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Isotopes on a routane b a s i s  einer 1a.e 195C. The &Je.::ive.e of this work were the 

With the preeentstdon of tclie: r?sul:..a. lIbc preaeat, report. glves R di.scu6elon 

of new isotopes found, eor=t:+ione made in cwan5lng fa:?.org: and a detailed as- 

cusslon of results ohrained d - r l r g  ',ne r e x & .  ?=om -Sanuary, 1951.. to June, 1952. 

SUMMARY : 

Several fission produc?.s havr k ~ e . n  identrf i d. s s i  q.anti'ative2.y determined 

in reactor effluent w-a+&z. k o a  t.h+ a*.?ivl-;y L m ~ i  *:e5 d%sermlncd, an eetlmation 

bee= made assuming ins+atdntous =.elease 2 '.he firsion pzoducts t.0 the water. 

ferent seaeons are noted, but. Za:k of r-=lffl-.ren: iata prbren%a actual &fini+,ione 

iodine, strontium, and tciun. 

PROCEDURES: 

---- -- 
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c ipi tatc  vas dispolved and bhe stsontium and barium separated from c a l c l m  by Pre- 

c1pitatLon OX' strontium and barium nl t ratem in rumZng n i t r i c  acld. me barium and 

strontium were finally precipitated as the chrcrmate and malate, respectively. 

Decay curve analysis was used to identify the two isotope8 SrY1 and Ba139* ' 

Separation of the t o t a l  iodlne isotopes vas accomplished by a dlatillatlon 
(3)  m e t h o d  i n  which the iodide was oxidized to  fYee Iodine with nit rous acid and 

collec?;ed i n  carbon tetrachloride.  

exl-acted in to  water and precipitated as pelladous Iodide. 

total : . d i n e  isotopes was then analyzed to determine the amount of 1131 present. 

The iodine was reduced with sodium b i su l f i t e ,  

The decay curve of the 

The ana ly t ica l  procedure f o r  the r a re  es r th  Isotopes ('I was revised t o  elim- 

l a a t e  t h e  zirconium iodate s t=p  and tae  consequent lose of p a r t  of the rare ear th  

f rac t ion  t o  the  iodate precipi ta te .  

present was ef fec t ive ly  removed i n  the f luoride precipi ta t ion and the low thorium 

concentrations did not s ignCican t ly  a f f ec t  the rare ear th  determinations. 

revision of procedure resul ted i n  a s ignl f icant  increase in t he  r a re  ear th  con- 

centrations reported. 

This chaage was possible because the zirconiiun 

This 

The analytical procedure f o r  sodium reported previously has been shortened 

by l imi t ing  scavenging steps t o  one sulfide precipi ta t ion from an ammoniacal solu- 

t ion.  A calcium oxalate precipi ta t ion could probably be made a t  the same time but 

t h i s  step has been carr ied out separately as a qual i ta t ive  check on the a c t i v i t y  

from the a l k a l i n e  earths. 

Backscatter measurements were made by mounting the  fsotope on f0rmva.r film, 

vhich had previously been found to give negligible backscatter (4), aflu measuring 

the counting rate Ktth and without stainless steel backing. 

counting rate with the s t a in l e s s  steel backing t o  that w i t h  f o m a r  backing only, 

gay@ the backscat+&r correction fac tor .  

The r a t i o  of t h e  
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formed f=om fission, h a ~ e  been iaen';if:ed. The s.ztlvit.y density of t h e  effluent 

con+xibut,ed by each of these i x t . o ~ - e i  1 %  given .Ln Table I along wi th  similar f l g -  

r res  fo r  thoee i r o t o p a r  Permed by (2.. y )  rescf lon.  Neasurements on individual Sam- 

- 

r 

ples m e  included in Table 111. The summation of average contributions by t h e  180- 

topes accounts f o r  approximirely eigh'-.y-five percen: of the t o t a l  beta activlty.  

TA!?JLE I 
BEW PARIZCLE E M I m S  IN REACTOR WASTE EXFLUENT 

2 'i 
22 
15 

7 - 3  
2.2 
1.4 
6.51 
b .39 
6.01 

< P.65 

lsotopes Average 

F i s s i o n  Lhits of loob ucicc 
- Fkm. A c t i v i t y  Denelt Ave. 

159 
66 
29 
12 

3.3 
0.33 
0.3'1 
0.12 

6.5 
3-3  
1.6 
0.67 
0.20 
0.014 
0.020 
0.0039 
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t It was found +ht there were no signifhxint differences between Areas in the 
t 

act1vJlt.y density mcaurements i n  1951 but that the a c t i v i t y  density of reactor  ef- 

f l u e n t  i n  100-H Area was signif icant ly  lower than that  i n  all other areas during 

t he  peziod In 1952. 

1952 w c e  s ign i f icant ly  higher i n  a l l  a x 2 4  rhan they were during the  same period 

of 1.352. 

1 

W i t h  the exception of L i H  Area, the measurewnts made in 

The ific=%asc could not be accounted fcxr by increased power leve ls  if the 

linea2 zeiatiomhlp is assumed. Some evldence of higher concentrations of total 

be+& p a r t i c l e  emlt%ers i n  reac tor  e f f luent  water during the spr ing season were 

nc+&d during 1951, but. it was neither pronounced nor def in i te .  The marked increase 

of 8uc.h meaewemenfs Ln 1952 may well be due to more pronounced effec: t of the pos- 

sible seasonal variat ion.  

I i n g  +hc period from January, 1951, t o  October, 1951, when water treatments 

i n  a3l areas weze similar with use of f e r r i c  sulfate as coagulant, the only highly 

s ign i f i can t  difference f o r  those isotopes measured occurred i n  the presence of 

higher concentrations of Mn56 i n  the reactor  e f f luen t  water at 100-DR than those 

fn the s f f l u e n t  fzom other areas. This may possibly be explained by the limited 

K 

chlor inat ion of the water i n  t h i s  area before the coagulation s+,ep. 

After  October, 1951, when aluminum s U a t e  was subs t i tu ted  for f e r r i c  sulfate 

as the coa@22stFng agent at 100-F, s ign i f i caa t ly  lover concentrations of Cu64 were 

obeerved i n  the reaCtor ef f luent  water from that area. These lower concentrations 

-+rere signifimatiy d i f f e ren t  from previous values at100-F and f r o m  concentrations 

in other areas during the ~ame period. 

Rn further changea, the  addition of s i l i c a  as a coagulating agenc s t 1 0 - F  

after 3anuh..y, 1952, and the  omission of the  eodium dlcbrontste Apri l ,  1 ~ 5 2 ,  

a t  ali mess cannot be fully evaluated f r o m  this d a t a .  

during the ckrly mortha of 1952 in tne Mn5' content of the water at 100-F. This 

Marked lncreases were noted 

in=:ru?bsed xmcen*%ion, s ign i f icant ly  d i f f e r e n t  from that a t  all other azeaa, may 

f J O " r l i O 4  DECLASSIFIED 
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be iue t.3 the present+ o!: manganese in :he lime which was added after the coagula- 

fion s t ep  i n  the vater keatment a+, 10-F. 

? 
1 

a 
Concentrations of Si3I vere higher in effiuenta from all areas during 1952 

thsn during ?he same period i n  15151 and the concentrations of this isotope i n  

e-ffiuent -om 100-B w e x  significantly higber than In effluent, f'rom all other  meat! 

3wlng  2352. 

exzep+; 100-X durine 1952. 

Conzerrtza5Scm 3f AsT6 veze higher In  the effluents from all areas 

Concentrations of Mn56 continued to  be s igni f icant ly  

taghe: at 1OC-DR W. -om all 04;her areas except 100-F. 

Coun:ing ?ozzec:ims for cec+Aln 1Rotopes have been revised -9 are given In  

Table 111. A l l  ct.her f ez t a r s  a r e  ';hose w e d  I n  previous calculations These (1) 

f a c t o r s  apply f o r  measuremeafs using the conventional mlca-window countcr. 

WBLE 111 
RE?lISED COUNTER CORRECTIONS 

Windou and Air 
Absorption Correction Factor 

1-05  
1.2 
1 . 3  

1 . 5  
1.9 . 
2.0 

Backscatter 
Factor 

1.04 * 1 1.2 
1 . 3  

* Mounted on fil+&r paper. 
0.006 " +hick . A l l  o ther  isotopes are mounted on stainless a t e e l ,  

: Rezent measurements by the Radiochemlcal Standards forces  Radiological 
Scipncos h a ~ e  indicated t h a t  the  backscatter factoc f o r  CuxE may be as much as 
:.L yc-slfiting in more consel-rrative figures fcr ~ ~ 6 4 .  

Exrl:er uozk has shown Ba140, a f i s s ion  product, t o  be presenf i n  reactor  

c t f h s n t  water under no& operation condi t ions (l). 

nc-. e.::.cs;sly di'.emlned. 

nen: oi yel iable  anaiysea foz frbslon product i n  t h e  feactcir cooling 

slug npI;uze re-reded 7%:. concenrza:ions of 9 3 '  in n o m  reactor cooling \=to=. 

However, comontrationft were 

F e t h e r  work i n i t i a t e d  i n  this group f o r  the devtlnp- 

a f t e r  a 
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search f o r  f i e s lon  products i n  the cooling water during normal operation. 

Two other isotopes with poeslble f i s s ion  source that have been iden t i f i ed  and 
139 deCYermined quantitatively are Ba and Sirg1. 

%we of a l l  the strontium isotopes which would be present four  hows a f t e r  re lease  

from the reac tor  and is the predominant Isotope measured by the counting methob 

used. 

fission since ?.his isotope may La formed from Ba13’ by the neutron-gamma reaction. 

Indications of tellurium and zirconium isotopes have alsc been found but  q u a n t l b t i v e  

values await +he developnent of spec i f ic  and e f f i c i e n t  separations. 

The l a t t e r  is apparently i n  a mix- 

If should be noted that the Ba139 concentration may not all be produced by 

The r&-e e G t h  f rac t ion  is of special  i n t e r e s t  since it ib possible that the 

tJlk of t h i s  a c t i v i t y  could come from f i s s ion  isotopes. 

c w e  of +his f rac+, i rn  w i t h  the decay curve of tne r a r e  earths formed by f i s s i o n  

indacates that this is q u i t e  possiole. 

A comparison of the decay 

CalcUations have besn made t o  determine the  uranium in the  reactor  available 

for re lease  of f i s s i o n  products t o  the ef f luent  water assinning immediate re lease of 

Cisslon products to  the water. The r e su l t s  of such calculat ions are shown i n  Table 

IN and a r e  baaed 03 +&e assumption that the flow rate of r eac to r  e f f luent  was 

130,000 l i%ers/minute wlth neutron flux equal to $3 n/cm2/sec. These r e s u l t s  

Indicate that some oz all of &&e f i s s i o n  produc+.s may be re ta ined  ik +.he f i l m  on 

tubes and slugs f o r  an undetermined length of time. 

TABLE Iv 
URAlVIUM NECESSARY FOR FISSIOIO PRCDUCTS IN REACTQR EFFLUENT 

Isotape Used Isotopic  Act ivi ty  i n  Effluent Leaving Reactor Conc. U 
Units of 10-6 uc/cc izzz& 

240 
0.50 
0.07’7 
9.9 
0.77 

19 
10 

6.4 
3-6 

20 
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Possible sources of t h i a  u-anium may be the wtural uranium i n  the cooling 

water, urani'run p-esent on the outside of the slugs when '\ey are Inserted i n t o  the 

reactor, and t h a t  uranium possibly l e f t  in the tubes from previously ruptured slugs. 

Measurements I n  cooling water entering the reactor a t  100-B indicate  natural uranium 

concentrations i n  the cooling water equal to 0.25 ug/liter. 

cooling mtpr may he a source of uraniumiu the f i l m .  Complete surface smears made 

on s k g s  J u s t  before they entered t3e reactor  at 100-F on NovemSer 23, 1951, showed 

an average mount of uranium per slug removed by this means to be 7 ug with a6 mch 

AB LO ug of uranium being removed from cne slug. 

tcanium c m t r l b u t s d  by the th i rd  means has not been measured. 

This ukanlum I n  the  

The order of msgnitude of that 

Further work will be carr ied out t o  determine the effect of sea8onal. changes 

on :be effi-lent as well as the e f f ec t  of changes I n  water treatment prescribed by 

the Water Quali ty  Studies Croup of the  xechnlcal Sectlor., Engineering Department. 

The writ.ez-9 wish t o  acknowledge the assis tance of the Radiological Scienccs 

Department Regionel Survey, and the Radiation Monitoring Unit (Reactor Section) 

personnel who collected the samples analyzedj and the Radiological Sciences Control 

Services personnel who carr ied out the s t a t . i s t i ca l  s tudies .  
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GROSS BETA ACTIVITY 
IN REACTOR EFFLUENT WATER 

FIGURE - I 

,*. ,, .*....I ..a. * 
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MANGANESE 56 ACTIVITY 
IN REACTOR EFFLUENT WATER 

FIGURE - 2 
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ACTIVITY 
IN REACTOR EFFLUENT WATER 

FIGURE - 3 
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COPPER64 ACTIVITY 
IN REACTOR EFFLUENT WATER 

FIGURE - 4 
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SILICON3' ACTlVlT i' 
IN REACTOR EFFLUENT WATER 
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ARSENIC76 ACTIVITY 
IN REACTOR EFFLUENT WATER 

FIGURE - 6 
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I - DECLASS~FIED APFENDIX 

-- DETERMINATION OF STRONTIUM AND BARIUM 
Fuming Nltxlc Acid Method 

.r - 
PRINCIPLES AND SLMITATIONS (IF mTHOD: 

This procedure IC based upon the Rolubili ty of calcium n i t r a t e  in concentra- 

ted nitric a x 3  while barium and stsontiurn n i t r a t e s  w e  not appreciably aolubrtt. 

This procedure givrtF an excellen', separaticn if the calcium present I s  not more 

than 0.1 gram. Cbemizsl yie ld  I s  approximately &$. The time required is about 

I 

!! 

REAGEWE3 

1. 

2. 

3. 

4. 

5 .  

6 .  

7 .  

0. 

N i + ~ i c  Acid, fuming. 

Ammonium Hydraxide, c.p. 

Hydzogen Sulfide, gas. 

Sodium Carbonate, saturated solution. 

knaonium Bich'oaate, 100 g / l  solution. 

Ammonium Oxalate, aaturated solutlon. 

Ammoni~lm Acetate, solution. 

PMCEDURE : 

1. 

2. Add 2.00 m l  of Sr slld Ba and about 2 ml of Ag, Cu, Fe, La, Ca,  and Na. 

3. Make aarmonlacsl and precipitate with hydrogen sulfide. 

b .  Centrifuge and bave supernate. Diacard prec ip i ta te .  

5 .  Bring soiu%on to boil and acidify. Boll u t i 2  hydrogen sulfide 1s gona. 

6 .  

7. Fi1-z t . o u g h  e2 filter paper, wash w i t h  15 sodium carbonate eolution, 

Transfer 100 IC of reactor e f f luent  water t o  a 250 m l  beaker. 

A d d  sa+,urated sodium carbonate solut ion untl! b - 4 -  And cool. 

. 
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8. 

9. 

10. 

u. 
12 . 

13 

14 

1 5  

16 

17 . 
18 . 
19 

20. 

21. 

22. 

23 

24. 

Cautiously dissolve precipi ta te  through the paper wlth dilute n i t r i c  

a c i d  and wash thoroughly with water. 

Gvaporate t o  5 m l .  

Add 30 nil of fuming n i t r i c  acid. Cool and centrifuge. 

Decant solution and discard. 

Dissolve precipi ta te  i n  2 ml of water and add 1 5  ml of f d n &  n i t r i c  

acid. Cool and centrifuge. 

Dissolve precipi ta te  in 20 ml of water. 

Add 5 ml of 

Add 5 ml of ammonium bichromate dropvise snd cool. 

Centrifuge. 

colorless. Add washings to  supernate. 

Dissolve prec ip i ta te  i n  

hydroxide. 

Centrifuge. 

Wanafer the barium chromate prec ip i ta te  t o  a stainless s t e e l  p l a t e  and 

dry. Count a t  hourly IntervaLs. 

Add 10 ml of ammonium oxalate solution t o  the supernate in s tep  (16). 

Bring t o  boll and &e ammoniacal. 

Cool, centrifuge, and discard eupernate. 

Wash three tlmes with miter. 

Count a t  hourly intemmls. 

to a s t a in l e s s  steel p l a t e  and dry. 

ammonium acetate  solution and bring t o  b o i l .  

Save supernate and wash precipi'iate u n t i l  washings are 

n i t r i c  ac id  and re-precipi ta te  with ammonium 

Discard supernate and wash once with water. 

R-ansfer the strontium oxalate prec ip i ta te  
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3ETEZWMTION OF SODSUM 
Group Separations Method 

PRINCIPLE AND r.LMITATIONS OF METAOD: 
9 4 Sodium' , which has a half-life of 14.3 houre, const i tutes  approximately 

twenty pement  of the t o ta l  a z t i v i t y  of reactor  e f f luent  water. 

I n  this procedwe, the snalyclicaL Groups I, 11, and I11 are removed as sul- 

f i d e s  Prom a basl:: s o l t l t l o n  and Croup Tv is removed as the oxalate. 

is then evsForated t.0 dzynees and ignited to remove ammonium salts. 

i s  taken up vifh - a t e = :  f ilsezed, ac id i f ied  and plated. 

The solution 

The residue 

TBIS PROCDLBE HAS BEEN TES.353 ONLY ON REACTOR mLUENT !JATER* - 
REAGENTS : 

1. Ammonium Hydroxide, cop.  :oncentrated. 

2. Ammanl-Jm Oxalate Solution, Yaturated aqueous. 

3. 

4. HJdr ogen Sulfide, gas. 

Cerriecs ( s i lver ,  copper, Iron, lanthanum, calcium, and sodium), 10. 

5. Ni?ric Acid, c.p.  concentrated. 

1. 

2. 

3. 

4. 

5 .  

4 .  

Transfer 100 ml of reactor effluent water t o  a 250 m l  

2.00 ml of soliium c s z ~ i e r  and 2 ml of s i lver ,  copper, 

and calcium e a z i e - s .  

beaker. Add 

iron, lanthanum, 

Add 1 ml of smmonium hydroxide aad pass i n  hydrogen sulfide f o r  two 

minwes . 
Ceneifuge snd d e n a t  the aupernate through a #40 Whatman f i l t e r  paper. 

Add ; ml of anrmunium oxalate solution t o  the f i l t r a t e  and heat t o  boiling. 

Centzifuge, ie:ssr? the supernate through a #40 Whatman filter paper, and 

evaporate the fiLtrafe tn dzyness. 

Ignite +Xle beaker a d  coa5enfe over a Meker burner u n t i l  all of %he 
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7. 

8. 

9. 

10 0 

Add 20 r a l  of d i s t i l l e d  water and heat to boiling. 

Filter, wash the paper w i t h  hot water and col leat  the f i l t r a t e  and 

washings in  a 120 m l  beaker. 

Add 2 ml of nitric  acid, evaporate to a volume of 3 to 4 m l ,  and 

transfer to a one inch etainless steel plate .  

Dry under an idra-red lau~p. Count at hourly intervals. 

f 1 0 1 1 1 3 4  DECLASSIFIED 



Ceric Fluoride Method 

PRINCIPLE AND LIMITATlORS OF METBOD; 

The rare ear ths  =e precipitated as f luoride using a cerium ca r r i e r .  The 

zirconium is removed by comp.?.exing with the hydrofluoric acid.  B a r i u m  and stron- 

t i u m  are removed by precipi ta t ion of the rare earths as hydroxidcs I n  the presence 

of a atrontitun holdback c m l e r .  The hydroxide prec ip i ta te  is then plated and 

counted 

primarily fez the analysis of reactor e f f luent  water. 

REAGENTS: 

1. Ammonium Hy&oxide, concentrated. 

2. Boric Acid Solution, saturated, aqueous. 

3. Cazziers (cerium, stzonfl-rm), 10 mg/d standardiLed. 

4. Hydrochlozlc Acid, 6s. 

5 .  Hydrofluoric Acid, 22. 

6. I i i t r ic  Acid, c.0. \-oncentra+Ad. , 

7. Nitsic Acid, 4N. - 
8. Sodium Hydroxide, 24% 

Dissolve 240 g c.p. sodium bydroxide in 1000 ml of water. 

PROCEDURE: 

1. Place a 50 of reactor  e f f luen t  water (concentrate if necessary) 

in a 100 ml luatezoid test tube. 

2. Add 2.00 ml o? cerium csrriar,  4 ml of zirconium c a r r i e r  and 1 5  ml of 

concentrated n i k i c :  acid. 

3. Add 2 ml concen?zated hyh-ofluoric acid, stir and centrifuge. 

4. Decant aupernata and dissolve the prec ip i t a t e  In 2 nil saturated boric 

4 -- 
b .C 
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7. 

80 

9. 

10 0 

1 1 0  

acid sclu+.ion and : ml of -onci:nka*&d n i t r i c  acid. 

carrier 

Dilute t.0 10 

centzif uge . 
Decant. supp,-na%e, rllsbc1ve the precipitate In 2 ml of saturated baric 

acid solu+fon and 1 ml of 

Make the eolution b a i :  wi*A sodium hydroxide, cenWIfuge, and wash tne 

Frecip1tat.e m i c e  Vifh water. 

Dissolve the precig1tat.e in 1 to 2 ml 6IJ hyd=ochlmic acid a d  add 2 ml 

strontium carr ier .  

Dilute +.c 15 mlo make the aolutlon basic with ammonium hydroxide, and 

sestrifuge 0 

Decant the s q e z n a t e ,  dissolve the precipitate i n  1 50 2 ml 6g hydro- 

t h l o r l z  acid. 

Make the solut.ion basi- vlth amoniwn hydroxide, centrifuge, wash the 

precipitate t x i c e  vlth wa*%er and mount on a stainless s t e e l  plate. 

Ignife. 

Add 2 ml z irC0IdUm 

add 2 m l  concaatrsted hydrofluoric acid, stir and 

nsentrated nlfxic acid. 

Dilute to 15 ml. 

Meas='? the t o u t i n g  rate hc*nly. 
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