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TEST .RESULTS 

DLCS 2130101 
T-641124 

MODIF.IED PURIFICATION .SYSTEM. PERFORMANCE TEST 

CORE I - SEED 1 

Purpose 

To- determine the overall .effect.of reduced coolant purification on the Reactor 
Plant. 

J 

The overall effects of reduced purification were increases in specific activity, 
gross gamma activity and the fission product activity of the Reactor Coolant 
System. There was also a general increasing trend to most activity in the 
Reactor Coolant System throughout core life. No definite conclusions can be 
made as to the effect of reduced purification on the activity and concentration 
of crud in the coolant because of inconsistent data. Reduced purification had 
no apparent effect on maintaining reference water conditions. The length of the 
power runs at both full and one half purification flow will be reduced to 100 
or 150 EFPH in order to minimize the effects of core history on the-test data 
in any future performance. 

Description of Test Procedure and Test Equipment 

.The 1.AC hairpin.loop located in 1AC Purification.Cubicle and a.corresponding 
cool.ant loop were selected as test loops for the performance of this.test. .Follow- 
ing,the completion of the first performance of DLCS 225, a new section.of piping 
,(Section .No. -6 of .Figvre 1) was installed. in the 1AC hairpin loop. .The Reactor 
Plant was then .operated at normal temperature and pressure with .full flow through 
1AC and 1BD purification .loops. .The Plant operated under these conditions for. 
1000 8EFPH during which . time.:Coolant .Sampl.ing,.,'System .data .was obtained. Upon 
completion of the second performance oflDLCS.225, the ~ A C  test.loop was surveyed. 
.This.included.the draining and removal.of the test section of piping for crud . 

analysis" and .the subsequent , ins'tallation .of a new. test section. .The test was 
then .repeated'.during the third performance o ~ . . D L c s ~ ~ . ~  with 1BD purification loop 
isolated. .During ,this performance of DLCS 225, the 1AC test hairpin loop wa's.', 
inadvertently isolated; therefore, that portion of DhCS 213 requiring one half 
of .the normal purification flow for the .Reactor Plant was performed during ,the 
.fourth performance of DLCS 225. .Following the completion of the fourth perfor-. 
maqce of DLCS 225, the 1AC hairpin test loop was surveyed and the test section .. .. 
.of piping was cut out for analysis. 
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MODIFIED PURIFICATION .SYSTEM .PERFORMANCE TEST .(cant fd) : . . . : 

Resul ts  

DL-S-213, Modified P u r i f i c a t i o n  System Performance Test ,  Sect ion  I, F i r s t  Perfom- 
ance was performed during the  second and four th  ldO0 hour runs (second and four th  
performance of DL-S-225). During the  second 1000 hour run extending from September 
22, 1958 t o  November 3, 1958,theReactor P lan t  operated wi th  both the  1AC,and 1BD 
p u r i f i c a t i o n  loop&! i n  se rv ice .  The Reactor P lan t  operated wi th  only the  AC pur i f i c -  
a t i o n  loop i n  se rv ice  during the  t h i r d  and four th  1000 hour runs which extended 
from February 2, 1959 t o  May 22, 1959. The p u r i f i c a t i o n  flow remained r e l a t i v e l y  
cons tant  a t  20,000 lbs /h r  i n  the  respect ive  loops f o r  each p a r t  of the  t e s t .  The 
concentra t ion  of crud i n  the  Reactor Coolant System remained f a i r i y  cons tant  
throughout the  t e s t  (See Table I of the  appendix). However, the  bpec i f i c  a c t i v i t y  
of the crud increased by approximately 50% when the  Reactor P lan t  was opera t ing  w i t h  
h a l f  of the  normal p u r i f i c a t i o n  flow. 

. . The .reduced p u r i f i c a t i o n  flow during , t h e  four th  ..lo00 h o u ~  run. appeared t o  .have .no 
e f f e c t  on refererice.  water condit ions,  te. pH,, s p e c i f i c  .conductivi ty,  and the  li thlM . . 
concentra t ion  which were maintained throughout the  test. 

The gross non-vola t l le  gamma a c t i v i t y  of . the . r e a c t o r .  coolant  ( i n f l u e n t  t o  ' . t he  
demineral izers)  remained f a i r l y  constant  .with .both .pur i  f i c a t i d n  -loops i n  .service.  
However, when .the 1BD p u r i f i c a t i o o n - l o o p  was taken out  o f . s e r v i c e , . t h e  non-volat!ile 
gamma a c t i v i t y  approximately doubled. The non-.vola t i l e  .gamma a c , t i v i  t y  of the  

, . e f f l u e n t  from the  demineralizer showed l i t t l e  .change . throughout . the  test. 
. . 

The decontamination f a c t q r  (D.F.) which .is based upon .the i n £  luent  and e f  f Went 
non-volat i  le .15 minute gamna a c t i v i  t e s ,  . ( D  .F.. = g r o s s  gamma npn-volat i  l e  ' a c t i v i t y  

gross ga&a non-volati  l e  -acti-vi:ty 
f luc tua ted  .throughout the  test. However, the re  .'was a d e f i n i t e .  inc rease  i n  i n £  luen t  

. . ! a c t i v i t y  when ..the p u r i f i c a t i o n  .flow was decreased. -The f luc tua t ions  i n  . the  a c t i v -  

i t i e s .  could be a t t r i b u t e d  t o  v a r i a t i o n s  . i n  the sampling r a t e .  . . 

The inc rease  i n  the  a c t i v i t y  and the  corresponding inc rease  i n  theD.F. may be 
a t t r i b u t e d  t o  two f a c t o r s ;  ( a )  Higher a c t i v i t i e s  i n  the  i n f l u e n t  were the  r e s u l t  
of only one demineral izer  i n  se rv ice  and a slower clean-up ra te ,  thus ,  permi t t ing  
the  d m i n e r a l i z e r s  t o  use a g rea te r -pe rcen tage  of i t s  i o n  exchange p o t e n t i a l ;  (b) 
during the  four th  1000 hour run, whiqh was l a t e r  i n  core l i f e ,  thk s p e c i f i c  a c t k v i t y  
of crud and f i s s i o n  products i n  the  coolant  were a t  h igher  l eve l s  again permi t t ing  
the  demineral izers  t o  use a g r e a t e r  percentage of i t s  i o n  exchange p o t e n t i a l .  

It i s  apparent t h a t  . the demineral izer  has l i t t l e  e- f fec t  .on .nuclid$s whose h a l f  l i v e s  
a r e  . l e s s  than 30 minutes because these  products have decayed before  the  demineral izer  
has had an dppoi-tunity t o  .remove them. When ttie p u r i f i c a t i o n  flow was reduced 
by a fact i i r  'o f  two, the  a c t i v i t i e s  of the  lofig l ived  nucl ides  were a f f e c t e d  -. ' 

1.31. ( increased by appr'oximatefy a f a c t o r  of tw6). The b e s t  .example of  t h i s  is  I , 

h a l f  l i f e  (.8.05 dais) . The a c t i v t t y  o'f 1131 approximately doubled when p u r i f i c a t i o n  
flow was c u t  i n  h a l f .  Other good .examples a r e  ~ ~ 1 3 6  (13 days),  ~ ~ 1 3 7  (30 years) ,  

. ~ r 8 3  (2.3 h r s  .) and 1131 . (21  h r s  .) . A d e f i n i t e  , inc rease  . in the  a c t i v i t y  of these  , . 

. .nucl ides occurred when-the p u r i f i c a t i q n  flow was reduced. , . 
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The act iv i ty i .  of the intermediate and . shor t  l ived.  .nuclides is  no t  .only a f  fected, .  by 
pur i f  i c a t t b n  . ion  ,exchange, bu t  a l s o  :by. n a t u r a l  decay. From . the  . .da ta . . in  .Table I V ,  i t  
i s  eviderit . tha t  . the  ' a c t i v i t y  df these .nut ii'iies continued . t o  . , increase a.f ter . the  

' 
. . 

. p u r i f i c a t i o n  flow was reduced, ind ica t ing  . t h a t ~ t h k  . p r q d ~ ~ t i ~ n  .=ate of .these ; f i s s i o n  
--protjud'tp was g rea te r  than the  clean-up and decay;rate. .Some .examples of . these  
.nuclides a r e  .Cs138 (32 min.) , ~ ~ 1 3 9  (9.5 min.) arid' Br84. (32 min.) . 1.f .is 'apparent . 

' .  tliat the  p u r i f i c a t i o n  demineralizer f s more ef  fec.<ive a t  decreasing .the a c t i v i t y  of 
the  long Lived nuclides.  i n  the  reac to r  coolant .  . There .was a general  increaa.%ng . 

i t rend t o  .most of the  : f i s s i o n  product acti.v.i t e s  thrdqghout . c o r e l i f e .  .This t rend 
. . '  - . . cou ld  be a t t r i b u t e d  t o  the  f a c t  t h a t  a s  core . l i f e ,  progressed, the  .rods'  were. . r a i s e d  

,. . higher exposink more core volume t o  the  :neutro.n f iux  fLeld. 
. 

The analysia of the  AC h a i r p i n  looh.%hich was removed a f t e r  each ,1000 h o i s  r i t h  
. f u l l  and h a l f  pur i f i ca t ion ,  ind ica tk i  t h a t  there  i s  a build-up of cru,d act iv ' i ty 'on , .  

,, . :' ' the ins ide  of t h e .  coolant  .piping. -Referr ing . t o  ~ i ~ u r e  1, sect ions  1, 2, 3 and 4, 
which made .up the .hor izonta l  . leg  of the .sample, had been i n  . service  approximately 

, 
4180 EFPH. The deposi t  on the ins ide  . surface  of the  sample .was b lack .,and t i g h t l y  
adherent.  Sectigns 5, ,6,  . 7  and 8, which m'ake .up the  . v e r t i c a l  . l eg  and one '(No. 5) . ' 

s e c t i o n  of the :horizontal  leg, had baen i n  , se rv ice  . fo r  1000 EFPH. I n  : t h e s e .  . 
. sec t ions ,  the .deposit  .was l i g h t  . i n  .color, brownish t o  gray and t i g h t l y  adhererit. 

Much .of' the .crud c h a r a c t e r i s t i c  data  was unavailable because . the  .20 channel . 

analyzer was out  of se rv ice  from . A p r i l ,  ., 1959 t o  .Septembet of -1.959. S i  nce . s e v e r a l  
-ha l f  . l ives  of the nuclides i n  the  crud samples had passed (30-60 day .ha l f  l ives);  

. I 

t h e  a c t i v i t y  of the  crud .was so low t h a t  . la rge  . e r ro r s  were . introduced when .:counting 
and cor rec t ing  t o  . t h e  sampling date. . Thus, most of .this da ta  ..was l o s t  .due . t o  : the  
.na tu ra l  decay of . the  .products. 

. . 

The gross soluble  a c t i v i t y  recorder was out  of servick . throughouk .,&'e' performance of 
. t h e  test . 

. . . . . . 

AS' a r e s u l t  of performing t h i s  t e s t  .ov$r periods o f .  1000, .hour runs, the  :core  h i s t o r y  ' ' 

induces too many .var iables  i n t o  the .data; ' therefore,.$t .is d i f f i c u l t  . t o  farm. good 
conclusions. The length . o f .  t%e ljiiwer funs  a t  both.  f u l l  .and .one hal f  pur i f i ca t ion . :  
f  low-,will .be 'reduced . t o  ,100 or ... ~ ~ o . . E F P H : : ~ ~  .order t o  minfmi'ze the e f f e c t s  ' o f .  core 
hi's'tory on khe t e s t  data.  
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' 2 ,  . 

. . . 

:, The sections'. vary in' area frok 80 'cm2 to .  110 km2. . ... 

.'.:..~.ections 1, 2, 3, and 4 were, in' s,&ice dppt&imrltqly 4180 ~ P H .  
,>.Secti6ns : 5 , .  6 ,  7 and, 8 were - i n  service approximately 1000 , EFPH.'. . 

. . ,  . . , . . .I . . .  , 
, r ' .  

. .. . . . . . . ' . 
. . - . . .  

. : ~ i ~ u r e  1. ' . . ' '  



. , :  1 !,mS,mS.. D $ ~ Q S , , ~ $ @ ~  .. .- 

..~.-.64.t.i24' 
MODWIEU .*~!&@'&ON . . :S.YST EM PERFORMANCE. TEST :$ f&od~'b'd) . ; .' : . : 

' . ! ! ' ; '  
.:; ' , .  . I" 

. . . . .:..: . . . r  I .  ~ a b i e  :of -k,ongent 

Table No. 
. . 

Contents 
' , 

. . concentrat ion. .o.f crud (part:a .pe,r b f 1i;f.m) I* ,. :: 
, 1 % ,Fq.oq in  qrud . s q b  
,: 

. .. S p e c : i . f ~ ~  ~ t i y i t y  (cpm/mg) , . .  

. . 
V I  . .,Crud characferist'ic's . , 

Specifid activity (dpm/mp) 

. . 
VHX. AC Haiti>in 'loop ;analysis 

. . . . .Crud chariwiterietics 
: .Sped fie activity (cpq - cm2) 

. 
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POWW. STATIONS . DEP,ARWENT ,; D J & $ ~ , ~ Z ~ ; ~ ~ ~  I-$:-: 
.SHIPPINGPORT &'@M?c ;POWER STATION .T-641124 

. .. 

. . 
.,. . 

:sour& .. 

.AC-BIX. -: 
-4CmAIX . . . 

.BD-BIX ' 

BD-AD. . ' : 

I . . ' B D ~ B U :  
BD- A'=, 

. BD-BIX 

. BD-An.  ,,; ' . 

.AC-BPX 
.AC-APX . :. 

. AC-BIX 

.AC-AIX . . '  

. A C - A ~ : '  , . . I  

AC-Bq.-  , .: 

AC-BQ[ 
AC-ABX . , : 

- AC-BEf .,. 

' .  .Accsm 
.AcqeEf, . .. , 

. . ' AC-A=: . . 

, : AC-BEx 
AC-A.Z 
AC-BIX 
.AC-AIX , ' 

AC-BIX " ,,,; 

, ,. AC-An?  , . 

sc-auq 
AC-~d' . : 

AC-SIX. . 
AC-A.IX.. ' *ciBa 
.AC-AIG' 
PC-Am 
AC-BIX 

. AC-~nf '  
.AC-BE$ 
A C 7 B . q  
AC-BIX 
.AC-AIC 
. AC-BIX 
. AC-BIX 

, .AC-BIX. 

: . Specif ic  a c t i v i t y  and. concentr,ation. .of .crud 
. ,  

'. : Date P P ~  % :l?e3o4 : cpdmg 

91 13-9/20/58. 1.8 . . .82 1.4 x lo6 
;9/ 13-91201.58 0.17 . . !  88 :6. l  .X :lo 4 

9:/22-9/28/58 3,5 ; ,104 .7 .1  -x  10 6 
,9122-9/28/58 0,. 57 .:. . -  . I  $3 x.:104 
9./28-10/6/58 " '5.00 . .  , :  81  , .2.5 x .:lo6 
9.128-10/6f 58 - .1.0 : 93 : . '  2 . 1 ' ~  104 
.l,0/6-10/1$58 .3.0 - 2.1 -X 106 
.10/61.10/ 13158 ' 0, 5 . .  - . I  , . - 
lo /  13- n o l 2 o ~  5s 4.0 . - 9-7 x .:lo6 
h0/13$10/20/58. 2,O , .  100 ;. 4.5 lo3 
10/20-10/27/58 2,2 - 9 2  ' .  6.5.x  lo6 

.10/20-10/2%~58 .I. 7 , . 98 4.7 . lo3  
ao/zs6i i /s fsa  o0 58 .98 1.i -X 10 7 

.10/27- 11/3/58 2.52 - ' 99  :. 7.6 x..'103 
.2%2/9/59 27 9 . . . : :82 6 . 4  x .:lo6 
213-2/9/59 0.5 .81' ;; 1.5 x ::la5 . -. 
2.i11-2/16/59 .Filter Bur4t ,-. 

2)il-2116159 Nlber Byrbt . , 

2116-2/20/59 5.9 ... .,98'..:! 4.9 x . lo6  
.2$1&~2/20/59 - l i l - - . .  . " . ' .  . 99 1. 1 .X : lo4 
2[20-2/27/59 .l.d7 - '  96.2 . .6.77 x:1o6 
2120-2127159 0 .'2 100 6.16 x l g 4 '  
2127-3/9/59 7.1 9 8 8.6 x . 1 0  
2i27-3)9/~9 .o .2 I . a . iod. . .,, 9 . 2 ~ i 0 4 .  . 

.3/9-3/16/59 . ,.. .ii " , l o 5  ' 1  .9.4 -X . !06, 
,319-3/16/59 .0.62 . , 93' 2. 7 x .:lo4 
3/ 16-3124159 .8.5 90 1.0 x :lo7 
3/.16-3124159 1.8 99 ' *  5 . 0  .x -104 
g%23-3/30/59 3.1 10 1 1.15 x :lo7 
3123-3/30/59 .O. 72 ,100 ' 1.40 ,x : lo5  
4.15-4/11/59 2.0 - . ;94 .  1.1 . x ,  107 
4.15-4/11/59 - . 1'00 - .  . 5 . 7 .x  104 
k /  12-41 18/59 - : 100 1,l .x .107.  

.4./ 12-41 18/59 2.2 94 5.7 x :lo4 
4119-4/25/59 4.2 . . 100 f,4 .X 107 
4.126-5/2/59 3,o 9 9 i.. 3 x 107 ' 
4127-514159 .2.3 - . .  9.5 x :106' 
sj4-5/11/59 .3.3 ' 9 1 1.0 .x 107 

,5/4-5/11/59 0.2 .97 . . 5.5 x 106 
5/ 17-5130159 . l i 9  92 1.9 x 1.07 
5/:25-6/1/59 .2.9 9 2 2.1 .x  -107 

. 6./i-6/4/59 3.4. 96 1.7 x 107 
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.-TABLE :I1 .. . . . . . .  

pH,, coqductivi ty and .-Li*cqiqei.trat.ion~. . 
. . . .  . " 4 . .  

-.. ( . . " . .  

. . -. . , . , .. , . 

. ' 

. . 

. . . . 

. . .  

.. -. 1000 hrs . . during ..m Perfa-F'. 

* NOTE. ,.- :114 pound . . .of Lithium w a s ,  .~dd.ed. ........... .-on .,. 4.-22-5 . .........: . . . . . . . .  --..:. _.<.. . . . . . . . .  3 . ‘ .  . . . .  ........ . . . . .  -.: 
, ' .  . - .. 

.. . . . . .  .\ :. ...- . . . . 7 .  . - 
.. . J . - .; - 

1. 
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PIUQUESNE LIGHT : COANPP . . 
'POWER STATIONS DEPARl'WbIT . ' 

, jjj~-ii;521.3 0 1 0 f 
SRrPP1Mf:FOWTv AT,OMIC .POWER STATION, T-64 i124  . : . . 

. . . . - ... . . . 

. . 
. .. 

:TABLE. I11 . . 
. . . . 

. . 
. . 

. . . . 

. . . ease . G- k t i v i  ty cpIP/ml> .. lo3 . . $.. . . 
. . 

. . . .. 
.. 

: : 1000 hrs. . during .I1 Ferfimmmce DpS-225 
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. POW= ..STATION$ :. DEPAp- ... 'D9jrn:Fd.13Q10 1 
. . ... . . . . 

: . . . SEIPPXNGPORT A : T ~ ~ ~ ; . P O W E R ~ ~  . .  . . .  .! STATION . . T-64 . . 1124 , . . . 
. . . . 

. . . . 
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POWER STATIONS DEPARTMENT DLCS 2130101 
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3 . :  
: Gross ,  NO^.-volatile G q m a  Activity .cpm/mi x LO 
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. . . . .  : DUQrrP;sNE .LIGEp . . . . . UODIPIB~. PURIFICAT~OM .:SYSTEM :.PERFO~E,'~TE.ST~' .: .! :. .: "... . . .  . : 

- . . :POWER :STATTOP@ ~ E ~ R T M E N T  s ~,g- t l  , .  . . . .  - .  .... . . . . . . . 
. . . . . . . . .  . . . .  

, . SHIPP1,NGPORT 'AT&$c. POWER STATION . . .  ,T-641124 . " . . . . . . . . . .  
. . : .  ' I ,  . . .  . . ,  

. . 

. .  .. . . . . . .  TABLE,., ,111 '(cknt ! d). 
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POWER STATIONS D E P A R m  . 
SHIPPINGPORT ATOMIC POWER STATION 
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MODIFIED PURIFICATION SYSTEM PERFORMANCE TEST 
-DLCS 2130lOL 

. , T-641124 . . . . .  

, ' TABLE 
. . 3 . . . . 

. dpm/ml x 10 . 
. . 

... 
0 

. . 
... Mh.- , 2.3d 10d 

Half Life 13d -30 32m 9.h id'.4y 2. xu 2--8h 2 h 32m 5 9 2h 8 5d 21h 54d 28 2.7h85m 1 8 h  
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