
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I’:-;.tr.i: Sa;::;33 j ng I:lc-,~c I-.; 02s 

n. j< i i- v >l t .i ,p 12 r p F .?UXD P ;. b IjO t tGl2F 

i,C .j.(,‘: ~1. ‘-r;i,” 
____ - . . . . . -.-._ 

PI, SL!, Y?, $ -, ‘, .I 

!S 1 c , s .‘. 1 

Al, 1“. 2 , G ?. : I : :I! , r’:!r, 

Dj ; iT.1, LI!, 1 

ql, Gl 

cz 

G 3 

7, 1 I. ._ 
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FiiL 
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Table 4 

Results of Water Sample Analyses'i 

Part A - Surface and Shallow Ground Water 

Location 

Al 
A2 None 
Bl None None None 
Cl N 0 n e None 
c2 None 
Dl None None 
El iTone None 
E? None 
Fl IJ0Zle 

gl 
None ! 

, None None 
Gl I None None 
G2 I None None 
G3 None None 
Hl None ' None : None None I None None 
H2A P,!one / I 
H2B 1 None 
H2C , \ None I , 
H2D 1 None 
H2C ! ! None 
EI2F 
Mf 1 1 None None 
PIT?1 None None 
MF2 None None 
KF3 None None 
Nl NOTlC? None None 
N2 N011e None iTone None None 
PEl 4 None None 
PE2 I None None 
Rl None 
F.2 None I 1 
R3 None 
Sl 1:onc 1 N2llf2 None Non c None None 
S5 i~Io;le None 
s12 
s21 NO:lC 1Jonr: / 
'IT1 

:. / :Fno-trloL?>~ foli c!'.,- ;'art G. ) 
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Table 4 

Results of Water Sample Rnalysesi 

Part A (Cont.) - Surface and ShalLox Ground Water 

F!onth / Ju1.y 
___-. - ~_.._.___.. -.-.-.- 

Batch IJo., 29 

Loc;ltion 
-i -___-__ 

Sl 

Ski 

s9 

S12 

s15 

s21 

Tl I -.----- -. 

lo;1 e 

NOIiC 

NOl-lC? 

None 

! 

_L- 

- _ ._. . . “. -- 

ri11.l; . 

30 

* 
IJOIlC? 

None 

:Jone 

None 
--.---~- 

‘I 
! .~ Sept. Oct. 

31 

None 

None 

None 

None 

32 

None 

None 

None 

14 0 n e 

--_ ----r -----. -., 

KOV . rkc. 

33 

None 

None 

None 

-1. 

I 

34 

lJone 

None 

None 

None 

i'(Pootnotes follow Part B.) 
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2:one 
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IG0r.e 

x p I , 
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:?oIle 

‘~‘T\.rlZ I 
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Pione ! 
I 
I 
I 
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None 

PlOrlO ! / 
I I 
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xone 

IIone 

I-o:? 13 
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J u 11 c / 
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None 

?YOXlZ 
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i4one 
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Table 4 

ResulLs of Water Sample Analysest 

Part B (Cont.) - W~clls 
_- _.._ -.--__.-. ---- -- - 

I 
ICon th July _-..-_--_ ___- ~-.. 
Batch No. 29 

Location 

V 
w4 
w7 
W16 
w2 1 
w29 
W38 
vi39 

T;43 
w49 
W50 
1952 
w55 
1659 
W64 
I?6 6 
WG 8 
w74 
I<7 5 

NOl-lf 

E!one 

None 
None 
None 

None 

None 

-I- 
..___.. ‘..-._-~_~+- . 

i 
AWI - Sept. _ _._ ----. :--- -- -_ -. 

30 j 31 

, 

Eone 

None 

None 
None 
None 

None 
None 

I 

i- 

None 

None 
None 

CJone 

None 

None 

1 
- 

32 

None 
None 

None 

None 

None 
None 

None 

None 

1- 

.------~-.- 
I 

Nov. j Dec. 

33 / 
.; - 

34 

None 
None 
None 

None 
None 
None 
None 

TJone 
None 
None 

None 
None 
None 

None 
None None 

None 

i- / 
__ --..- -- 

.i. Inter]:;-t?tati on of iiatcl. entrj.es : 
A blank indicates no sa~-~ple was taken. "None " incans that 
none of the five radionuclicles testxecl for !:ns observixl. 
Refer to Tnl,lc> 5 for a~\~lIi<:dble sensi tiviti.cs . Nell 
i0caC'0:1c. are i;hoh:n on i'i.qure 2 . 

Zsampl.0 : A car.:y11.r: \~ils colJcc:ted in July froln vTc1 
raZi.onucli.,!!~s !:tl~c detectc:J. 

W21; no 
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COCJ~~I~~ rz;~Ccr syrtens wi1.i increase con.;.idzrably e EC - 
lease 02 ti:esc r;l:?.i oi:i.~clii!cs f:G:?i C! OS,.ld 1 OOpS \;il? be 

carefully ;:;c>Iii l-or2d and contzol.ie~~. Til ITI??. A tf?t.ill Of 

2 . 3 ycc:i of 1. ,-:c: b.‘<-lS 3-c1.?asccI to tii.2 e:P’i.~oilluent ali dn 

ci,I..~::.:cJc c:,-‘nc:c;:‘-,raC~o;i 3: 2 :.I 1!7 
-. 5; 

;Liji::1 (maxiiii;~id con- 

c ;: : : 1. r i’ t jb (> i? ; 12 
- -j 

>. \J[‘j.,/l-!;I. 0,: 2 .!, ;.3>2r (:t:nt of t!.-12 ‘,-PC) . 

‘sl!; i 7 ->-c L-j-;. 1 I.- T’;ilJ L .;.; ~z-~,.;~c’ :-,;~i-.- c k ‘3 lo?’ t l-1 e -_ r !J :‘, t S 11 -C‘ -; i! c e 

0 ?- = 1 1’; 3 ‘; I i. .: i 11 c’ ,:- .: , _ ‘1;: C l:in<! Of t;ie iL:CLI:l ~~CC?l~t,~JiOl~. \ 
7 

'i'l.: f .;hcrt h2iE-life (53 days) o+ 'UC anti i-ts very strong 
CllC:?iCTtll ;sifli.n.i'cy ::j.i:li the soil in;urcs tkat its release 
v,-i 11 p!.clcc cc !>;I t-i~cr! on the c~\~i TCI;IIL~II L.. There i;as no 

kno-.;a scl_ca!:c of tritiux 0.r oC!-!cxr radioi;l~clides k!er;ides 
7 R? ii1 1 97 *I . 

L;'r,r the? pu:,.csc of $cternixi2;; l-l:2 concznkration of 
a~ccl.craior ;?rcc;~.~.~-? 1 ~. ,.. _, -7 7 I-i?cil.c?&ci LT.'i. ty iI1 the soil , roil 

s&rlplc:s t.;J1,.:sll fj:@r2 jUF;t outsi.cT.5 C:‘Y tieutrirlo Area '?;lr- 
qet-. ':I.;:;?? i,C'LC-: 3231\;x:;c.:I uslnq :z 1 : (-; 3 i-;!lil~.~~ drifted qcr- 
mar?J UT~I (GE: (:,i) ) gali.ri~~--ray dc?ect cur 1; n the Nuclear 

Counting T,c:;.t>ra';oj-;r . Tl1c so.il :;c.IJ recovered from the 
regj 011 just ;ib~,~e the target- a:~~~~o~i.rnatcl.y five mon'ihs 
afccr the firs-t !zean si_ruck til? tZl‘CJ?:t. Beam intcnsi- 

11 t L c: s fiurinq this pe)-'~cl v,erc ~-IT: ~.c;w IV nrotons per 
pu!.se (lcr;s t!?an 0.2 y2r cent of tlq.>siryn inkcnsity) , 

hence the choice [Jc on<: of -?)I- I~irjhcSt radiation areas 

as the L;anr.pli:-ly Loca;..on :L'as mar72 " 
. 'i'he C~ll.C.~!.,'~~-~;-Lio~l 02 ti-i(J .? . 6 y::;..,: 'lal~f -1-l fzc 22 l,i;; 'iC lt-.lvit;y , 

10 L G ,^:O r;.::: c:c;;lt of I::i-lic>L cj:-i hi-) :Lii;lcl;:.:Yl ~TS,TI ti:r~ soil ;' 
\.'a5 c~et.,~r!>li:-~qhfi >o be ? x IO - 5 ;~ci,,f'g .juc;t o~:'.si.de !:I12 
2 i'l (1 .i ii . 5, j ( -, I. T:-?rq;e i: 'P!.lbC. j, $: i; (2 t'-\j.i?T ? [j &,eIZ CCIl L C!OLll Cl 

i; :2 j ,~;;C'T<(&! ii- ?.G a VCJ] I'):ic3 0 f ';?L, 'iPi !~;-,y.!lg 1.0 l-iLES I.hC 

y.-.c i L!~I t: ‘l 8 i;:ie soii (ki7c s;!,pc 3 i~~..io ,::; ~.:ka?: ~use;l ii, kllc 

lc;rl:i.n<r t.c-i:ts) , tile ye s 11 1 t in 0 2 c c ;I z T :;_l_-c!?i-ic,II in i-!?c 
\:,tt cr :,x:!u.! (3 LiC! ;?~2?.)JmOXj indtely . . tb.7~; pc+~ CC!I~ of the x?si.- 
ll,ll:z :-l!.~3:;:;<m i: !‘ ii-2 I ,? 1-nr ,!clli!ral C:~;llSlli~~~~~!-i~l? (Sr!ci:ioi-1 s! ) . 

'I'ilc! 2 2tiL.i t;; ofi 
2 3 

‘-y;;-, , s..l~i~l> i.:; !:;;1.,1.!::.?,! 5' tl~e wars:: -1 
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environmental offender in soil of all the accclcrator 
produced r‘jdioisoto?es, had become barely detectable 

(Z4 x 1o--7 k:Ci/g) an additional meter away. 

3.4 Nonradioactive Pollutants 

3.4.1 PUritj7 ot dri n!;incf \$;ater p~.._.y.----- 

Tine dcn!-~t i c :~:c?tcr supply at NAL is provided essentially 
by two wells approrimately 220 feet deep. One (Wl in 
Fig. 2) is locait'ecl in the Central Laboratory Area and 
the other (V in iiig. 2) is in the Vi.llage. In case of 
low pressure, a third 220 fr. deep well (W3 in Fig. 2) 
is used to su:pply the additional water in the Central 
Laboratorv Area. .‘ Samples of ivater from taps at 27 dif- 
ferent locations throughout the Central Laborat-ory Area 
and its l;eriphery have been analyzed throughout 1372 on 
a three 5i2il;el.C pC2K ltieck basis for coliforms (bacterial 

COntTJnii:2i.. ion) by Aurora Clinical. Laboratory, Aurora, 
Illinois. Samples of water from the domestic water 
supply in the Vi.llacJe have been analyzed by the State of 
Illinois twice a month during 1972. The high purity 
necessary for drinking has been maintained in the NAL 
domestic y::ater supplies without excessive chlorination 
throughout tllis past year. 

3.4.2 Tests for Yollutants in Waters Leaving the Site --- -.- ---. ---- 

All tllrce creeks carrying wa.i:er off t!>e site (Fig. 2) 
have been analyzed monthly, by I!le2liS of water sa!n!,les 

sent to ih- State of Illinois, for various dissolved 
chenicualr, with good results. Ferry Creek which carries 
0vcrf1.0:~ water off site froi,l the Village osidation 
pond (!!3 in 1’i.g. 2), a holding pond for waste water 

f rem t 1-1 13 V i 1 1 Rg a , has been analyzed every two wez1:s 
since Ju;ie 1972 by Tenco -Iiydro/Acroscit?ncos, Inc. of 

0 1-t. char%..,:;, .c-i linois fc-!r biologiccll osygcn dl:m\nd (DO]>) , 

s 11 s t-1 C' 11 cl::! (1 ::ol.ids and pH w.i-tll results verifying the 
ai?S,!lCC 0.~ UC’~!.~.~J:iOll. 011~ co0plctc analysis of the 



c 
-35- 

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. 

3.4.3 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 Central Laboratory Area will 
be completed in early 1973. The dissolved oxygen level, 

BOD, PH, settled and suspended solids content of the 
Village oxidation pond effluent are determined at the 
pL-cscr.t ti!?!5 3.f 1la.T. h:r an nperator licensed bv the 
State, and results are reported to the Bureau of 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 Plain Ring 
cooling ponds have so far not been much of a problem. 
We have used a little copper sulfate to inhibit algae 
growth. However, it 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. 



,. -36- . 

4. References 

The concentration guides (Maximum Permissible Limits) 
used in the analyses of the water samples were taken from 
the Atomic Energy Commission Manual, Chapter 0524, Annex A, 
Table II, Column 2 (Water in Uncontrolled Areas) and reduced 
by a factor of three as appropriate for a suitable sample of 
exposed population. The smaller of the values given for 
soluble and insoluble forms has been used in each case. The 
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 A77aJ.yses 
of Radionuclides in Water 

Concentration Guide 
Radionuclidc ltCi/ml - - 

3H i x 1o-3 

'Be 6.7 x ITI-' 

2 zria 1 x 1o-5 

4 sea 3 x 1o-6 

' "iln 3.3 x 1o-5 

6Oco 1 x 1o-s 

.Sl,ecified* 
Sensitivity 

IICi/iill --. 

3 x 1o-6 

s x 1.o-7 

3 x 1o-7 

3 x 1o-7 

5 x 1o-B 

1 x 1o-7 

Specified* 
FL-ecision 

. . . 1J c.1,hl ~__- 

3 x 1o-6 

5 x .Lo-7 

3 x 1o-7 

3 x 1o-7 

5 x 10-O 

3. x 1o-7 

* The precision and sensitivity art? stated for the 68% con- 

fidence level (one standard deviation). 
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1. Summary i 
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 
the beam was gradually increased and reached 1012 protons 
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 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 operation'. 
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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. 

2. 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 where 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 
boundary' 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 overestimation, l 

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 CX 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 direction' 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,< decay,and effect of stack height, reduce the 
percentage significantly. Also, future operations 
without beam pipe will be conducted with fans off to 
contain the radioactive gas so that most of the 
radioactivity 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 7 Be 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 Be and its strong chemical affinity with the soil3 
insure that the offsite concentration of this radio- 
nuclide will be negligible. 
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