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ABSTRACT 

Fiss ion  product measurements were made on the SM-1 primary 
cool$nt.. The a i rborne  a c t i v i t y  observed during sampling ,of thg 
primary system w a s  ident if ied, l  An a n a l y s i s  w a s  made' on t h e  
primary coolant  f o r  a lpha  a c t i v i t y  and on t h e  secondary w a t e r  
f o r  f i s s i o n  prodtz'ct iodine,  
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I.,. 0 INTRODWCTIOM 
. . 

The Army Package Power Reactor (SM-1) i s  operated by Alco 
Products ,,. Inqorporated under Contract No, AT(30-3) -326 with the 
United S t a t e s  Atomic Energy- C,ommission, A s  p a r t  of t h i s  eon- 
t r a c t ,  a research and development program i s  being ca r r i ed  out, 
The r e s u l t s  of  experimental work performed under Task X3:EI of 
t h i s  program are described i n  t h i s  repor t ,  Task XI11 :is an ex8- 

- tension of Ta.sk ZTL, which concluded wfth the issuance of  APM 
No, 44, ('1 

Between the completion of  work on Task .TI1 and thg begin-- 
ning of  work on Task XIII, the  SM-1 pressure  vesse l  was  opened, 
A s ta t ionary  fuel dement  and a -control  rod element w e r ~  re-. 
placed a t  t h a t  t i m e ,  

L - - 
I-J - 2 

! I - - - 
A- - - - - *. - 

~-c'1~xaminatiohby~3Fiscope of fi;e 
showed thaq a crackmay exist in the cladding of the stationary fuel element) 

theconclusion in the Task:ID[ final report (APAE No. 44) 
defect was present in the-core. l 1  

> , , 

C' u 1.2 Scope of  Work 

'I'he work t o  be performed under the  Task XIPZ program con-) 
s i s t e d  of  the  following operations: 

(1) G.ontinuing on a rout ine  bas i s  the measmemenit 
s t a r t e d  on Task 111 of severa l  of  the  high y i e ld  
f i s s i o n  products i n  the  primary system. 

Monitoring the primary w a t e r  sampling ,operat ion 
and the  s tack f o r  airborne f issi .on product .activ- 
i t y  and evaluat ing the environmental hazard it 
presented, 

Perfowzing per iod ic  measrwements on the se,condaxy 
water f o r  f i s s i o n  products,. 

Inves t iga t ing  the  presence of alpha activity in 
the  primary w a t e r  ... 

(5) Continuing an a n a l y t i c a l  program, 

(6) Dqeloping de t a i l ed  procedures ,  t o  be used i n  the 



SM-1 and applicable to  other pressurized water 
reactors  of the Army Nuclear 'Power Program f o r  
the routine measurement and analysis of primary 

, and secondary water f o r  f i ss ion  products, 

1,.3 Studies 

To carry out the  program ou t l ined ,  the following sfxdies 
were plamedg 

(1) The behavior of the steady s t a t e  leve l  of tbe 
high y ie ld  f i s s ion  products i n  the prima? system 
(as  determined by the measurements of f 1) a b o v g  , 
and a s ta r tup .  and shutdown run fo r  and l1 
were t o  be integrated in to  an ana ly t iqa l  p r o g r m  
This would he a development of the program initiat- 
ed by Task III;, 

(2) An analysis f o r  1133 w a s  t o  be perfowed on the 
secondary water once e a j l  month to  detect  t h e  
presence of f i s s ion  pfoducts i n  the secondary 
system. 

3) An analysis f o r  aanium isotopes on the w a t e r  and 
crud w a s  t o  be performed t o  detect  the presenqe of  
alpha a c t i v i t y  i n  the primary system. 

(4)  A nuclide i d e n t i f i c ~ t i o n  followed by. measurements 
of nuclide levrels was  t o  be performed t o  evaluate 
the hazard from airborne act ivi ty .  

The work outl ined above was  not  completed, This was  the  re- 
sdlt of extensive low power operation, an umsual  n d e r  of  scrams 
during gtarmp, and the  short  t i m e  a t  f u l l  power available, i n  
which t o  accomplish this task. I n  par t icu lar ,  su f f i c i en t  data  
w e r e  not  obtained t o  continue development of the ana ly t i ca l  pro-- 
gram i n i t i a t e d  i n  Task 111. 



2-0 CONCLUSIONS AND RECOMME3DATIONS 
. # ,  

Cone lusions 

The following conclusions are derived from the  work de- 
scr ibed i n  t h i s  reports  

(1) The rate of  f i s s i o n  product add i t ion  t o  the PI-3.- 
mary system has decreased s l i g h t l y  s ince  December 
1958, - 

(2) ~ l t h o u ~ h  the  rate of add i t ion  has decreased,, t he  
steady state l e v e l  of severa l  f i s s i o n  products 
has increased since. December, This  is possibly 
explained by a dif ference  i n  f i s s i o n  produdt de- 
pos i t ion  rates s ince  December 1958$ cadsed by, a 

- higher pB of t h e  primary water,. 

(3) Uranium was not  forand i n  t he  primary system water, 

(4 )  Fiss ion products were not  found i n  the  secondary 
system, 

(5) The airborne a c t i v i t y  cons i s t s  of  f i s s i o n  p rodmt  
gases and t h e i r  daughters, Major daughter activ-L 
i t i es  i d e n t i f i e d  w e r e  cs138$ ~ 8 8 ,  and Rb89. No 
immediate hazard e x i s t s  ,under ex i s t i ng  sampling 
procedures. 

( 6 )  Cesi~fm-137 i s  present  i n  t he  primary makeup t d . ,  
Indicat ions  of  o ther  long--lived activities were 
a l so  fomd, 

Recommendations 

The following recommendations are made as a r e s u l t  o f  t he  
information obtained from t h i s  task: 

(1) Continue the  rout ine  ana lys i s  f o r  cs137, ~ ~ 1 3 8 ,  
1131 s 1133 and ~ r 9 1  i n  the primary w a t e r .  Iodine- 
131 should be run weeklyy and the  o the r s  on a 
rout ine  monthly hasis,, 

(2) Continue the  iodine-133 and iodine-131 ana lys i s  on 
the  secondary w a t e r  on a rout ine  monthly bas is ,  



(3 )  Perform star tup and shutdown t e s t s  f o r  1131 and 
1133 t o  f u l l y  character ize  the behavior of these 
isotopes as a possible routine test f o r  defective 
fue 1 e lement s . 

(4 )  Continue e f f o r t s  t o  detect  any alpha a c t i v i t y  i n  
the primary system? par t icu lar ly  i n  the drud. 

(5) Continue e f f o r t s  t o  e s t e l i s h  any health, hazard 
presented by airborne ac t ivf ty .  An e f f o r t  should 
be made t o  measure the gaseous component as w e l l  
a s  the  par t iculate .  

(6) An analysis  of a c t i v i t y  found i n  the primary make- 
up tank should be car r ied  out t o  determine the 
eff ic iency ,of the demineralizers f o r  spec i f ic  nu- 
cl ides,  In part icular ,  the  s tudies  should deter-  
mine whether the  nuclides contributing the most t o  
dose r a t e  buildup are being completely removed by 
the demineralizers. 

(7) Studies should be i n i t i a t e d  concerning the i n s t a l l a -  
t ion  of -instruinentation t o  monitor f i s s i o n  product 
a c t i v i t y  i n  the primary coolant., 

(8) A thorough study of core 2 f o r  surface and cladding 
contamination should be made, This should be follow- 
ed by a determination of f i s s ion  product levels  ob- 
tained i n  the primary system a f t e r  the  core has 
been inserted.. This w i l l  allow a correla t ion t o  be 
made between a known surface contamination and 
f i s s ion  product levels  t o  be expected. For cores 
subsequent t o  core 2 a t  SM-1, and f o r  cores i n  
future  Army pressurized water reactors,  the  amount 
of f i s s ion  products to  expect would be known before 
startup,  I f  the expected f i s s ion  products leve l  
i n  the core i s  grea t ly  exceeded,: a leak may be sus- 
pected., 



3.6 0 PRESENTATION .AND DISCUSSION .OF: DATA 

The data. presented i n  the following sections are those con- 
sidered to  be most representative of the conditions measured, 
A l l  data collected from the primary system a r e  included i n  the  
Appendix, Section 5-0, 

3.1 Fission Product Level i n  the Primary Coolant 

The measurement of  f i s s ion  product levels  i n  the primary 
coolant w a s  carr ied out as described i n  APAE No. 44. ~ k i e f l ~ ~  
i t  consisted of drawing a sample from the primary system, per- 
forming the appropriate chemical separation and,s with the ex- 
ception of strontium -90, measuring the amount of the nuclide 
present byecounting with a s c i n t i l l a t i o n  spectrometer, The 
strontium-90 was measured with a G-M tube and scaler .  The pr i -  
mary. water was not f i l t e red ,  

The f i s s ion  product levels  obsemed are, l i s t e d  i n  Table 3.1, 
The levels observed during October 1958 and December 1958 a r e  in- 
cluded f o r  comparison, 

TABLE 3 , l  FISSION PRODUCT LEl(l3LS I N  TEE PRIMARY COOLANT 

'1 so tope dpm/ml, dpm/ml dgm/ml 
( ~ c t ,  1958) (Dec, 1958) (June i9.59) 

- - . * *  * May be ~ons ide red  s;eady s t a t e  levels, - 

- .- 
3 . 1  Discussion o f  Fission P r o d u ~ t  Levels 

-+--.- - -  -----,* -- 

The levels recorded f o r  srgl ,  1133% ~ ~ 1 3 8 ~  and ~ a l 3 9  a r e  
equilibrium levels,, An in te res t ing  phenomenon i s  apparent, 



The cesium and iodine levels  show a small decrease since Decem- 
ber  1958. The overa l l  accuracy i n  determining the concentration 
of a long-lived isotope i s  about 20 percent, This i s  limited by 
the accuracy with whichs the pur i f ica t ion  r a t e  may be set, I n  
contras t  t o  the s m a l l  decrease observed f o r  iodine and cesium, 
the strontium and barium leve ls  show a def in i te  increase since 
Decemb.er 1958, The pur i f ica t ion  rate during t h i s  power run has 
been within 20 percent of t h a t  maintained during Decembe~ . The 
behavior of these f i s s ion  products requires an explanatf on, 

It i s  known from e a r l i e r  studies(1) tha t  C e s i u m  does not 
deposit on the primary system surfaces t o  any ~ p p r e c i a b l e  extent, 
Barium and strontium a r e  found i n  the  c i rcu la t ing  crud and can 
be assumed to  deposit,,(l) The pR of the primary coolant during 
the May-Jme power &n had been higher than the. normal operating 
pa, . The pH w a s  8,5 &ring t h e  i n i t i a l  s ta r tup  on May 1 7  and-- 
slowly decreased t o  the normal pH of  ab,out 7,*5 by &me 15* Most 
of the analyses were run previous to  June 15, The abnormal pH 
i n  the .primary system could have a l t e red  the deposition rate of 
strontium and barium. I f  t h i s  rate were decreasedt an increase 
i n  t h e i r  levels  i n  the coolant could be observed even though a 
small decrease occurred i n  t h e i r  rates of addit ion to  the primary 
sys tea ,  

+ 

No other explanation f o r  t h i s  phenomenon is apparent, T%e: 
buildup d f f iss ionable  p lutonium-239 does not explain it, since 
t h i s  would increase the iodine and cesium leve l  as well* 

A decrease i n  the iodine and cesium levkls i s  apparent from 
the data, . There i s  an -certainty of $ 20 percent i n  the puri- 
f i c a t i o n  rate, .For  t h i s  reason,$ a decrease i n  the  rate of iodine- 
133 addit ion Is uncertain, 

Since: cesium-138 l eve l  i s  ~ f f e c t e d  by the  pur i f ica t ion  
system$ as a r e s u l t  of i t s  short  half  l i f e ,  the only uncertainty 
i n  i t s  level i s  the  uncertainty i n  i t s  chemical analysis  of 2 10 
percent, Thtfsg a de f in i t e  decrease i n  the rate of addit ion Ss 
observed i n  the Fase of c e s i m h 3 8 .  One s ta t ionary fuel  element 

'1 

I 

It i s  possible t h a t  some surface tontamination has been re- 
leased from the core. and deposited outside the core area o r  re.- 
moved by the pq'rificatfon system, This could account foe part 



of the decrease i n  the r a t e  of f i s s ion  product addit ion t o  the 
primary system, 

k t  i s  redomended t h a t  s tudies .be in t i taged  concerning the 
i n s t a l l a t i o n  of instrumentation t o  monitor f i s s ion  products 
p r ~ s e n t  i n  the primary system, Such i n s t m e n t a t i o n  would re- 
duce the amount of routine laboratory work necessary ko safe ly  
monitor reactor  operation, 

3,1-2 Startup ,and Shutdown Tests 

It had been planned t o  conduct a s tar tup qnd shutdown run 
f o r  iodine-131 and iodine-133& However, thLs w a s  not poss$b]I~n 
The reactor  could not be maintained at a steady power level 
fronr i n i t i a l  s ta r tup  t o  a steady s t a t e  level of the iodine iso- 
topes& . geeause no shutdown w a s  scb.eduled f o r  the  damtion of 
t h i s  tasks  a shutdown test could not be-.@onducted, 

!, 
. Startup and shutdown tests are of value i n  evaluati,ng the 

source of f i s s ion  products, It has .been observed, (2) fo r  PWR 
type &eel-elements, t h a t  iodine-131 continues t,o en te r  the. p r i -  , 

mary coolant a f t e r  shutdown i f  a leak e x i s t s  i n  the  core, . This 
has heen observed a t  the SM-1.11) Also,  i f  a leak existsp tihe 
t i m e  fo r  iodine-131 t o  reaeh a steady s.tate l eve l  i n  the eoslant  
i s  grea ter  than that predicted f o r  surfagks contaminziti,on, Thus, 
a star tup and shutdown test aoald be a method of detem~&~Ang . - - - . .  - 
whether a leak  exists, 

Another pEzenomenon observed,,:,$q a_f$el element with a 
known leak and no meat t o  cladding bond, isd.t&' $&&king of fist- 
s ion products after startup.  (2) That is, the  f i s s i o n  prod-t 
leyel w i l l  increase sharply a f t e r  start- t o  a certain Level, 
then deerewe t o  a ,steady state level, me explanation offered 
i s  tha t  coolant leaks in to  the h 1  element during shtdown a d  
i s  forced out during reactor operation, A s  the jzoolant 6s 
forced out$ i t  contains, a high concentration of f i s s ion  produetso 
%'his ped@ng i s  a l so  observed f o r  f i s s ion  product delayed mu- 
t rons present i n  the primary,coohnt, gince. a cladding t o  meat. 

I bond does exist i n  the SM-1 type f u e l  element, it i s  doubtW1 i f  
tlsisv*phenomenon would be observed i n  SM-1 i f  a leak existed. . . 

. . , *  . . 3.2 Fission Products in  tb Secondary System . - 
! '  . .  . . - 

A fbur l i t e r  sample of se;condarg w a t e r  w a s  analyzed f o r  
iodine-133 and iodine*131 while the reactor  was' at all power+ 
No- f odine a c t i v i t y  e u l d  be fognd,, X t  mag be; coqluded from 
this twt no f i s s ion  products , ex is t  i n  the secondary system at 
present,, 



3,3 Alpha .Activity i n  the .Primary System 

A chemical separation f o r  uranium w a s  performed on 4 l i ters 
of primary water. The f i n a l  sample was analyzed f o r  alpha aaetiv-- 
i t y ,  The r e s u l t s  were negative, Time available did not permit 
a similar analysis on primary system cmd,, 

3,4 Airborne- -PartipuLate Activity 

3,4,1 Obsemqtion of -Airborne Activity 

The levels  given i n  Table 3.2 a r e  those observed in  the. im- 
mediate v i c i n i t y  of an open sample point  upstream of  the deminer- 
a l i z e r s ,  me open sanxple point  fefers t o  a steady flow of pri -  
mary w a t e r  i n to  a drain pipe open t o  the .atmosphere$ m e  water 
w a s  flowing in to  a drain through a length of rubher tubing in- 
se r t ed  about one in* in to  the drain  pipe, The pa r t i cu la t e  aetiv- 
i ty  w a s  col lected on a Hollingsworth f i l t e r  using a portable a8r 
monitor w i t h  a 15-liter per  minute flow through the  f i l t e r ,  . me 
l eve l  of each nwli,de was measured by counting a ebra ;e tq r i s t i c  
photopeak using a s c i n t i l l a t i o n  spectrometer, A co l lec t ion  ef- 
f ic iency of 90 percent w a s  assumed, The leve ls  i n  Table 3.2 
should he considered approximater since they are Based on a 
s ingle  measurement,;, 

*56 
a 8 8  

Rh89 

~ r 9 0  

*133 

qsl37 (calw&ed from d9) 
qs138 
Ba139 . 

Not detectable b x 3 X I - d  

5 x lo+ 

9 x 10"9 
<<cs137& 1 x 10-9 

Inconclusive 9 10-9 

* Code of  Federal Regulations, Janmrp 1, 1958, 

* ~oncluded .by. comparing the 'half lives o f  the respective 
gerse~us preeur sois,, 



Chemical separations were .attempted on the par t icu la te  
a c t i v i t y  without success, The short  half l i ves  of: the mat.erjl,al 
collected, %:ombined with the  small modnt it w a s  possi.ble t o  
co l lec t ,  made chemical separation impractical, Nue-.li.de idernti- 
f i ca t ion  w a s  made by following the decay of charaeteristia= photo- 
peaks of the mater ia l  ;collected, 

3.4.2 Discussion of Airborne Activity 

No induced. activity was found i n  the airborne miterial, 
From thisp the eonelusion is  reached t h a t  no par t icu la te  activ- 
i t y  i s  being car r ied  out of the primary water by escaping gases. 
The p a r t i a l a t e  component of the airborne dtztivity consis ts  en- 
s i r e l y  of the decay products of the escaping radioactive gasesd 
The presence of iodine Ixas not been confirmed, Only one a.ttempt 
of the four made t o  detect  it gave posi t ive  restilts and t&de 
i s  some doubt concerning i t s  r e l i a b i l i t y e  An act ivated charcoal 
f i l t e r  w a s  used t o  collece any iodine acti'vitg, The possibi l f  ty  
e x i s t s  t h a t  the f i l t e r  used i n  the test g i d n g  positi.ve r e s a l t s  
w a s  contaminated before i t  was used. A 1 1  subsequent f i l t e r s  
were ch@cked f o r  contamination imgediately before use. 

The 1-1s oi! a c t i v i t y  given i n  Table 3,.2 a r e  those observed 
i n  the  himediate v ' icinity of the open sample p o b t  defined px8e~- 
viouslg.. . For a given volume of gas .escaping f%m,tbe sample 
point,  the t ~ k a l - . ~ a r t i c u l a t e  content w i l l  inere& with time as 
the gas de.eays- However,: s i n e  this o r ig ina l  volume i s  a l so  ex- 
panding and thus di luted -*th increasing timep two' opposing ef- 
f e c t s  occur as fie escaping a c t i v i t y  moves away from the sample. 
p o i n t ,  No eonelusion w a s  reached as . to  whtch e f f e c t  i s  g r e ~ g e s t .  
f t i s  eon~luded, howeverk that no hazard w i l l  .ex%st under the 
normal sampling promdtifes now used at SM-1, . ~ 1 3 %  ~ r 9 0  and. 
~a~~~ w e r e  no t  detected -experimentally. Their  presence was cal- 
culated from the ha l f  l i v e s  of t h e i ~  gaseous precursors(l) and. 
an assumed t r a n s i t  time of 40 seconds from core t o  sample point,  
The gaseous precursors have suf f ic ien t ly  long half  l i ves  t o  ex- 
i s t  i n  the primary coolqnt a t  the upstream sample points and 
w i l l ,  therefore, escape i n  the same manner as the other  gases, 
The leve l  quoted f o r  ~s~~~ was calculated on the basis  of the 
leve l  of ~ b ~ 9 .  Their gaseous precursors have approximately the 
same half  l ives ,  

Since i t  has been determined tha t  no par t icu la te  a c t i v i t y  
i s  being carr ied out of the primary system, the leve l  of the 
radioactive gases, ra ther  than the par t icu la te  component, w i l l  
determine the heal th  h a ~ a r d ~ p r e s e n t ,  An e f f o r t  should be made 
to  measure t h i s  level.  



3.5 Act5yity i n  the Primary W e q p  Tank 

A detewinatian of the. cs137 1-1 i n  t b  m&rp tank -was 
performed. The leve l  was found t o  b,e loa 6 dpm/m'l, The cesium 
enters  .the makeup tank a s  i t s  gaseous precursor Xe 137 which has 
a ha l f  l i f e  s u f f i ~ i e n t l y  long to  pass through the demineralizers, 

While perfoming t h i s .  analysis.$ an a c t i v i t y  w i t h  a 0085 war 
gamma ray was found; .This gamma ray i s  charac ter i s t ic  ..of. pln5&, 
Mn56, and ~ 0 5 8 ,  s igni f icant  contributors to  the primary system 
actikLty. 1t i s  f e l t  Lhat 4 complete analysis  of a c t i v i t y  
present i n  the primary makeup tank ghould be perforpled, Th9.s 
w i l l  determine the eff ic iency of the demineralizers. f o r  the 
various nuclides, 

! 

The routine nka&rement of the f i s s ion  prodrudt Level may be 
accomplished .by tide determination of the iodine and cesim levels, 
Th-e only source oE iodine and qesium i n  the primary system i s  ,the 
f i s s ion  process. C o q l e t e  procedures f o r  routine radio-iodine 
and radio-cesium determinations i n  the SM-1 are  given i n  Sections 
4 , l  and 4,2, 

4,.1 Fission Product Iodine 

If a gamma-ray spectrometer i s  available), an analysis  f o r  
iodine-133 and i o d i n e 1 3 1  may be made, I f  a spectrometer i s  not 
avail&le, an analysis  f o r  iodine-131 only i s  possible, $n - 
ei+er ease,. a waiting period of seyeral days after drawing t@e 
sslrpple i s  necessary b.efore counting,. , h 

. Reagents 

Carbon te t rachlor ide 

Sodium hypochlorite - 5%, solut ion 

Bydroxylamine hydrochloride-10% solution 

$odium cafbonate- ,2M s o ~ ~ t i o n  
4 

Concentrated n i t r i c  ac id  

6g nitric w i d  

S t a d a r d  iodide solution-6..53 gm Kl per  5 0 h l  wate le  

(10 mg I" per  ml) 

One-tenth percent silver nitrate sglution 

Absolute ethanol 



1 
'L . I 

, .,Equipment 
: . / '  

Two 250 m l  separatory funnels 

Two 60 m l  separatory ftinnels 

Two 50 m l  Ehrlenmeyer f lasks  

I :Eight droppers (2 m l  capacity) 

' One 2 m l  volumetric p ipe t te  

F i l t e r  chimney apparatus 

Whatman No, 42 f i l t e r  c i r c l e s  ( t o  f i t  chimney ap- 
paratus) 

1 Drying oyen (100 C) 
Sample, mounts (pl'anchette plds retaining ring) and 
Mylar film 

Hood 

Counting apparatus - G-M tube plus sca le r  o r  garma- 1 
rag spectrometer 1 

i 
J 

Procedure. ? 

! 

Cautionx ,. A l l  s teps  through step.. ( 6 )  should be perfom- 
ed i n  the hood, 

Duplicate samples should be run, 

(1) Place 100 m l  of primary w a t e r  i n  a 250 m l  separa- 
tory k n e l ,  

Add by pipbt te  2 m l  of the standgrd .iodide solution, 

Add 10 m l  of saturated sodium carbonate solution, 

( 2 )  Add with a dropper 2 m l  of s o d i m  hypoehlorite 
solution and e x .  . Stopper the funnel and w a i t  e,t 
l egs t  ten  minutes, 

(3)  Slowly add 5 m l  of concentrated n i t r i c  acid, allow- 
, ing the -acid t o  sl i& down the s ide  of  the & ~ m e l ,  
. Care should be taken not: t o  a g i t a t e  the solut ion 
. +$h-would f a c i l i t a t e  the release of qQ2, This 
would,.qeduqe .te iodine yie'ld .by,cprr);ing any free 
iodine formed out of the funnel* and i t  would 



crea te  a heal th  hazard i n  the Laboratory, Add 4 
m l  of hydroxylamine solution i n  the same manners 
Then add 10 m l  of carbon te t rachlor ide .  and st.op.- 
per  the funnel, 

( 4 )  Being careful  t o  hold the stopper firmly i n  plade, 
shake the funnel thoroughly, A pressure w i l l  
b a l d  up ins ide  the funnel due t o  the release of 

. C02. Af ter shaking f o r  ab,out one minute, release 
the pressure by holding the hurnel upside down 
and care&lly opening the drain stopcock, After  
releasing the pressure.F Agitate f o r  an addi t ional  
30 seconds and release the pressure again, Allow 
the filnnel t o  stand u n t i l  the water and carbon 
te t rachlor ide layer  (lower Layer) have separated 
completely. 

(5) Drain the lowen layer  (carbon te t rachlor ide)  i n t o  
a 60 m l  separatory funnel, Add 10 m l  of f resh 
CCl4 to  the 250 rnl separatory funnel and repeat 
s tep (4), Add the lower layer  t o  tha t  i n ,  the 60 
m l  separatory funnel, 

( 6 )  To the carbon te t rachlor ide i n  the 60 m l  b e l ,  
add 10 m l  of H20, Then add 4 drops of the  sodium 
b i s u l f i t e  solution and a g i t a t e  u n t i l  the mixture. 
i s  colorlessy Allow the  layers t o  separate, . Df s- 
card the lower layer (CC14) and drain the  Upper 
Layer i n t o  a 50 m l  Ehrlenmyer f l a s k  o r  i f  the  
sample i s  t o  be counted with, a G-M tube., add 10 ml 
Na2W3 and repeat s teps  (2), (3) ( 4 ) ,  (5) and (6) 
using a clean 250 m l  separatory ftmnel, 

(7) Add 1 m l  bf 6NWO3 and b o i l  on a , h o t  p l a t e  f o r  
2 minut,es,. Remove the flask from .the hot p l a t e  
and allow t o  cool f o r  about 5 mintftes. Place a 
previqusly washed (water and then ethanol) dried 
and weighed f i l t e r  c i r c l e  i n  the chimney apparatus. 

,To  the solution i n  the 50 r n l  f lask,  add dropwise 
with swirling 20 drops of the s i l v e r  n i t r a t e  solu- 
tion, Boi l  f o r  one minute and then f i l t e r  though 
the chimney apparatus using a vaeubm, Wash the 
precipitate '  with 5-10 ml- of water and then 5-10 m l  
of ethanol. 

(8) P l a , ~  tke f i l t e r  circle i n  the drying oven and dry 
f o r  ' 10  minutes^. - Remove and weigh, 



(9) Place the f i l t e r  c i rc le  on a planchette, coyer 
with Mylar film and secure with the retaining ring, 
Count according to instructions i n  (10)A ori (10)~ 
below, 

(10) A, Spectrometer 

I ~ ~ ~ :  Wait 30 hours a f t e r  the sample i s  
drawn, Count the 0,53 mew gamma, 
Operation of the spectrometer f s de- 
scrib,ed i n  the handbook supplied with 
the instrument and i n  AP Note -=- 165. 

1131: Wait a t  least  5 days a f t e r  the sample 
i s  drawn. Count the 0,365 mev gamma, 

B', G-M Tube (See Note 1 a t  end of t h i  s section) 

1131: Count the .sample. long enough to colleek - 
at least  10BOOO -counts, . . 

cPm = Observed counts pkr  minute - back-. 
I ground counts per minute, 
I 

D. F. = Decay Factor = e-At 

X = 3.33 X hrS-l 

t .= number of hours 'elapsed from the 
time $he sample was draw t o  the 
time the sample was. countbd, 

c& F. = Correction Factor 

The correction factor i s  obtaine r o m  a plot of G, F'. ~ressds 
gamma energy. .The (=,I?, i s  defined as &re,')', i s  &e g m a s  
per minute a t  the particular energy edl!?ed by the sample and cpm 



i s  the counts per  minute observed a t  the peak a t  a given window 
width (see spectrometer handbook f o r  de'finition of window width), 
It i s  necessary thgt  the ca l ibra t ion  standards and samples be 
mounted i n  essent ia l ly  the same manner, since the. C,F.. includes 
the geometry correction. 

cpm x C,F, 
dpm'ml = sample weight 'in mg l o o ' x  D,Fo  ,80 ' 

37.0 

. . . .  
D. .  F. - .- .-.At 

h = 3. 59 x hr'l 

(11) Be G-M Tube 

C; F, = Correction Factor 

Since a l l  the 113' beta p a r t i c l e s  a r e  being counted,. a net 
correc.tion fac tor  must be used. A p l o t  of p a r t i c l e  energy vs. 
.C, F. i s  determined using standard samples. Corr,edtion fac tor  is 
defined a s  $El, where dpm i s  the beta dis integrat ions  per  minute 

he s&%, and cpm the observed counts per mihute. Since 
has, four 'be ta  par t ic les ,  the ne t  correction fac tor  i s  the 1 

weighted sum of the, individual  beta p a r t i c l e  correction factors.  
Iodine-131 decays with 0,- 7 percent 0,815 rnev beta,, 87.2 percent 
0,608 mev beta, 9.3 percent 0,335 mev beta, and 2-8 percent 
0.250 mqv beta. 

C.F. = .007 (Q.F. f o r  0.815 mev) + ,872 (C6F., f o r  0.608 mev) 

- + .093 (C.F. for  0.335 mev) + .028 (C.F. f o r  .250 mev) 
I 

S. A. S,= Self-absorption, and se l f - sca t te r  corrqction f o r  
beta  par t ic les .  This .correction i s  a j5inction of 
beta  energy and sample thickness 

The correction ma b,e estimated by using curves given by 
Newik and Stevenson. 3 )  The ne t  S.A. S. i s  determined i n  t h e  
same manner as the correction factor, 



1. R f  a G M  t&,e i s  used t o  count iodine-131, it i s  n=e,s,sary 
t o  w a i t  5 days a f t e r  the  sample' i s  drawn hefore  the  iod ine  
separa t ion i s  performed, The sample may be  .counted im- 
mediately a f t e r  separation, 

2. When performing an ana lys i s  f o r  iodine  on the  s e c o n d a ~  
system, draw ddpl ica te  &. l i t e r  samples.. Add the iodine 
-carrier and 1 r n l  of 1 M N-03 soltation, Evaporate the 
&liter samples t o  100-ml and then proceed as f o r  a primary 
system sample. Remember t o  de l e t e  the  addi t ion of  the  
iodide carrier i n  s t ep  (1) s ince  this has already been done, 

I 

4-2 - Fiss ion Product Cesium 

The. separa t ion of  cesium xmist b e  ca r r i ed  out  'quite rapidly  i f  
a determination of cesium-138 i s  t o  be performed, Cesim-138 
has a h a l f  l i f e  of  32 k n u t e s ,  For t h i s  reason the  sample m.st 
be counted within 2 hours a f t e r  drawing the  sample, The proeed- 
u r e  below i s  designed f o r  ~ ~ 1 3 8  although i t  may be used f o r  
~ ~ 1 3 7  as w e l l .  (See Note 1 a t  end of this sect ion) ,  . TBe separa- 
t i o n  should take no longer than 1 . 5  hours, 

Reagents 

Cs ,carrier - 10 mg C s / m l  (see procedure f o r  s tandardizat ion 
'o f  carrier) %- 

Fe carrier - 10 mgl Fe/ml (as  Fe (N03)3 i n  Hz0 t o  *ich 2 o r  
3 drops of concentrated mo3 per 100 ml o:f so ld t ion  has  been 
added) 

Hydrochloric ac id  - concdntrated and 6M - - 

N i t d e  a c i d  -. concentrated 

Perchlor ic  ac id  - 70 percent  

S o d i m  hydroxide- -. p e l l e t s  
; I Ammonium 'hydroxide - 6g 

I 

Si. l ieotungst i .~. ;aeid - s o l i d  



Equipment 
' . .  . 

Drying oven (110 C) 

Centrifuge 

Centrifuge tub,es .- 40 m l  conical, g lass  

Ehrlenmeyer f lasks  -. 50 m l ,  125 m l  

Planchet tes , .ad re ta ining rings. 

No, 42 Whatman f i l te r  c i r c l e s  

F i l t e r  chimney apparatus 

Sintered glass  Gookh crucikles f o r  standardization 
of .carrier 

Pipet tes  - 5 ml ,  25 m l  

Droppers - 2 ml capacity 

Preparation of Carrier, 

I Dissolve 12..7 grams of C s C l  i n  w a t e r  and d i l u t e  t o  1 1ite.r 
i n  a volumetric flask, P ipe t t e  5 m l  of the  solution in to  a 
125 m l  Ehrlenmeyer f l a sk  .and add 1 m l  of -cone. HN03 and 5 ml of 
~ k 1 0 ~ '  Boil r in t i l  dense white fumes appear, Cool t o  room tern- 
perature and add 15 m l  of  absolute ethanol, G o 1  f o r  15 minu'tes 
i n  an i c e  batht F i l t e r  on a weighed s intered glass  Goocrh,qme- 
i b l e  ( f ine  porosity) .and wash th ree  times with 5 m l  port ions of 
absolute ethanol. Dry at 110 C f o r  15 minutes, cool, ,and weigh 
as CsClO4, Repeat the standardization u n t i l  r e s u l t s  agree with- 
i n  one percent. The weight of CsCL04 should -be 88.0 mg i f  tlae 
C S C ~  solution w a s  made acmxattely. 

Procedure 

Caution: Always work . in  the hood whep using HClO4,. . Do not 
allow it t o  kome i n  contact  with .any organic materials ' 

(1) Before obtaining the primary water, sample, p ipe t t e  5 ml of 



1 the cesium c a r r i e r  in to  a 125 m l  Elhrlenmeyer f lask.  Now 
draw the primary water sample and a s  rapidly a s  possible, 
p i p e t t e  25 m l  of the sample in to  the I25 m l  f l a s k  and bring 
to  boiling, Boil f o r  about 2 minutes and then t r ans fe r  t o  
a 40 m l  centrifuge tube. 

(2) Add O,, 5 m l  of Fe c a r r i e r  and add 6 M m4OH dropwise unt i l .  
the  Fe (Om3 precipitates,  Centrifuge and t ransfer  the 
supem.ate to  a clean 40 m l  centrifuge t&e, 

(3) Repeat s tep (2)- 

( 4 )  To the supemate add 10 m l  of eonc, BG1, Add 2 gm of 
s i l ieo tungs t ic  acid dissolved i n  2 o r  3 m l  of water, S t i r  
and allow t o  stand fo r  5 minutes, @entri.fuge and discard 
the supernate. . Wash the prec ip i ta te  twice with 10 m.1 par- 

- - t ions  of 6 - M HC1, discarding the washes, 

(5) To th,e prec ip i ta te  add 2-5 m l  of wate.r and 3 p e l l e t s  of 
NaOH, Heat eautiou'sly over a hunsen flame u n t i l  the  pre- 
cipit=a.te dissolves.. Add more w a t e r  on NaOH p a l l e t s  as 
needed t o  ,complete the dissolution. Pour i n t o  20 m l  of hot  
6 M HCl contained i n  a 125 m 1  Ehrlenmeyer f l a sk  and boi l ,  
~ d x  '0 ,5  m l  .con=. HNO3 and continae to  boi l .  . Add 10 m l  of 
Ha04 and b o i l  u n t i l  dense white fume's appa'ar, Then '4.001 

and add 10 m l  of w a t e r  and hea t  almost t o  boil ing,  Gent~A-~ 
£age i n  a 40 m l  cent r i f ige  tube., 

(6) Bur the supernate in to  a 50 m l  Ehrlenmeyer flask, add 1 ml 
of -con@, HNO3 and .boil u n t i l  dense white fumes ,appear, Cool 
and t ransfer  to  a 40 m l  centrifuge tube with 30 ml of ab,- 
solu.te ethanol, Cool i n  an i c e  bath fo r  15 minutes and 
cen t r ihge ,  Pour the supemate in to  the sink in to  running 
water. Wash' the p r e i p i t a t e  twice with 10 m l  port ions of 
a b ~ o l ~ t e  ethanol, 

7) Colleot the  prec ip i ta te  on a f i l t e r  c i r c l e ,  prev-Lo~s1-y wash.- 
ed with ethanol, dr iedy ,and weighed, using a f i l t e r  chimney 
apparatus. Use absolute ethanol t o  mate the t ransfer ,  Dry 
at 110 C fo r  15 minutes, cool and weigh, Mount on a planch- 
e t t e ,  cover  wit^ Mylar f i lm and s e a r e  with -a reta ining 
ring. Count =cording to  one of the methods below, 



;C.oun . . t ing  

(8) A, Specfrometer 

~ s ~ ~ ~ ;  Count the 1.43 .mev gannna ray immediately a f t e r  
separation 

csl373 Count the 0,662 mev gamma ray 

(8) Bd G-M Tube 

6~137)  ~ o l l p y t  a t  least 10,,000 counts 

Since the beta  p a r t i c l e  energies and percent- 
ages are, not known, it i s  not possible- t o  deteas- 
mine (3138 with .a GYM t+. 

9 )  , A,. .Spe:ctrometer 

dpmlml = -qpm X Cf, Fs. 
'eld x D.F. x U, 73 x '23 

Yield = sample weight i n  mg 
weight of CsC104 per  5 m l  of carr ier '  

t = n e e r  of minutes elapsed from tide 
sample w a s  drawn t o  tinus sample was 
counted. 

, = See iodine propedure. 

(&Fa = De$pr&Ln&d thd same way as fo r  1131 

~ ~ 1 3 7  decays 92%,by 0,514 mev beta  and 8% by 1+17 mev b e t a ,  



1. I f  cesium-137 i s  being determjned, a 4-liter sample i s  taleen, 
Five ml of the  c a r r i e r  a r e  added and the  sample i s  boi led  
down t o  less than 25 m l  and t rans fe r red  t o  a 40 m l  centr i fuge 
tube, ' The separat ion i s  s t a r t e d  with s tep  (2). 
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5,O TABULATION OF FISSION PRODUCT-DATA 

The resul ts  of a l l  f iss ion product analyses on the primary 
coolant are  tabulated i n  'Table 5" 1. 



r~ 'IABLE 5 . 1  TABUTION OF FISSION PRODUCT DATA 
h, 

-1 so top'e Sample No. Date & Time ~amplbd 

srgO Sr-102A June 9, 1959 C3.315) 38,2 
Sr-102B - June 9, 1959 (1315) 35,9 

s rg l  ,Sr- 10 1A June 9$  1959 (8315) - -.- 
Sr-1OlB Jme- 9,. 1959 (1315) a 5.77 x 10 

May 22, 1959 (1526) 
Mag 23, 1959 (1415) 
May 23, 1959 (1415) 
June 2, 1959 (1910) 
June 4* 1959 (1600) 
June 4, 1959 (1600) 
June 5,. 1959 (2000) 
June 8,, 1959 (1400) 
bltine 8, 1959 (1400) 
June 11? 1959 (1445) 
June 11. 1959 (1445) 
June 12,1959 (2100) 

June -Bs 1959 (1400) 
- June 8,, 1959 (1400) 
Jmee 19, 1959 (1500) 
Makeup Tarik 

June 2, 1959 (1427) 
J m  2, 1959 (1427) 
June 8, 1959 (2015) 
June 8,, 1959 (2015) 



'SMEE: 5.1 TAB,JLATION OF FISSION PRODUCT DATA (CONT ID) 

Ba- 10 L4* 
Ba- 10 1B 

Date -&. Time Sampled 

June loz 1959 (1525) 
June 10, 1959 (1525) , 

Some s q i e  ma~eria'Z Lost after yield determination 



. , 

I .. ?" 

6.0 REACTOR OPERATING .I.€$ . DURING -STARTUP 17. MAY TO :. 24. MAY, 1959 - 

.- 

1908 - r eac to r  critical,\ p r imar j  system hea t  up 

18 : 

0317 - scram i 
0905 - r a i s i n 5  rods I I 
1002 - scram 
1028 - r a i s i n g  rods 
1108 - scram 
17.55 - bringing r eac to r  c r i t i c a l  

0001 - heat ing up 
0959 - scram 
1029 - r a i s i n g  rods 
1432 - mandal scram 
2055 - r eac to r  c r i t i c a l  

0001 - c r i t i c a l  from previous day 
0142 - scram 
0242 - c r i t i c a l  
1224 - 500 B6W load 
1526 - 1000 ZgW load 
1626. - scram 

21, May 

0001 -. down from previous day 
. 1748 - c r i t i c a l  

22 May, 

0001 .- c r i t i e a l  from previous day 
0938 -. 350 kw load 
1325 - 2000 kw load 
1448 - s t a t i o n  load 
1521 - scram 
1930 - cri t ical  
2305 - 500 kw load 
-2330 - 2000 kgbJ load 



1710 - a c r m  
2032 .- eri.tiea1 
2318 - 2000 kw load 



T H I S  PAGE 

W A S  INTENTIONALLY 

L E F T  BLANK 



1. - Brown, W. So  ' and Hasse, R, A, . SM-1 Research and Development - ---- 
Erogram, F i n a l  Report on Short-l ived and F i s s i o n  Product 

. , -  

A c t i v i t y  i n  SM-1 Prima APAE No. 44, 
March 10, 1959. 

2. Frank,, P, W. , One Year o f  ' opera t ing  Experience a t  
= r t , s = '  -=- 

Primary Coolant o f  Shippingport ,  p. 118, WAPD-BT-12, - 
~ ~ r i l  1959, 

3. N e n i k ,  W, E., and Stevenson, P,, Go;, Nucleonics, Vol. 10, 
yo, 3,  18; March 19520 



T H I S  PAGE 

W A S  INTENTIONALLY 

L E F T  BLANK 



. 
-The author wishes t o  thank the Operating Crew a t  the SM-1 

for their  cooperati,on during the execution of th i s  Task, and 
Miss Jean Krause for proofreading the final, draft, 




