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Til:Je- regu.ired • per detemitu1 tion: 

2009 DECf.AsstR 
30 oinutes. FD 

Sntealtic error: Dependent upon the colibretlon ot tbe Babcock Sultonn
tion Flask. {Specified less tbon ± l~). 

Precision (99S liI:lits}: Better than ±11'. 

Saaple size: lO cl .. 

2. Ferrous Suli'amte..--Volucetric Deteminotion as P'errous Iron and 
SUltooic Acid. 

Application: Aqueous ferrous sulfoi:iate concentration in the rcnge of 
10 to 800 g./1. coy be determ.ned by this Qethcd. (e.g., RAS Make-up, 
Sulfacic Acid Storage}. 

Description: P'errous iron ond sulJ'o!li.c acid are detercined stepwise. 
The concentration o'f ferrous iron is first obtained volumetrically b;y a 
potentianetrie titration with stnn&lrd potassium penmsngoDDte. The 
percangenete titration is stopped as soon as tbe potentianeter indicctas 
tbtlt the ferrous ion hos all been: oxidized. The auli"aaic acid concentre"P 
tion ot the am:ipl.e is· then determ.ned ( after bee ting the scmple t o ,o0e.) 
by titroting With standard sod1w:i nitrate until the sul.1"e11:JOte ion has 
been conveieted . to sulf'nte • Since ferric iron subdues the potentiOI!letric 
end-point of the pel"l:JDngonate titration and conpletely obscures tbe 
nit.., ite end point, it C1USt be ca:iplemd as it is f'oroed b;y the additiot\ 
ot· :.,hosphoric acid to tbe SQilple prior to titration. 

. . 

Tille required per deteminotion: 6o tlinutes (30 Clinutes tor ferroua iron, 
and .'.lU additiODDl 30 m.nutea 'for suli"acate). 

Systemtic error: Ferrous iron--Approxitlately cinus 101,. 
Sul:fru:rl.c acid--Appro:cf.mt'9ly m.nue '31,. 

Precision <m limits: Ferrous iron--Better than ± ~. 
Sulfamic acid--Better tbon ± 6~. 

Sacple size: Semple should contain from 5 to J_O m.l.ligraos of ferrous 
sul1'emte (e.g., approzimtely O .5 l!ll. ot RAS). 

3. l{ydrogen Ion by Fluoride Conplexipg 

APJ>liootion: The b;ydrogen ion concentration ot aqueous and organic 
solutions ( greater than O .1 g. /1.) ooy be obtained by- this method. Since 
the deteroimitiou hos proven sntistactoey for scoll 6'lllple volumes , it boa 
been selected for use on radioactive solutions such as RAW. This mth,od,. 

. P_, •!: 

,-nthflr tblJn , the potassiuo o:llllate cethod, rather thon the potassium omlate 
mtq.9d, · 1s ueed ~ or solutions containing :ferric iron, since fluoride forma · 

· .... ri 11 tiJh ~t" irot?- complex than the iron-oxalote comple:z. The uroniUJ:1 and 
~ O il) in'terfer~nces ore minimized by the tormct1on of fluoride ca:ipleMs 
when potassium. fluoride is added to the sample. Since chromote is not 
co.,;i;pl~~, · 1ts concentration I:111St be known so tbnt a suitable correction 

A, MY,. be ~ de • 
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Description: The hydrogen . ion concentro.tion 111 determined volumetricall.7 
b7 e potentiometric titration with sodium hydroxide tq on i~action 
point 1n the region ot pll 8 to 9. Potassium nuoride ; 111 added to the 
soaple solution prior to ti tro~iou to compla; iron ond' uranium vhich 
would intertere with tbe determimtion. 

Til!le regUiNd per determinotion: i.., minutes. 

Szstemtic error: AppJ'O.ximltel.y zero to minua ~ , ( estimated) • 

Precision (99f lil:lits): Appro~te~- · :t l g./1. 

Sample size: Method. 1a sec led dovn tor mioro determinotio~. Sc0ple1 
as amll es O .010 ml. may be used . . 

4. llYdr91en Ion by Oselate Coaq,lena,s 

· A:PPlication: 'l'he b;ydrop~ ion concentr.a.t:l..'011 ot both aqueou. and organic 
solutions (greater thou 0.1 g~/1~) mo:, be determined by this method. 
Sinoe the datermimtion require'• 8J11Sll eemple "t'Olume•, 1 t m1 be used on 
rod.ioactive aolutiona. U'l'O·Dium interfere.a with. the method and is ca:i
plexed by odding poteeeium cmilote. . J'or .solutiona such a., Mr and BAW 
contoinicg appreciable phoapbate. 1011. conoentrations, the plloepbate ion 
mu.et be known end a auitoble correot1~ ·mcde since the ~n vhich 1a 
present aa_ BP04 • is not titrated. · 

Description: The. bird,rogen. ion concenttation 1a determ1ned b7 o potentio
mtric ti trfl tiou vi th standard sodium hydroxide to an 1nt-lection. point 
in _the l'flnge ot pH 6 to 7. It u:reuim is present in the &Gmple, 'potaaai
um ·oml.flte 1s added. to mnimae interference. .Weter ie odd.ed to orsamc 
samples oud the potent1cimetr1c· titretion 11 mde on the aqueous pboee 
contt.i1nicg the extracted h1dro&en ion. 

Time required pr determlmtion: Samples containing no 1ntertering ions 
-- 30 min,. · 
Sample•- 0011taiDing interfering ioua 
... 45 min. 

Sntemtic error: ·. ApprOXimately zere to minus ~. 

Preoidon (. liaita): Approximately ± 1 g./1. (J'or samples reqUir
ing approz. .oo, mole N&OB tor neutral1sat1011.) 

5:ti• lise: It the radioactivit7 ot the •aaiue pel'llita, autticient 
a • should be taken to require approzialtely o.oo, mole ot sodium 
b;rdrosid.e tor neutrelizetion. 8-mplee as nail•• O.l ml.. •7 be 
used vith"soiDB (as yet not exactly lmovn) reduction in the preoiaion. 

, • Total 1'1 trate Ion 

Application: . The total mt:rete ion coucentl"llti011 ot all aqueous uranium 
llecoveey Plant solution• m:, be determined b7 thi• metbod. The result 
obtaiDed 11 occaeiomlly used. to determine the total bydropn ioc 
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( associated and dissociated) concentration by cli1terence vbe11 the ceu
ceutratioDB of the other ions (uranium, sodium, phosphate, and sul.hte) 
ere lrnovn. · 

Description: An excess_ ot sulfuric .acid (approx.ilmtely 6 !) is add.ad to 
the sample and the more volatile nitric •cid tormed is distilled under 
vacuum (at 0 .5 ma. mercury in a boiling veter beth) and coilected in. a 
coil iDaereed in a dr,r-ice slueh. The condensate 1s melted, dil u.ted. with 
water, and ti treted vi th standard base to the methyl red end point • · 

Time required per determillation: 30 minutes •. 

Syate1111tic error: ·Appronllll!ltei,- minus· l~. 

Precbion (99~ limit~: For solutions· containing approximately 3 to 6 M 
N03· better than· ±. (It is expected that vith increased experi euce 
with the method the precision may 'be 1mpr0ftd to better than ± o .~) 

Sample size:· · 0.010 to 0.050 ml, 

6. pH Measurement by Ohe.;.Drop Electrode 

APplication~ Tbe ~en. iou concentration at small amounts of rad.i., 
a~tive aqueous solutions may be determined by the one-drop electrode. 
From the determination, the completeness ot neutralization o-t wastes to 
be stored in underground talks may be determined. 

Description: The pH is determined potentiometrically by placing about 
one drop ot sample into tho cup-shaped, one-drop electrode of a Model G 
Beckmann pl{ meter. 

Time required I)er dete1"mination: 15 minutes. 

Systematic error: Dependent upon standards used to calibrate pH meter. 

Precision (99; limits}: ± 0.05 pll UD.1ts. 

Sample size: One drop ( not lees than O .075 ml.), 

7. .Pbospte--Volumetric Method 

A:pplication: Since this method requires a smBll sample volume it 1s 
suitable ~or determiniDg the phosphate concentrations of higb.l.1' radio
active uranium Recovery Plant solutions such as RAF and RAW containing 
from 2 to 50 g. phospbate/l. 

Description: Phosphate ion is ;precipitated as ammonium phospho-molybdate 
:from an aJ1111onium nitrate-nitric acid solution. Tbe filtered and washed 
precipit ate is dissolved in a moesured excess of standard sodium bydro
onde. The excess sodium eydroxide is titrated with standard hirdro
chloric acid to a phenolphthalein end point. 

• ,_ £ ¼I 
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'l'ime requil'ed. R!r determination: 30 minutes. 

Systematic error: Dependent upm. accurac7 ot 1tandard 1olutioD. maa-,..p. 
Probably- lesa thDn 0.1 g./1. 

Precision Cm limits): 'Birt.tad to be between + o.Ji. and. -0~4 g./1 •. 

Sample size: The. aompl.e· cboaen 1bould. oonteiu eipproximtel.1' 0 ., to 1.0 
m1lll&rem of pboapbote. . . . . . . . 

8. Soclium DetmniDed bz tbe Jlcme. S:pectropbotqgeter 

APpl.1cet1on: Aqueoua pbaee 1odium OODCentretiona greate~. tl:lan 0.01 s./1. 
my be determined~ this metl:lod. The concentration ot the eolution must 
be tail'~ well. eetebl1abed (uoept. Na concentration) far the reault 
ob~ined. with tba. sample 1a ocmpered. Vith stead.a~ 1olutiona ot· approd
imiteJ.r tbe same -~µ. campoeition. 

De1oription: An squeoua eolutioll ot sodium Nlt 11 etanise.4 and then 
introduced at a ceretul.ly oontroUed rote into a name where it ia 
18nited givtng ott tbe cboraoteria,tic yellow sodium oolar. 'the intena
ity of light emiaeion at a wnletlSth ot '811, DLillimicrone is maaured 
vith a apeotropbotcmeter ,;ind oaaap1recl with standard aocUum 1olutiona 
meaaund in tbe aame mnner. 

Time required ;ear determimt101u 1, minutes •. 

8Yatematic· error: Approzimately- plus l~. 

Precision (991 11.crf.ta): APJll'OZimatel.1' * l~. 

:ffil• size: A sample aboul.d contain approx:imte]3 O .000, grama ot 
• um. . . 

9 • Sptctrgp:ephic Aaeay ot tr.ronium 

A:pplicetion: The conoentnti~ ot trace 1mpurit1e1 in concentrated 
Ul'l!ln1Ul:l aolutiona (1.a,., :acu, orC011Centrete4 tJJrB aoluti011) or in~ 
moy be detemined by this metl:lod. 

Ccmcentrotiona al 1J:1plr1t1ea in U3oS· aa lov as tbe following m1 
be detected: 

Ag O,l. p.p.m. 

Aa ' B 0,2 
Be 0.1 
Bi 1 
Cd 1 

Co 100 p,p.c. 
er 10 
Cu 20 
K ,0 

Li . ' 

Mg 10 p .. p.m. 

Mn ' 
Mo 20 

ll'o ' N1 10 

P 5 p.p.m. 
Pb ' 
Sb 2 

Sn ' zn · 100 

Deacri:Ption.: The aacple ia ewporeted todrynees, tben beoted to 700 
to Soooc. in tbe iresence ot air to convert OD (or 00)) to U3oS• An 
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aUquot of the U3oS and a smll onount of. pure- galliuc oxide ( two weight 
per cent) are placed inc graphite crater electrode and arced usi ng a 
direct-current source. The spectrw:1 of the gases volEltilized _by- the arc 
is · photographed using o quartz priaa specto~ph ond the concentrations 
ot icpurities are. estimted by viSUlll ca:iporison ot the speetruc with , 
the spectl"Utl of previously prepored standards. Tbe galliuci oxide 
volctillzes during arcing "flushing" volatile impurities troc. tbe U3C>a 
~~~. . . ·_ , . 

Tine . required per deten:iimtion: Elapsed tioe -- 8 hours. 
Operator tice -- 2 hours. 

Syeteg;tic error: Dependent upon accuracy ot, the standards and the 
sensitivity- of tl2e photographic plates; Generclly the systecotic error. 
is less than the lowest detectable coucentration. 

Precision (~ Um.ts):- At the lover l1J:11ts indicated above preci sion of 
approximte :I: l~ ca;y be obtained. At higher concentrations . · ~ -' . 
precisions of + l~ and minus 5()c;, m;y be attained. 

SoJ;w1e size: For a single spectorgrephic· "shot" ( a detert:iination on 
approXialte~ one-third of the spectruci) o mtnUDW:1 of 1.00 oilligrams ~ 
U30R is needed. For o totnl analysis, duplicate determinations over tbe 
entlre spectruc., c m.nitruLl of 600 m.lligrams ot U3oS 1s required. 

10. Sultate Ion -- Volucetric Detemination 

AP,Plic::ition: Since such a small DIJOWlt of <Jultote is required, this 
i;iethod is used tor the detert:iitJtJtion of the sul.fate concentrction of the 
highly radioactive aqueous teed (RAF) and aqueous wste solutions (RAW). 

Description: SulttSte present in the sanple is reduced by a I!liXture ot 
reducing acids (BI and bypopbosphoroua acids) and the eydrogen su1f'ide 
gos formed :fro& the so.mple solution (swept by a streoo of pure nitrogen) 
is absorbed in an amon1actil ·aadcium chloride solution. The sol.ution 
containing the CDdmiw:i sulfide 1s a,ciditied with eydrochloric acid a nd 
the sul.£1de 1.s 0%i.d1zed to sulf'ur by the addition of a ceasured excess 
of standard iodine(O.l ! iodine in KI) • .:1'hc iodine excess is titrated with 
standllrd thiosul.tate using starch indicator • 

. Since nitrotes interfere with the cethod they are initially reCO"V"ed 
os nitrogen or volatile nitrogen oxides by adding :fomio ccid and boiling. 

TiJ:le required per detoroinction: 30 minutes. 

siatecatic error: Approx:fmtel:y Di.nus 2'/o. 

Pr,c1s1ou cm 11n1tsl: Better than ± ~-

So¢11e size: The saople chosen shoul.d contoin opproxi.Dltel.y one to f ive 
J:lilligraoa of sul.fote ion. 

DECLASSIFIED 
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11. 'l'ributzl Phospte ... lly'drol;yais: Method 

ARJ?l.i'cct1on: The concentration of tribut)'l phosphate. (plua DBP) soluble 
in · sl.ightl.7 l'fldioactive · aqueous sol.u.tiOllll . ( e .g·., _RCU, ROW) 1:117· b& deter
mned 1>7 th:11 mthod. Dibutyl. phoapmte, u · preeent in the aqueous 
phase, 1a analyzed TBP. · 

Description: 'l'BP ill Quantitotiwly eztrocted tr00 the s01lple solution 
~th carbon tetrachloride. A iaill otJ01mt ot COllCentra-ted sulfuric, acid 
is added to the · sepu-Gted carbon tetrachloride ... _ TlMJ CCl.4 ie rapidly 
boiled ott, lecvins phoepboric ·ocid ·(:tormed by' the · qdrolyaia ot TBP) in 
the aQUeows reaidue. 1'ezt nitric acid and aa:iouiuc per•ulfote are added 
and the solution is beoted to bo111DS to destroy oiv orgDuic residue. 
Phosphate is precipitated from tbll solution os ommcuium pboepbo-col)'bdote 
upon the addition o:t ammonium nitrote end ml.Jl,date-citrate reesent. The 
solution is filtered and the precipitate is wsbed with aeutrel IQl()3 
solution. Tm precipitate is d1saolftd (see equation below) with o 
QEIQaured "tOluma- of standard IfoOH aDd the ezceas. ?loOB is beck-titrated 
vi th · standerd S:Cl to a pbenolpbtMlein eud point·. 

( 1'lf4} 3 P04 •12 ~ + · 23 llclOB. --+ ll No~04 + 

(JIBJt.)~ + NdlJ4BP04 + 11 ~o 

Time required per deterr:11mtion: 4, J:linutee. 

Systematic error: Appronmatel.7 plus 1~. 

Prec1.11on (ffl limits.): :t 3 to 4;. 

8eml)le size: Dependent upon the TBP concentre~ion in the sample. Saz:i
ple • izee should be chosen, if pcss:ible, ao thot tbs sample containa 
cpproz:l:r:mteq , to 10 m.lligr8aa ct TBP. For on BCU saaple contaiuinc 
approzimtely 0.2 g/rBP/1., 2' ml. ot scmple 11 required. Since tba 
TBP concentration in.MW is expected. ta be leH than 0.01 g.rrBP/1. the 
metb0cl 1s not applicable tor the :RAW. 

1,2. Tribut7l Pboapte -- Introred Metb0cl 

APlllication: Concentrations ot tnbuty-1 pboepbote in uranium recovery 
proce11 solvent above 4~ b7 voluce i::m7 be determined~ thia cethcd. 
Themetbod mo7 be used to detect ver1Ationa _i11 the tributyl pboapmte 
concentrations ot the solvent recycled in the plant. Concentrations ot 
tnm up to , g./1. which my be preaeut in ·Beu do not OPJ:ll"8C1abl.7 ottect 
the method. Nitric acid corrodes the sample-cell vindova and cuat be re
ooved before emlyeia by the addition of an esceaa ot onb_ydroua potn1111iuz:i 
carbomte. The interference ot c.onobut;rl and dibutyl pboaphotea is 
ci.niaized b;y an initial potas81ur:,. corbomte traataent~ 

Description: After reaoving interfering inpuri tiee froD the sample • 
with potassium corbonc. te the clear so.aple ia placed 1n a cell and a 
tixed wve-length in:trered light (approximte.cy- 1031 waves/per CD. or 
9 • 70 morons) ia ps aaed through a known. depth of SGl!lpl.a • The absorption 
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ot the aample -- measured by an in:trared spectometer -- ie camptred 
vi tb. the absorption o-f standard solutions. 

Time required per determination: 20 minutes. 

Systematic error: Dependent upon accuracy ot standard solutions used ' 
in llllking calibration curves and the f'requency. ot cbecldng ot inatrw
ment "clritt" vith standard samples. Over extended operating periods 
the 1pectro.photometer •:r drift as 11111ch as 3 volume per cent TBP. With 
frequent cbecld.ng the systematic error •Y be maintained as lov a s plus 
or minus O.lj·TBP~ 

Precision (99! limits): Better than ~ 0.3~ TBP. 

Sample size: 5 ml. (Volumes as small as 2 ml .. may be used i:t necessar;r) • 

13. Uranium by Chraiious Sulfate Titration 
.. . 

Application: The mathod ma;r be used tor organic or aqueous- phase ~plea 
containing more than one gram o:t mm per liter (e.g., RAF, 241-lilR V~ult). 
Nitrates _inte~ere with the mathod and must be removed by beating ~th 
suUuric- and tol'llic acids. U iron and phospbste are both :pl"esent 1n , 
a L'MUllple the matbod s.bould not· be uaed.. However, the method my be used 
it either iron or pbospmate is present alone. 

Deacr1pt1on: Uranium is determined volumBtrically- by titrating t o the 
potenticaetric end point with standardized cbrOmous aul.tate soluti on. 

Time required per determination: 15 minutes. 

Szatematic error: ApprollDIBtely minua O.". 

Precision· (99' limits): Approxi:mately ± ~-

Sample size: The sample aize is dependent upon. the Ul'fll concentration. 
Sample sizes should, it possible, be chosen so tbat the sample c-ontains 
traa 7 to 15 milligrams ot Ulm. (Appronmately O.l ml. ot BW No. 4 
!Plovsbeet RAF solution.) 

14. U'nnium b;y Coulometric Titration 
._. 

Awlication: This method my be used tor the determination of uranium 
concentrations as lov as l g./1. in aqueous samples. 

Description: The sample and added iron solution are passed through a . 
lead reductor column to reduce the uranium and iron to tbs quedrivalent 
and biwle~t states, respectively. Tbs solution is then placed in a 
coulometer cell and a constant current is passed through the solutiC>U 
until the potentiometer 11break11 is reached. Thia break represent~ t he 
conversion ot all the uranium in the solution to U(VI). The length ot 
tiJ:le tbe current flows before tbs break occm-s is dependent upon the 
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un~Wll canceutrati011. -ot -the sample. Nitrate ion interferes vith the 
method and must first be removed by bo11111g the- sample in the presence 
ot ~branic acid. 

Time required per determination: Approximately- 45 minutes. 

Syatomtic error: A.pproz:lmately- plua 1; •. 

~ec1aion (99J llmita): . Better tblln . : ,; • . 

~,nple aize: The sample chosen ahoUld contain approxilmltely one to ten 
milllsrams of U1"8nium ( approximately O .Ol to O, l ml. of :aw 1'0. 4 Jlow
aheet RAJ' solution). 

15·. Uranium . by the J'luorophotome-ter 

ARJ>lication: The nuoropbotclmater _(alao called "tluorimeter") may be 
ueed to detect_ low uranium concentrationa, tl"ai!l 0 .. 0001 to,; l g.Uim/1: .. , : in 
· both aqueoua and organic samples • 

~acr1Ption:. tJranium caupounda·, vben tuaed vith •odim tlucride, 
uoresce vbeu u:poeed to ultraviolet light, tbs intensity of tluorea-

. c•nae bei11g J;Xr"OportiODal to. the amount of Uftniual° present. A mono-• 
· clu-cmstic ultraviolet light .(365 m1U1microna) ia directed on a care• 

tv.Uy prepared fused sample. The tluoreacent light is filtered, end 
the inteneity ot the DIODOCbrcaat1c fluorescent light (,~~-mill1microu) 
paaaing through the :tiltere 18 meeaured. H1gh. concentra.;1ona ot com
pounds not volatilized during the tueing operation absorb a portion of 
the fluorescent light. (This- effect ia known aa "queMhing_"_.) Since a 
given amount of an interfering compound absorbs a fixed perceutase of 

·.: t}¥t uranium fluorescence the quenching ettect may be determined by mkiEg 
two determim1tiona, the tirat on an unsp1ked portion ot the.- sample and 
tbs second on a l)Ol"tion of the sample a piked vi th a lmown aJ:10Unt of · 
urilnium. 

Time required l!r determimti<xu 4, minutea. 

:ptemBtic error: The tluorol)hotCllli8ter results may 11 '1r1tt" over e:nend-
. OJ)81"8t11lfl periode. '!'he drift 11 enntuall7 detected end the 1natrur:Jem: 
is reset eo thflt there ie very cloee to 1rero eyatematic el"l'Ol". It is felt 
that the drifting my be detected and corrected b7 the time it boa 8J:10Unt• 
od to A~ diacrepenc7. · 

Precision (ffl licit&): Better then :t ~. 

SemPle 1ize i '1'he eccurac:, end precision figures liated oboTe Cl&y be 
obtained. 1t tbe •ample contains from 0.01 to l mcrogrer.i ot tnra. 

l6. 'Oranium Isotopes by the Moaa Spectrograph 

Application: '1'he maH apectroceter ueed for the enol.7811 ot the u-235 
concentration in reco"lered uran1Ulll is suitable for the determination ot 
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a vide range. of U-235:U-238 ratios. HQwever, . it is not advisabl e to ··· · 
band1e on a single instrument samples vhich vaey over e range of iao- · •:: 
topic concentrations exceeding a tev tenths per cent, since in such ~ 
cases., the instrument exibita a "memoey effect'\ whereby- each result 
1.s biased in the direction ot the concentration ot the preceding sample 
(a small portion of the sample remains in the s:,atem). All recovered . · 
Redo% and underground-stored uranium is not expected to vary in 
U-235:U-238 ratio by more tbau a fev tenths ot a per .oant. 

Description: The &ample -containing the uranium (about lg.) is first 
converted to U3oS.; which is in turn converted to uranium hemtluoride 
by &.rting in a tube furnace to about 4oo0 c. with cobalt trifluoride . 
The U1'6 evolved is collected in a nickel condenser in a liquid ni trogen 
bath. The UF6 . is then volatilized and introduced at a controlled rate 
into the sampling system ot the mesa spectrometer where it is directed 
by a slit tbrougll an ionizing chamber. A small fraction of the UP'6 is 
converted to mo,+ ions (masses 330 and 333). These ions are accelerat
ed as they pl88 through plates 'charged with high voltages . . The acceler
ated ions then ptss through the ma1& spectrometer tube along curved 
paths w:ader the influence ot a strong magmtic tield. Because the iso
tope ions ditf'er in mus these curva.d paths diverge so that the tvo 
species UF5 +_ 330 and UJ'5 +-333, are appreciably separated atter p1ssing 
through the tube. They are then collected at suitable electrodes- aud 
the resulting currents are amplified providing a measurement of the 
relative concentrations of the ions. Il'rom the relative ion concentra
tions the U-235:U-238 ratio in the original sample may be caluclated. 

Time required per determination: Elapsed tilD.e -- 2 hours. 
Operator time -- 60 to 90 minutes. 

Systematic error: Although the true value is not known it is beli eved 
to be well within them precision limits. · 

Precision (99! Um1ts): Better tban ± 0 .005~ U-235 in the region of 
natural abundance (U-235 • 0. ~). 

Sample size: The sample should be chosen such that one gram of uranium.: 
is available f'or each analysis. 

17. Urauium by the X-Ray Photometer 

Application: The method is used f'or either organic or aqueous solutions 
(e.g. ~ RCU Sampler, UN Tank, and Tanks X-l and X-2) containing high urm 
concentrations (5 to 1000 g./1.). Since the absorption ot X-rays 
increases veey rapidly with increasing atomic number the sample to be 
&Ml;yzed must contain an appreciable concentration of only one element 
ot high atomic number. 

Description:' X-rays are passed through a fixed depth ot sample solution 
and a portion ot the beem. depending upon the concentration ot high 
atomic number elements in the sample. is absorbed. The same X-rays are 
paaaed through -va~ng known thiclmea• es ot eluminum vhich have been 
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been calibrated agaiDst known standard uraruUlll concentratioaa until the 
ab11orptio11 ot the atum1m111 metche11 the 88lllpl.e absorption. 

Time- reQUired per determimtion: 20 minutee. 

Syatema.tic error: .Minua 1 to plua 1~. 

Precilion Cm limit•) J :t l to ~.-

Sample size: The minimua Wl\ale required. tor routine amlywia Vlll'iee 
,rl,th the uranium-concentration. Solution.e- containing more than 100 g. 
mm/1.- are dilµted to provide enough volume ot , to 100 ,;.TJBB/1. 
solution to till a photometer Ample cell holding 3 ml. Larger cells 
me;r be uaed U autficient sample ia awilable. Three ml. c,t· 1W No. 4 

. J'lovabeet BC'O containing 66 g.UBB/l. is required. 

· · The- results ot the various redioohemicel determinatiOD.1 deeoribed 
in this eection are reported in counta/minute tor methods baaed upon 
beta counting ou a BOO counter and in amperes tor metbDda baaed upon 
Pllll1 countiDg by tbe Shonla1 · Chllmber. Coanrsion ot tba SboDlm Chamber . 
amperes.· ta curies 1a d.iacuaaed in DII,; below •. 

The- counts/minute obtainecl _":J7 beta- counting methodll on-a BGO 
Counterma7 be converted approxi.mltely to "c01mtable" curies b7 
cliTidingb7 the geometr)- Cit tbe counter (approld.mtely' 0.0(,7 on tbs 
second •hf~ O't a mo Counter) and. bJ' tbe curie conversion taotor 
( 3. 7 x l~ disintegrations/( aec. )(curie)) • Further converlion 01' 
the "countable" curies to absolute (or tbeoreticel) curie1 is clia
ci.issed in Cbapter II. 

1. Cerium -- Omlate-Iodate Precipitation Method 

Appllaationi 'l'b8 method ia aui table tor &121' Ul'Bnium. Recovery- Plant 
sample • . 

De1cripti011: Cerium activiey is aepnrated trom otber tiaaiou-product 
actiTities by' two precipitations. Cerium (inclu41118 non-redioactive 
cerium added as a carrier) is tirst precipitated with omlie acid. The 
vaabed oxalate precipitate ia diseolved 1n nitric ocid; the cerium. is 
OZ1d1zed with bramte; and. eerie iodate is precipitated. The separated 
iodate is destroyed vi th omlic acid and cerium is repreeipi teted as the 
oxalate for mowiting aud countiJJg. Since the radioactivity ot the 
preaeod1mtum 'daughter ot cerium· is meo11ured. the JD0U11ted sample muat be 
allowed to stand approximately two hours betore countiJJgto permit the 
cerium-praseodymium transient equ1librium to be reached. Tbe "bard" 
beta rad:lation posaing through El 3,, mg ./11q .cm. aluminum absorber is 
measured on a standard BOO c01mter. Corrections are mde tor the 
carrier recovery which is determined trcm the weight -of the tinel 
oxalate precipitate ofl4. the veight (1f cerium carrier original~ added. 
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.: Time required per determim:ition: 

2019 . -DECLASSIFIED 
40 minutes operator time~ 
2-1/2 hours elcpeed. time. 

Szstemat1c error: (,00 to 5000 counta/mnute) Plus ap_pr0%. l~. 

Precision (99$ limits} : J'or· 500 to 5000 counts /minute, ± l~. 

.. 

SOl!lple size: ll possible , :f'or . the above systemtic error ana precision, 
the somple should be chosen so thDt 500 to 5000 counts/cinute are 
registered on the counter. For an BAJ' saaple prepared fr0t1 2·n""• aged 
waste, the mmlllest accurately measured sot1ple volume (o.oo, J!ll. ) . 
contoina tar core cerium ( 3 x 10:5 counts /mnute) thon required tor . the 
analysis. Consequently tbe semple is ·initially diluted and on aliquot 
is chosen to give the required 500 to 5000 counts /minute • 

2. Cesium -- Chloropl.otinic Acid Method 

API>llcatiou: Radiocesium in all Uranium Recover,- Plant samples may be 
determined by- this method •. 

Descr1:e;1on: Endiocesium .end a carefully measured quantity- o:f' 1mict1ve 
cesium carrier" renli1n in solution when interfering fission products 
are removed by scavenging. with ferric hydroxide termed in the solution. 
Cesium in the supernate is then precipitated as the chlorcplatinote 
tram acid solution. The cesium chloroplatiw.te precipi~te is then 
wshed, ..;-,unted on a weighed brass counting disc, dried, and weighed. 
J'rom the ifftight of cesium chl.oroplotinate the· cesium recovery my be 
calculated. The beta emission ot the radiocesium 11. then determined 
using a stcndard BGO counter. 

Time required per determinot1on: 45 minutes. 

. la .044 -:.i 
. . ...--'. ~.-

Systematic error: Approximately minus l~ above 1000 counts/minute. 

Precision (99! limits}: Above 1000 counts/minute, better than :t lo1,. 

Sample size: · To obtain the systemtic error and precision indicated. 
above the sample should contoin approximotely 1000 to 5000 cesium counts/ 
minute. For an P.AJ' sma.ple prepared trom 2--yr. aged waste, the szmillest 
accurately measured sample volume i { 0 .oo, ml.) contains more cesium 
(5 x 104 counts/minute) tbon required tor the anolysis. Therefore ; the 
somple is ini t1ally- diluted and. on aliquot is chosen to give the re
quired 1000 to 5000 counts /minute. . 

3 • Gr<>H Beta by mo Counter 

APplication: The 000 (Beto-Gamllll-Ot:rner) counter mJJY be uaed for the 
determination o-t total coutoble beta radiation. Gammll rcdintion is 
counted along with beta but 0·,the proportion of SC,DmlQ counts ia generolly 
only- a small fraction of the totol and therefore may be neglected. How
ever, if the gQJlllE counts ore a l.llrge percentage of the total counts, 
the gomllll count must be determined and beta oolculated by d1tfereace. 
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· The counter my also be used tor gross genml . determinoti01$8, but tor most 

routiDS. groae geDIIIO e:nolyses the Sbonlm chamber is used. Only beta · 
rocl18tion capable o'f passing through a 20 mg./aq .cm. aluminum absorber 
(i.e., 0.15-M.e·.v. be-to or abcmt) is counted. • 

Description: The sample 1a pipetted onto a watch glaea, ewporoted to 
dryness and counted on a :000 counter, with a 20 mg./sq ·.cm. aluminum 
obeorber •interposed between the aample and the <1ounter. 

Time required per determimtion:. 45 minutes. 

Precision (991 limits): Apprcw.metel.y :t 4 to~ tor c · :tive-¢nute 
count ,of a se.mple containing 1000 to ,000 counts per minute • 

Semple size: To obtain t.be above precision, the sample size sllould (if 
possible} be such that 1000 to ,000 counts/c.inuto are received b:, the 
counter. (See the discussion ot counting precision at the beginning of 
thi·s chflpter.) OtJe milliliter~ BA:(' solution {prepared trcm 2-yr.-aged 
waste) containa oppro.zialtel:, 2 x loB oounts/m1nute. Theretore, to . 
obtain the desired nur:iber of counts, a small volume (less than O.l ml.) 
is diluted and an aliquot is taken to giva the required nUClber ot counts. 
Obie liter of 0.13 M Olffl RCU solution contains approximetely 2 x 10' beto 
counts /minute • -

4 •. · GroH Gamm by Shonka Chamber 

Apt>licaflon: OroH gmmm radioactivity- my be detercined tor all 
sample• which cont.Bin from o.02 ·to 1000 microcuries of gamm rodiation. 

Description: A. sample ... gzis, liquid, or solid- .. is pleced in 'the well 
ot the iomzotion cbaober. 'l'he_ gomm radiation of the sample ~ssed 
through the inner wall of tmt. cmmber into high pressure argon gos 
surrounding the chDmber :producing 1onizntion ot the gas. The io¢zat1ou 
causes an increase in tbe current ' tloving between on electrode in the 
sea and the ionization chamber well. The current is measured and re
corded using a vibroting .. reed electraoeter and recording potentiometer, 
and my be cQClplred nth. the 1on1zo.tion current produced b:y stcn.dord 

· redium samples. 

TiJ:le required per determination: Less than 10 mnutes. 

Systeaitic orror: The results obtained b7 the Shonka counter are re
ported in te:n:us ot current tl~, or .in tores ot the equivalent c~ies 
of standard rodiuc repl"esented by' the registered current obtained· dur
ing colibroticn. This cethod ot reporting does not give the absolute 
curies (3. 7 x 1010 disintegrations/second) present in the saaple unless 
tbe radiation spectrw:i and the deccy mecbaniSCIII of tho sDilple are 
sinilor to those of the :rodiw:i ston<klrd. Although it is not possible 
to assign exact values for tbe converaion ·ot the reported current to 
absolute curies, the toUoving .are approxiD).te vol~es tor gecca l'Qys 
ot specific c.onochrocotic energies: • 
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I Measured 
Shonka Equivalt)nt Disintegration 

Currenf Radium(b) Per 
(ame} a) Millicuries Second 

Absolut@ Millicuries for Specific Monochromatic Energies 

0.1 M.e.v. 0.2 M.e.v. o.6 M.e.v. 1 .. 0 M.e.v. J.O M.e.v. 

1 X 10-l3 1.7 X 10-5 6.3 X 102 4.9 :x 10-5 4.0 X l0-5 2.1 X l0-5 1.4 X lQ-5 7.6 X 10•6 

l X 10-12 l.7 X io-4 6.3 X lo3 4.9 X 10-lt 4.0 X lQ-4 2.1 X 10-4 1.4 X l0-5 7 ~8 X l0-5. 

1 x 10-ll 1.8 X 10-3 6.6 X 104 5,4 X 10-3 4.0 .Jl 10-3 2.1 X l0-3 1.5 X 10-3 8.1 X 10-4 

l X 10-lO 1.8 X l0-2 6.6 X lo5 5,4 X lQ-2 4.0 X lQ-2 2.2 X lQ-2 1,5 X 10•2 8.3 X 10•3 

l x 10-9 1.9 X lO•l 7.0 X 1o6 5,4 x 10-1 4.2 X 10-l,. 2.2 x 10-l 1.5 X 10-l 8.5 X 10•2 

---------------------------~---------------~----------·-------------------~·----------------------------
(a)6oo volts potential on tbs ionization chamber. 

(b)Elemental radium-226 in equilibriuin v1th daughter elemeuta. 

·1 

~ 

. . ~ 
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Prec1s1onr 11m1t:l: varies vith the gem:na activity ot the sample, 
from :t O. tor 100- croourie samples to approximately l~ for 0 .02-
microeurie samples. 

SqmpJ.e size: Tbs ionization chamber veil vill. hold~ey size. sample up to 
approx:Lmately 40 ml. Bovaver, it possible: the sample size ahculd be · 
selected 10 that the guaa radiation ot the sample is between O.l and 
100 m1orocur1es. One milliliter ot BA:I .solution (prepared trom 2•yeat-
aged vaste-) contaiua appt'OJdmtely 400 miorocuries ot gamma radiation. 
Theretare, an Ul:ld.1luted O .l ml. 'BA7 sample can be measured in a Shonka 
chamber. · 

5. Plutonium -- Direct .Bva;eoration Method 

ApI>lication: Plutonium (plua other alpha emitters such as americium and 
curium) ma7 be determined ~or tboae atNems, both organic and aqueOWt, 
containing little or no uranium (e.g., cribbeble coadeuates). It the 
uranium-to~plutonium ratio ii leH than l x 107 the uranium conoentra• 
tion should be determined and tbs equivalent uranium counta should be 
subtracted hem the result obtained by this met:bod.. The sample should 
be esaentially tree of salts (less than 0.25 mg.) which are ·not volatil
ized when the 18Jnll].e is evaporated to drj'neea, because such ealta ab•orb 
a portion of the plutonium alpbe radiation. 

Doacription: Tbe sample ia tramterred dU'ectl.y' to a platinum disc and 
a IDIBll amount ot lantbBnum fluoride 11 precipitated on the ,disc to in
sure even d;l.atribution ot tba plutonium over the surtace ·ot tbs disc. 
The precipitate is tben e'Vllporeted to dr)'nelB and the sample is counted 
on, ;a standard alpha counter. 

TiM required per determination: 4, minutes. 

Recovery: Appt"QXimllt·ely l~. 

Semple size and mo1e1on: Sample size is depend.ent upon the plutonium 
concentration am tbs precieion reqUired ot the deter:minOtion. For a · 
discuaaion ot . these factors see the lieginning ot the chapter. For ~ 
counting :precision the sample c.b0een sb0uld cont81n su:tt1c1ent plutonium 
(approximately 0.001 microgram) to register approXimfltely 50 alpha counts/ 
~te .. on a staudard ASP counter during a 5 minute countiD4 period. A 2-
m1ll111 ter sample ot condensate ot the cribb11J8 tolerance ( 0-., microgram/ 
liter) contains the neceaaery 50 counts/minute. -

6. Plutonium -- Fluoride Precipitation Method 

APJ)l1cetion: Thia is a rodiocbemicel method which my be used tor the 
determ11;1.0t1on ot Uranium Recovery Plont streams containing relotivel7 
lcrge plutonium concentrations {e.g.~ BAJ, RAW). 

Description: Pu(III) on.cl Pu(IV) Elre aeporoted tran interfering aub
stauces by- "carrJing" the plutonium on a lonthauum fluoride pi-ecipitote 
tormed in tbe sample solution. The preeipi ta te is centrifuged and vo.shed 
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before counting 111 a stendord alpha counter. It the totel amount ·o-r. Pu 
is to be determined by this method, the sample must :t'irst be treated 
with. e reducing egent (BH2<)H•RCl) to convert. the Pu(VI) to a lower 
valence- state. 

· Time reguired per determinotion: 90 minutes·. 

Recovery: 99· to 99-~-

Sample size and F9Cisio11.: Sacple size is dependent upon the plutonium 
concentration and the precision required o:t' the determination. These 
factors are d:iecwssed at the beginning of the cbepter. 7or l to 2 per 
cent counting •precision the eemple size should be regulated. so tmt dur
ing-a 5-minute counting period 3000 to 1,000 counts/mnute (eppro%imetely 
0 .04 to O .2 micrograms o:t' plutonium) are registered 011 the counter·. A 
O .l ml. sample o-r RAJ' may contai u epproximotel.y 1000 plutonium alpha 
eounts/m.uute. . . 

7. Pluton1U1!1 -- Low-Level Plutonium by Fluoride Precipitation 

Applicotion: This l!lethod. is wsed tor the determiuetion ot lov plutonium 
concentretions in the presence ot relatively high uronium concentrations 
( e .g., RCU, Concentrated Olf Solution, U"3) •. The method moy be used tor 
anelyzing organic samples. it a m:mll amount of Bcetone is added to the 
BfUllple to increase its solubility in water. 

Description: An initial lantbonum fluoride precipitatior . is c:iede to 
separate the plutonium :tram the bulk ot the uranium and other 1nterter-
1na ions. The precipitate, which has "corried" the plutonium and a 
slight acount of u.ronium with it, is then :c.etathesized with potassium 
hydroxide to form lonthflnum eyclroxide. Thie La(OH)3 precipitate (and 
the "carried" plutonium} is dissolved with concentrated nitric acid 
aud again treated v1tb Br to tome second lanthanum fluoride precip-
1 tote. The waebed La!'3 18 counted 011 a platinum disc, dried, and count
ed on a standard alpbfl counter. 

Time required per dete:rm:imtion: l.80 minutes. 

:Recovery: ApproxiDltely 9,~. 
Somp1e size and. F9Cision: Soz.iple size ie dependent upon the plutonium 
concentration and tbe precision required o:t' the determination. These 
:tactora are diacuHed at the beginning ot this chapter. Generally only 
tair precision will be required tor t~ee lov-level Pu streams. For 
approximtely 20 per cent counting precision the sample selected should 
register approXia!ltely 4o counts/minute on the standard counter tor a 
5 minute counting period. A 0.02 ml. sample ot RCU containing approx
imtel.y 3 r 10-rg.Pu/liter is required to produce the required 4o Pu 
alpha counts/minute. 

8. Strontium. -- J'uming Nitric Acid Method 

Application: This method is suitable tor all Uranium Recover,y samples. 
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Dea0l'ipti011: · Strontium act1. vi ty is separated .. trom other _tission produqt1 
. b7 a series ot precipitationa .. Strontium (inclu~ng non-radioactive 
strontiua added as can-ier) ia 1'_1ret . lJl"8Cipitated with --sul!uric acid. · · -: 
The precipitate is digested, centrifuged, and ·vaahed lrith veter. The 
SrS04 is nut •tatbeaized to S~. After centrUUg1?1g and vashing the 
precipitate is diseolnd in a smal1 amount of 6 ! BB03. S~ti\ml n1tra1B 
11 precipitated b7 the addition of :i'Uming nitric acid, then centrifuged 
and d188olved in water. Ferric ion is added to the 1olution and a portion 
ot the interfering tiaeiou-product activity 1a carried tr011 solution ·on 
Fe(0B)3- precipitate • . Tbs centrii'uged aupernate 11 heated. and SrC~4 •H2') 
11 preaipitated upon the addition of saturated ammonium. oxalate. The , 
soluti~ 1~ filtered and the precipitate is washed succenively with 
water,.9~ etl:lanol, and ether. The drr, veigbsd precipitate is counted 
ou a 1.tandard BGO counter. lPrCllll the recovery of the inactive carrier 

·added originally and. the radioactivity ot the final _precipitate the 
strontiumrad1oaot1vity in the or181nal sample my be calculated. 

Time required :per determination: l-l/2 hr. 

Recovery: Appro.ximately' Bo;. 

Precision (99! limits}: Better . tm~ :.t ~ (estimated tcr a sample. 
. . contain1ng .,00 to 5000 counts/minute). 

Sam:ple size: For the above s~ted prec:lsi®· and recovery the sample 1Ue 
should be chosen euch that 500 to 5000 beta counts/minute are registered 
on a standard :000 counter. A milliliter ot RAF sample preP'red trcm 
2-yr •. -aged 'lllste contains approximate~ 2 x 107 strontium beta caunts/ 
minute. Theretor~, the sample is. initially' diluted and a au.1ta'.ble 
aliqu~t is taken amlyais. 

9. Ruthenium -- Direct Reduction Method 

Application: Radiorutl::l.enium. lily be determined in. all Uranium Recovery 
samples by this method. 

Description: A known amount ot ina.ct.tve rutmnium can-ier· is added to . 
the sample which 1a ·eubeequentl.7 reduced to ruthenium metal with magnes
ium in a strong hJdrochl.oric acid solut101l. The metal 1a filtered, 
dried, and ve.tsbed.. The "bard" beta em:leeion pasai?Jg through a 35,-q./ 
sq .cm. al,ua1num abaorber 11 measured:. on. a standard. mo counter. The 
effoct of interfering activity ot 1irconium and cerium 1s minimized by 
ad.4i,ng inactive zirconium and cerium "boldbaak" carriers to the sample 
so that on1y a amll percentase ot the radioactive zir.aonium and cerium 
is carried vitb, the ruthenium. J'ran the ruthenium recovery and the beta 
activity ot tbe ruthenium metal the active ruthenium in the orig;t;nal 
sample m7 be calculated. 

Time required per detel"Clinaticn: 30 minutes. 

Recove~: Approximately 101~- tor high counting. rates (lOOO to 7000 
counts minute). AJ)proximately 120; tor low counting rate& (less tban 
1000 counts/minute) • . · 
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Precision (991, limits): :I: 1~. 

' Sample size: 'J'or the above counting precision the sacple sbOuld em.t 
approximately- 1000 to 7000 ruthenium "bard." 'beta counts/¢nute. A 
5-microli tar sample ( the smnJJ est accurtJtely measured sample volUZ!le) of 
RAF· (prepared from 2•yr.•aged veste) cont.Dins the radioectivit;r {a pproxt
mtely- l x _ 1o4 Ru beta counts/minute) required tor the determimti on. 

10. Zirconium -- Barium Fluozirconate Method 

Application: This method may be used tor the determination ot radio
zirconium in ell Uranium Recovery Plant streams. 

Description: An accurately measured quantity ot inactive zirconium 
carrier solution is added to the sample • The sample acidity is ad just
ed with nitric and qdro:t'luoric acids before lanthanum fluoride i s 
precipitated from tbe solution. The lanthanum fluoride scavenges a 
larse portion o~ the radioactive rare-earth elements with it. Bar ium 
nitrate is then added to the separated supernata and barium :tluozirc011-
ete is precipitated. The precipitate is centrifuged, washed with a 
weak BF-Ba(N03)2 solution, and dissolved in boric and nitric aci~. 
Atter inactive niobium "holdback carr~er" has been added to the solution 
to min:1.mlle radioniobium carrying, barium tluozircomte is repreci pit
ated, centrU'uged, washed, dried, weighed, and counted 1n a Shonka 
cbamber. Fraii the zircoµum recovery ( calculated from the weight of the 
dried barium fluozirconate precipitate and the weight of the inact ive 
zirconium added) and the ganaa activity ot the zirconium metal the active 
zirconium in the original sample may be calculated. 

Sulfates present in the BAJ' end BAW samples are precipitated as 
BaS04 when barium tluozirconate is precipitated during the determinat1011 •. 
Rovever, the barium tluozirconate to barium sultate weight ratio i s 
genera~ so great (10 or better) that the barium sulfate weight will 
bllve no signU'1cant ettect on the cbsmical yield reported ror the 
method. 

Time required per determination: 30 to 40 minutes. 

Recovery: Apprmimately l~. 

Precision Cm limits): ApproximPtel;y ± ~. 

Sample size: To attain the a'bove-l!iteted over-ell precision the sample 
should be selected so that the counting precision is within :t 4'. To 
achieve this counting precision 2000 or more gal!IIIS counts/minute are 
registered on the :000 counter tor a ,-m1nute counting period. The re
quired 2000 counts/minute are contained 1n approximately 0.1 ml. of RAJ 
prepared from two-year-aged stored waste • 

Uthe Shonka counter is used tor the determination a current of 
approXimateq l x 10-ll amperes l"epresanti'D8 approximately l x 10- 3 m1111-
cur1es of Zr goDllll!l activity is required to achieve ± ~ counting precisicri. 
One ml. o'f BAJ' prepsred f"rom 2 ... year.oged stored waste provides the requir
ed Zr activit;y. 
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CHAPl'E8 XXI. HEALTH P.BOl'ECTION .FRCM RADIATI~S 

A. llATURI CB RADIATIONS 

Nuolear radiations are invisible and undetectable by the unaided 
semea. • The harmful pqsiolcsical effects ot ezcessive dongee ot nuclear 
radiations make certain protective measures necessary. For a brief reviev• 
of the ~•iologicel ettects O't radiations, the reader is re.tarred to the 
:Redo% Technica,l Manual '(!iw-18700), Chapter XXII • 

. Tba rad1.at1ons emitted b7 materiels in the separation proceHes are 
alpha particles, beta pertiales, and gamma rays. Neutrons are emitted only 
during pile reacticn and no neutron radiation hBZl!mi is encountered in 
separation plants. 

l. Alpha Farticles 

Alpha particles are helium. nuclei o~ mees tour and poaithe charge 
two. They are ejected spontaneously by the nuclei ot uranium and plutonium 
at0118, but not by t188ion•product elements. Because of the large maH and 
cbarge ot the alpha particle its penetrating power is Tel"J' low. J'or e.mmple, 
the alpha particles :f'rom uranium are completely' stopped 'by aboUt l inch ot 
air, 0.001 inch of alumiuum, or 0.0001 inch ot lead. Alpba particle• 
present ati important ban:i i ~ vmn the emi:tter is takeu into the b~. 

2. Beta Perticle1 

Beta perticlea ere test electrons. Thay carry e negative charge ~ 
one unit and are em1 tted vi th energies rarely uceeding 3 M .e . v. Their 
penetrating pcver is ratber'. l~. (2 M.e.v. beta are c0111Pletely stopped b7 
about 23 1"t. ot air or about 1/8 inch of aluminum. Y The beta radiation 
hazard assumes importance onl.7 when tbe observer is · directly exposed to 
the source or vben the emitter is taken into tbe b~. Under exceptiODSl 
circumstances the aecc,Jldary radiation produced upon ab•orption ot 'beta 
1Brticlea ·1n metter (Bremsstrahlung, or "slowing-down radiation"} my else 
represent a bazard. · 

3 • Gamma Rays 

GellDfl rays are electromagnetic rays with wave length r0\J8hly one 
millionth that ot visible light . Unlike clpha and beta particles, SGDIIIB 
radiation bee no definite range in matter but is absorbed expcnentiell.y. 
The intensity of a beam ot2 M.e.v. gamma radiation is reduced ten-f'old 
b;y piasage through 1300 tt. of air, 20 inches of water, 8,5 inches ot 
oonorete, 8 inches of aluminum, or l. 7 inches of load. Reduction of the 
inteuaity of this radiation by e factor ot 100 iti obteined by uaing o 
shield ot 3.4 inches of lead. Although gaDIIDfl rays are leas damaging than 
alpha or beta rodiation, quantity tor quantity, they are a major problem 
because tbsJ penetrate so dee~. 
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B. t.tlllRD'r PJBMISSIBI:3-RADIATION BXPa3URI LIMITS: 

7or 8tl1' aystemtic program ot radiation control it is necesaor;y to 
kn.av precisely wbet quantities and rates of exposure can be permitted. 
The perm1as1ble radiation exp,aure limit is the quontity ot n1diation 

. which a human eon Vithata!2d doy atter day vi thout perceptible doaige to 
the .~. Because ot the leek O'f full, exact knowledge, the permissible 
exp,aure limits at lfentord Work• _are conservatiwly set end trequentl.Y, 
reviewed in the light ot new in:tormotion. 

Jor the current permiasible radiation exposure l1mits 1 ~:rerence is 
made to the Redoz Technicol Manual (BW-18700), Chopter XUI. 

C. MJm!0:00 OJ' MONITCBOO 

In. ·tiddi tion to the deaign provisions tor scfet:r trail radiation, 
notably shielding ond. soteguerd.s agcinat leallag&. ot nul1ooct1Te . 
material, incorporated 1n the design ot the Ur8u1um Beoover., Plant and 
its equi:pa.ent, o thorough. and caisu:int program ot radiation monitoring 
is mintoined Withe View to awiding accidentel overexposure ot personnel. 

Tbe chiet iteme requiring constant ond caretul. monitoring are in• 
eluded in five categcr.ies: (a) opereting oreos ond equipnent; (b) person
nel; (c) vent1~at1on air; (d) stock pa, end (e) environa. 

The following diacuaaio'Q dUtiinos the rodiotion monitoringmethoda 
used. in. connection vith the '01-aruum Recovery Plant. 

l. Mouitoripg ~ - 9i!ratiB15 Areas ond lgui;,ment 

Although the equi~ut oud tac1llt1es provided ore odeqUDte tor 
handling the radioactive prc,ceaa solutions under normal opereting oondi- · 
tious, in the event of operational occidenta or the need to enter any ot 
the equipnent cells or a:ret1a tor inapeotion or nmintenance, it is 
neoesatlr,y that tbs area• andequipnent be surveyed tor the presence ot 
rod1onct1ve meteriol1. In ad41;t1on, surveys of all operating orees ot 
tbe pl.ont ore mode on a routine bceis in order that contominotion can 
be removed, aud rad1ation confined. The tec~quea. of deooutom.notion 
are discussed in Chopter XXIII. 

l.l Health Monitor (BM) stations 

· Fued conitor stations vhich measure ond record. gommo radiation 
(and beto it no shields ore used) levels in tbs uraniUJ:1 recover;y tocil-
1 ties ore loco ted o s f ollovs : · 

221-u Building: (Reference d.X'Qving: s.tc .. 2.6091) ~ · . · 
I , 

Con.yon, ebombera nre placed at Sections l throUgh 19 incluaive 
(odd numbers only}. These ionizotion chambers ore equipped vith shield.a. 
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. Qperot~gclle~, c.bmllbers ere pleced ebove the panel boftrda corre"' 
sponding to t1ons , 7, 9, ll, 13, 16; and 19. There ore no shields on 
tbes~ chru:ibers. · 

Pipe &illerz, chambers ore locoted at Sections- 3} 1, 13, and 19. 

In addition, ionization chambers are located in the SWP c:ba!J8e roan 
and in. the crane cob. A canplete. instollotion consists ot on ionization 
cbDmbsr, loeoted os not~d above, a Beclamln mm amplUier, and a recorder, 
locoted in the dispotcher.",s otfice. • 

224-U Buildipg: 

There ere :l'our ionizotion chombers located. in Building 224-U. Tvc 
ore above the panel boards correspondi!J8 to Cells B and D ond two are 
located in the pipe gpller;y. 

2~1-'-R Diversion Voult: 

There ore: tour ionizotion cbm:lbere locoted adjacent to tbs tenn in 
the 241-WR Voult. It is possible to read the rud1ation: level ot the tanks 
:traD. on instrument located a.t the head· ot the stairs in 241-lm vithOut en
tering au SWP zone • 

241-0 Retention Basin: 

' 
'l'wo semi-porteble ioniza'tioncbambera located on boans are provided 

tc r moni toriDg_ the Detention Basin. 

Bodiotion intensities which cou be detected. reliably are limited by 
the tixed '90lume ot the ionization chamber and by' the Beckmn amplifier, 
which provides au aeneitivitiea perm.ttiJig measurement ot radiation 
intensities :troa 0.03 -asr./ar. to 300 r./br. '1'ba BM instrur:ients are coli~ 
bruted wee.tly by the Badilltion Monitoring Unit. 

1.2 Portable aurvez instrumanta 

Tbe moat caimon part.able survey inetruaeuta -(au in all) are brietl.7 
described 111 Chapter UI o-r the Redoz Techzuco.l Mcumol ( IIW-18700) • 

The value ot Qny rod1at1on survey is dependent on the judgement of the 
surveyor in selecting on instrument, caking the survey, and interpreting 
the data. It quontitative ceosurements are mds, survey inatrw:Jents must 
be used 1n substantially the 8Bt1e anm.er os they were calibrated, With 
regard to alpha measurements, tbs short range ot tbe particles requires 
that the instrument be used ns close as possible to the ar.eo being emm-
1ned and vith no absorber (piper, :t1lm of wter, ate.) between tbe source 
and tbe sensitive elei:ient. 

2. Monitoring of Peraomel 

The aubJect ot moni.tor1ng ot personnel is d1acuaaed. in Chrlpter llI 
ot the Redox Technical Manual under the following subheadings: 
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(a) Special Hazard Bulletins (2.1) 
(b) Personnel exposure monitoring (2,2) 
(c) Monitoring of personnel _leaving _e :Radiation Danger Zone (?-3) 

3. Ventilation Air Monitoring 

A vaeuw;i air soopling systec is i_nstelled at various positions. in . 
the Uraniuc Recovery Plant tor obttiining air saoples. '1'be samples o:( 
air are drown through tilter paper which tilters out and retains par• 
ticulote 1m1tter which vas suspended in the ·air stream. Radioactive 
goses such os xenon 01' krypton 111ss through the tilter paper and are 
therefore not capable of being I?1easured. 

Particulate contaminction collected on tilters is measured by its 
radioactivity. When ashless tilter ;eper is used (Wbotman 41) 1 t lie 

·paper is digested vith acid, and the solution is evaporated to dryness. 
~ad18t1on counts are ta)ren on the solid residue by means of . a Mica 
Window Countor (BGO). When .the socple is taken on asbestos tilter piper 
( Chem.col Qlrfare Service Type 6), the Horizontal Pig Air Sample Counter 
or Mica Window Counter is used for detemining the beta and ·getlllfl activ
ity. Readings ot activity should be mde within an hour otter sompli~! 
It the beta count indicates a high concentration ot beto emitters , add
itional counts are taken to estiI:xlte the hal.f'-life. 

The standard Porallel Plate Chamber or the Lons Toe. Chamber i s used .: 
tor counting the alpha activity- which 1.s emonoted 1'rot1 radon, tboron, 
their daughters, and uranium, Two coun·;s are token, the "six-hour" 
count nnd the "twenty-four-hour" count. J'rom these two counts, the beck
ground due to rad1ooctiv1tiea controlled by the TbB decoy rate can be 
obtained and the activity of the uroni-um can be oclcul.ated. If both 
plutonitlll ond uranitlll ore possibly present in the air, their concentra
tions can be detercined either by chBJ::lieol onal7s1s of the contat11.oot1on 
collected on tbs filter paper:or by renge determinations on the, o. l pba 
J)fll'tieles. llespirat027 ::protection is required i:t the radioactivit ;y 
determ.ned t'.roc an air sample indicate• air oontominDtion in excess of 
one of the :tolloving working limits: 

Fission products (m.zed)-- 1 x l0-9 miorocurie/cu.cD. 
Plutonium----------------- 3 x 10-ll tlicr081'Ct1/cu,0t1. · 
Urnnium------------------- 3 x 10-5 znicrogroQ/cu.co. 

Provision tor air sompling stotion!II in the 221-U :Building be s been 
llilde by extending Soran tubing through ensting spore piping (connectors 
88 and 90) leading trotl the operating gallery into the canyon et Sections 
3 thro'U6h 20 inclusive .. This orrongecent pemits drawing an air sanple 
through one line oud exhausting the filtered air beck into the ca~ 
tbroufJh the other line by ceons ot a portable air sampler pump. 

Building 224-0' is equipped with tour pen::ianent .air sQQple stctions, 
one before the bag filters, two {0110 1n each line) after Bog Filter•.,•
.I-11-1 and X-11-2, and one loocted near the top of' the ezbcust staok. In 
addition, tvo portable units ore provided for obtaining air 80tlplea within 
the bu1ld1IJ8. 
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4.. Stack Gfls Monitoring . DECLASSIFIED 
Air from the Urnuium Recovery Plant (which is exhausted tm-ough 

Ventilation Stack, 291-U) is monitored tor particul.8te activity-. An 
e~ust air sample station is located near the 8%boust duct before it 
enters the sond tilter. tn addition, air saJ:lples aJ7 be ob-t;;o1ned from 
sample l'O?'ta located near the tvo inlets to the sand tilter (duct :tran 
221:..u Building and duct ~ 241:..WR Diversion Vault). 

There are tvo air samplers on the Stack. One is located tour feet 
below the ·top of the Steck, the other about t-wenty- teet obove grade, ?¥tor 
the bottom of .the Stack. 

5 ~ Environs· Moni toripg 

Stations are mBintained both on and oft the proJect by- the Radiation 
Monitoring unit -tor the purpose ot deterinini"D6 the mnount o:t rodioac~ive 
materiala . (-1.e • ,· pm-ti cul.ate matter and iodine) released. into the env1ron
ment b,y operotiona at lllni'ord Works. The distribution of rodiaaateriols 
in .the air, wter; and _earth around the project is mapped on .e monthly' 
'bods, and rediocctivity C80SU;r9menta ot locations outside the projeet are 
recorded. . 
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~ XXII. SHIEil>IBG 

Radioactive f1nion prod.ucta are formed during irradiation ot the 
Ul'l!lnil.lll aluga in the piles. The level ot emitted redioectivity gradually 
48creeae• with time a• discussed in Cbllpter I. Since this redioecthity 

. ~ - harmful to personnel, they 'lllUSt be protected from 1 t by diatance or by 
intenem.JJg shielding •teriala. Aa discussed belov, the vesael wlla 
absorb the alpha and beta radiation, but a con41derable tbiclmH• ot 
ahielding •teriel ia required to reduce the very penetl"l!ltiJ:18 aa- rays . 
toa bal'Ulleaa level. 

Irradiated urenim emits three. p:rincipll. types ot radioactivity: 
alpha and beta particles, which are discussed in Section A, below, and 
ga- rays, or piotona, which are diacusaed in Section B ot this Chapter. 

A. ABSCEPriotf W AtPBA MID S!A PARTICLES 

1. Alpha. :Radiation 

The isotopes ot uranium end some or the tran1urenic elements which 
are fOl'lllld during iffediation -emit alpha psrticlea, which are helium 
nuclei. Dt. to their lerge mess ( can.pared with electrons or photons) and 
double charge, the ion production per unit length ot path (i.e., t.be rate 
ct ener11 absorption by matter through which the particle passes) 11 high. 
Thia mom . that the total energy- ot the particle- ia absorbed 1n l)BP''ling 
through a relethel.y 11111111 amount ot metter, the distance treftled l:eing 
Jmown- aa tbe renge in tbat neterial. For enmple, the_renge ot the i..l.8 
M.e.v. (Million electron volts) alpha particle frcm u236 ia approxi•tely · 
1 inch in air, 0.001 inch in the dead layer ot skin, o.0006 in.ch in almi
ma, and 0.00035 inch in lead. Because of the abow-•ntioned short renga. 
ot alpba 19rt1clea, al::~18 radiation is an important hazard only vben the 
alpha nitter is talmn into the body. No Shielding ta required to protect 
personnel traa external. alpha radiation. 

2. Beta Radiation 

Fi•sion product& em aome ot tbe trenauranic elemnta which are 
f'onied dur1Dg irred1Dt1on, ea well ea sane at the daughter elemnta of 
uran11.11,em1t electrona knovn as beta Jerticle1, or beta reya. Beta 
particles do not produce as •ny ions per unit length of p1th aa alpha 
particles end, therefore, are .1110re panetretiDg than elpba particles 
vhich have the same initiel GMI'U'· l'or onmple, the 2.3 M.a.v. beta 
particle tram either UX2 or RhlCX>-bas a ?'Snge ot appradmltely 2' feet in 
air or 0.1, inch in elUllliD\a. Beta particle• do not noraal.l.y penetrate 
container walls. They conatitute e radiation hazard only vben telmn into 
the body, or when the ind.1-ri.dU!l is exposed directly to the source, such 
•• the expoeed aurtace ot e solution contaiD.UJg beta emitters, or bare 
redioactiw matal. 
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~ 03 DECLASSHD 
B. TBS GAMMA RAY A'lT.llruATION P'RO:SIJIM 

Moat r1se1on products and transuranic olemanta w~ich are formed during 
irradiation, ea well aa moat isotopes ~ urenium and i ta daughter elements,, 
am.it e very penetratins form at rediet1on known aa 801111111 1"f1Y8 ~ Getllllll rays 
are eloctr0111Bgnet1c redintiona, or photons, origirmtins traa a nucleua. 
Ulll.iko alpha end beta particles, gollllll rays have no definite range in 
mattor, but are absorbed. approxillllltely according to an aponentiel law on 
peaai:ca through the material. 'l'he range at samma ray- emrgiea at interest 
in the 200 Araas is :trcm 0.1. to 2 .3 million electron volts (M.e .v .). 

Attenuation ( 1.e., intensity reduction) ot S81IID8 ra,-e •1 be accom
plished by distance, b7 passage through uatter, and by scattering. The 
various attenuation 1119cbanisme are comidered in Chapter Xlll ot the :Redox 
Technical ManU1l, BW-l.8700. · · 

The maximum permissible radiation level for uncontrolled zonea, •uch 
as the operating gallery in 22l~U Building, is O.l mr./hr. (milliroentgens 
per hour) • For controlled zone•, such as the can;von 4eck 1n Buil dillg 
221 .. u, the maximum permiaaible' radiation level is 1 mr./hr. 

The table below lists S-111118 ray- intensities and required attenuation 
factors c~sponding to typical radiation source• in the Uram.um .Recovery 
Plant. . Attenuation fa ctors listed ere those required tor uncontr olled 
ZOMS. 

Source 

GafflJ!ID Re 7: Intens i tz 
Approximl!lte 

Distance, Tank 
to Observer, Ft. 

Intena1ff) R./Hr. 
Attenuation 

!'actor 
BeqUirod 

RAF :reed Tank& 10 1o(b) 
1o{b) 

10, 000 
10, 000 

500 t o 1000 
RAW Waate Beceivara 
101-U Waste Storege 

10 
6 to 10 0.5 to 1.o(c) 

Tank 
U03 Pot 

Notes: -
l · 0.0002 2 

(a) Intensity with no intervening shield. OM roentgen 
ot red1at1on liberates 83.8 erge ot energr in oae 
e;ra'tll of air. 

(b) Computed for material "cooled." tor 2 years. 

(c) Meaaured value, m11terial stored, to 6 years. 

Methods ot calculati.Dg the amount ~ semna rey attenuation a ttained 
by a apeci:tied thickness at sh1eldill6 material are presented 1n Cba~ 
XXII at the Redox Technicel Manual. 
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C. lllWfitlM RECOvUiX PLAm' SHIELDING 

l. Uranium Bemova1 Facilities 
DECLASSIFIED 

Pipe 11nea vhich carry underground vastes f'rom the waste storage tanks 
(and lines which return aupernate for sluicing operations)ere EJncased in 
a concrete• tum.ael with 8-inch-thick sides and a 10-inch. or thiclmr top. 
The- concrete tunnel is covered with earth to a minimum- depth ot about 2-1/2 
teet. · 

. . . 

A min1mml thickness of about 6 feet of earth over the -weste tenka re
duces the .radiation level. to sate limits. 

2. TBP Plant r Building 221~ 

The 221-U Building ves origimlly designed to house a bismuth phos
phate (plutonium extraction) plant; consequently, shielding in· the building 
is ot ms&1"'18 construction.. In genora:l., shielding was des1gne4 ao that 
the ~-ray dosage rate received in 8?JY populated area wea less than 
abo~ O.l rrrr./hr. when a· bucket ot "cooled" uranium slugs was present 1n 
the building. This amount gr shielding 1s greater than thet ~rod tor 
tbe 'l'BP Plant, aince the feed atreen tor the TBP process (aged underground 
wastes) will emit much leaa intense- rediatian (epproximatcl.y 200-f'old less 
radiaticm intenaity ·for waste eged 2 yeara tbsn for mtorial. aged obly' 40 
day~). • 

The wall ot the canson (221-U l3uilding) -,n the side opposite the 
operetinEJ gallory 1a not lesa tban. rive feet ·:.h.ick tram the ground up to 
a . height '1, 26 feet ebo~e the canyon deck lovel. The walls on. both sides 
of the canyon taper from a tbiclmeH ot 3 feet et this point to 4 feet 
at the root, and the ~, tar structural roaeons, tepors from a thickness 
er- 4 teetat the aides to 3 feet at the center. On the operating gallery 
aide ot the canyon, the outside building wall is 3 feet thick trot:i the 
ground to the crane ca~•:ay, where it is 5 feet thick up to 26 teet above 
the canyon deck level. The lover part ot tho woll shields porscnmel out
•1de the building ar in adjacent buildings froc direct gat:Dl radiation 
at times when ''hot" procesa solution is present in the canyon. The upper 
part at the wall and the rOO't elim.nate "sq shine" or radiation scettored 
rrom. the a1r above the c&1J10D, which would otherwise produce a hazard 1n 
tbe neighborhood ar the building. 

The various process wesels are located 1n a row of cells which . ore 
sunk below deck level and nomally shielded by concrete cell co..ers 6 teet 
thick. Each cell cover is built up at tour concroto blocks . to tacil1tcte 
bandling. Tho recess into which tho cover fits .hos stepped_ sides;, and 
the adJoining faces ot the individual blocks era. e.lso stepped· to elioi.Date 

. :mrrow beaca of l'Bdiation vhich otherwise would oacape troci the cella • 
JIEceptions to the above etetetients occur in the concentretor cells (11, 
.13, 15 17, end 19) and in the two cells con1:i, ining -the two M Colucms ( 34 
ttal JBJ. Cell covers for the · concentrctor cell• are 2-1/2 f'eet in thick
:m•- in order to provide 'l:lOrC height within the cells. This thicknsH of 

..,., ,,, concrete is sufficient to reduce gatU'l rndiotion ·to a a,xim:IJ:l fll-luo ot 
~ -the cell cover blocks~ The two cells conta1n.1Dg 'the two 
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RA Columns have a raised cover block, 11dog-house", which 1S two f eet 1n 
thickneH and the top of which is four and a halt feet above the canyon 
deck. The raised cover blocks allow autf'icient heed--room tor the RA 
Columns. 

Radioecti ve solutions are trenaf'erred fra:i one cell to another by 
way of a pil)e trench rumling the length of the canyon. The pipe t rench 
is covered by stepped concrete covera 11 2 feet thick, ait:lilar to those used 
on the cells. Significant aaounta of radiation are present in the ceeyon 
only when the covus have been remved. from cells or the pipe trench. At 
all other times the canyon my be entered tor the purpo•e ot tald.ng saaplea 
or maintaining such equiJ;Dent as 11 acceHible. · 

labyrinths in the 5-toot concrete wall on the pipe trench Biele of 
the canyon :provide access to the deck. The labyrinth walls are 5 feet 
thick as far ea the second bend. Fron this point to the outside entrance 
the 1ntensi ty of the scattered radiation is low enough so that walls l 
foot thick are adeqlllllte. 

The wall which lhields the various galleries ii 9 teet thick opposite 
the pipe gallery and 7 feet thick opposite the operating &1llel'J'. Thia 
thickness of concrete is sufficient to attenuate gaa::a intensity well be
low 0.1 nr./hr.,which 1a the perr:Lissible upl)er l1ait tor an uncontrolled 
zone. Pipes which run through these walls are curved to tiinimze radiation 
leakage. The pi];)G gellel'J' handles only non-.radioecti ve material.a ( redio
acti ve process solutions •re transforred 1n the pipe trench on the ~other 
side ot tho canyon), ane. tho piping 1• designed to m1ni1'l:1ze the -chance ot 
sucking radioactive solu1 ions back into the pipe gallery. The few suck
backs that have occurred in biBOUth phosphate plant operation baw been 
procpt].y detected and recedied, The roof ot the oporat1ng sallery,: which 
also fores the floor of the crene cabway, ia 4 teet thick. Thia thiclmeas 
is core than adequate 1:mssnuch as this :floor is ezpoaed only to rediation 
which baa been scattered froc tlw ceeyon ceiling. The cebway is entered 
through a row ot labyrinths on the operating gellal'J' side ot the bui.ldi:cg. 

The crane ceb is shielded fra:i cl1rect gea:m radiation by the concrete 
parepet behind which it rUDB. Protection age wt scettere4 radiat ion is 
attorded by the steel shielding of the cab, which is 4 .. 1/2 inches thick 
on the top and upper 19rt of the aides, 3 inchol thick on the lower pert 
ot the aides, and 1-1/2 inches thick on the botton. The cab 18 entered 
through stool doors 3 inchoa · thick. Steel is used in this structure 
rather than lead because of the danaer that lead tli8ht eventually sag and 
open up erev1ces through the lhield. 

Secpling devices are located in boxes shielded. with 4 inches ot l,eed 
and au:ik flush with the canyon deck level. 

Icnizatlon chanbere which indicate the activity ot procee&.,,aolutiona 
ere located in wells which run rroci deck level down to the level ot the 
proceaa veseela. These wells are plugged to atop the radiation acatte"d 
up the tube. 
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J. tJ'ranium Conversion Plant, Building 224-U 

The very lov level ct radioactivity associated with the uraniuc pro
cessed in the 224-U Building does not reqUire an;, special shielding tor 
radiation protection ot personnel. However, the level ot ga'CEl!l radiation 
intenaity f'J'Ol:l ' equip:aent within tbe building is calculated to be between 
0.1 and 1 r:sr./hr. with the exception ot the U03 shipping druos, which have 

- a surtace 1nteu1ty of ca. 2.7 r:rr./hr.; therefore, it is necessary to claaa 
the area as· a controlled zone . 

In U03 etorage facilities outside the 221~-U Building gm::DI radiation 
intensities my be in excess of l r:rr. /hr. ( up to about 5 rr. /hr. ) , but 
personnel will not ordinarily be required to work 1n those areas, e2:cept 
for appropriately short periods. 
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CBAP1'E8 Jaill. DECOlfrAMINATIQlf at~ 

~7ASSIFIEO 
l. General 

Surftce dec~miDlltion will tind application in the Uranium Recovery 
Plant tor the remoftl at radioect1v1t7 frail operatilJg equipaent am workiDg 
areas in ordff tbat perammel ilay a~ch tbe' equipaent to -.lre neceuary 
atntemnce cbanges. The total radicectivit7 per ton of urani\11. entering 
the plant vill be lesatbiln thi!t' entering' the Redo% Plant by a factor o-r 
ai,prozuiately 20 to loo. · . Tha activity will be present in the teed prep1ra
tion, BA Column, and veete undUng cells. Approximately ~ at the 
ra41cectivity will be umoved with ~ RAW. For 110et aintenance work -it 
will be neceaaa17 to remove equipaent trca the areas aaaaciated with the 
proceee ateps preceding tba BC. Colmn ~cauae at the high degree at con-

. tam:I.Datian preaent. ·. The. radiation 1.ntemity in .areas and. equipment auoci-
. . ated with proce•e atepii subsequent to tbia point, although. designed to~ 

remote handling and •1.nteiance, •i poa•ibly be reduced to a point per
.Dlitting periBmmel to· work on the equipnant. 1n place under SWP (Special 
Work Permit) conditiona • . ' . . . 

Th-, decontalll1Dllt1on at process equi:pment resolves- it1el:t eaee?itially 
_to the problem ot· 1emowl cir redioeotivit:, from atainleae at.eel. 'l'he 
structural and S\lPl)Ot"ting elements ot the plant are tabriceted al.moat 
sole~ :!1'011 concrete and 111114 st:eel. Theae are eztremely dif'ficult, ~ 
not illlpoasi.ble·, to decontaainate. Within the plant, all non-eta:lDleH 

· steel elements have been protected with Amarccat 23, 33, or 5,. These 
prote~tive ccatiJJp' ahov: good ~ -191.tance to proceaa chemical.I -~ pro
hibit wetting at the structural elemnts vith contemi:aanta. The uae ot 
protecthe coatings al.80· perllits the enaplo,ment ~ chemical reagents for 
decantamiDlltion purposes which might otherwise attack tbe unprotected 
eurtacea. · 

. ~ccmtmaiDltion at the. aurhce• . ot ~paent and structUftl elements 
in the Urenim Recowry Plant will neceenrily be performed on tbe beais 
o-t empirical procedure• which result. traa movledge obtainld at HaDf'ori 
Worka in plant practice and laboratory etudiea, and tree experience at 
Oak lt"idge lllltioml Iaborat0r7 (O.Jt.lf.L.) 1D eemiworlca and pilot plant 
studiea. The' WM»ful.Deas and feasibility ot decontamination ball been 
demonstrated at these sites. 

Previoua~-developed decontamination techniques hew satisfied 
speci~ic eonditiona but v1U not necee•aril.y constitute optinn.a procedure• 
for the Tlram.l.lD Recover)' Plant. For 9D11Ple, nitric acld 1a • widely used 
reagent which could give untawrable result• under same circumatancea be
cause ot ita etching action . an staiDleaa ateel. Similarly, •~ otber 
reagent• haw been reported to be effective 1n the remo•l ot radioactt:n.ty, 
but the effects ~ their repoated use on the eurtace boins trcetod have- not 
boen e• tablishod. 
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1 .:: 

2. Terminology 

The -procedure of decontamimtion baa given rise _ 'to the use (jf cer
tain special terms and concepts. 

_ The term decontemimtion ia used to designate the removal or rad1o
act1 ve chemical elements tran solid surtaoea. 

Contaminants are the radioactiw elements present on the solid 
surface. 

' ":.,... .. 
, ,Jt 
··. ; '.c1,; t 
"Y"_., .. ' ~--~ .. 

"~tr; . -;;:,? : 
Mechanism ot contamimltion 11 the means whereby the radioactive 

ele11lents are trensterrad to and f'ind' to the solid 1urtace. · ., :_; , 

Decontamination methods are the meena utilized to remo'99 the radio
active elements. TheT may be generally claaaif1ed aa (a) pbyaical -· 
total or :partial remowl (jf the contaminated eurtace; (b) chemical -
reaction vith the redioective elements or the larser ass ~ the aaaoa1. 
ated non-radioactive mteriala to convert to, a soluble or extractable 
condition; and (c} pbysico-chem:tcal -- suspension by aurtace aotive agents. 

B. APPLICATION TO UBANIUM RECOVE8Y PIANl' 

. _: .1 

·. '."" . 

.. .. . .-·s~·. 
l. Factors Iil:tl'-leno!!if Decontamination .}l~,:: 

· Bece.use ~ the eillU.larity- 1n process and design characteriatica ?ff 
between the Redox and Unnium. Recovery Plant, tblt factors intluencing ·.\ ·-
decontam1nation of aurtaces are easontially the same tor bath plants. 
These tactors are. discuased in· the Redox Technicel Manual, Chapter XXIII, 
BW-18700. <({ 

2. Provisions tor Application of Decontamination Procedures 

2'.l.. Protect1w coet1np or sheathing 

Struc'tnral. elements 1n the plant ha"98 been protected vi th a chemical.17 
reaiatant coating auch aa A111Brc011t 23',, 33, or 55. Therllllily 1Daulated 
equipnent in the neporatcr and c'oncentrator cells has been aheatbed 1n 
thin, ·aheet 1tainleaa' l'teel to protect the inau1-t1on t1'Clll radioactive 
•olution.e. 'l'hia type. or- conatructicm. will :tacilitate removal at the gross-

- rect1oa·ctiv1t,- by ainple- •ter tluahing. · · · 

2 .2 Mater1ala or conatruction 

:·0 ...... 

: . ·': 

.. ::t · 
·{;,1~.-

Proc:eea equipnt. norr:a-Uy vetted b7 procea• 1oluticma baa been tab- ._, _ ,. 
riceted al:.loat eu~irely ot staillleae at.eel. Soce important but relatiffl.X'1 :..} 

all elnenta utilize- Btellite-and Tetl.cm. All ~ theae material.a haft . /:' 
•·meptibmllly- gcod _reaiirtanoe tc> ohe!!liCAl at.tank and flre expeot.ad· t.o be ·,_-_, 
dacGAtemm'ble ... · · __ ,._, -.. : _ _, _ __ _- · · ; 
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Proceae aquipnent desisn utilizes dra1nabl.e and tlusbable surfaces. 

for all components nol"l!Jl!llly- in contact with proceae solutions. The 
process equipnent a-lso incorporates labyrinth-type seals tor centrUuge 
and agitator ~ts which, in conjunction with the vent header systec, 
etf'ectively prevent· mJor contat11.nation ot the ·ezterior surfaces of the 
process systen. 

The process equipaent components (tankB, linea, pumps, etc.) of the 
UNJJil.11ll Becovery Plant are fabricated alrlost entire4' from the 300 series 
~ chrome-niclml stainless steel.a. The specific type employed bas been 
chosen on the basis ar corrosion reeistance and the type of fabrication 
permissible. 

Decontamination of stainless steel is achieved by empirically devel
oped procedures which involve no disti nct ::.cn between the se"f'81"81 types 
ot 300-aeries steels. 

This contalllination of stainless steel can be placed in tour categories: 
(a) alpha contelDimlnts on internal surfaces, (b) alpha· contaminants on ex
ternal surfaces, ( c) beta and/or ga11111a contaminants on internal surfaces, 
(dt, beta and/or gamma contaminants on external S"ttrtaces. The procedures 
which my be emplo~d for decontaminating sta inleas steels falling into 
the above categories are described in .the Redox Technical Manual, Chapter 
.XIIIl, BW .. 18700. 

D. arDB MATDIALS OJ' ConerRUt'TIOR 

1. Iron and carbon Steel 

Iron and carbon steel have been employed :for machine and structural 
elements· ( e .g., electric motors, jumper braces) which are · not normally 
wetted b1 proceaa aol.u.tiona. Ae · installed, these elements are protected 
by a chemicall:, resistant coating., Amercoat 23, 33, or 55. Experience 
vith decontalliDation of unprotected iron or steel has been genarally un
favorable • The Bedoz Teclmi.cal Manual, Chapter XXIII, RW-18700, diecuaeea 
tb8 problems involved in decontaminating unprotected iron and carbon steel. 
Complete remo..al of tbe contaminated piece, U poaeible, appeartt to be the 
1110st practical solution to the pr ,~lot:1. 

2. Concrete 

Concrete, in the absence ot a protective aurt'ace coatine, retains 
contamimnta. Chemical or pbyaico-chomical reagents have not been ettec
tive in removing either cbellically ti.zed or physically adsorbed radio
activity-. The Uranium Becoirery- Plant baa been designed and constructed 
on the baaia that concrete ~eces v111 always be protected by a chemi· 

:t coating (A111ercoet 23 or 33 1n the cells and pita in vhich 
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only aqueous process solutions occur and Amercoet 55 ih the cells which 
may be exposed to solvent solutions). In the event of contamination 
which penetrates through: to the concrete base material, only two courses 
appear practical: (a) physical removal or the contaminated surtece, or 
(b.) shielding of contami.nsted concrete surfaces to permit necessary work 
in· the immediate area of contamination. 

3." Other Materials 

Decontamination mathod8 f'or glass, lucite,., and wood are discuased in 
the Redo% Technical Manual., Chapter XXIII, RW-18700. 

E. PRorEcrIVE COATINOS 

The surfaces embraced by this cl.essi:fioation are second in impor
tance only to the stainless steels, since the other principal materials 
of construction tor radioactive zones (concrete, iron, and mild steel) 
do not general~ lend the11111elvee to decontamimtion by treetmnt with 
chemicals. Tberetore, to permit decontamimtion ot the•e essential 
materials ot construction, they must be protected vith a surface tilm. 

1. Requirements and <Jomponents of a Protective Coet!116 

The Redm Technical Manual, Chapter XXIII, RW-l.8700, contai.nB a 
description of the gemral requirements and the components at a protective
coeting. 

2 • Deccmtamimnts 

Since the protective films are the only barrier to easentiall.J perDll
nent contamination ot the beae materia.ls, it is important to use a decon
tamimnt which vill iDtlict the mini.mln damage to the coeti13g. Highly 
reactive mteriala such as nitric acid, chraaic acid, or caustic soda 
should be uaed onl.7 as a lest resort. The· following agents, listed 1n 

. order ot ~•ranee, haw been f'ound to be e:tfecthe in removing beta and 
gaumm contammtion hall coated ~aces , 'rhe ettectiveneas ot the de
contaminanta in removing alpha contamination is not lmavn~ 

~ 

(a) Veraene 

(b) Acidic solution. 

(c) lfeutrel solution 

(d) Water 

(e) Detergent aoluttona 

Composition 

~ Versene, ~ Triton, pH 8-9. 

0.3 M citric acid, O.l~ Aeroeol O.T. , 
0.5 ! BCl. 

2.~ triaoclium citrate, O.'Z/, Aerosol 
O.T., ]iii 7.0:tO.l. 
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(t) !Mti)4 .iraBS03. This requires direct manuel application er a 1 to 
2 per cent 1MD04 solution tor a five-minute period tallowed by 
•crubbiag vith a . 10 per cent •olution ot NaJIS03' and, timll.y, 
vi pug or v111hillg vi th vatar. 

Table UllI-l shows tbe CC11J11ret1ve et:rect1veneae at the tirat tow 
recamnemed decontallinating agents :ln NIIMing a contalllimting solution 
prepared by dissol'Yillg an O.B.J.t. slug "coolecl" 3 yeara. 

3. UreD11a RecOTery Plant Protect1 ve Coetil.18• 

The proteatiw coetinge amployed in the uran1-um ReCOftl"Y' Plant tor 
applic:atton on steel aDd concrete 1ur:tacea ere Amercoet No. a3 and "' and, 
to a leaaer extent, Amercoet lfo. 33. The Amarcoeta are mnutaatured by 
the AJDarcoet D1T1s1an ot tbe American Pipe and construction Camp1ny. 

Amerooet Bo. 23 1•• thrff-campo!lent vt.n:Yl chloride base reain coat
ing, 0ou1at1ng ot • primll, bocbj and seal coat. Application O\fel' en•tina 
Amercoat lfo. 23 vill be ac.caapl.iabed by applying one pr1me coat, tvo body 

_ ooa:ta, am two 8Nl coeta, except where the exiating coating requirea 
· · · J1Btching. In this ceae it 1• easential to build up all brolmn area• with 

tha· ongiml maber er coeta. Amercoet No. 23 ia not resistant to the 
proce1• •olwnt (tributyl phoapblte in • ·~drocerbon diluent) am ia apeai

. tied tor use in D0Ji-1olvent areaa · ~-

Amerooat lo. 33 1a a aingle-oompomnt. tinish applied with • mim.lllUIII 
· ot three. coats . The beae redn is polyv~l chloride • The finish haa 
eaaentially the aeme ohemcal and abraaion re1istance as Allercoat lo. 23 
but 1• not 1\11 table tor prolonged imlleraion in aqueoua solutiona. Amercoat 
No. 33 1• UNd only 1n thoae areas vhich are 1ubJect to w1tttns onl.7 by 
splaahing or- which ere accessible to operating personml tor i,..diate 
tlushiJlg,. 

Amerooat. lo.,, ia a three-ccmpotient tinisb consisting of priml, 
~:, am seal coats. The baae re• in 11 po~l chlorida. Thi aoating 
is t01'11Ulated 10 that it baa better reaiatance to concentreted (6~) nitric 
acid thai;l either Amlrcoet No. 23 or l.'fo. 33 •. In addition Amercoat No. ,, 
poeaeHea- reaistance to the proceH solvent (hydrocarbon and tributyl 
pboapbate) and 1• employed to coat concrete and milcl steel 1n the zOM& 
1ubJected to aolwnt wetting. 

4. PolJ9;t&lene am Strilpble Coatincs 

Although polye--lene (sheet or tl.Dme sprayed) and etripptble coetiDge 
will not be employed in the Uranium. Reco"8J7 Plant, the adwnteges at theae 
coatings render tbeil" uae 4eaireble 111 certain applicationa. The coatings 
are discuasod in detail in the Bedox Technical Manual, Chapter UIII, 
BW-l.8700. 

~ 
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F. SXIB 

Skin decontamimtion is especially important because at the danger 
ot the entrance ot contamimnts into the body", either orally or through 
skin breaks. 

The ease at skin decontamination varies considerably among i ndivi
duals and is largely dependent on the original condition ot the s kin. In 
ell cases "Where a rough outer- layer ot skin is present, decontamination 
ts more dUticult until this outer layer is removed and the skin s~ace 
18 polJiehed. 

Methods tor akin decontamimtion are discussed in the Redox Technical 
Manual, Chapter XXIII, BW-18700. 

G. CWrHING 

In those areas within the separation plent .where there is a b!zard 
ot persormel contaminetion with radioactive moUrials, all persona 
entering are required to weer coveralls, shoe covers or overshoes, cape, 
and gloves es e protection ageinst contominetion ot skin end street 
clothing. In addition to these items, towels, socks, undergerm.ents,and 
shoes are furnished "Where required. I.eundering ond monitoring at the 
plant issue items are discussed in detail in the Redox Technical Manual, 
Chapter XXIII, mt-18700, 
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FIGLAE DJl-1 
DECONTAMINATION CF · SELECTED MATERIALS WITH VARIOUS. 
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· PARTV~ SAFETY, continued 
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l. Physical Properties ot Solvent (RAX) ••••.••.••.•.•.••.••• 
1.1 .Det1ni tions • .•........................•.....•.. -..... . 
1.2 TBP •••••••••••••••••• • •••• , •. •, •••• • • • • • • • • • • • • • • • • • 
1.3 Diluent and solvent (RAX) •••.•••• , .................... . 

2 • . Location and Extent ot Solvent Bendling Hazard ••••••••••• 
3 .. Plnnt· Pl-eceut1ons· •.••.•...•••••..•••• ..•••..••• , .•••..•..••• 

3·:•-l Electrical equi]:Zlent . ................................. . 
3.2 Venting and ventilation .............................. ·• 

4 •. Cb.el:11cal. Stab1l1 ty- ot Sol vent ••.••••••••••••••••••••••••.•• 

PHISIOLOOICAL EFFECTS 011 P.ROCICSS. CHEMICALS ••. • •••••••••••••••.• 

l, '?BP ••••••••••••••••••••.••••••••••.•.••••••••••••••••••••• 
2 . Diluent ..•.•••... r ••••• , ••••••••••••••••••••• . • , ••••••••• 
l • Nitric Acid . •......... _ •...•...•••.....•.•.•.•.. , ..•....•.... 
4 • Clz:ides _ ot Ni 'tr.ogen-. , ....................................... . 
5 • Soditu:1 H1'drox1de ................... ,-•••••••••.•••••••••••••• 
6. Ul'aniUD, Plutoniuz:i., and Rod.iooctive Jission Products ••••• 
7·. Other Process Cbetlico.ls ••••••.•••.•••••••• •·• •••••••••••••• 
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- DECLASSIFIED 

The extensive use ot an orpnic solvent iu tbe 'l'l3P Plnnt introduces 
e potential btlzord due to the f'la1111111bility •f the solvent. Seteguarda 
egsinat the poaaibility ot c fire or explosion heve. been an ilaportent 
oonsideretion in pzoocesa end plant '1ea1gn. Careful selection of a 
solvent and proper design ot equipnant have resulted in a pl.out which 
ma7 be operated safely. 

The solvent (RAX) is a solution ot tributyl phospbEte ('?BP) i n a 
~ooorbon diluent of the kerosene cl.a BS. While both ccmponents are 
oombuatible, their relativel.7 lov volatilities and high tleah points 
essentially preclude the possibility ot tire or ezploaion under the 
conditions .at their use. ,Or inatance , explosive mixture• ot diluent 
wpor end air are not formed unleas. tlle diluent is heoted well above . 
uorml cell tempereiturea; tor TBP en even higher temperature is neces
sary. Those portiona ot the process which involve solvent are operated 
ot low temperatures and are locoted in cells where· no solutiona ore be
ing heated. Vapors liberated by the solvent are contained within proceea 
vessels or dischorged to the outside atmosphere by the ventilation 
system. 

The n.eture and enent ot the tire ond explosion hazard, 01 well es 
the plant design . teoturea and operoting proct.ices to elimiDote the 
bDzerd, ore discuss&d in this chepter. 

l. Ph.yeical Properties of' Solvent (RAX) 

1.1 Definitions 

The relative bozerd ot a tloD111Dble liquid 'IDllY be predicted :trom a 
knowledge of wlues tor certain ot its pbyaictil properties. The sigDit
icant ~aical properties ore defined below. 

Flesh point is the loveat temperature at vhi_ch. au:tticient vnpors 
are given off by a liquid to torm :tl.6D11111Jble vepor-air mixtures 
ccpable of ignition by an open flame. Whereas other properties 
ore toctors in determining tloD111Dbility of liquid.a, tlaah point . 
is the principal indicctiou of the hazard. J'l.aeh point deter• 
minetions my be made in either closed-cup or open-cup apparatus. 
The results tram the latter are ottvcted b7cond1tions of the 
roan atmosphere ond ore usually severol degrees higher than 
closed-cup tla sh points • 

Lover explosive limit (L.J .L. )is the lowest percentcge, by volume, 
ot .flmnl'tue.: vepor in oir in vbich tlome propogotion can occur~ 

Um,or gzplosive limit (U.ll:.L. )is the highest percentage, by volume, 
ble vepor in oir in which tlmae. propagation c:en OC(;ur. 

DECLASSIFIED -
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Vapor-air mixtures outside the lower or upper explosive 

11.mits, respectively, are saicl to be too.lean or too rich to 
support combustion. Fleshes ot flame will appear, but the f'lcme 
will not propagate at on explosive rate. 

Ignition tc:mpertlture is the lowest tet:ipercture ot which a tlom
meble gos or wpor iguites spontoneously without the a,ppl10!lt1on 
ot visible means of ignition, 

Fire Point is the lowest temperoture at which o liquid vill give 
of~ wpor sufficient for burni?Jg continuously when once ignited. 

Tributyl" phosphate , abbreviated· Tl3F, is a colorless , odorless, 
organic liquid boving a viscosity ot 3.3 centipoiaes ot room tel:lpero-

-· ~ure , and· o flash point s:IJ:ulor to glycerine. It is used cOJ:Derciolly 
as a plastioizer tor lacquers~ The pt'Operties ot TBP relative to its 
flammability are as follows: 

Vbpor ~easure (25°c.) -- approximltely- 0.002 t:Ull.Rg (l2 ) 
(100°c',) -- o~x~tely o .25 m.Bg 

Flash point (closed-cup) -- 295°F, (12} 

Due to the high tlosh point of Tl3P, no fire or explosion hczord arises 
trom :lta use. 

l,3 Diluent and solvent (RAX) 

The diluent for TBP is a eydroccrbon liquid vhose oppearonce and 
phy's1cal properties ere those ot a highly refined kerosene. Any one of 
several commerciall7 produced solvents, possessing siiililor chemical 
and peyaieal properties, I:lflY bE) used. A complete discussion of proper
ties ot tn,1cal diluents is included in Chllpter IV. 

In the ret1n1Dg ot hydrocarbons ot this type, low-boiling fractions, 
aroimtic compounds, otld unsaturated aliphatic coapounds ore removed. 
Deodor1z1ne; .1s occom.pUshed by cb.emicel treatment to reoove sulfur 
compounds • , 

The properties or diluents relotive to flomccbility ore shown be
low. Except tor fire points and flash points, vclues of these properties 
tor specific diluents have not been published. In such coses values 
shown are for kerosene; however, they my be regorded as approxiDately 
correct tor typie&l d1luents. 

'Vapor pressure (25°c.) approximDtely l me. Hg (9) 
(100°c.) opproxitllltely 30 1JD.. Hg 

Lover explosive liw.t l.~ b:, volune (7) 
Upper explosive llll1t 6.~ by(vQlune (7) - •· ~1· 

Ignition tetiperoture 49()0J'. 1) 

.. , ~,..:i,-.~ .. .... ...... 
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Diluent 

. Flash Point, 0:,. 
C1osed-Cup(ll) . Open-Cup(l3) J'ire Point I ( 13) OJ'• 

Shell Spray 
Bose 150 

Deobase J.62 

Stllndord Oil 
.Bose 011. C . . 143. 

1.80 

l.B' 
165 

185 

195 

The addition ot TBP to diluent lowers the diluent vnpor presSU1Te J.n 
proportion to the aaount ot TBP added. Vopor pressure loweriDg results 
in an increase 1n tire poiut and :flash points. This ettect is illustrated 
by a Cot.lporison ot the da~ "below(l3) with those given abcve. 

Solvent Open-Cup J'losh Point, OJ • . Fire Point , OJ'. 

Shell Sproy-
Base+ 12.~ TBP 155 (Closed-Cup) 

Deobose + 12.~ '!'BP 200 

Stondord 011 Base 
Oil C + 12.':II, TBP lB5 

195 

200 

As may be seen :tl"Olil tbe flash point data, explosive vapor-oir ~a 
are not formed unless tbe diluent (or solvent) is heated well above uc,mol 
cell ambient temperatures. 

2. Location end lllxtent ct SoJ:vent Bond.ling !Jczard 
I 

Tbs solvent bandling tao1l1ties bDw bean designed to minimize , in
sofar as poasible, tbe bDZ3rds 1nvol ved. in the use of a flol.Dlble Uquid. 
Those operations vi.thin. tba building vbich involve the use ot solvent 
btlve been confined to rive sections. The following veasele e1re used: 

" 

llt!'9 

Nome of Vessel 

RA Columns 

RC ColUJrins 

ECW Receivers 

RO Coluons 

ROO Receivers 

RAX Feed Tanks 

Veesel Nucber 

Organic Suop Holdu1> Tonk 

ET 17-8 and ET 19-8 

ET 17-2 and RT 19-2 

TX 17-1 end TIC 19-1 

ET 18-2 end ET 20-2 

TK 18-1 and TIC 20-1 

TX 18-6 and TIC 20-6 

TIC 5-1 

DECLASSIFIED -
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Normally-, the BAI Feed Tanks, TK 18-6 and TI(20P6., contain the 

bulk or the solvent •. These tanks, having a working volume ot 12,000 
gal. each, are opereted nearly-· tull. The RCW Beceive.ra, TIC 17-•l and . 
TX 19-l, ot 1700 gal. capacity, a~d the ROO Receivers, TK 18-l and TIC 
20-:t, -~ 4-,00 gal. aapec1ty each, "floe.t11 on the Una. · The normal hold .. 
up voiume:1n these tenks is ai,proximately 20 per cent_ot. the vorking 
volume. The . reminder ot tbs solvent ii ciontsined ·tn co!unma and lines. 
So1vent which 1s ·collected in the Deep Calf, TK 5-6, . Dlliy be recovered 
in the Organic Sump, lioldup Tank, TB: 5-1. · 

Tlie. . tire. ·en.a. explosi.on liaiard is not serious in . these · ere:i1 due to 
the· high. tlsab··po1nt and low volatility. of the diluent. FlaDlllll!lble ,ropor
air •mutures· are not produced unless the solvent is heated well above 

. nol'UIBl cell ambient temperatures-. Heating of 10l~nt tanks is not re
quired in 8?11' portion ot, the process. Since tanks ·are closed .to tbs cell 
atmosphere," vapors- are contined, to a greet extent, within ~he solvent 

' tanks.~ · · 

Solvent mcke~up and treatment facilities are provided in the 276-u 
Areet ; juat ·outside the 221-U Building at Section 20. The foJ.:lowing 
tanks· are located 1n thia erea: 

Tank Volume, Normal Tank 
Name ot. Tank. Tank Number Gnl. Inventory1 Gal. 

· Diluent Storage. Tonk TK 3ao· 2',000 20, 000-2', 000 
TBP Storage Tonk TK 381 5,600 ,,6oo 
RAX Blend Tonk TK 382 16,000 ()tt 

Organic Treatment Tank TK 386 16,·ooo .· ()tt . 

Organic Recei var TIC 387 16,000 ()tt 

Organic: Treatme·nt 
. ' . 

Sampler T-1 nk TX: ·388 2,400 ()tt 

*) These tanks are used' C!S required to re:proceae of'f'-stendard 
· solvent ~ to meke up fresh sol:vent. · 

. Diluent is 'received in ton.k-cnr quantities llnd is pumped to the . 
Diluent Storage Tiink, TK 380, vhere it is held tor RAX mke-up. 
Organic trentment., sdjuatments of TBP-dilu.ent, rotio, end simil.Dr opero
ticna are also pe~onned in the 276-U. Areo. B'ecting ot eolven~ ·ia not 

· cQnt~l.ated; therefore, tbe torn:il~ion ot ezj)loa.ive mixtures-_is ~ivoided. 
All tanks in, this Oreo are ven:ted to the atmosphere. . .. 

Since the 276-u ~ea i1r an out-of-door installlltion, . dilution ot 
so·lvent vapors by the atmosphere prov.ides an addi tionol tc·ctor of 
·satety-. · 

.. , ~ 
: ~r:, 
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3 • Plant PreCllutions · DECLASSIFIED 
3 .1 lUectriClll equipnt 

The lot1oml nectrical Code(lO) bas been followed in tbe 1nstallet1on 
·ot electricnl equipnent tor the 'l'BP proceH. Under this code, Claaa I 
locations Ql'tt those locationa in which flnm:mble wpon en,~ a:1 be, 
present in autticient quontitiea to form ignitable muturea. Baaed on the 
IJethod of mndling, tvo divisions of Class I locetions ore established. 
Cltlss I, Division 1 , includes those locations vbere :bazordoua concentrDtions 
of· tlm:l:llble vapors ezist continuously or tl"eqUentl.1' due to norr:111 operat
ibg conditions or due to trequent mintemnce and npo:tr. Claea I, 
Division 2, includes thoae looctiona in which tlolllilflble 11qu1da are nor
cally processed in closed s:,ateJ:18, the locstion becow.Dg lmzordoue onl.1' 
through equipnent failure or abno?'Dll operation. The TBP proeea1 i s in
cluded in Class I, Drriaion 2, since an abnormal operating condition, i.e., 
heating ot the solvent, is neceaaary to produce explosive concentrations of 
solvent vupor. 

Ezpl.oaion-proot· equip:ient is specified by the lat101Jfll Electri ool Code 
tor all Cl.aas I, Division l, locations. In Clf111&: I, Divilion 2; locctions, 
rigid conduit, :tluible mtal conduit, and ordimry electrical t1tt 1Dg11 and 
devices my be used. However, apork-produc1Dg clev1cee auch os sVit ohea, 
tuaes, re,loys, atld sliding motor contacts au.at be of on eXplo1i011-proot typa 
or enclosed .1n au 8%1)loeion-prootoeea...,, Since the 22l•U Building i s o Cl.ose 
I, Division 2, location, electrical inatallatiou ore in lCcordsnce with 
tbot portion of the code . 

3 .2 Veutiy and ventilation 

Orgauic bandliog vesaela .ore vented either directl7 or through another 
vessel to the vessel vent baoder. A vacuum ct 10· inches of water i s main
ained: o,i ~ ftB'BOl vent bender ·~ a. blowr,. 1fhich diacbiirgeu• tttto the 
ventil.ntion tunnel. A sliaht negative preHUN with respect 1:o tbe cell is 
cointaiaed in the ve111ela tbrough the vesael vent becder. Therefore, the 
tendency is tar air to tlov tram the cell into the vessel, rotber tbon tor 
vessel vapors to excape into the cell. Norml.l.y, solvent 'Wpors which are 
liber.Jted Within the veaael are continuoual.1' reaovad through the vessel vent 
header. 

I:t solvent w:pors should escape into tbe cells they will tend to 
collect at low points, since the7 are heavier than air. In this eftut ·tbe 
vapors are diluted with air ond discborged to the a~spbere by tbe oo~n 
ventil.fltion system. Air, entering at the crone level, tlova through the 
ce.11;1011 into the cells. Vopo,,s and air are ezhausted :troo the cells through 
stainless steel head.era located necr tbe floor. These headers are comeot• 
ed through terra-cotte ducts to the ventilation tunnel end tbe 291-U Build
ing. The ventilation syaten is -.!ascribed in o:>re detail in Chapter I.III, 

Inert-gos blo.bketing otprocess vessel.a 1111 not nacesaary- in t he 221-U 
!uilding., due to the lov volot1l1ty and high :tl.csh point ot the solvent used. 
At 1:w1U1l operating tecperotures tbe oJ:18eu-<lilueut vcpor ratio i s well be•j· lover explosive licit. Solvent vapors ore further diluted by 't'ent-

~n ~ . inat.--nt air, DECLASEDSS\f\ED -
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4. Chemical Stability of solvent DECLASSfFf ED 
. . .Iaboretory- tests et _various A.E.C~ 81teadiave demonstrated the high 

. degree of stability of the TBP-eydrocerbon diluent nuzture in tbe presence 
o~ chem.eels (includi?Jg BN03 of all concentrations) used in the TBP 
process. In. fact, this inertness tO'W8rd BN03 :pl.us the higher naeh point 
o't tbs TBP solvent : represent the primary setet7 edvantagea of the TBP-

·: _b;rdrocarbon: s_olvent over be.xone, which is · used 1n the Bedox process. 

. . -· However J ' be~~~ 0~ .the knovn reactivity. ot BN03 w1 th olefina to 
form potent.181].y- hazardous dinitro-oletiue (and to a leaser extent with 
aromatic hydrocarbons), the hydrocarbon diluent used in the TBP process 
should be essentially free ot oletins end aromatics. To preclude the 
poasibility o-r such. nitrating reactions in the TBP Plflnt, diluent 
spec1ticat10ll8 conservatively pel'Dlit a maximum olefin plus aromatic con-

-~ cen.trati<?r:t o-r onl:y 2 per· cent. Although the moXimum sefe. olefin c:on-
t.O centretion in the . TBP · sol.vent baa not been demonstrated experimentally, ·· 
~ diluent ID8et1ng the above specification (2 per cent ole:fins plua aromatics) 
,..,,.... · ts- known to be well on the sate side. m 
(',..J -C'-...1 
en 
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.r :...: i · -- ~ .:-- · . ,.:. · . . ·.' .. 

. . A renew. o~ ~ . w:siologicsl ett.ec.ts at process chemicals is- present- . 
· et· to ·aaaiat 8U~ion in recoguizing and mininuzing the potentiaJ. 
hea:l:tli hazari, in_ tl:le _'ml' Plant. Mox1mum. allowable coucentrotiona (M.A.C.) 
are giveu ·t~ gaseoua subatencea and . those substances vhioh may- be present 
as mist or. dust • . The maximum. allowable concentration 1s defined ea the 
a1110unt o~ a mterial. to vhich the average worker m;r- be eXJ)Oaed for 8 

. _hours dlr1ly' Yi:thout.. signif'icent bormtul effects. · · · 

--. The cherai~~ ·eudelements handled in· the TSP Pl"()Ceae which may . 
present. .a heal.th ~zimi. e1'8· TJSP,- b;yc!rooarbon diluent, nitric acid, old.des 
o:t_ Di ~en.,.. .•~Ulll> -b;t.~da, unuium, plutouium, and. t.issicm prcduc:ta. 

• ·., • ... r • • • ' : '""'=' • • ~• • • • f"' ••'\, . ,. •• I • ." • • 

:t.~.-- -TBP((~lr Pbos._te) ,: 
. . .. ' .. · ,. , . . : - ·-'. ., : ./ ·:, :. : . 

• -- : . ·., '?BP .1.a: a : ~IeH, __ edarleas,. Ol'88niC liquid: which ·resembles water in. 
a:ppaenuoe. It bD1t beau. uae4 recently as a plasticizer tor lacquers. Due-

... to -its low wlot1llt;r,. 'fflpon are aeldaa present. · 

. t' '". 
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1.3 Precautions 

Equipnent handling T:BP: ws me18ned in accorctlnce with norml. chemicol 
pl.out practice • · · 

1.4- · Pbysiologicol effects 

. No toxic effects. due to TBP hove been reported. However, - tbs chemical 
has been used camnerciolly only tor o relatively short period.. It is ex
pected. that TB]?, like most organic solvents, will diaeolve the oils ot tbe 
skin; causing crocki?l8 ond, irritation. · 

2. Diluent 

Hydrocarbon diluent used in the TBP process is a highl7 retined 
kerosene. 'l'ha appearance and ~icel properties are very similcr tc 
those of canmercial. and.es ot kerosene. Diluent vapors, being besvier 
thtln air, teuci to eccumul.ete at low points. 

2.1 Tolerance concentrotions 

~ - No value for meximum. olloweble concentration f _or. diluent- or kerosene 
is quoted in the UterBture. Volues tor- gasoline rBD&e :tran 200 p.p.m. 
to 1000 p.p.m.; depending on the tn,e ot -sasollne and tb.e autborit7.(3)(8) 
Since the in'itant ef:tecta ore generally more pronounced tor higher boil
ing qdroctirbons, o mBximum ollcnw..:ble concentretion on tb.e order ot 500 
I>. p .m •. appears to be jultitied. 'I his· is the fi&Ure quoted tor Stodderd.. 
Solvent, a· ~ocorbon distil.late similer t .o the diluent used.(3) 

2 .2 Ertent o't. hazard 

Normally, tbs. diluent inventory consists ot 14,000 to 25,000 
gsllona in the ca~on procese veasels and up to 25,000 gellons in 
storage in tbe 276-u Solvent .Bondl.ing Aren. The possibility ot contact 
ot dilue:i.t vi.th the akin during eamplillf5 operations or be®use of leoks 
or spills is probab~ the moat likely potentfol hezerd. to be encountered 
in bond.ling the diluent. Also, bozsrdous vapor concentrE>tions are oou
ceivcble 11' large volumes of diluent were to be released to an operati?l8 
oreo in aame 11:Wlnner, such as by rupture of piping or process equipnent. 

2.3 Precautions 

Equipnent band.ling diluent wos designed in oceord.once vith normfll 
chemical pl.out practice. In the 221-U Building, the Tentil;Otion s;yatett 
maintains diluent vapor concentrations at the carq-on deck level veil 
below the bozardoua concentration, as previously discuased in this 

. cbopter (under A3 .2). The 276-U Solvent BPndling Area is on open area 
without walls or roof. Tbue, a111 bDzardow, vnpora present are allowed 
to escape to the surrounding atmosphere vbere they are diluted to 
negligibly low concentrations. 

-
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.r ··2 .4 Pb.ys;iologicai effects 

Diluent is physiologically classed as an ~iten~. · nu;-JAtion of . 
the vapor cause• irritation of the mucous membrane ot ·tbe eyes and nose. 
Wetering ~ the _eyes and coughing,. with expectoration; are evidences ot 

· ' in.t8rnal. irritati~. :. ·, 

. . : ' . ·. In c~~ wti~ .other orga-~c· ~oivents, d11~e~t' hD~ tba property- o~ 
dissolving the ~ils of the · skin,. ca~ing dryness, cr8Cking-.ot the .skin, 

. · and irritation.. Also, under unusual conditions, diluent ma7 be an 
anesthetic. haze~. The ecr:l.y . syriiptoms are im:pJirment. ~ inentel alld. 
p?qsicol facilities: and dizziness.. The probability ot. cumulative et:tecta 
is alight where the wpor· concentroti-ona a~ not sufficient to-cause 
dizziness. 

It should be borne in. mind tbot an etmosphere ·1n which the solvent 
. w~ concentration. is below t~ explosive limit is . net neceaaarily sate 
tar breathing.. The lover e:xplos.ive limit tor dil~n.t (l.l~) corresponds 
to 11,600 p.p.t!l. (ct. M.A.C. ot 500 p.p.m~) It· the s;ynp.toms. of diz.zineBB 

· or 1.rrita.tion. to the eyes and nose are experienced, the affected mn: 
should.. get fresh oir immediately. 

J. Nitric Acid 
I 

. lfj_ ~1d::·~cid iff a ~~-1.ve mi~ro.l acid which 1s widely- ueed in. the 
cbemice'i industry-. Conuict Yi.th the. skin produces severe burns • There
fore: tb& proper types ~ protective gloves, clothing, and goggles mat 

. be ,roru wben ha~ng this · ~tericl. 

·. · 3 .l.. Tolerance co11ceut1'8-t1ona 
.•. .. ~ . ' . .. . . . . .. . 

:So l1m:1ts ore specUied in the. litereiture :tor extern&l surface ex-
. poau:re, but: obout 10 ml. (tbree tluid drama) of concent1"8ted* nitric ·acid 

taken intermJll.T ia.. .conaide.red es total dose.(~) 
. ' ' 

-· 3:.2 hteut~ot · bozarcl 
• • -••,# ... 

·. ~117. proceea cCU81JlllPticni, of. 6<11,- nitric acid is lB,890 gollons, based 

. , 
,. ... . 
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- - - - - - - - ------- - ---------c 

._ DECLASSIFIED:-
• .' ••. • • 

1trategic locctiona in operating 01"88• to provide tor rapid irrigation in 
eases ot serious eurtoce ezpoaure. 

3.4 PhyaioJ.opaal etteots 

Incl1oat1on of the mognitude ot the contact bazord ot nitric. acid ia 
given b7 teats which •bowed that 70'(, Blf03 produces de:f'in.ite skin burna 
in, to 1, aeconda. Burns ot :f'irat, secoad, and third degree ma7 reeul.t 

.... . fran nitric. acid contact. Innedicte irrigation ot nitric acid aplllabaa 

,. 
',. 

· vith wter will. greatly m:ln1m1se it& ettect on the skin. 

In. ooaeo:t ingestion, the. petieat abould ~e given milk ot magnesia~ 
up to~ fluid ouocea, aad quantities of weter or milk, followed vith ea 
whites, and milk. Emetics aad carbonotee should be avoided. 

4. Oxides o't llfitrogen 

Clndea ot. Ditrasen are fOl"IQed vben nitric aoid is spilled on orgonic, 
or reducing·: 1111ter18ls ew:h as 88vdwlt or· iron tilings. These ozidea , . 
knQm generally aa ''ni'U'OWI tumea", cousiat ot a I:lixture of BO, 1'02, and 
1'204• 

4.l Tolerance concentrot10D8 

· · · ·· · Tlie etfe9tf gt n1 trous . fumes over a Wide concentrotion range are 
listed belov?l,J(6) 

·. :. ··.· 

C mcentratiou, as. N02", 
in Perts per Million 

200 to 700 

100 to l,0 

100 

'60 

10 

~.2 Extent of hazard 

Ph.yeiologicol Besponae 

Rapidly fatal. tor ab.art 
exposures. ( 1/2 hr. or leas at 
700 p.p.m.) 

~ngeroua ~or even a sbort 
period. (l/2 to l br.) 

Least fU!lO\Ult causing 
coughing. 

Least amount coueillg imledillte 
throat irritation. 

MozimuJ:l concentrotion (W.C) 
for continuous exposure according 
to Mossachwsetta at.ate Inv, 
recognized by most authorities. 

. U~r normal operoting conditions nitrous tumee are not liberoted in 
the TBP procesa. Nitric acid contact with organic aiterials or metola,.due 
to spills or 1.oproper deconteminotion procedures,represents the JilOst seri-
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ous hazard involvillg :tumes o~ nitric acid. 
. . .. 

4~3 Pre.cautiona , 

Since exposure to nitrous tucea ccn resul.t ·- only' tram accidents or 
operating errors,. plant personnel muat be responsible tor the prevention 
o~ such. ineidenta. Sbould nitrous fumes be inadvertent~· liberated in 
the pl.ant,.. .the- affected. areo., ehould be cleared of personnel until. the 

· tucee mva .been rec.:>"~~d b,- the ven.tilAtion. qatetl. If it i _a necessoey 
· for· cm indiViduat to entel" Qn, area ¥here nitrous. tucea ore present,. he 
should ba equipped with a . auitable air mask ond protective clothing. 

The preeence _ot oxides ot nitrogen rray be detected b;1 odor ·oncl, 
to a certnin extent, by color-. ( 8) A ebcrocteristic odor . is distin~t at· 
concentretions. o~ less. tbDn 5 p .• p .• m. in air. In-vell-U.ghted. areas, 
lOO p.p.r:i. ~ ·oare ct ni.trogen.· CU.oxide. {N02)--· in air ezhibita c visible, 
reddiah-brcnm. tint .:. It ahould be noted, however, that otbar oxides ct 
nitrogen (1'0 t1nd 1'2()4) are practically colorless and that the rele.tive. 
proportions ct tl::la di.fterent !!lOleculor :fol"llS ore tea])erQture dependent. 
Thu.a, ·en atmosphere colored. b:,-o;nd.ea ot nitrogen ia. probebly' dangerous, 

. but. the. abiseuce . or co·1or- does- not necesscri~ indicote safety • 

. . Tbe,. ~iritro:tion of' oxides .. ot n1troaen in air CCU be determined: 
:pn~ael.7 over the. :rcng9 _o~ 5·. to ,00 p.p.m •. W voluce using tl::la phenol-

. dtsul:touic ccid. athod·.~I) . . . . . ..· .. 
. >. • • . ' . • 
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5.1 Tolerance concentrotions 

No liilits are specified 111 tbe literature for external exposure, but 
about 2 gromi, (30 groins) of NaOH taken interna~ my- be sufficient to 
cause deoth.{2J 

,-.2 Ertent of mzord 

Based on uronium recovery ot· 10 tons ·per da7, the doil7· irocess• , · 
consumption of~ NaOB is 7660 gellona (97,4oo lb.). This entire · 
cmount 1s required tor IJBUtral1zet1on of the cotabined process metes . 

5.3 Precautions 

Equipzwnt haudl.1ng sodium b;ydroxide solutions bas been designed in 
accordance with normol chemi(;ol pl.ont practice. As indicated above , the 
pro:per- protective clothing should be worn by operating personnel. 

5 .4- Pb.ysiologicnl effects 

Sodium eydroz1de is a daDSerous ollmli to handle, as either the dry 
cbemicnl or its solut-iona quickly attack the flesh ond eyes. Severe burn.a, 
d.eqdration of skin tiaaue, deep seated, slowly healing ulcers, and loss 
of fiagernoils me7 result from chemical reaction with ·sodiUD l:cy'drozi do. 
There appears to be an intlctive period between the time ot contact vith 
caustic and the appeorence of the octUDl burn. NO tiJ:le sbould be l ost in 
washing the port vith vater, since the inactive period probably does not 
exceed a few tdnutes. The skin should be wosbed vith 'if/, acetic tlCid , 
followed b;y water, to neutrelize the res1dllfll caustic. If the caust ic 
is spltlsbed 1n the eyes, they should be woshed with~ boric acid solu
tion. 

Sodium eydroxide, when <li'aperaed as n dust or mist of concentrated 
solutions, is intensl.y 1rr1 totillg to the upper respiratory organs. 
Ulceretion of the nasal passages my result tran long or severe exposure 
to such canpounda • SWllowing caustic solutions is considered deadly-. 
It sodium hydroxide bas been nolloved, the ~tient should be given 'if/, 
acetic acidj up to 6 fluid ounces, followed b7 egg vhi tes end milk. The 
pitient should be kept quiet and wrm. · 

6. Urenium, Plutonium, and Red1ooct1ve Fission Products 

Uranium, plutoniun, and radioactive fission products represent o 
serious -health hazard. The principal pl]ysiological ettects ct these 
substances are due to tbair radioactivity. The hazards involved in 
their handling are discussed in ~er XII. 

7. other Process Cheoiccls 

The other process cheaicals, sul1'acic acid, folTOUS m:JDOniua sul
fate, sodium su1tnte, and ctilcium carboncte, oro not bozardous enough 

ed discussion. Reasonable core should be exercised, 
ing theti to ovoid skin contact and insure thot iDSestion 
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