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lAB̂ LÊ  OF̂  CCiJIEI-TS 

Io O p e r a t i o n s o , . o o o o o o o o o j o o o o o . o o o « o . - „ . 1 

Ao Summary .. o ,. o o « o o . o o o . o o o o o . o . . o « » « j 1 

B. Chronology of P r i n c i p a l Even t s o • o , o , o o . o « o o > o :! 

Co P r o d u c t i o n Summary , o o > o o o • o » > o , » » o o .. o • o 7 

Do P l a n t Pe r fo rmance , , o o ^ o o o o « o o . o o o o o « o o > 6 

lo Power P r o d u c t i o n , 0 0 0 0 0 0 0 0 , 0 . 0 ^ 0 0 . 0 0 . , 3 

2 , P r imary System , , . , 0 0 , 0 0 0 0 , . 0 , 0 0 0 0 , , B 

ao P r imary Pumps , ., , , , „ » , , . . . > « » . 0 0 . 6 
b . P r imary A u x i l i a r y Pump , , , , , 0 0 « 0 » > 0 0 0 S 
Co Coolan t Tempera tu re s ,, , 0 0 0 « 0 , 0 0 0 0 » . , 0 
do P r imary P u r i f i c a t i o n System , , , , , 0 0 , » , , « 3 
eo Argon and Sodium Chemis t ry , , , , , . , » j , , , 12 

3o Copper i n P r imary Sodium 0 0 0 0 « o , , 0 0 0 0 0 , 0 , 13 

ito Secondary System o o o o o o o o o o o o o o o o o o , , 2 2 

a. Secondary Scdi'jm P'jmp 0 , 0 0 , , , . , • 0 , , , , 22 
Oo . ^ g o n and Sodium Chemis t ry » 0 0 0 0 « , 0 . 0 . , 22 

% 
5o Steam System „ 0 0 0 0 0 o , . 0 0 0 , 0 . 0 » o 0 0 , o 23 

a, P r e s s ' i r e s and Terr.perati ires , 0 , , 0 0 0 0 0 , 0 , 23 
bo Water T r e a t m e n t , , , , , , . « 0 0 , 0 0 . 0 , , . 23 

I j Steam and Condensa te , , , , 0 = o 0 o 0 0 , , 23 

2i Cool ing Water , , , 0 . , , , , , , , , . , , 23 

l l o Fuel .Handling , 0 0 0 0 0 0 0 0 o o , 0 0 0 , , , , 0 0 0 0 , , , 2lt 

Ao E x p e r i m e n t a l I r r a d i a t i o n s , o 0 > 0 0 0 0 0 0 0 , 0 , » , 0 , 2î  
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There i-as n: ptv.?.,- cpTri-C-.c duc;ng •',:-= quart:,-- loading -hanges and 
inves t iga t ions re la ted -,:• "ne p-esenrt of :cpp'fr in "he p:'imary "cclant sciium 
were thr ma:n a:r:vit: .^E d^'"ng ".cs q:a-"*f:' 

Io..?w:ng [-,jri "v .ci; - r 2- , wn-:h er. i*̂  i leceir--?^ ^I» .-"'-'C-̂  fuel handlihg 
operations were star ' .ed "c ref .€ - and make necesiary aijucmenc = to enlarge the 
core to 91 sibasefmb^ies, Biacike" s ibassemb l ies in the f i r s t row of the inner 
blanket 'Row 6 ve .-e rep;a ;ed with fueled subassemblies Certain core l oca t ions , 
which are to be ••isfd f ."r ey.'p=r;men*al i r r a d i a t i c n , were fueled with "half-worth ' 
dr iver subassembi: ^s , Theft s ucassembl'.es were f ab r i " a "e i , 'using '•'6 fuel elements 
and ^5 so l id s t a in iesc r"-^el e,.ements , a-,ternatei,y spa'ed^ to produte a sub-^ 
assemb^ that cculd be 'icea ro f.Vi a g r id loca"lon in , :eu of an experimental 
subassembly, 'These subassembl-Vei a.:owfd the c3.'? to be enlarged to a reference 
s ize at an ear ly da"e sc that "he flux p ro f i l e cf th is core :ould be measured 
experimentally liSing f^ait wi.'e sjbassemb'ies , Later as experiments become 
avai lable they wi;,i rep-a*e tbe half-wor'h driver subassemblies and the reference 
reactor core s ize w i l l remain r e l a t i v e l y constant; independent of future expe r i ­
mental loading changes. FlaX gradients"; p r o f i l e s , control rod c a l i b r a t i o n s , 
etco , wi l l be known once th i s reference core is s tudied and f j ture loading 
changes should be p r e a i r t a b l e . D'uring Riins 25A, 25B, 25C, and 25D, ( 5 , 8, 6, 
and 9, respec t ive ly) fl'ox wire sib assemblies wê -e i r r a d i a t e d to obtain f i s s i on 
d i s t r i bu t i on and p..itoni'jm prcdu:"icn ra"e measurements in the core and b lanke t , 

Surve i l lan te measurements from the depleted uranium in the s i x t h , 
seventh, and eighth rows in the reactor revealed swelling of some blanket elements 
at the core midplane. Therefore, based on these meas'irements. the unalloyed 
depleted uranium breeder blanket subassembiies in Rows •? and 6 were removed 
and rep .a ied with subasfemb il es : in"aining soiici s*ain-ess s-reel rods. 

The resu l t s cf • r i - i i a l measureraen"s revealed a gain of 219 inhours 
during the removal of sevp.cih rcw depleted urani'jm and subsequent in se r t ion of 
s t a in l e s s s t ee l r e f l e c ' o r ma te r i a l . The s imi lar exchange In the eighth row 
resul ted in a 230 inhour mcreaseo 

During routine f-ael hani- ing cpc-ra-icns following R-in Ĉ E the sensing 
rod cn the . 'c"a-ing ose .1 .a tor drive shaft - equ i r e i manual ass i s tance to r e g i s t e r 
proper senseo This indica ted binding be"ween the sense shaft and "he Jaw ac t ­
uating s leeve , !nspec-ior.; fDl.l:>wing removal and disassembly revealed a broken 
belxows -Jhich alJcwed sodium tD leak in"o the annulus between the shaft and 
sleeve and so l id i fy or c x i d u e . Therefore "he bellows w i l l be repeated, All 
other pa r t s of "b= o s c i l . a t o r drive were i n s p e c e d and found to be normal, 
InCiUding the 3teili-,e» Colmonoy jo..rnal bearings that opera-e under sodium. 

Late m February, i a ' a f-om the primary p.•egging n e ' e r became very 
e r r a t i c and f i r .a . ly , i t berame .mp.cssible to es"ab^!En flow thrcugh the plugging 
valve when ct was c icsed- tbllcwlng removal and c leaning, ,:cpper was observed 
to have p r e c i p i t a t e d m tno f. i" es and o'h'=r s irfaces of the pl'igging valve and 
on the in t e rna l surfaces ac i vai.-e E"em of "he *hrct"Ie va.^e- Tn order to 



yssmi. V cent in..ed 

determine the extent cl the deposi t ion of ; opper In ' h e primary pl'..^ging Iccp , 
i t was removed from the system for d e s t r u c t i v e exam'na'-ion and replaced with the 
loop which was removed from the se ondary system for t h i s piurpose , Operat ion of 
t h i s loop has been highly sucessfoLl and 1-s ab i l^ -y "o p°rfon3 in the primary 
system is of considerable m-erest , - .-i new locp was i n s t a l l e d In the secondary 
system. 

An intensive sodium sampling prograni was s t a r ' e d *-,o de 'ermine t.ce 
copper content of the primary sodijn and of "he eff i uent f-'om the coxd - r a p . 

The ends of "he a .x j^ .ary primary p'jmp • d; e^e-"ro-magneti c pump' 
bus bars were the largest p o t e n t i a l source of ' cpper so they were removed and 
inspected. Measurements revealed tha t 10 to 11 po'inds of copper had been eroded 
away and undoubtedly had m.igrated to the primary sodium, over the l a s t h y e a r s . 
The e lect rodes were repaired by cladding them with s t a i n l e s s s t e e l s l eeves to 
el iminate any future d i sso lu t ion of copper. Testing of the a ' l x i l i a ry pump 
following repai r revealed that only a s l i g h t adjustment of c i r c u i t r e s i s t a n c e 
was necessary to return "he pump current t o normal, An ex tens ive sodiijm sampling 
program was i n i t i a t e d , Ihe average of many detennina*ions revealed a probable 
content of about 1,2 ppm lopper in the primary sodium at ' '00 ' F, Severa l 
samples showed concentration from 6-2" ppm which ind ica ted some minute copper 
p a r t i c u l a t e s are dispersed in the sodi'jm. These samples were except ions and 
ra i sed the ove ra . l average i-alue of a l l de te rmina t ions . 

The primary system cold t rap was in continuo-is opera t ion during the 
month of March to take advantage cf i t s p o t e n t i a l capaci ty for -opper removal. 



B, Chrcno.;.oKy of Principa.1 Events 

Date Event 

1/ l/OT Plant S ta tus , 

Plant shutaown tc s t a r t fuel loading change for Run IJumber 25, 

Primary scdicai t-mperat-ure - (Ju 1 o 

Seconaary souiuBi flow - COH'/O, 

Steam pressure - 1200 ps ig , 

Priraa.'y " ank heat input - 2MO kW, 

1/10/67 Source thimble 19C6 recoveu from reac tor pos i t ion I T-L-,; ; o 

1/12, 'D7 Completed ^oaaing 15 new "C'' type suoassemD^ies in to tne 

reac to r , 

l /13/b7 Experi.c.enta_ s uoassemblies XCl-J ana ACIO ^oaced in to reactoio 

lllklSl Experimental suciassembly X019 placed in the reactoro 

1/15/67 leak ra te t e s t cf equipment a i r J.ock si^ccessfully compietedo 
Completed loading j new 'B" type subassemo.ies i n to the 
r eac to r . 

lllk to 1/16/67 Subc r i t i ca l n j i made to determine r e a c t i v i t y . 

l / l b (0 ( .-.eactor ^.cadea wit.', eight \L'i i lux wire subassemc^ieSo 

One hour i r r a d i a t i o n a t 3u KW comp,etea • h-un NOo 25-A;o 

1/1'( to - iO.'b'f Ten control reus c a l i b r a t e a , 

1/lb t o l/20.'bV neactcr cpe r a t e i at iCC f.\^ for t r a i n i n g . 

1/27/61 Reactor loaded with eight f^ux wire sutassemtiieso 

..ne no"...r i r r a a i a t i o n at ic KVJ completed U-un NOo 25-B/o 

2/ T/bf Reactor loaaed with s ix flt'ux wire subasse.mclies. 

Iwo nour i r r a c i a t i o n at 50 k'/J completed (r.'un Ho, i5-C;o 



B. Chronology^ pt^ Pr inc ipa l £^£^8 (cont inued; 

Date Event 

2 / 8 / 6 T Three flux wire subasseral l i e s i r r a d i a t e d for ? hours a t 
500 kW (Run No. 25-C), 

S ta r ted removing "A" type subassemblies from s t o ' a g * casket 
for shipment t o Fuel Cycle F a c i l i t y , 

2/11/6T Conducted National Youth Science Day to'iTo 

2/IU/67 Finished unloading l a s t "A" type subassemblies from basketo 

2/I7/6T Completed loading 12 stain. .ess s t e e l subassemblies i n t o 
the storage baske t . 

Primary pump number 1 magnetic c lutch rep laced and checked 
out. 

2/18/67 Completed loading 8 s t a i n l e s s s t e e l subassemblies i n t o the 
storage basket . 

Completed loading 10 s t a i n l e s s s t e e l subassemblies in Row "' 
of reactoro 

2/20/67 Removed XG06 from reac tor and sent to Fuel Cycle F a c i l i t y o 

S ta r ted cooldown of primary tank to 600^ F in p r e p a r a t i o n 
for o s c i l l a t o r drive removal, 

2/21/67 Completed loading 6 s t a i n l e s s s t e e l subassemblies i n t o the 
s torage basket , 

2/22/67 Osc i l l a to r rod drive removed from primary tank 

Completed loading 6 s t a i n l e s s s t e e l subassemblies i n to t b -
storage basket , 

2/23/6T Control rod drive i n s t a l l e d in place of o s c i l l a - o r rod 

drive (Posi t ion Number 3F, 

2/2U/67 Primary tank temperature back at "rOC" F. 

2/25/67 Osc i l l a t o r rod removed from the reac tor and sent t o w • 
Cycle F a c i l i t y , ^ -̂̂  
Experimental subassembly X021 placed in reactor 



B. Chronolopy of Principal Events continued) 

Date Event 

2/26/67 Experimental subassembly 7C22 placed in reac tor pos i t ion 

C 7-C-2). 

2/21/61 Reactor taken c r i t i c a l to determine r e a c t i v i t y (Run 25-D). 

2/28/6T Reactor taxen c r i t i c a l to determine excess r e a c t i v i t y and 
period ca l ib ra ted HOo h and No, 9 control rods. 
Completed loading eleven s t a i n l e s s s t e e l subassemblies in to 
the r eac to r . 

3/ 1/67 Reactor taken c r i t i c a l for r e a c t i v i t y determination and 
control rod ca l ib ra t ion-

3/ 2/67 Completed loading eleven s t a i n l e s s s t e e l subassemblies in to 
the r eac to r . 

Reactor taken c r i t i c a l for rod drop experiments and c a l i ­
b ra t ion of a l l control rods 0 

Primary pl'jgging loop taken out of service for malntenanceo 

Copper deposit found on siirface of plugging valve, 

3/ 7/67 Primary a ' lxi l iary pump secured in preparat ion for removal 
of bus bars , 

3/ 8 / 6 T Primary system sodium sampling s t a r t e d on an around the 

clock bas is for copper ana lys i s , 

3/ 9/67 Primary auxi l ia ry pump bus bars removed from primary tank, 

3/11/67 Primary pu r i f i ca t ion system placed in operat ion, 

3/17/67 Completed leading 25 s t a i n l e s s s t e e l subassemblies in to 
the storage basket . 
S ta r ted sodium sampling from primary tank t r ans fe r por t on 
an around the clock bas i s for copper determination. 

Modified primary aux i l i a ry p'jmp bus bars returned to the 
primary tank, 

3/18/67 Primary a'uxillary p'ump placed in operat ion. 

Completed loadinf^ 3 s t a i n l e s s s t e e l subassemblies i n to 
storage baske ' . 



B, Chronolo^ of Principal_Event£ continued,' 

Date Eyent_ 

3/20/67 Completed loading 23 s t a i n l e s s s t e e l subassemblies i n t o 
the reac to r , 

3/22/67 Completed loading 8 s t a i n l e s s s t e e l subassemblies i n t o 
the reac tor 

Completed sending 9 "U" type subassemblies t o the Fuel 
Cycle F a c i l i t y 

Reactor taken c r i t i c a l t o determine excess r e a c t i v i t y , 

3/2l*/67 Completed loading 20 s t a i n l e s s s t e e l s-ubassemblies i n t o 

the r e a c t o r , 

3/26/67 Reactor loaded with 9 flux wire subassembl ies . 

One hour i r r a d i a t i o n at 50 kW completing Run 25-D, 

3/28/67 Reactor taken c r i t i c a l for per iod c a l i b r a t i o n of No, k and 
NOo 9 control rods 

3/31/67 Plant Status,, 

Plant shutdown awaiting au tho r i za t ion for Run Number 25 . 

Primary sodium temperature - 700" F, 

Secondary soaium flow - 0,2%, 

Steam drum pressure - 1250 ps ig 

Primary tank heat input - 200 kW, 

Primary system sodium sampling continues on a t h r e e s h i f t 
bas is with samples being taken from the primary tank t rans* 'er 
por t and the PI-A plugging loop. 



Co 

Maximum Possible Power Production 
(Days « U5 MWt1 

Power Frod'uctlon ''Wd ) 

Plant Factor (%* 

F i r s t Second Third 
Quarter Q-uarter O.'uarter 

4luo 

1310 

•.165 

2 366 

56.7 

iiOcO 

0 

0 

Total For 
F isca l Year 

To Date 

123T5 

5676 

go 

Power Production -Days) 35 

Non-Power Production iDaysi 

11 Fuel Handling •'Days 1 

2) Low Power Tests (Days) 
'Phys i c s , K ine t i c s , e t c . ) 

3) Routine Maintenance (Days) 
(.Also conducted ccncurrent i.r 
with other ca tegor ies) 

k) Fuel Survei l lance iLays' 27 

5) Special Mainten.'irice Repairs , etCo 

Turbine Repair , Osc i l l a to r 
Rod I n s t a l l a t i o n , Freeze 
Seal Iroug . Cleaning ' - lays ' 30 

Primary Auxiliary Pump 
Repair and Inspect ion (Days) 

Manufact'uring Row 7 & 8 
S ta in le s s S tee l Subassemblies 

60 

20 

22 

12 

10 

ii6 

95 

29 

18 

27 

U6 

Total Days 92 90 275 



D. Plant Periormejiie 

lo i i S i £ i - £ l £ i i i l i i £ 

The plant was not operated at power during t h i s q u a r t e r . Reactor 
operat ion was only for the p-irpose of making physics measurements of f lux 
d i s t r i b u t i o n ani r e a c t i v i t y e f f e - t s cf loading changes, Tablee I , I I , and I I I 
give the production data, 

2, Primar 

Primary pump performance l a t a are presented in Figures I 
through VI, No s i g n i f i i a n ' changes in performance were noted 

Primary auxi l iary p'ump performance was checked before and 
a f t e r the modification of bus bars De 'a i l s on the capping of the copper ends 
of these bus bars with s t a i n l e s s s t e e l are given in Sections V,A,l6 and V,C,1 
Only minor adj'ustraents cf the power supply to "he p-jmp were made t o achieve the 
same performance before and af"er the modifications 

erat ures 

The subassembly ou t le t temperatures have not been p l o t t e d 
t h i s quar te r s ince there was no power operation 

Primary P i i i i id l r iSS-^Eu 

A review ci the da-a 'asen " h r c g h the four years of opera­
t i on has been made, I t was nc- pcss ib ie *c predict "he end of useful l i f e for 
the cold t rap from th i s data, h,r--ever, ' he pumping power req-uired to produce 
a given flow ra te has inc-sased luring the per io l of operation 

In order to observe the operation of the system more c l0"> ly , 
por table recording mstr-uments were i n s t a l l e d to measure the flow, p ressures 
and pressure drop across the c r y s t a . l l z e r and the c r y s t a l l i z e r pl'ls economi ze" 
At the low flow ra tes where d i f f e r e n t i a , pressure measurements ar" e f f e^ t i ' -
the ind ica t ion is that ro plugging is " - - " - - - . " - -i- »i.- — urring in the economizer, 

Flow "ra.-sients o --ur at I r regu la r in te rva l s They are 
seen most frequently following the s ' a r -up of the pur i f i ca t ion sys'em S y t 
flow w i l l make a s tep Increase ' fo- example from 3C gpm to 60 gpm^'and th "" 
decrease to the or lgma. , -alue eve- a period of time varying frcm a f-^-v'' 
minutes t o 1 or 2 hours . It has been post i l a -ed that 'upon p r e - l p l t a t i ^ 
sodium oxide forms a bed in the "'fork' mesh of the c r y s t a l l i z e r and t h ' " ' t h 
flow t r a n s i e n t s occur when the bed is dis turbed and channe"..ing occurs ^ 
temporar i ly . 



TABLE I 

OPERATING HISTORY DATA 

January, 1967 

Dat-p 

1 

2 

3 
1. 

5 
6 

7 
8 

9 
1 0 

1 1 

1 2 

1 3 
l U 

1 5 
1 6 

I T 
1 8 

1 9 
2 0 
2 1 
2 2 

2 3 
2k 
2 5 
2 6 

2 7 
2 8 

2 9 
30 

33 

Reac to r 
C r i t i c a l 

lime 
:!rs 

'J 

c 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

8 
2U 

2k 
2 0 

0 

0 
0 

0 

0 

0 

0 

0 

0 
0 

0 

Cumu-at l ' /e 
C r i t i c a l 

Icme 
't'.vs 

- W^W-i ' 
8 3 5 8 o 3 

8 3 5 8 . 3 

8 : < 5 8 . 3 

8 3 5 8 . 3 
8 3 5 3 . 3 

8 3 5 8 . 3 

8 3 5 6 . 3 

8 3 5 8 . 3 
8 3 5 8 . 3 
8 3 5 8 . 3 

8 3 5 8 . 3 

8 3 5 8 . 3 

8 3 5 8 . 3 
8 3 5 8 . 3 

8 3 5 8 . 3 

8 3 6 6 . 3 

3 3 9 0 . 3 
BUll*. 3 

8U 3"* 0 3 

81^3'<.3 

81*3)^.3 

6U3 l to5 

e i . 3 ' »o3 

8!*3'»o3 
6'* ju 0 3 
Bu 311.3 

8 u 3 U o 3 

3 ' » 3 i i . 3 

e i 4 , j 4 , 3 
.3u3i io3 

G r o s s 

T h e r m a l 

E n e r g r 

iFflht 

0 
0 

0 

0 
0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 
2 

10 

1 2 
10 

0 

0 
0 

0 

0 

0 
0 

C 

0 
0 

C i u r a u l a t i ' / e 

G r o s s 

T h e r m a l 
E n e r ^ i ^ 

MWht 

~ 2 9 3 H 9 1 ~ 

2 9 3 8 9 1 

2 9 3 8 9 1 

2 9 3 8 9 1 

2 9 3 8 9 1 

2 9 3 8 9 1 
2 9 3 8 9 1 

2 9 3 8 9 1 
2 9 3 8 9 1 

2 9 3 8 9 1 

2 9 3 8 9 1 
2 9 3 6 9 1 

2 5 3 8 9 1 

2 9 3 8 9 1 

2 9 3 8 9 1 

2 9 3 8 9 1 

2 9 3 8 9 3 

2 9 3 9 0 3 

2 9 3 9 1 5 
2 9 3 9 2 5 

2 9 3 9 2 5 
2 9 3 9 2 5 

2 .33925 
2 9 3 9 2 5 

2 9 3 9 2 5 

2 9 3 9 2 5 
2 9 3 9 2 5 
2 9 3 9 2 5 

2 9 3 ' 3 2 5 
2 9 3 9 2 5 
1 0 3 9 2 5 

G r o s s 
E l e c t r i c a l 

E n e r g y 

_ _ _ _ _ N W h e _ _ „ 
0 

0 

0 

0 
0 

0 

0 

0 

0 
0 

0 

0 

0 

0 
C 

0 

0 

0 
0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

C 'um. 'u l a t ive 
G r o s s 

E l e c t r i c a l 

E n e r g y 

i-r.-7he 

" 7 323 

7 7 3 2 3 

7 7 3 2 3 

7 7 3 2 3 

7 7 3 2 3 
7 7 3 2 3 

77 32 3 

7 7 3 2 3 
7 7 3 2 3 

7 7 3 2 3 

7 7 3 2 3 

7 7 3 2 3 
7 7 3 2 3 

7 7 3 2 3 
7 7 3 2 3 

7 7 3 2 3 

7 7 3 2 3 

7 7 3 2 3 
7 7 3 2 3 
7 7 3 2 3 

7 7 3 2 3 

7 7 3 2 3 
7 7 3 2 3 

7 7 3 2 3 

7 7 3 2 3 

7 7 3 2 3 

7 7 3 2 3 

7 ( 3 2 3 

7 7 3 2 3 

7 7 3 2 3 
7 7 3 2 3 

G e n e r a t o r 

on 

l i m e 
H r s 

Cj 

0 
Q 

0 

0 

0 
0 

0 

0 

0 
0 

0 

0 

0 
C 

0 

0 
0 

0 

0 
0 

0 
0 
0 

0 

0 

0 

0 

0 
0 

0 

C - u m u l a t i ve 
G e n e r a t o r 

on 
'1 Imp 

H r s 

5 9 2 1 . 5 

5 9 2 1 , 5 

5 9 2 1 . 5 

5 9 2 1 . 5 
5 9 2 1 . 5 

5 9 2 1 o 5 
5 9 2 1 , , 5 

5 9 2 1 o 5 

5 9 2 1 . 5 
5 9 2 1 o 5 

5 9 2 1 . 5 

5 9 2 1 . 5 

5 9 2 1 . 5 
5 9 2 1 . 5 
5 9 2 1 . 5 
5 9 2 1 . 5 

5 9 2 1 . 5 
5 9 2 1 , 5 
5 9 2 1 . 5 

5 9 2 1 , 5 

5 9 2 1 ' 5 

5 9 2 1 . 5 
5 9 2 1 . 5 

5 9 2 1 . 5 

5 9 2 1 . 5 

5 9 2 1 0 5 

5 9 2 1 . 5 

5 9 2 1 . 5 

5 9 2 1 . 5 
5 9 2 1 o 5 

• 5 9 2 1 , 5 

T h e n r . a i 

i lax -
iMW 

{} 

0 

0 

0 

c 
0 

0 
0 
Q 

n 

0 

J 

0 

0 
0 

0 
2 5 0 

5 0 0 
5 0 0 
')0C 

0 

0 
0 

0 

0 

C 
0 

0 
Q 

0 

0 

' \ an 

h-W 

KW 
KW 
KW 

P o w e r 

gf 
_i]'.n 

• i - l 

0 
0 

0 
0 
' j 

0 

0 
(1 

0 
0 

0 

0 
0 

0 

0 

0 

2 " ' ! KW 

c' '• KW 
:j 

0 

0 

0 

0 
0 

0 

0 

0 

0 ^ 

0 

0 



TABLE I I 

OPERATING HISTORY DATA 

F e b r u a r y , I967 

Date 

~, *" 
2 

3 
1, 

5 
6 
7 
8 
9 

10 

12 
13 
Ik 
15 
16 
17 
x8 
19 
20 
2 1 
22 

2h 
25 
26 
27 
2 8 

R e a c t o r 
C r i t i c a l 

Time 
Hrs 

0 
0 
0 
0 
0 
0 
2 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
loO 
i .o 

• • * - * " 

C u m u l a t i v e 
C r i t i c a l 

Tune 
Hrs 

SuSl '-S 
8u3l*,3 
81*3'^'3 
bk3k.3 

81*31*0 3 
eUSit 'S 
81436,3 
81*38,3 
8U38,3 
8!*38, 5 
31*38,3 
6'*cs8,3 
8U38,3 
81*38,3 
81*38,3 
8U38,3 
81*33, I 
31*38, 3 
61*38, 3 
8 4 3 8 , 5 
81*38,3 
81*38,3 
81*38, 3 
8U38 .3 
81*38,3 
81* 380 3 
8U390 3 
81*1*2, 3 

' 
Gross 

Thermal 
E n e r g y ^ 
j;-lWht 

0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
G 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

-

Cumula t ive 
Gross 

Thermal 
Energy 

i-Wht 
293925 
293925 
293925 
293925 
293925 
293925 
293925 
293926 
293926 
293926 
29 3926 
293926 
293926 
29 3926 
29,3926 
293926 
29 3926 
293926 
29 3926 
293926 
293926 
293926 
293926 
293926 
293926 
293926 
293926 
293927 

Gross 
E l e c t r i c a l 

Energy 
MWhe 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

C u m u l a t i v e 
G r o s s 

E l e c t r i c a l 
Energy 

MVftie 

77323 
77323 
77323 
77323 
7 7 3 2 3 
77323 
77323 
7732 3 
77323 
77323 
77323 
77323 
7 7 3 2 3 
77323 
77323 
77 32 3 
77323 
77323 
?7 3?3 
7^323 
7 7 3 2 3 
77323 
77323 
77323 
77323 
77323 
7 7 3 2 3 
77323 

G e n e r a t o r 
on 

Time 
Hrs 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

C u m u l a t i v e 
G e n e r a t o r 

on 
Time 

Hrs 
•3921,5 
5 9 2 1 , ' i 
5 9 2 1 , 5 
5 9 2 1 , 5 
5 9 2 1 . 5 
5 9 2 1 , 5 
5 9 2 1 , 5 
5 9 2 1 , 5 
5 9 2 1 , 5 
5 9 2 1 , 5 
5 9 2 1 , 5 
5 9 2 1 , 5 
5921o5 
5 9 2 1 . 5 
5 9 2 1 . 5 
5 9 2 1 , 5 
5 9 2 1 . 5 
5 9 2 1 . 5 
5 9 2 1 , 5 
5 9 2 1 , 5 
5 9 2 1 , 5 
5 9 2 1 , 5 
5 9 2 1 , 5 
5 9 2 1 . 5 
5 9 2 1 . 5 
5 9 2 1 , 5 
5 9 2 1 , 5 
5 9 2 1 . 5 

' I 'hermal Power 
Range 

McLX , M i n 

MW .-VJ 

50 KW 0 
o05 0 

. 5 0 
, 5 0 



TABLE III 

OPERATING HISTORY DATA 

D a t e 

1 
2 

3 
1* 

5 
6 
7 

8 
9 

1 0 

1 1 
1 2 

1 3 
ll* 

1 5 
16 

1 7 
1 8 

19 
2 0 

2 1 
2 2 

2 3 
2k 

2 5 
2 6 

2 7 
2 8 

2 9 
30 

3 1 

R e a c t o r 
C r i t 1 c a l 

T ime 

H r s 

0 

11 5 
12 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 
0 

0 . 5 
0 
0 

0 
3 . 0 

0 

0 o 9 
0 

0 

0 

C o m u l a C i v e 
C n t l c a i 

T i m e 

H r s 

8 i*u2 , 3 

8'*5 3 ' '3 
31*65,8 

8 1 . 6 5 . 8 

81*65-8 
81*65 .8 

81*65 ,8 

81*65-8 

81*65 .8 

81*65 .8 

8 1 * 6 5 , 8 

8 1 * 6 5 . 8 
81*65 .8 

81*65 ,8 

81*65 ,8 

8 U 6 5 . 8 
81*65 .6 

81*65 .8 
81*65 .8 

81*65 .8 
8 l i 6 5 o 8 

O U 6 6 o 3 
81*66- 3 

8 U 6 6 . 3 

81*66 ,3 

8 U 6 9 , 3 

3 U 6 9 . 3 
81*70 .2 

81*70 ,2 

8 1 - 7 0 . 2 
8 1 . 7 0 . 2 

G r o s s 
T h e r m a l 

L n e r ^ ^ ^ _ 

r-Wht 
0 
u 

5 
C 

0 
0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 
0 

0 

0 
C 

0 

0 

0 

0 
0 

0 

0 

0 

Q 

0 

0 

C ' u m u l a t i v e 
G r o s s 

T h e r m a l 

£ n e r g ^ _ _ _ 

MWht 

2 9 3 9 2 7 

2 9 3 9 3 1 
2 9 3 9 3 6 

2 9 3 9 3 6 

2 9 3 9 3 6 

2 9 3 9 3 6 
2 9 3 9 3 6 

2 9 3 9 3 6 

2 9 3 9 3 6 

2 9 3 9 3 6 

2 9 3 9 3 6 

2 9 3 9 3 6 
2 9 3 9 3 6 

2 9 3 9 3 6 

2 9 3 9 3 6 
2 9 3 9 3 6 

2 9 3 9 3 6 

2 9 3 9 3 6 
2 9 3 9 3 6 

2 9 3 9 3 6 

2 9 3 9 3 6 

- 2 9 3 9 3 6 

2 9 3 9 36 
2 9 3 9 3 6 

2 9 3 9 3 6 

2 9 3 9 3 6 

2 9 3 9 3 6 
29 3 9 3 6 

2 9 3 9 3 6 
2 9 3 9 3 6 

2 9 3 9 3 6 

M a r c h , I 9 6 7 

G r o s s 
E l e c t r i c a l 

E n e r g y 

f-f/Jhe 

0 
0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 
0 

0 
0 

0 

0 

0 
0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 
0 

C u m u l a t i v e 

G r o s s C 
E l e c t r i c a l 

E n e r Q T 

MWhe 

7 7 3 2 3 

7 7 3 2 3 
7 7 3 2 3 

7 7 3 2 3 

7 7 3 2 3 

7 7 3 2 3 
7 7 3 2 3 
7 7 3 2 3 

7 7 3 2 3 

7 7 3 2 3 

7 7 3 2 3 

7 7 3 2 3 
7 7 3 2 3 

7 7 3 2 3 
7 7 3 2 3 

7 7 3 2 3 

7 7 3 2 3 

7 7 3 2 3 
7 7 3 2 3 

7 7 3 2 3 

7 7 3 2 3 
7 7 3 2 3 

7 7 3 2 3 

7 7 3 2 3 

7 7 3 2 3 

7 7 3 2 3 

7 7 3 2 3 

7 7 3 2 3 

7 7 3 2 3 

7 7 3 2 3 

7 ^ 3 2 3 

v e n e r a t o r 

on 
l i m e 

H r s 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 
0 

0 
0 

0 
0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

C u m u l a t i v e 
G e n e r a t o r 

on 
l i m e 

H r s 

5 9 2 1 - 5 

5 9 2 1 , 5 
5 9 2 1 5 
5 9 2 1 . 5 

5 9 2 1 , 5 

5 9 2 1 , 5 
5 9 2 1 . 5 
5 9 2 1 . 5 

5 9 2 1 . 5 

5 9 2 1 . 5 

5 9 2 1 , 5 
5 9 2 1 . 5 

5 9 2 1 . 5 
5 9 2 1 . 5 

5 9 2 1 . 5 

5 9 2 1 . 5 

5 9 2 1 o 5 

5 9 2 1 . 5 
5 9 2 1 o 5 

5 9 2 1 o 5 

5 9 2 1 . 5 
5 9 2 1 , 5 

5 9 2 1 . 5 

5 9 2 1 , 5 
5 9 2 1 , 5 

5 9 2 1 o 5 
5 9 2 1 . 5 

5 9 2 1 0 5 

5 9 2 1 . 5 
5 9 2 1 . 5 

5 9 2 1 , 5 

' I h e r m a l P o w e r 

R a n g e 

Max . Min , 
MVJ i-lW 

., 5 0 
, 5 0 

0 0 

50 tew 0 

. 5 0 y. 
M 

0 0 
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a. Prim3TyFu£i_fi_cati^0fi Syst̂ em 'cont inued) 

Plugging temperat'ures are normally l»termineu twice each 
s h i f t . Figures VII. VII I , and IX are grapls of primary p u r i f i c a t i o n parameters 
including the plugging tempera 'ures . For the perioo 'rem :ip.rch .1 t o March 17 
i t can be seen tha t the pi-uggmg tempf ra ture was reduced frcm 52C F t c l e s s 
than 225° F. 

The concl'jEion oi the s tu iy i s t h a t the coid t r a p i s 
e f fec t ive ly p r e c i p i t a t i n g and removing impur i t ies from the primary coo.ant , 
A number of improvements m the instrumentat ion are planned, inc lud ing the 
addit ion of pressure trar.sm.itters and modification or replacement of 3.1fferen-
t i a l pressure t r ansmi t t e r s wbicn ha.-e too low a range, A proposal for au to ­
mation of flow control i s being considered 

e„ Argon ,and_S£diji£i_Chemistry 

Prim^ary^ nrpon 

Wo samples of the primary cover gas were submi i t e i for 
a c t i v i t y measurement. 

Date Sampled 

i a / 6 7 

1/2/6^ 

Time Samp 

0955 

1020 

Mlcrocuries per M i l l i l i t e r 

Xe 133 Xe 135 

1.9 - I C - ' 6,2 -. IC---

2,5 « IC- ' 1,0 X 10-•• 

The reac to r was not operated a" power for the ca.ance of t h i s quar te r and t he r e fo r e 
no graphs of rad ioac t ive gas concentrat ions are included 

are as follows 
•The analyses cf prima.-y cover gas samp.es :rom the l a c c r a t o r y 

Canuary 1967 

February 

March 

The o n - . i r e chromatograph was in service but con^-:rt<.,. v, 
d i f f i c u l t y was experienced in maintaining s a t i s f ac to ry petf-^rma " '"-lueracie 
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e. Argon a.n-ĵ  Spdl-jn^ Che mist ry '.continued ! 

A samp_e cf pr i . ta r / sodium "aken ; / 3 1 , ; 

'•.O ppm Ca 
1,3 ppm Cr 
5.0 ppm Fe 

- 1,5 ppm Mo 
1.0 ppm N; 

ccntaineai 

Samples of primary sodium were analyzed for hydrogen and 
oxygen content by the AWL Chemistry Division, I'he r e s u l t s were as follows: 

l l , 8 

7., 8 

6, 7 

h, 5 

ppm Hydropen 

1,9. 3.9 

2o9, 1,6 

3ol . l',6 

6 ,2 , h.k 

per in Primary Sodium 

In l a t e Feoruary and ear ly i-larch, d i f f i cu l ty was experienced 
in obtaining s a t i s f ac to ry flow ra tes in the EBR-II primary sodium plugging 
loop (designated PI-A) upstream of the cold trap' preparatory to making plugging 
temperature determinat ions. The plugging valve and the t h r o t t l e valve in th i s 
loop were remo-ved and disassembled on March 2 , 1967, A substance, l a t e r 
i den t i f i ed as copper by qua::.itative chemical ana lys i s , was found deposited on 
the stems and within the bodies of valves (a f te r remo'val of sodium) by d i s ­
solut ion in e thanol . 

In an effor t to res tore the primary plugging loop to operab i l i ty 
and permit plugging temperat-ure measurements and the taking of sodium samples 
for analysis, , the valve stems and bodies were cleaned and the valves were 
reassembled and i n s t a l l e d . The loop was put in to operation on March 3 and 
plugging runs were attempted. The apparent plugging temperature was 230° F, 
However, a very low flow -a te thro'igh the loop indica ted t h a t a flow r e s t r i c t i o n 
might e x i s t in the loop economizer ', regenerat ive heat exchanger). 

On March 
of the loop t h r o t t l e val 

, a small sodi'jm leak was fcjnd at a weld Jiust 'upstream 
'6 The iO'Op was secured and cooled. 



TABIE IV 

CHEi'JCAI A]lM..YSISJcESlXTS_FOR_COPPER^IN_SPECIAL 
s 'AMPTFs'oF'TBRril piTlMARY SODI'JM 

March 196" 

Date Time 

3/ l*/67 0930 

3 / lt/67 121*5 

3 / i t /67 1915 

3 / 6 /67 

3/ 8/67 

3/ 8/67 

3 / 8/67 

3/ 9 /67 

3/ 9 /67 

3/ 9 /67 

3 / 9 / 6 7 

3 /10 /67 

3 /10 /67 

3 /10 /67 

3 /11 /67 

3 /11 /67 

3 /12 /67 

3 / 1 5 / 6 7 

1530 

11*1*5 

151*5 

2115 

0055 

0830 

10lt5 

1630 

0055 

0815 

16UO 

00U5 

0930 

0500 

11*50 

3 / 1 5 / 6 7 1700 

3 /16 /67 1000 

3 / I 6 / 6 T 2000 

PI -A 

FTP 

FTP 

FTP 

PI -A 

PI -A 

P I - A 

P I - A 

FTP 

PI*A 

P I - A 

P I - A 

PI -A 

PI -A 

FTP 

PI -A 

P I - A 

PI-A 

PI -A 

PI -A 

Aluminum ( a p p r c x I n t e r m i t t e n t 
100 grams Na pump o p e r a t i o n 

s t a i n l e s s S t e e l 
(100-300 grams ila) 

Alumin-jm 

S t a i n l e s s S t e e l 

,4.1'umin'jm 

S t a i n l e s s S t e e l 

A.'jmin jm 

Ni Sampî e Cup 
(approx, 10 g Na 

t o t a l sample analyzed) 
SS Sample Cup 

I approx 10 g Na 
t o t a l sample analyzed) 

Ni Sample Cup 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

r, 

0 

70 

71* 

80 

51 

67 

60 

us 
Ub 

75 

36 

1*5 

5U 

36 

U2 

0 3 

. 8 1 

.9U 

Intermittent 
power operation 

0,50 

1,U0 

1,00 
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CHE: IICAI ANALYST 
SAIPLES CF 

-ABLE IV ' ' o n t l n u e d 

SLTTS FOR -: OPPER IN SPECIAL 

Date 

3/17/6T 

3 /17 /67 

3 /17 /67 

3 /16 /67 

3 /18 /67 

3 / 1 9 / 6 7 

3 /19 /67 

3 /20 /67 

3 /20 /67 

3 /20 /67 

3 /20 /67 

3 /20 /67 

3 / 2 0 / 6 7 

3 /20 /67 

3 / 2 0 / 6 r 

3 /20 /67 

3/21, '67 

3 /2I /&7 

3 / 2 1 / 6 7 

3 / 2 1 / 6 7 

3 / 2 1 / 6 7 

3 / 2 1 / 6 7 

3 / 2 1 / 6 ; 

3 / 2 1 / 6 7 

3 / 2 1 / 6 7 

3 / 2 1 / 6 7 

Time 

C810 

iU25 

1600 

2000 

22 .5 

1315 

lUOO 

02 30 

0 300 

C515 

o6oo 

0915 

1115 

luOO 

:.515 

2250 

0150 

020P 

05U5 

06C0 

100 5 

1505 

i510 

i535 

17U5 

20 30 

3Mi£^e_Poi t i^ 

PI -A 

FTP 

PI-A 

PI-A 

FTP 

FTP 

PI-A 

FT'P 

PI-A 

PI-A 

FT'P 

PI-A 

PI-A 

FIP 

FTP 

FTP 

P l -A 

PI-A 

FTP 

PI-A 

FTP 

PI-A 

•: 

FTP 

FI-A 

Sample Ves se l 

SS Sample Cup 

Coo lan t 
Pump 

p.eoora 
Copper 

(ppm) 

I n t e r m i t t e n t 
power o p e r a t i o n 

All p'umps off 

(Auxiliary Pump Started) 

Stainless Steel Cup A.ux, pump on 

-Iain Coolant Pumps S ta r ted 

Stainless Steel Cup All pumps on 

0,11 

1.66 

lolU 

Uo35 

5 .08 

0 . 6 5 

l o 7 6 

0 , 2 5 

OOUT 

Oo50 

2 , 1 1 

loOO 

0o62 

0.1*0 

0 . 8 1 

' . 5 6 

i ,U5 

i o 2 7 

0 . 6 3 

3.66 

0.5U 

1.29 

0o39 

0,U5 



IhblE IV -. cont in-ued* 

CHEHICAI ANALYSIS RES'jITS FOR COPPER IN SPECIAL 
" S A i ^ E S ~ O r j J R ^ l T T p 5 5 A R Y SGSIU'l 

March 1 9 6 ' 

Date Time 

3 /21/67 

3 /22 /67 

3 /22 /67 

3 /22 /67 

3/22 ,'67 

3 /22 /67 

3 /22 /67 

3 /22/67 

3 /22 /67 

3 /22 /67 

3 /22 /67 

3 /22 /67 

3 /23 /67 

3/2 3-'67 

3 /23 /67 

3 /23 /67 

3 /23 /67 

3 /23 /67 

3 /23 /67 

3 / 2 3 / 6 ; 

3 /23 /67 

2 , 2 3/67 

3/2U/67 

3/2U/67 

3/2U/67 

3/2U/67 

3/2U/67 

2130 

OIU5 

0250 

0515 

05U5 

0900 

1115 

1300 

1330 

1715 

1820 

2030 

0155 

0210 

0300 

0600 

12 30 

i750 

1850 

2015 

2110 

2220 

0050 

0115 

0 515 

IIU5 

1305 

FTP 

FIF 

PI-A 

PI -A 

FTP 

PI'=A 

FTP 

FTP 

PI -A 

P I - A 

FTP 

PI -A 

FTP 

P I - A 

PI-A 

FTP 

P:-A 

n:p 
PI = A 

FTP 

FI-A 

FTP 

PI-A 

FTP 

FTP 

FTP 

FTP 

Sample V e s s e l 

u o o i a n t 
F'jmp ^opp^ r 

R e c o r d _LP.gSu-

E t a i n l e s s S t e e l Cup A.ll pumps on 1 u5 

: , U 2 

6 -05 

2 , 5 2 

u. . • ' ? 

0.39 

Pyrex Beaker 

S t a i n l e s s S tee l 

Pyrex 

S t a . n l e s s S tee l 

Pyrex 

S t a i n l e s s S tee l 

Pyrex 

Pumps off 

Pumps on 

Pumps off 

1 .0c 

0 , 9 7 

U,60 

1,9-3 

1 .15 

0 . 5 2 

0 . 5 2 

0 , 9 1 

1-21 

1 26 

0,20 

1,0 3 

0 , ^ 3 

0 , 5 2 

l , ^ " 

1.5U 

0 ,7U 

1 ,01 

0 , 5 0 

0,37 
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CHEMIC.U AliAIYSIS RESULTS FOR COPPER IN SPECIAL 

Date 

3/2U/67 

3/2U/67 

3/2U/67 

3/2U/67 

3/2U/67 

3/2U/67 

3/2U/67 

3 / 2 7 / 6 7 

3 / 2 7 / 6 7 

3 /27 /67 

3 /27 /67 

3 /27 /67 

3 /27 /67 

3 /27 /67 

3 /28 /67 

3 /28 /67 

3 / 2 8 / 6 7 

3 /28 /67 

3 / 2 8 / 6 7 

3 /28 /67 

3 / 2 8 / 6 7 

3 / 2 8 / 6 7 

3 / 2 9 / 6 7 

3 / 2 9 / 6 7 

3 / 2 9 / 6 7 

3 / 2 9 / 6 7 

3 / 2 9 / 6 7 

3 / 2 9 / 6 ' 

Time_ 

1U20 

1530 

1600 

17U5 

2100 

2210 

22U5 

1300 

1355 

I5U5 

1730 

1910 

2'^10 

2130 

0130 

0215 

0300 

05 30 

1550 

1730 

19U0 

2125 

0100 

0230 

0355 

1825 

2000 

2230 

SA'TPLES OF LPr 

Sample P o i n t 

PI-A 

fTP 

PI-A 

F'TP 

PI-A 

FTP 

PI-A 

FTP 

PI-A 

FTP 

PI-A 

FTP 

PI-A 

prpp 

FTP 

PI-A 

FTP 

FTP 

FTP 

FTP 

FTP 

FTP 

FTP 

FTP 

FTP 

FTP 

FTP 

FTP 

- IT PRIMARY SODI'M 

Sample V e s s e l 

S t a i n l e s s S t e e l 

Pyrex 

S t a i n l e s s S t e e l 

Pyrex 

S t a i n l e s s S t e e l 

Pyrex 

S t a i n l e s s S t e e l 

Pyrex 

S t a i n l e s s S t e e l 

Pyrex 

S t a i n l e s s S t e e l 

Pyrex 

S t a i n l e s s S t e e l 

py rex 
.1 • 

S t a i n l e s s S t e e l 

Pyrex 

11 

Coolant 
Pump 

Record 

P'umps o f f 

P'jmps on 

Copper 

0 , 3 1 

1.59 

0 . 8 6 

0 . 5 1 

O087 

0 . 7 6 

0 . 7 3 

1-99 

O088 

I0O7 

i o 5 e 

0.91* 

0 . 9 5 

0o53 

1.09 

0„99 

0 . T 6 

O08U 

l o 9 1 

l o O l 

0 ,72 

2 , 0 2 

2U,25 

3,09 

1.12 

0o77 

O0U6 

3 .32 
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TABLE IV ( c o n t i n u e d ) 

CHEMICAL ANALYSIS RES'JLTS^ FOR COPPER IM SPECIAL 
SAl-iPLES OF EBR-II. PRI:-1ARY_S0DIIJ£ 

Haroh 1967 

Date 

3 / 3 0 / 6 7 

3 / 3 0 / 6 7 

3 / 3 0 / 6 7 

3 / 3 0 / 6 7 

3 / 3 0 / 6 7 

3 / 3 0 / 6 7 

3 / 3 0 / 6 7 

3 / 3 0 / 6 7 

3 / 3 1 / 6 7 

3 / 3 1 / 6 7 

3 / 3 1 / 6 7 

3 / 3 1 / 6 7 

Time 

0050 

0220 

0UI5 

0620 

1100 

1300 

2030 

2150 

0200 

0230 

1530 

21it5 

Sample P o i n t 

FTP 

FTP 

FTP 

FTP 

FTP 

FTP 

PI-A 

FTP 

FTP 

FTP 

FTP 

FTP 

Sample Vessel 

Pyrex 

Stainless Steel 

Pyrex 

C o o l a n t 
P'ump 

Record 

Pumps on 
/t 

<i 

, t 

» 
' 

t l 

11 

II 

It 

it 

II 

Copper 

_L££2l 

1 Ul 

0 , 2 3 

2 , 2 8 

0 , 6 5 

0,1*2 

0 ,U1 

1 , 2 1 

0 ,U5 

l . U l 

2 ,U6 

0 63 

Oo55 



TABLE V 
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CHHIICAL ANALYSIS RESIXTS FOR COPPER IN 

Date 

3 / 7 / 6 3 

6/27/6U 

2 / 2 6 / 6 7 

3 / 1 1 / 6 5 

1 0 / 1 8 / 6 5 

6 / 1 6 / 6 6 

7 / 2 5 / 6 6 

8 / l*/66 

9 / 2 9 / 6 6 

1 0 / 2 5 / 6 6 

1 1 / 1 0 / 6 6 

1 2 / 2 / 6 6 

1 / 2 5 / 6 7 

2 / 2 7 / 6 7 

HISTORICAL 

Sample 

P I -
t l 

It 

t l 

t l 

It 

II 

t l 

It 

It 

If 

t l 

II 

II 

SAMPLES OF 

P o i n t 

A 

EBR-II 

SE 

Aluml 

PRM.y^Y SODIUM 

imple V e s s e l 

num (100 g Na) 

' 
I 

1 

I 

1 

1 

' 
1 

1 

1 

t 

1 

' 

Cu (ppm) 

0 . 2 7 

0 . 2 3 

0o50 

0 . 7 0 

0 .30 

0 . 8 3 

0 . 2 3 

0 . 7 5 

p . 3 0 

0.51* 

0 . 6 0 

0 . 5 0 

0 . 5 0 

0 . 5 0 



S - 1 1 ^ c CRtlnue.l 

W-'f was i n i - i a ' e d in March - t o remove the e n t i r e primary 
pl'jgging iccp P : ^ A , anci to replace : - vl- ' r -Ve p.'ugging .oop f r ^ the secondary 
sodi'jm system, lh,e mst aUati'On v,-.s omp.etei on March c. This p e n n i t t e d 
con"inued meas.ursmec- of primary p-'uggi.ig - e m F ; r a t „ ' ' S am -aklng cf s-odl-im 
samples -'or creml"a- anaiyse? -f .cpp«-r c c ' e n t -

At -ne c.m- ticce ac tc-'- work on P!-A Ibop was in p r o g r e s s , the 
val'ves were remov-i ircm Pl-E. the plugging -co? icwns"ream of the co.d t r a p 
These vaive- -uer« mace ava i . ab ie fo-' c - s -a l ' . a t i o-<, with a newly f a b r i c a t e d 
economuer, in "ne secor.iary system It wac fo .̂:rtd impossible to remove the PI-B 
economizer because M se'.-ere'iy limit .̂d ac t e s E i t i . I ' y -

A ' d i p sampler" was l ab r i ca t ed t o p-rml ' t ak ing of samples from 
the bulk primary s e n .m -hrough the f'..el t r a n s f e r por t 

A program was in i"ca"ed cn March : which involved samp-ing f r 3n 
tne PI-A loop and from the fue. t r a n s f e r port for comparative purposes Rela t ive ly 
large sodium samples iCO to 300 grams each' were taken ' . n i t l a ' . l y , A s e r i e s of 
samples was taken with the co.d t r ap secured, as "ney had been during the p r i o r 
work in March, 

The primary coid t r a p was put in se rv ice on March IC and main­
ta ined m operat .on at flow ra tes mostly in the range 15 to 30 g a l . o n s per 
minute for the remainder cf -he month except for a shor t outage on Apr i l 1 , 196", 
I n i t i a l l y , pl'uggiog temperatures were about 230" t o 300' F They showed a 
continuing decrease with ccld -rap operat ion 'un t i l , d-uring the l a s t h a l f of 
March, "hey were consiscent .y . ess 'han 250• F, 

Sarap_,-cg irom Fl-A and the fuel t r a n s f e r por'' was contln-ued to 
discover wnether . c l a t r ap operat icn -would reduce -he copper concen t ra t ion in 
the primary sodlu.m 

The var ia t ions .observed in the analyses for copper in p o r t i o n s 
of sodi'um taken f-cm •!-,« large samp-es ind ica ted that non-homogeneity of copper 
concentration probat .y Exists in such samples Since these v a r i a t i o n s were of 
about the same order as the expected real .-hanges of -opper concent ra t ion in 
the primary sodiam, ." was re--c-gnited t h a ' improved sampling methods were 
required . 

To cbvia-e -pe ' f f e ' t s of possibi-e segregat ion cf copper in the 
cooled sodi'um samp.e, sm&...er samples ..''j to .5 grams were taken All of t h i s 
sa.-nple is analyzed, t hus , the segregat ion of copper in the sample is e l imina ted 
a£ a factor in comparisons wj-h sucseq-uen" determination . 

I n i t i a . p . ins - a . l e u for the use of n icke l samp.e cups because i t 
was expected that the copper cn-ent of the n i cke . would be low. However, 
because only a few n;ck=. . .ps were aval.a,ple and ma te r i a l for f a b r i c a t i o n of 
more could not be ob ta i r . ' l r e a d i l y , samp.e - ips w^re fabr ica ted of type 30U 
s t a i n l e s s s t e e l . 
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3. Oor-ter ir Pr irr.ary Soil un 'cortin-ued 

Subsequent -heraica., analysis for copper content of the cup mater ia l 
in nickel and s t a i n l e s s s t ee l cups _ndl cated tha t the .cickel contained 109 pa r t s 
per mi l l ion of copper and the s t a i n l e s s s t ee l 2^'i -c c-?'l p-.rt t per mi l l i on . 
Tests demonstrated tha t the nickel readi ly yie_ds copper to the n i t r i c acid 
solut ion used for d isso lu t ion of copper in the sodium samp'ots S ta in le s s s t e e . 
cups yie lded no copper 'unci-r the Ee-me condit ions. Hence, s t a i n l e s s s t e e l cups 
were used for samp.mg. Some information was obtained to the effect tha t higher 
concentrations might be found m scilium samples taken in s t a i n l e s s s t e e l than in 
samples taken m Pyrex glass Thereaf ter , Pyrex beakers -were 'used for sampling 
frnn the bulk sodium fuel t r ans fe r p.ort'• Howe'-,-er, because giass beakers could 
not be used m the sodi'um sampling system, 'use of s t a i n l e s s s t e e l cups for the 
PI-A samples -vas con-i tued, 

Chemlca. analyses fcr copper were performed in the Idaho Division 
Chemistry Laboratory during 'he f i r s t ha l f of the month (samples taken through 
3/12/67), The determinations oi copper concentrat ions were made by the neo-
cuproin color imetr ic method. Samples taken on, and a f t e r , March 15 were analyzed 
in the Chemistry Laborato.-y of the Idaho Chemical Processing Plant ( ICPP \ "oy 
the same color imetr ic method. Occasional check analyses were performed in the 
Idaho Division Laboratory, 

S t a r t i ng on March 2C, a very in tens ive sampling program was 
conducted to check ana ly t ica l p rec is ion and to b e t t e r define the copper concen­
t r a t i o n in the primary sodium. I n i t i a l l y , the primary coolant pumps were 
operated only i n t e r m i t t e n t l y , between fuel handling periods S ta r t ing on 
March 26, the pumps were main'alcied in operation at fu l l reac tor flow ra t e to 
pro'vide maxim'um mixing of the primary sodi'um F-ull flow was contin'ued for the 
remainder of the month. 

The t h r o t t l e val-ve and the pl'jgging valve were removed from the 
PI-A loop on March 26 to permit inspect ion for copper depos i t ion . The valves 
had been in ser ' / ice since March 6, The valves were disassembled and sodi'im 
was dissolved from the stems and bodies by enthanol , 7'jiere was no visual 
evidence of copper deposl-ion c-, the valve s'urfaces , ITie PI-A loop was returned 
to service,, 

A sampling va'i ve was i n s t a l l e d at the PI-B locat ion downstream 
of the primary cold t r a p , to permit sampling and analysis for copper in the 
cold t rap e f f luen t , 

D'uring attempts t c sa.mple from the PI-A loop -on March 31, i t was 
found that the sampling valve leaked in the closed pos i t i on , KISO, d i f f i c u l t i e s 
were encountered with "he sampling system components, 

A temporary sampling system was de-/lsed and constructed, comprised 
of an ambient pressure sa.mpiing -.hamber, argon-purged, and a large waste vessel 
for co l l ec t ing overflow solium, Ihe sampler was designed to accommodate 10 
m i l l i l i t t e r Pyrex beakers of the same type as used for the dip samples from the 
fuel t r a n s f e r por- This samp.ing system was put in to operation successful ly 
on April 1, for taking sa-.ples from c o . i t r ap influent and e f f luen t . 



ont ir.ued 

Samp.^ng from the f'-el t r a n s f e r po r t was con t inue ! in conj'unction 
With these samples. Copper ar;a'.y=is r e s u . t s obtained in March are prese.nted in 
Table IV, ReS'.lts of copper analysis on por t ions of ilBR-iI h l s t t r i c a _ sodi'um 
samples are given in Table V, 

To check for copper deposi t ion on r e a c t o r components a b l anke t 
subassembly removed from Row 6 of the reac tor was "leached' ' in n i t r i c a ' i , 
Great care was taken to el iminate spurio'us soorces of copper and t o measure copper 
contrib'utions from, sources which could not be e l imina ted . For comparati've 
purposes, a newly fabr ica ted s t a i n l e s s s t e e l r e f l e c t o r S'ubaseembly, ha--lng about 
the same exposed s t a i n l e s s surface as the s tandard blanket S'ubassemb_y,, • .2 a l so 
' leached"- The copper concentrat ion in the acid wash s o l u t i o n frcm the b lanket 

S'ubassembly contained c25 micrograms of copper whereas the s o l u t i o n from the new 
s t a i n l e s s s t e e l subassembly contained 1969 micrograms. These r e s u l t s i n d i c a t e 
t h a t copper deposit ion cn the blanket subassembly, i f any, was i n s i g n i f i c a n t . 

The s t a i n l e s s s"ee^ s t r a i n e r s from experimental subassemc l i e s 
XC09 and X013 were separa te ly leached in n i t r i c ac i c and the s o l u t i o n s were 
analyzed for copper. These subassemblies had not t een washed for sod i jn removal 
p r io r to disassembly, Th,e surface area of the s t r a i n e r i s 22C sq , cm, •-, j - l n e n t 
data are tabulated below 

St ra iner From 
Subassemb. 

X009 

X013 

Time in Reactor 

j/2C/b6 - 12/21/06 

•/17/66 - 9/ ''166 

LU 
licrograms 

120 

109 

Cu, Mlcrogr-ms 
_ £ g I S A •-.-"- ... 

0.55 

0,U9 

U, îf.r,"P,.H^T.̂ ,.S^stem 

a, Secpndary_ Soa_i_um_P^m£ 

ihe secondary sodi-um p-jmp was cn.y operated at standby f-ow 
t h i s q-uarter s ince there was no power opera t ion , 

b . 

The on- l ine chromatograph analyzing argon from -he surge 
tank showed less than Ic ppm hydrogen and 1,000 to l.uOO ppn n i t r o g - n ^amt.'es 
of argon taken from the supply, S'urge tank, and s torage tank and analyzed i n " " 
the laboratory showed l e s s than 100 ppm hydrogen and less than ICO ppm r i t r o s e n 
Air contamination ct samp.es t'a.nen for t h i s anaiysls continues "o b» a o r " ! r 
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b, ^-^^fiitf?,II.fS2_^'^j-S_£illcii§ol51. 'continued) 

The fc.lowing r e su l t s were received from the ANL Chemistry 
Divis ion ' s analysis fcr oxygen and ni t rogec 

Cate Sampied 

11/17/66 

12/26/66 

1/25/67 

ĝraj-x; 

b , 6 

1, 6 

1*, " 

quarter0 

5o Steam_^System 

a. Zr^sSjures and Temperatures 

No steam was produced by reactor operat ion during t h i s 

b . 'Water Treatment 

1) Steam and Conoensate 

Tliere was no operat ion during t h i s quartero 

2) Cooling Water 

I'he pii cf the cooling water ranged from 5,5 t o OoCo 
The pH control was Imprac t ica . mcst of the period as the cooling water c i r cu ­
la t ion was l imi ted to Plant Services demand, 'Ih'e CrO, content varied from 
5 to 20 ppm, 

K t e s - -unit was i n s t a l l e a to inves t iga te the p o s s i b i l i t y 
of chromate reductior using sulfur dioxide. 



I I , Fuel Hani.-ng 

Ihe reactcr was not operated ex ept for low power physics experiments during 
th i s q u a r t e r , however extensi-.-e fuei handling was ac--ompl ished The r e a c t o r was 
loaded for power run 25 

Survei l lance examina-lon uf the f e r t i . e elements in subassemblies j - " ^ t a . l e a 
in Rows 7 and o indica-ed tha- ~he f e r t i l e depleted urani'um.i ma te r i a bad 
s u b s t a n t i a l growth and in some cases was in contact with the c . aa , Ihe s u - - ^ 
assemblies in 'rows - and B were repia-ed with subasse,mblies loaded with s t a l n . e s s 
s t e e l , 

Four m.easuremerts of f i s s ion ra te d l s t r i t -u t ion were made in R'uns 25A, 25B, 
250, and 25D, requir ing t r e : n5 -a l l a " lon and removal of severa l fl'ux wire 
subassen'Dlies for ea'h coi 

A t o t a l of ''bu indi- ' i i 'us . t r ans fe r s of subassemblies e i t h e r t o or from the 
reac tor g r id or the s-crage basket were made 

A Exce ri m.et" a. I r r ad i a t i ons 

Five experimental subassemblies were i n s t a l l e d in the r eac to r g r i o , 
IVo iXOig, X020* -contained oxide f>uel mater ia l s and th ree iXOlt, XC2I, X022) 
containing oniy s t ruc fura l mater ia ls 

'Ihe irradiati-on of experimental S'ubassembiles XGOo and XOl" was 
completed and they were removed from the r e a - t o r g r id and t r a n s f e r r e d to the 
Fuel cycle Fac i l i t y for examination, 

B, S-jbassemli 2^ Ir.-'entor 

A t c - a . of 2 . subcssemb . i e s which include one experimental S'ubassenbly 
(X006i were "ransferred * z the F,.el 'Cycle F a c i l i t y cor examination, d isassembly , 
and reprocessing of the spent subassemblies 

Thirty-nine reprccesse i S'ubassemblles were received from the Fuel 
Cycle F a c i l i t y 

Five experimenta. s ucasseriblif s were received and i n s t a l l e d in the 

'wenty-four S'ucassemb . ies w*. 
ava i l ab le on December c. 

a'. 'aliabie c-n .larch 31 and eight 

Tne r eac t c r gr id was Icad'^d for Run 
for four f'. ,oX mapping physics . ow power runs 

ana loading changes were raaae 



Grid loo-ccing C£=B •, co.nc-nuec 

sutijia.-;,- of cue c o n I c s i i . c g f o r " u t ?-, i s g i ^ e n below-

crc J i c e 

..pe - ira.'- c. 1 d_ -,' r a 1. .It 1 on 
5'.bas2f:mc .i-'.a 

0 . Subaspe.r l ly 

The -'iVS'.-c-j-c u t i . . . : , " 1'. cf the .'̂  uCa.-.3-imc l i t 
run 25 l o a d i n g -c, , - * i , l:u= av-'ir'-is'- u t i l i z a t i o n oi t 
t r a n s f e r r e d t o t h e F u e l lye . - ; ' - . • l l i t - / i s a l s o '--,1 

rf.:;.o---ed f,or t h e power 
e frf=;n*y spen t s u b a s s e m b l i e s 



TAPIE 

LOADING CHHNGES FCR RjN NiJ-lBER 25 

Remove 

C-252 

C-2 ^0 

XOlU 

0-2 =̂U 

S-blO 

0-255 

C-286 

C.256 

C-2o8 

C-2 59 

C-278 

0 -271 

C=260 

C.20C0 

'C.282 

C-262 

XG06 

C-20C0 

^—2 -^ 

C-r'u6 

'C-2 36 

C-2 37 

OSR-2 

C-2U5 

C-2U7 

1-^36 

0-236 

Maximum 

BisaiiL. 

1.19 

.u8» 

" 
i . 1 9 7 

1.11 

l o l l 

— 
1.16 

1.11 

1.16 

. 0 2 * 

.U3* 

1.10 

— 
,20« 

5 .31 

. 1 3 * 

1, 17 

1.15 

1.00 

1 0 ^ " ' -

1.15 

1 .08 

l .xU 

From 

2A1 

201 

2D1 

2E1 

3Ai 

3B1* 

3E1* 

3C2 

3E1 

3E2 

UA3 

UB3 

UD2* 

UD2» 

UD2 

UD3 

UE2* 

uE2» 

aE3 

UF3 

SA2« 

oA2'> 

5A3 

5AU 

5B2 

5C3 

5DU 

11 i • a . . 

; . 2 9 6 

C-2^'2 

XC21 

C-297 

0-6x2 

C-286 

C-2035 

C-291 

0-296 

C-293 

C-2002 

C.200 3 

C-2000 

•C-2 32 

C-20CC 

X016 

C.2C00 

XGiU 

0=200-i 

C-2001 

0 . 2 3" 

7-29** 

C-c-p 

0 -2^1 

L-'.ub 

0-295 

-• •°i'''g''-'e. 

; - 2 ' . 3 

0=2 39 

C-2UU 

c-;uo 

A-vuo 

B-352 

A-7 31 

E-355 

A-7C6 

A-76e 

A-72U 

A- 70 7 

B-351 

B.319 

A - - 6 7 

E - 3 5 e 

A- -29 

A-7U2 

A-771 

Sour 

Remp'-te 

SO-1915 

— -

B u r n u g _ 

•• , c 

1, ; R 

lo 1^ 

i , i s 

. 0 3D 

„ 

. 056 

- -

,'CUu 

,0=^6 

. 2 1 

,os6 

0 - 6 ' 

. 99 

,G=-6 

0O33 

.0 = 6 

,05b 

J,s_T£anE 

Frcm 

7E2 

BS5 

f" ' 'JZ 

~: ZiC. 

-Y.^ 

-?2 

^ J ^ 4 

• iAl ' 

oAl* 

c F . * 

6B1* 

6 E 5 

6C1 

6C2 

6D1 

6 D 2 

6D"* 

t C " . • 

6EI* 

6E2 

= F1 

6 F 2 

i - H i . 

i n s t a l l 

.A- 7,. •! 

SO^lQi ' ; 

e s t a . 

C-216 

"- 0^^ 

C-265 

0 - 2 8 ^ 

B- 3'^2 

A-63U 

B-3=--

A.6O6 

XC20 

B-356 

B - 3 5 ' ' 

B - o o l 

X019 

B - 3 5 " 

P - 3 5 8 

H-'C -.̂  

B=359 

B- 36c 

B - i C : 
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TABLE VI . . con t inued) 

LOADIllG CHAHGES FOR R'JIJ irj-IBER 25 

Remo re 

C-283 

C-263 

C-291 

C-267 

B-3U2 

A-769 

U-IIU5 

0-271* 

From 

lAl 

3A2 

302 

UBl 

6BU 

7CU 

8CU 

501* 

Run 25.A 

I n s t a l l li 
Remove 

•^-13 

W.15 

W-lU 

W-16 

W-12 

w-6 

W-7 

W-17 

From 

lAl 

3A2 

302 

UB. 

6BU 

7CU 

8CU 

5CU 

I n s t a . . 

C-263 

C.26 3 

0 - 2 9 -

C.267 

B-3U2 

A-769 

U-i lUo 

C-27U 

Remo'-e From. 

; -26= 

-C.266 

C-266 

C-29 3 

C-219 

B.oi '8 

U-1332 

A-769 

5F2 

UCl 

3F2 

3E2 

3D2 

6D3 

8FU 

7CU 

Run 25-B 

I n s t a l . & 
Remove From 

W - l t 

v;-i6 

'.^-15 

W-lU 

W.I3 

W-i2 

•rf-6 

5F2 

UCl 

3F2 

3E2 

3D2 

6 D 3 

8FU 

7CU 

C-26'= 

C-263 

C-265 

0-29 3 

C-219 

E-3^5 

U-1332 

A-769 

Remove 

k-162 

U-1337 

U-1123 

U-1070 

U-10U7 

U.1289 

From 

7AU 

9AU 

11A7 

13A7 

15A8 

lUAl 

Run̂  2^-C 

I n s t a l l & 
Remove^ 

W.6 

W.7 

W-8 

'/;.9 

W-IO 

W- l l 

F_rom 

7AU 

9AU 

11A6 

- 3 A 7 

15A8 

l U A l 

I n s t a l l 

A - ' 6 2 

' J - 1 3 3 " 

0-112 3 

U-10 70 

U-10U7 

U.1289 

Remove 

0-233 ' 

C-263 

C-268 

C-2 7U 

B-350 

•U-1337 

•J. 10 09 

U-1605 

0-131? 

Frcm 

lAl 

3A2 

UCl 

5CU 

6 A 3 

9ku 

1106 

8AU 

905 

Run 25-D 

I n s t a l l 4 
Remove 

H-13 

•rf-16 

W-15 

v;-iu 

w-12 

W-10 

v/—9 

'rf-8 

w.7 

Fr-pm 

lAl 

3A2 

UCl 

5CU 

6 A 3 

9AU 

1106 

3AU 

9 05 

I n s t a l l 

C-283 

C.263 

0-266 

C-2"'u 

E-350 

U-1337 

'J-1009 

U-16C5 

U-1317 
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TABLE VI ( c o n t i n ' u e d ) 

LOADIHG C1;AMGES_F0R_RUK HU'IBER^ 2^ 

Spent S u b a s s e m b l i e s T r a n s f e r r e d t o FCF 

Subassembly 
Number 

B-319 

0-2 3D 

C-2 38 

C-2 39 

0-21*0 

C-2U3 

C-2l*l* 

C-21*5 

C-21.6 

C-2l*7 

C-252 

0-251* 

C-2 5 5 

C-2 56 

0 -258 

C-2 59 

C-260 

L-l* 36 

S-607 

S-610 

XGO6 

G r i d 
P o s i t i o n 

6DU 

5DU 

5A2 

5El* 

5Fl* 

5E2 

5F2 

5AU 

1*F3 

5B2 

2A1 

2E1 

3B1 

3C2 

3E1 

3E2 

UD2 

503 

3D1 

3A1 

UE2 

Maximum 
Burnup^ ^ 

. 99 

l . l U 

1 .15 

1 .15 

1 .15 

1 .15 

1 .15 

1.1U5 

1 ,17 

1 .15 

1019 

1 .197 

l o l l 

1016 

1 . 1 1 

1.16 

1.10 

1 ,08 

1.11*5 

1 ,11 

5 . 8 1 

Date_ 

2 / U/67 

1 / 2 6 / 6 7 

1 /2U/67 

1 / 2 5 / 6 7 

1 / 3 0 / 6 7 

1 / 3 1 / 6 7 

1 / 2 3 / 6 7 

1 / 3 1 / 6 7 

1 / 1 6 / 6 7 

1 / 2 5 / 6 7 

1 / 1 6 / 6 7 

1 / 1 6 / 6 7 

1 / 3 1 / 6 7 

1 / 3 1 / 6 7 

1 /2U/67 

1 / 1 7 / 6 7 

1 / 3 0 / 6 7 

2 / 3 /67 

2 / 5 /67 

2 / 3 /67 

2 / 2 0 / 6 7 



TABLE VI ( c o n t i n u e d ) 

LOADIIiG CHANGES FOR R'UÛ  irjMBER 25 

R e p r o c e s s e d S u b a s s e m b l i e s Rece ived From ."CF 

29 

Subassembly 
Number 

B-358 

B-359 

B-360 

B-3b l 

B-362 

B-363 

B-36U 

B-365 

B-366 

B-367 

C-291 

0-292 

C-293 

C-29I* 

C-295 

C-296 

C-297 

C-298 

0-299 

C-2000 

C-2001 

•C-2002 

Date 

1/ 3/67 

1 / 3/67 

1 / 3/67 

3 / 3/67 

3 / 3 1 / 6 7 

3 /31 /67 

3 /31 /67 

3 / 3 1 / 6 7 

3 / 3 1 / 6 7 

3 / 3 1 / 6 7 

1 / U/67 

1 / 5 /67 

1 / 5/67 

! • 5/67 

1 / 5 /b7 

1 / 5 /67 

1/10/6"^ 

1 / 1 1 / 6 7 

2 / 2 / 6 ' ' 

1 / 7/67 

1,' 6 /67 

1 / 6 /67 

Subassembly 
^ Mumber 

C-2003 

C-200U 

C-2025 

C-202 7 

C-2028 

C-2030 

C-2031 

C-20 35 

li-u 50 

L-U51 

L-*t52 

L-U53 

L-U5U 

1^1*55 

L-U56 

S-oOU 

S-606 

XOI6 

XOI9 

X020 

X021 

X022 

Date 

1 / 6 /67 

1 / 7 /67 

2 / 1 /6-

2 / 2 / 6 " 

2 / u /67 

2 / u / 6 -

HI 0 , c ' 

2/25- '67 

3 / 9 /67 

3 /10 /cT 

3 / 1 0 / 6 7 

3 /16 /57 

3 /16 /67 

3 / 1 0 / 6 -

5 /16 /67 

3.1'--'e-i 

3 /15 /67 

1 / 1 1 / 6 " 

i / i u / e -
1/11 /67 

2 / 2 5 / 6 -

2 / 2 5 / 6 ' 
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TABLE VI (continued) 

LOADIMG CHAIIGES FOR RUNJj^^ER 25 

S ta in less S tee l "A" Type Subassemblies Changed 

Remove 

A-712 

A-76 3 

A-751* 

A-76 5 

A-700 

A-717 

A-7 30 

A-7l*5 

A-770 

A-710 

A-7U7 

A-7U7 

A-762 

A-733 

A-775 

A-772 

A-722 

A.71U 

From 

7A2 

7B3 

701 

7D2 

7E1 

7F1 

7A3 

7B2 

7C2 

7D3 

7E2 

7FU 

7AU 

7BU 

703 

7DU 

7E3 

7F5 

I n s t a l l 

A-800 

A-801 

A-802 

A-80 3 

A-80U 

A-805 

A-806 

A-80 7 

X022 

A-809 

A-810 

A-811 

A-812 

A-813 

A-8IU 

A-815 

A-816 

A-817 

Remove 

A-761 

A-75 3 

A-769 

A-7U6 

A-716 

A-7 38 

A-72 8 

A-726 

A-702 

A-70 8 

A-755 

A-7 32 

A-721 

A-7U1 

B-358 

B-355 

B-352 

Frcm 

7A5 

7B5 

7CU 

705 

7D5 

7EU 

7E5 

7F2 

•'A6 

7C6 

706 

7 D 6 

7 E 6 

7 F 6 

6 E 1 

6 B 1 

6AI 

I n s t a . 1 

A-818 

A-819 

A-820 

A-821 

A.622 

A-82 3 

A - 6 2 ' ^ 

A-82 5 

A-825 

A-82 7 

A-62 8 

A-829 

A-830 

A-8 3 3 

A-8 32 

A-808 

A-83U 



TABLE VI I cont in 'ued) 

S t a i n l e s s S t e e l "U ' Type S 'ubassemblles Cnanged 

31 

Remove From I n s t a l l 

U-1U80 

u-1502 

0 -1063 

U=1332 

U.IIU5 

U-IU19 

U-1021 

U-I32U 

U-I33U 

U-IU38 

U-ll*68 

U-1026 

U-1073 

U.1335 

U-1316 

U-1U07 

U-1517 

U-1386 

U-1506 

U-IU30 

U-1116 

U-1U02 

8EU 

8E6 

8BU 

8FU 

8cu 

8AU 

8DU 

8B5 

8 F 5 

805 

8A5 

8D5 

8 B 6 

806 

8c6 
8A6 

8D6 

8E3 

8B3 

8F3 

803 

8A3 

U-1600 

U-16CI 

U.16C2 

U-1603 

U.160U 

'J-160 5 

U»l6o6 

U.1607 

U-1608 

U-1609 

U-1610 

U-1611 

U-1612 

U . l 6 i 3 

' J - l 6 i u 

U - l 6 i 5 

U.1616 

U.1617 

U-1618 

U-1619 

U-1620 

U ' l 6 2 1 

remove 

U-lUOo 

U-I38S 

U-101*0 

U-lUol* 

U-II6U 

U-115U 

U-IU^O 

U-1171 

U-1072 

U-1539 

U-1U25 

U-1315 

U-1255 

U-IOU3 

U-IU36 

U-1039 

U-1295 

U-1293 

U-12 35 

U-1339 

U-I09U 

From 

6D3 

8E2 

3 E 2 

8F2 

8C2 

6A2 

6D2 

8E7 

8 B 7 

8F7 

807 

8A7 

8D7 

8E1 

8 B 1 

8F1 

8ci 

6A1 

8D1 

9A5 

I0A5 

I n s t a l l 

U=l622 

U-1623 

'J-I62U 

U.1625 

U-1626 

U-1627 

U-1628 

U-1629 

U-1630 

U-1631 

U-1632 

U-1633 

U-I63U 

U-1635 

U-I636 

U-1637 

U-1638 

U-1639 

U-I6UO 

U-1U79 

U-1280 
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TABLE VI (continued) 

U)ADIiro_CliMGES^OR_RUH^Ui2£.';^._£2. 

Inner and Outer Blanket Subassemblies t c FCF 

Subassembly 
Number 

A-700 

A-70 2 

A-70 3 

A-706 

A-70 7 

A-70 8 

A-710 

A-712 

A-713 

A-711* 

A-716 

A-717 

A-719 

A-720 

A-721 

A-722 

A-721* 

A-72 5 

A-726 

A-728 

A- 729 

A-7 30 

A-7 31 

A-7 32 

A-733 

A-7 38 

A-7U0 

A-7UI 

G r i d 
P o s i t i o n 

7E1 

7A6 

7F3 

6 B 5 

6 D 1 

7 B 6 

7D3 

7A2 

6 B 2 

7F5 

7D5 

7F1 

6F5 

6 D 3 

7 E 6 

7E3 

6 02 

7B1 

7F2 

7E5 

6 E 2 

7A3 

6BI 

7 D 6 

7BU 

7EU 

6 A 1 

7F6 

Date 

3 / 1 3 / 6 7 

3 / 8 /67 

2 / 1 1 / 6 7 

2 / 1 0 / 6 7 

2 / 1 2 / 6 7 

3 / '*/67 

3 / 1 1 / 6 7 

3/ 7 /67 

2 / 1 3 / 6 7 

3 / 1/67 

3/ 7 /67 

3 / 1 3 / 6 7 

2 / 1 2 / 6 7 

2 / 1 2 / 6 7 

3/ 6 /67 

3 / 1 5 / 6 7 

2 / I U / 6 7 

2 / 8 /67 

3 / 1 0 / 6 7 

3' 3 /67 

2 / l l / ' 6 7 

3 /11 /67 

2 /1U/67 

3 / I C / 6 7 

3/ U/67 

3/ 6 /67 

2 / 9 / 6 7 

3 / 1 5 / 6 7 

S u b a s s e m b l y 
Number 

A-7U2 

A-7U3 

A - ' U -

A-7U6 

A-7U7 

A-7U9 

A-751 

A-7' ,2 

A-753 

A-75U 

A-755 

A- ' '56 

A-75 7 

A .758 

A-7&0 

A-761 

A- 762 

A-76 3 

A-76u 

A-76 5 

n -76 7 

A .768 

A-769 

A-7 70 

A-7 71 

A - ' 7 J 

A.77U 

A-7 75 

G r i d 
P o s i t i o n 

6E1 

6A2 

7B2 

705 

7E2 

6 D 5 

6C2 

' A 3 

'rE5 

7C1 

7C6 

6 E 5 

7A1 

6 L 2 

'FU 

7A5 

'AU 

7B3 

6 F 3 

7D2 

6Ei 

6C1 

7CU 

' 0 2 

6 F 2 

'Du 

7Fu 

7C3 

_Dat_e 

2 ' 1 0 / 6 7 

2 / 9 ' 6 7 

3 ' 1 0 ' 6 7 

3 / i l / 6 7 

3 / 1 /67 

2 / 9 / 6 ' 

2 / 8 / 6 7 

2 - 1 5 / 6 ' 

3 / 1 3 / 6 7 

3 / 1/67 

3 / 1 7 / 6 7 

2 / 1 1 / 6 7 

2 / 9 / 6 7 

2 ' i 2 / c ' 

l / 2 ' / 6 7 

3 / 5 / 6 ' 

3 / 6 / 6 ' 

3 / 1 6 / 6 ' 

2 / 1 3 / 6 7 

3 / 1 5 / 6 ' 

2 / t ' ' 6 7 

2 / 1 1 / 6 7 

3/ 3 / 6 7 

3 / 2 / 6 ' 

2 / 1 0 / 6 ' 

3 ' 2 / 6 7 

3 / 3 /67 

3/ 7 / 6 7 



,.»i3..- ,1 , c^r.ci.-.-cu. 

I n n e r and Oute r Hlarucet E-ubasserr.c_.es cc , c c n t i n w e u . 

ucassemb.ly G r i d 
11 umber P o s i t i o n Date 

/ , -c08 "'-2 o/ l8/6 ' i ' 

A-031 3 /16 /67 

u-1021 ^Di. 0 -22 ,6 ' ; 

0-1026 '':D5 : ' ,/2u/67 

C-.O^g dA5 2, 2 /67 

U-1C63 .'c3U 3-20/67 

0 -1073 'OE6 • , / 2 J , ' 6 , ' 

'C-109U iO/L5 3 / i8 /6 ' | ' 

U-112U 12E6 2 / 1 6 / 6 7 

0 - i l U 5 cCu J, 2 - /D-

' ; - i 2 0 6 — - 0. - i 6 " 

' J - i 3x6 6C6 3 / 2 6 / 6 ' 

U-152- 3B5 0 /22 ,67 

11--332 -1 u c, ..x, ol 

:~133i» iF5 3 / 2 2 / 6 ; 

U-1335 6F6 3 /25 /67 

S'ubassemcly Gr id 
ll'umber P o s i t i o n Date 

. . - i3o9 

. - 1 3 5 6 

•J-1U02 

, „ 

cEi 

0A3 

' ; ^ ' J 

,lk-

6F3 

c l " 

CK5 

2 , .r . b ' 

3/30 67 

3 / 3 - / 6 ' 

3 / 2 9 / 6 ' 

3 - 2 2 - 6 -

3/50 '67 

3 / 3 C . C ' 

3 /23-17 

'C- l ' ' .9 

U-l^!30 

C-l-.:.-. uE^ 3/20/6T 

U-1502 &E6 2/21,c67 

U-1506 8B3 3 /29 /67 

0-1517 c l6 3 / 2 9 / b l 

U- .5-3X J B ; 1 / ' i / b ' 

0-15uJX —ii - 1/ c 6 

^-155CX 13B7 - / - 6" 

http://E-ubasserr.c_.es
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TABLE VI ( c o n t i n u e d ) 

LOADIHG CHANGES FOR R'JU HU-IBER 2 5 

S t a i n l e s s S t e e l S u b a s s e m b l i e s From FCF 

Subassembly 
Number 

A-800 

A-801 

A-802 

A-80 3 

A-801* 

A-805 

A-806 

A-807 

A-808 

A-809 

A-810 

A-811 

A-812 

A-813 

A-811* 

A-815 

/i-8l6 

A-817 

A-818 

A-819 

A-820 

A-821 

A-822 

A-82 3 

A-82U 

A-82 5 

A-826 

Date 

2/16/67 

2/16/67 

2/16/67 

2/16/67 

2/16/67 

2/16/67 

2/16/67 

2/16/67 

2/17/67 

3/23/67 

2/17/67 

2/17/67 

2/17/67 

2/17/67 

2/17/67 

2/17/67 

2/17/67 

2/17/67 

2/18/67 

2/ I8/67 

2/18/67 

2/18/67 

2/21/67 

2/21/67 

2/21/67 

2/21/67 

2/21/67 

2/21/67 

Subsissembly 
Number 

A-82 7 

A-82 8 

A-629 

A-6 30 

A-6 31 

A-8 32 

A-833 

A-6 31* 

U-1280 

U-llt66 

U-IU79 

U-1600 

U-1601 

U-1602 

U-1603 

u-i6oi* 

u-1605 

u-1606 

u-1607 

u-1608 

u-1609 

u-1610 

U-1611 

U-I612 

'J-1613 

U-I6IU 

U-1615 

U-I616 

Date 

2/22/67 

2/23/67 

2/23/67 

2/23/67 

2/23/67 

2/23/67 

3/ 1/67 

3/2U/67 

3/ 2/67 

2 / 1/67 

2 / 1/67 

3/1U/67 

3/ll*/67 

3/IU/67 

3/1U/67 

3/11* ,/67 

3/1U/67 

3/IU/67 

3/1U/67 

3/15/67 

3/15/67 

3/15/67 

3/15/67 

3/15/67 

3/15/67 

3/15/67 

3/16/67 

3/ID/67 
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TABLE VI ( c o n t i n u e d ) 

LOADING CHANGES FOR R'ull NU-IBER 25 

S t a i n l e s s S t e e l S u b a s s e m b l i e s From FCF ( c o n t i n u e d ) 

Subassembly 
Number Date 

U-1617 3 / 1 6 / 6 7 

U-I618 3 /16 /67 

U-1619 3 / 1 6 / 6 7 

U-1620 3 / 1 6 / 6 7 

U-1621 3 /17 /67 

U-1622 3 /17 /67 

U-1623 3 /17 /67 

U-I62U 3 / 1 7 / 6 7 

U-1625 3 / 1 8 / 6 7 

U-1626 3 / 1 8 / 6 7 

U-1627 3 / 1 8 / 6 7 

U-1628 3 / 1 8 / 6 7 

U-1629 3 / 1 8 / 6 7 

U-1630 3 / 1 8 / 6 7 

U-1631 3 / 1 8 / 6 7 

U.1632 3 / I 8 / 6 7 

U-1633 3 / 2 2 / 6 7 

U-I63I* 3 / 2 2 / 6 7 

U-1635 3 / 2 2 / 6 7 

U-1636 3 / 2 2 / 6 7 

U-1637 3 / 2 2 / 6 7 

U-1638 3 / 2 2 / 6 7 

U-1639 3 / 2 2 / 6 7 

U-I6U0 3 / 2 2 / 6 7 
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I I I . Reactor Physics 

During the times tha t the r eac to r was loaded for Run 25 , the oppor tun i ty 
was taken to measure the f i s s i on r a t e d i s t r i b u t i o n throughout the core and 
blanket of EBR-II, The measurements were made in order t o c l e a r l y e s t a b l i s h 
the power d i s t r i b u t i o n for the large co re , ver i fy IL and •'.':. c a l c u l a t i o n s , ana 
t o obtain f i ss ion and capture r a t e d i s t r i b u t i o n in the b lanke t , The l a t t e r i s 
to be used in determining the breeding r a t i o of EBR-II, 

In order to obtain these measurements, s p e c i a l fueled subassemblies were 
designed to permit continued reuse in low power measuremen-s , The s p e c i a l 
subassemblies are standard EBR-II fuel subassemblies with the except ion t h a t 
6 fuel elements from the outer row, one on each f l a t , have been rep laced with 
a s t a i n l e s s s t e e l tube of the same outer dimension as a fuel element but which 
runs from the bottom of the core t o the top of the S'ubassembly, I n t o these 
tubes J sealed capsules containing U^^ '̂ or Û  ̂ ^ wires were i n s e r t e d for i r r a d i a t i o n 
at levels of from 10-50 kW for 1 to 2 hours . There are 6 of these subassemblies 
a v a i l a b l e , one of which i s usable in Row 6 and one of which conta ins 2 t'ube 
psoi t ions per f l a t ins tead of one. 

Four i r rad ia t l cms l abe l l ed 25A, B, 0 , and D were made under the following 
condi t ions . 

25A and 25Bc These runs were made with a uranium b lanke t with wire 
de tec tor measurements in 12 d i f f e ren t core p o s i t i o n s , 

250: Measurements made in the urani'um b l a n k e t . Rows 7 through 15 , 

251 : Core and r e f l e c t o r measurements with t he s t a i n l e s s s t e e l 
r e f l e c t o r s in Rows 7 and 5. 

The r e s u l t s of these measurements are given in Fig-ure X through Figure XII , 

"igure X gives the f i s s ion r a t e d i s t r i b u t i o n for Runs 2=̂ A and 25B The 
Data vere normalized to tha ca l cu l a t ed value of a SNARG c a l c u l a t i o n a t the 
r a d i i i d is tance of 30,5 cm. The wide s c a t t e r of the data i s i n d i c a t i v e of the 
heterogenei ty of the core . These p o s i t i o n s were purposeful ly chosen to be near 
eocperimentai subassemblies , and to measure t h e i r p e r t u r b a t i o n s . 

Figure XI shows the r e s u l t s of Run 25C, 

The data are in good agreement with ca l cu l a t i ons for both U'- - and U- ' ^ , 
The ca lcu la ted curves r e f l e c t f i s s i on r a t e s from pure Û  - - , whereas the measured 
values were obtained from nat 'ural b w i r e s . The cor rec ted data are shown as (-t-i. 
Since the blanket miaterial i s n a t u r a l uranium, the uncorrected da ta r e f l e c t the 
t rue power d i s t r i b u t i o n in the b l anke t . The r e l a t i v e inc rease near the outer 
edge of the r eac to r i s a t t r i b u t e d t o the moderating e f fec t of the g r a p h i t e 
neutron sh i e ld which surrounds the b l a n k e t . 

Figure XII shows the r e s u l t s of the U'̂ ^^ and Û  ̂ B f i s s i o n r a t e d i s t r i b u t i o n s 
witl s t a i n l e s s s t e e l r e f l e c t o r s in Rows 7 and 6. The s o l i d curve i s the SNARG 



37 

I I I . coct inued 

ca lcula t ion with a s t a l e . e s s s t e e l r e f l ec to r I t i s obvious that while the 
ca lcu la t ions are adeq'uate for tne -ere region, the region at the co re - s t a in l e s s 
s t e e l in t e r face and witnin the s t a m j e s s steel re f lec -or is not adequately 
described by ca lcula t ions lonslderab.e ef iorc i s now being expended to c la r i fy 
t h i s discrepar.cy , 

IV. Experimental I r r a a i a t i o n s 

A, Expe r imejit , a^^ „[ as s £3^ j ^ ^ 2 £ ^ ip ns 

See prei/ious Report of EER-II Operations (October 1, 1966 thro'ugh 
December 31, 1966' for io:a*ion of experimental subassemblies d'uring l a s t power 
run number 2U, 

B, Experiment a i^^Suca££embjjr^Cotuents_and^ 

Descriptions of experimental capsules and exposures in the experi-. 
mental subassem'olies that ha'-'e teen resident in the reactor to date are gl'v'en 
in Table VII. 

Vo Systems ,Maintejian2e_^_Imgro'/ements . and Tests 

Ao Hechani cal and F i e c t r i c a l 

^° l-lain Turbine Surface Condenser 

Thirty-one brass studs in the tube sheet divider p la tes in the 
main surface condenser -Jere found br-oken. All of the broken studs were replaced 
with new ones A n'umber of these s"-uds had to be removed by d r i l l i n g and 
re tapping. 

2. 

The inspection of the t-urbme driven condensate pump and steam 
i n l e t valve was completed, I'he valve seat was reground due to steam cuts , 'ihe 
bearing on the outboard end of the turb ine was wiped. All clearances were 
checked; new carbon sea ls an.i a new bearing were i n s t a l l e d . 

3o Condensate Minimiff. Flow '/a.lv^ 

The condensate .•ninim'jn flow control valve : VC-553) was re located 
in accordance with plant modification n'umber 81, 

Tne Nash p'jmp cooling water supply was changed from the p lan t 
cooling water system to the potable ' -e l l water supply. This change was made 
due to chronic pl'ugging of the s t r a i n e r s in the plant cooling water system. 
This change was made as a t e s t and w i l l be inci'uded as a plant modification 
i f the changeover proves s a t i s f a c t o r y . 
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o ĉ  

^ 3 -

^ 3-

f - CO 

ai, CD 

• ^ — ^ r - 3-

? 

i 

' CI 

^ 

>^ X X x X 

O 

1^%^^ 

i Z l l l 

L f l 

U - . 

U l 

cc 

^ 
^ 

!:? 

cT' 
<£ 

^ 
,̂ 

c^ 

<e 

' 

•-J 1 

-' 

'" 

l A 

, 
=̂  

- f 

^ 

'", 
f i r j 

'̂  
A 

= 

i 



" I h . .n id 

5?' 

—aroro 
r̂  f<. eo 

fi«ir~-oo«>o — p 

i i i i l l l i 

u 



T
A

B
LE

 V
I 

|{
C

o
n

t 
. )

 

M
A

T
E

R
IA

L 
C

A
P

S
U

L
t?

 
F

U
E

L 
C

A
P

S
U

L
E

S
 

"i ' 

£ 

J "• 1 s •* -1 1 

. : ; • . . . 

c - v . r -: 

i 9 - l £ - f 

. „ , ' , . - , . , , -

S 

, 

; 

' 

U ". -t " H 

, r , 

0 3 . • . * ^ ^ 

1 

-

o 

I x 

X X 

Vi 

' 

,̂ 

S 

r 
-

3 S ^ 5 

_ 

-

- • > • < -

- - • < - " -

-

• 1 i - < l O - f l l o O o o o O o o o 

i -a -<-< 'CL<< • a ' E i < « . d - « ' < i - K t - a - ^ - n 

; 

5 
= 

~ 

~ 

o O o O O O > 

O 

" 

141 

i c . -0 i 



n? 

o 

> 
CD 

M
A
T
E
R
I
A
L
 
C
A
P
S
U
L
E
S

 
1 

1 
F
U
E
L
 
C
A
P
S
U
L
E
S
 

;9- K-f 
J . - '.-

sni'. ' i -, 

" 5 

r = 

B H n i e i b C^ IC 

J l l S ' l 3 -

9 . - •.-

i 9 - i £ - ( . 

53 LVJ : ^r ^ ^ ' " -

N 01 i V M 3 \' i • 

a3w " -i 

5 

',; 

; 

^ 

9 i d - . , : . -N 

-1 3C J 

2 3 • V • '. N • 

i 9 - l f - £ I 

3 - r ; - ^ < , 

^̂^ -

' " ; • . ' : " 

t ; 2_. 

X X « 

X X 

1-̂  ' i ^ O 1 O 

I t z > a: 3-

, ̂ ^ ! 

„ 

^ 

= 

^ 

s 

^ S f ; j f | 3 S j 

o ^ 

:;; s " 

£ S 

e s s 

- - -

o :i ^ 

a , - - o -

^S'.S. ^S iJ .^^l ,J^J,J ,^ l , 

- ^ CO ^ 

'̂  "̂  S 

1 £ ^-

! - j c - i z r L r > u ; r - « > a -

i L J C J t J C J l _ ) ( _ ) l _ J < _ > 0 

f 

1 

, 

M 

o 

1 I 1 

1 

r f 1 

? 

s 

O 
o 

1 

-

2 



^ 
— 
o 

~ 
> 
! j 

< •" 

UJ 

LO 

o 

^3 

c r 

< j 

^ 

<-T 

(1 

<: u 

m 
3 

, . - , t - . : 

i -

t '̂  

- -
^ 

• " > -

3H . . ' t .^^ : r 

J T 1 S ri -, , 

;:•!- lE-f 

- 1 ' w >• 

N 01 i. f f 3 \ i 

«3V -

5 

-

, 

\ •, f N >"'-., . 

1 C3 ' - 1 ^ Je 

1 . 3 - V . : - . 

3 . , -

i 9 - l £ - E L 
1 aC sv , =̂  

, n . T-.'. 1 

3 - ' " 

j . . . ^ 

" V T^ 

..,,... 
f - a . i " 3 

NOI I V D T" 

, 1 . . . 

n o n 3 <; •; •,-

1 q r. =, 

^ 

? 7 

_ 

7 

,. 

f 7 

X - X X 

^ 

— 

T T T T 

>^ X X X X >-

^ 

— 

T T T T f ^ 

"T 

X 

U l 

• ^ 

7 

•̂  
~ 

X X X 

c ^ S Z 

X 

C O 

O. CO 

1 

si 
-

" 

^ 
- o 

-
^ 
« 

_, 
't 

c 

^ 



T
A

B
L

E
 
V

II
 
(
C

n
n

t 
, 

) 

M
A

T
E

R
IA

L
 

C
A

P
S

U
L

E
S

 
1 

1 
F

U
E

L
 

C
A

P
S

U
L

E
S

 

/ : 

--
3 M n i e . - 1 

- ' 

,,,. 
. " , S ' - - , . 

i 3 - 1 F - E 

M' - ' . . ' . ' * • ] • . ) 

5 

'1 

r 

\^•>lv^^'J<%l,-., 

C S . , , , 3 . 

! - • -

M O M . , , -

" 3 '- 13 1 

^ ns 

- - - -

. « , ^ . 

o o 0 , - 0 0 ^ 0 I f^ ^ X C CJ 

Iz'i'it i i t £ i i-s. ,̂ f5 

o 

-

s 

"X 

", 

^^ll'kl 

% 

° 

z. 
f. 

~ 

^ 

B
-6

 
B

-7
 

B
-8

 
fl
-9

 
9

-1
0
 

B
-l

l 
2

- F
7

C
 

F
7

D
 

% 

l 

" " J, ;.; 1 

" ' . 1 - 5 

;' 

X 5 i"-

§ 

s 

— • ! 



T
A

B
L

E
 
V

II
 C

O
M

,!
 

M
A

T
E

R
IA

L
 

C
A

P
S

U
L

E
S

 
1
 

F
U

E
L

 
C

A
P

S
U

L
E

S
 

n - i i - : 

*' ^ 
3Mn i t f . -t O ? 3 B 

J " 1 •- '13 . 

. . : , .H , 

' • • ' 

n , - V 1 

Z9- l£- f 

S 3 i UN o . ' N - r • 

N 011 u a 3 \ J '-J 

a 3» -..' 

S 

5 

S 

2 

B •, f ; y j d IJ ON 

I J r i i 

1 1 V ' 

• ' , . ' . . . ^ -

i 9 - l £ - £ 
i 

s 

~ PC •. 

• t •! 3 I N • 't 

•a 3.) i J 

N Jl J v ; " ' 

3IN5 

i 1 9 1 3 ^ ^ 1 : 

r ' • • 

. . x x , < x x x x x x x > - x x x x x x x 

X X X ^ - X X , . X X x x x x x x x x 

O S o u i o l o J ^ - r ^ — — I U I X L O I ^ X X 
to oo oo 0 0 3 ' C ' J 0 - f N l c ^ - - O I 1 

J J J l l J t J j J J C O — f - d C ^ O — c-dm 
O O O c-C < i — O O O CN Cl c x ^ m i f i u i i n i n 

i ; • . 

£ * -. c 

S c c:. 

1
7

.6
 

7
.2

 

1
2

.7
 

2
5

.0
 

1
4

.5
 

Ui=.o. S o t -a -t -^ «. .m. ••< < 
13 -13 ; U; " . — 

? 2 

< ^ • - ^ J ; : 

!; "i 

-; ; -5 % 1 

iH -"̂  

" 



3 H n i d . - b d^lb 

3 0 = r O 

N •-• I i V >v ^11 : 3 C 

9 S qlW3 J : O N 

(J 3 " • | | ^ 3 1 

3 L V O 

: - : • ! , . ^ . 

• l O i i f j i l I 

- i L 



TA
BL

E 
V 

11
1 

C
on

 I
.)

 

M
A

T
E

R
IA

L 
C

A
P

S
U

L
E

S
 

I 
F

U
E

L
 

C
A

P
S

U
L

E
S

 

i 9 - 1 £ - e 

a ' 

^i! ̂  
I 

3wriidre d33d:i 

--- 1 - " ' - - " ' " 

• -
c 

„ ., 

U7 

- - - 1 
-| V 1- 5 . '.' / , 1 

9 & a ? - i ' " )M <t 

i9- E-£ 

S3.VC H^MTT.. 

3NV Td - G ^ 

N O i i ^ a S f u i ' ; 

o 3 « " I 

i 

3 

S 

:E 

s 

L r E ? g S E S t S ; £ S r S 5 ? 

ft E, f. J, s s 5 s 

^ 

s 

O * 3 3 

,^ ̂  

-

-

^ 5 

„ 

S; 

_ , . s , . 1 
9 S dV3 JO OM 1 

L _ 

3 i . v : * 

X g c c ^ o . c c a c c c s m z z z 

O 

o _• 

f ^ 

1 
1 
1 
1 

L9-I £-'. I 

L™-,!ii 

N 011 V ) 1 

Qi*)5 



^6.. ^.t 

— IIJ t_> t 

'*i ^ — 



k9 

: r Dm '.he '. 'e^a^r ? ; 
:o t rep ' ; • r m p - ' r - e i 

dr.:: r a s 
-,o- :'3r ,he c a i n t t . i r b l n e - g e n e r a t o r was r e ' : ° l v e d 
: r - ' i n s t a : . . ' ; - ! , I h e checkout of t h e ' j n i t has 

e'-zery ^ .-i: ru • cmr̂ ;'.it s t 
n o ' ; ^e - . i ;^". 3 a* '~r: 

i . ' -E ta l ' . e i 11 t h e amp; 1 dyne f-rr t h e main g a n e r a t o . - , 
: '-,"! - 0 'P"? '"^urnt ihe r e a s o n for t h e t u r n i n g h a s 

; e r ' - a* SI^Lm 

p ' . an t m o i l ' / i : at 1 ;-. .- ' jn-er 
•3 on -he f e e i v a t e r a n i blowdown t r a r e h e a t i n g s y s t e m , 

-onua ry '^0'-'^.,J;i_£i^S£^'''n9. .?rr. 

The s i i - r . j a r y '-'i-G s e t g e n e r a t o r was "wi r ed In " as a motor and 
rur. ap t o speea , T n . i '.fat d.T.'- '.r, o r d e r t o - 'er l fy t h a t i t s e l e c t r i c a l c e n t e r 
was p r o p e r l y i 0 ; a t e u ".-.e - - . 1 - l e n - e r e d - i n p r o p e r l y be tween t h e two t h r ' _ s t 
b e a r i n g s , so t h e r e appea r s t o D? n c h m g wrong wi th t h e e l e o t r l t a l c e n t e r . 
F u r t h e r i r . v e s t i g a t " . on 0: t.-.e t h - j n p i n g ' wl l ' i be conduc ted when t h e -jjiiz i s 
^oaded in : ""S n o r m a l cann'^r • 

"he s p a r e p r l n a r y .,i-G s e t eddy c u r r e n t c o u p l i n g was i n s t a l l e d m 
p . a c e of : t e o r i g ' . r . a . .ci.T.ber . : : - . .p - ing , 'ih.is wa= done t o min imize p r i m a r y 
sys tem aownt:;ne in the ^-.^ ^OOC hou r r ' i r .nmg t i n e I n s p e c t i o n fo r t h e n'jmber 1 
lO ' jp lmg , 

-C, 1 r -a f 2^_K^2_D^21i££. 

'••^a y , . . -y .T.:.^c.ir.g p , a t e s were l a b r i c a t e d fo r t h e p r i m a r y p'jmp 
- o v e r s , -"ne p . a t e 'v-is ' . . t - .s-a- .ei cr, '.-le n'jmber 1 p r i m a r y puTsp, fhe " i b r a t i o n 
:' tr.t c ' t C ' e r r e i ^ : e i :.-"-c. -, t c It' rr.i.s t o - e s s than 1 m i l . 

p-a.-jt Ml : t c a t 
- e aK t e 

r l otj fee Improves s e c o n d a r y sys t em saaip-e s t a t i o n , 
' h e p a n e , •-•ork was about l o m p l e t e d . Ihe sys t em 

n d t i n g , and m S ' i l a t l n g remain t o be comp-e ted 

i s s e r . f - s . y , a . . ; : -.te p r e f a b r i c a t i o n work f o r t h e r e p l a c e m e n t c f 
t h e pr ' .mary p u n i " i r a t : ot syste.n, , p - a n t m o d i f i c a t i o n n'.3aber c 6 , h a s been c o m p l e t e d . 
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io- Prmary Arĵ op F u r i / i c a t i o n System blowers 
IJumcer .̂  and :• umber -J 

The annual inspecti-cn of the blowers was completed. Hew bear ings 
were i n s t a l l e d in the n-jmber 2 unit and both un i t s were put back in s e r v i c e , 

lU, Reactor Buildinp;^ Equipment n i r Lock 

The equipment a i r lock inner and outer doors were given an ann'ual 
leak r a t e t e s t "/ne t e s t i nd ica ted a leak r a t e wel l below the a l lowable leak 
r a t e of 20 f tVday , ITie outer door and lOck had an average leak r a t e of o,67 
f t^ /day , the inner aoor had an average leak r a t e of 1,95 f t - / d a y , 

15, Pr lnary kiixiliaryp'ump^ R e c t i f i e r and Cooling System 

The primary a u x i l i a r y pump r e c t i f i e r and cooling fans were 
inspected. Bearings were replaced in two cooling fans and a spare blower and 
motor were i n s t a l l e d for a t h i r d 'unit, 

16, Fuel Unloading Machine 

The FUi'i port was cleaned and new "0" r ings were i n s t a l l e d twice 
during t h i s report per iod A complete IBC to FU-l alignment check was made. 
The fan gr ipper was cleaned about once every 7 t o 10 days, 

17, FUI-1 Argon Coolms System 

'The F'i-i argon cooling system vapor t r a p was rep laced four t imes 
during t h i s repor t per iod . About 15 pounds of sodium can be accumulated in the 
t rap before replace.tent is necessary. 

The system was leak t e s t e d s e v e r a l times r e s u l t i n g In f inding 
numerous minor leaks , The valve bonnets appear to be the major source of 
chronic leakage. New bonnets have been received and with minor modi f ica t ions 
appear to be much t i g h t e r than the o r i g i n a l ones , A two inch manual b a l l valve 
was i n s t a l l e d in the IBC re turn l i n e . This w i l l act as a backup for the q'uick 
disconnect closure which cannot be kept leak t i g h t , 

16, 

'ihe copper ends of both bus Dars for the primary a u x i l i a r y pump 
were found to be eroded when removed from the primary t ank . See FigLire XII 
The repa i r was made by machining the copper ends t o a smooth s-orface which l e f t 
the copper 2,625 inches in diameter ( o r i g i n a l diameter was 3-3/3 i n c h e s ) , A 
s t a i n l e s s s t e e l c o l l a r was made to match the 3-3/8 inch o,d, and, t o provide an 
in te r ference f i t with the copper on the i , d , , the s t e e l was heated t o 700° F 
to provide a t i gh t shrink f i t as assembled 

TTie upper edge of the c o l l a r was made to match the o r i g i n a l 
s t a i n l e s s s t e e l she l l of the bus b a r , so t h a t a s t a i n l e s s - t o - s t a i n l e s s weld 
could be made to s e a l t h i s J o i n t , 
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18, Primartif Auxiliary P'̂ jnp (continued) 

The co l l a r was made so t h a t , when assembled, i t extended 3/U inch 
beyond the lower end of the copper, A f i l l e t weld using copper-s i lver rod was 
made in th i s space to provide addi t iona l assurance of a good current path in 
operat ion, A s t a i n l e s s s t e e l end p l a t e was then welded t c the co l la r to complete 
the closure over the copper end where the copper-s i lver weld was made. 

The repa i r i s such tha t no copper or copper alloy i s exposed to 
sodium, and a r e l a t i v e l y heavy >,minimum of Ilk inch thickness) covering of 
s t a i n l e s s s t e e l i s provided, 

Figure XIII i s a photograph of an as repaired bus bar . 

The o r ig ina l sea l welds to prevent leakage of sodium up in to the 
bus bars were s t i l l soimd when the bus bars were removed from the primary tank. 
These were l e f t i n t ac t in addit ion to the new seal welds provided by the modifi­
ca t ion , t h e r e f o r e , a double b a r r i e r to sodium leakage is now provided. All 
seal welds were dye-checked. 

B, Instrumentation and Control 

1, Solid S ta te Nuclear Channel 

The s o l i d s t a t e nuclear channel has been subjected t o a s e r i e s of 
t e s t s to determine d r i f t , r e p r o d u c i b i l i t y , loading c h a r a c t e r i s t i c s , time cons tan t s , 
and t r i p point s e t r e p e a t a b i l i t y and relay r e l i a b i l i t y . The equipment exceeds 
manufacturer 's spec i f i ca t ions in a l l ca t egor i e s . Life t e s t i ng of reed re lays 
for control functions i s in progress . One form of the reed relay fa i led following 
I«858, 321 operations while driving a heavy duty Clark relay of 0.750 amperes 
inductive loading. For the second se t of r e l a y s , two contacts in se r i e s are used 
to break the inductive relay load. To da t e , approximately I.67 mil l ion re lay 
operations ha've occurred without f a i l u r e . The relay w i l l be considered acceptable 
providing 100 mi l l ion or more operations are poss ib le . The work performed here 
IS appl icable to WP iTlil Nuclear Instrument Improvements, 

2, Secondary Sodî um Sampling and Plugging Loops 

An instrument panel for the secondary sodium sampling and plugging 
loops has been assembled and mounted in the Sodium Boiler Plant Control Room. 
The panel has a six poin* trace heating system for temperature control of the 
pl'jgging meter, sampling system, piping, and a liquid metal oxygen meter. 
Final control alignment has been deferred until the completion of the heavy 
electrical circuits and the piping. 

3, Miscellaneo'us Modifications 

Eight new elapsed time meters were installed as follows: 

AC Argon Cooling System Blower 
DC Argon Cooling System Blower 
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Fri.iiiry Ta.cX Argon Blower til 
Primary Ta/̂ i': A.-gor. B-ower ,/? 
Emergency Argon Blower 
Turbine Feedwater Pump 
Cooling Water Pump #1 
CoCiing Water P'jmp 02 

Six new s igna i s were added to the card p'unch for p l an t a n a l y s i s . 

The tape recorder was modified to inc rease capac i ty t o fourteen 
wri te channels and for a tontmucus tape loop, 

All wiring assoc ia ted with the ro t a ry rod o s c i l l a t o r was d i s ­
connected. C i rcu i t s necessary for a normal con t ro l rod opera t ion in p o s i t i o n 
number 6 were reconnected. Systems for rod drop and t r a p e z o i d a l r e a c t i v i t y 
change t e s t i n g were in te rconnec ted . 

A pa r t snipment of meters has been rece ived frcm the manufact-urer. 
Among these was the synchroscope necessary for the p a r a l l e l o p e r a t i o n , Pre l im­
inary drawings covering ou t l ine d e t a i l s and te rmina t ions have been rece ived from 
the switch manufacturer. Delivery on t h i s equipment remains scheduled for 
6/10/67. 

5" Reactor Instr ' jnentation^ IWP̂  \T^^-' 

The primary tank level device nas been assembled, t e s t s have been 
performed using water as the level v a r i a b l e , helium leak t e s t s were completed 
and the tank area was c leared for i n s t a l l a t i o n . I n s t a l l a t i o n of the thimble 
i n s e r t i s sched'oled for the week of Apri l IT, 1967, and system opera t ion the 
following week. From t e s t s performed, the f loa t i s s e n s i t i v e to a change of 
l eve l of l e ss than 1/8 inch of sodi'jm a t ''CO' F and a system s t a b i l i t y of •_ 1/7 
inch of sodium, 

6, Nuclear_Ijistr ' jnent Improvements iWP 17m) 

The s p e c i f i c a t i o n s for t h r ee source range channe l s , t h r e e power 
range channels , one l i nea r channel , and the compensated ion chambers were 
prepared and submitted for b ids . Bids were received from General E l e c t r i c 
Company and Edgerton, Germesha'usen and G r i e r , I ne , (EG&G*, The b ids were 
evaluated and the cont rac t awarded to EG&G on the b a s i s of low b id meeting 
s p e c i f i c a t i o n . Equipment de l ivery is scheduled to s t a r t June 30 and to be 
completed p r i o r to August 15, 1967 
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The bids ;'or t i e " 3n"»rt';-£ and monitoring switches have 
been evaluated, Equpmen" de i l v r r j i s s c r r i i i e d fo- 'ay 1~ iCc" 

The engineering work n'-:essary to modify the systems has 
s t a r t e d and ts 30" c-ompie'e All systems to be modified have been reviewed 
to assure that an extended r e a t t o r sh'jtdown w i l l not be req-jlred for i n s t a l l a t i o n . 

D'jplita*e equipment nas I een ord'i'rea and equipment delivery 
i s scheduled for !lay 15, *9o7 Alarms and control functions have been removed 
from ex i s t ing recorders where required 

- ' ' ' m l a t u r e Re-orde£S_ 

The minlat--.re re torders have teen placed on order and 
equipment del ivery is scheduled for ,'lay 15, '-.96^, Because the systems to be 
modified wi l l not require a r ea r to r shutdown, the engineering work has been 
given a lower p r i o r i t y , 

d, Seletted^Parameter System 

Considerable e f for t has been placed on the alarm port ion 
of the se lec ted parameter system. To date the cabinet has been b u i l t , the alarm 
scanning system has been fabrl rated and i n s t a l l e d , the input s ignal wires have 
been connected to the master patch pane l , and the system checkout i s nearing 
completion. Ail s ignals have been checked back to t he i r sources and cleared 
for r eac to r operat ion, Work is m progress s e t t i ng and thecking the alarm system 
for the twenty-five core subassembly thermocouples, fo'ur bulk sodi'jm thermo­
couples and pre-scram alarms on r ea r to r ou t le t temperature and ou t le t nlenim 
press ' jre , Final aligrjnent oi alarm points w i l l be made as soon as the reactor 
i s operated at power 

The s p e t i f i t at ions for the data acquis i t ion system have been 
prepared and S'ubmitted for bids , Four zompanies submitted bids with Monsanto 
submitting the lowest bl,J sa- ' isfylng '•ne spec i f i ca t ions , Equipment delivery ia 
scheduled for Hay 15, 19'':i' The present sched'ule includes a checkout of the 
system at the place of manufacture and one at the s i t e , Approximately two 
weeks run- in time w i l l be required p r i o r to interconnection with the system, 
This system w i l l be Inferronne, ted to the reac tor system through a master patch 
board. Signals w i l l have been preconnected to the master patch board p r io r to 
equipment de l ive ry , Every effort i s being made to connect those s ignals t o 
the master patch board that tcuta a - ' e r the r ea r to r operating schedule. 
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Feedwater Controx -System 

The feedwater system p res su re sensor supplying the p r e s s u r e 
s igna l for the ron t ro i system fa i l ed A new ijnit was used t o rep lace the f a i l e d 
unit , Because the o r ig ina l eq-jipment was panel mounted the un i t was sub jec ted 
to considerable panei ' .-ibration. The new unit was mounted ex t e rna l t o the panel 
on a s t r u c t u r a l member free from equipment v i b r a t i o n , 

^ §g22E'̂ ^t3L.§2,'ili£2.,.SZM,,^ '̂'' Level Probes 

The power S'jpp.y f'urnishing low l eve l vol tage a t high 
current ra tes has f a i l e d . This uni t i s the second of t h r e e t o have f a i l e d by 
e s s e n t i a l l y complete s e l f - d e s t r u c t i o n . These u n i t s a re being replaced by a 
power supply using s t a t i c components 

c ^ rg^_P l ' j g Data Encoder 

The data encoder on the large plug for p o s i t i o n i n g of the 
plug fa i led in se rv ice and was Immediately replaced with the spare encoder . 
The fa i l ed encoder was re turned to the fa - to ry for r e p a i r . The fac tory has 
reported a brush f a i l ed , Repairs w i l l be made at the fac tory and the u n i t 
returned for a spa re , 

d,. Control Rod Pos i t ion Ind ica to r Transmi t te rs 

The control rod p o s i t i o n i n d i c a t o r t r a n s m i t t e r s l oca t ed 
on the control rod rack drive have malfunctioned. The problem was t r a c e d to 
poor brush contar t in the t r a n s m i t t e r . The manufacturer of the t r a n s m i t t e r was 
contacted for brushed and/or to repa i r the un i t s The manufacturer would not 
re lease br'jshes or r e p a i r the uni t s To make r e p a i r s the brushes were removed, 
ro ta ted l80 degrees and r e i n s t a l l e d Seven of the 2h t o t a l 'units have been 
repaired in th i s manner 

1 

A number of t e s t s were performed on the primary a u x i l i a r y pump 
p r i o r to and immedia'eiy foi.owing the e lec t rode r e p a i r s . Table 'VIII conta ins 
the data obtained during those t e s t s , Included for comparison are previous data 
dating back to the i n i t i a . t e s t s performed on the pump, A s e c t i o n of the s e r i e s 
r e s i s t o r was replaced to increase the current through the p'jmp i nc r ea s ing the 
flow to that r a t e measured p r i o r to -vc. e l ec t rode r e p a i r , The da ta taken on 
3/22/67 corresponds to a period -j-- adj-ustment of the a e r i e s r e s i s t o r , 

2, Primary P . i r i f ica t ion S-ystem 

Ihe DCEM p'jmp head - h a r a c t e r i s t l - s were checked by by-pass ing 
the cold t rap and t h r o t t l i n g the ry-pass va.ve manually, The da ta obta ined 
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2. :continued) 

matched reasonably well with tha t data taken during t e s t s on the pump pr io r 
to i n s t a l l a t i o n in the pu r i f i c a t i on system. 

The pu r i f i c a t i on flows, d i f f e r e n t i a l pressures across economizer 
and c r y s t a l l i z e r , and system press'ures were a l l placed on continuous recording 
instrumentat ion for checking of the cold t r a p . Head checks were performeu —• 
both pressure t ransducers . 
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TABLE ' : i l 

PRIMARY AU"XILIA.-,Y PIC'IP TEST LATA 

low 'GPM 

2/62 5/12.66 3/ 6/67 3/l6/b7 3/22'67 5 2/62 5/12/66 3/ 6/67 3/18/67 3/22/6? 

. , 100 

6uoo 
6300 

6200 

6 i 0 0 

5000 

5900 

5800 

5700 

5600 

5500 

5U00 

5300 

5200 

^100 

5000 

u900 

u600 

il 700 

I16OO 

-500 

uliOO 

U3OC 

a200 

UlOO 

1.000 

1.070 

l.OUQ 

1,020 

1.000 

0,991* 

0 , 9 7 5 

0 , 9 5 0 

0,9'*5 

0 . 9 0 5 

0 . 8 9 5 

0 , 8 8 8 

0 . 8 8 0 

8 , 8 6 3 

0.81.8 

0 , 0 3 5 

0 , 8 1 0 

0 . 7 8 5 

0,77U 

0 , 7 5 0 

0 , 7 3 0 

0 . ^ 1 0 

00685 

0 , 6 7 0 

0 . 6 5 0 

0 . 6 2 5 

1,090 

1.0U5 

1.025 

1 ,008 

0 , 9 8 9 

0 , 9 7 0 

0,91*5 

0 , 9 2 2 

0 ,900 

0 ,890 

0 . 8 7 8 

0 , 6 5 5 

0 , 7 3 8 

0 ,800 

0 . 7 73 

0 . 7 6 0 

C.7it5 

0,121 

0 , 7 1 6 

0 . 7 0 0 

0 , 6 9 0 

0 . 6 7 8 

0 , 6 6 8 

1 

1 

1 

1, 

0, 

0, 

0, 

0, 

0, 

_ „ 

,060 

,050 

,0U0 

,010 

,997 

.968 

.955 

,9 ' '2 

.917 

0 , 8 8 0 

0 . 8 6 8 

0 , 8 5 8 

0 . 8 5 0 

0,81*7 

0 , 8 3 6 

0 . 8 1 0 

0 ,790 

0 , 7 7 5 

0 . 7 7 0 

0 ,752 

0 . 7 3 8 

0 . 7 3 0 

0 . 7 1 0 

0 ,700 

0 . 6 8 8 

0 , 6 7 0 

0 . 6 5 8 

0,6U0 

0 ,620 

0 , 6 1 0 

0 ,900 

0 . 8 8 8 

0 , 8 3 0 

0-860 

0 ,650 

0,6'*0 

0 , 8 2 5 

C.805 

0 . 7 9 8 

0,7'76 

C,76o 

0,7ul4 

0 . 7 2 0 

0 , 7 l 4 

,1.698 

0 . 6 8 0 

0 . 6 7 0 

c 651* 

0-61*0 

0-620 

C-6O8 

0-090 

"51 

1.39 

h3h 

1*32 

1*27 

1*21* 

U19 

1*15 

U l l 

U06 

aOO 

396 

391 

385 

380 

371 

368 ,5 

363 

358 

351 

31*5 

338 

332 

326 

**17 

1*15 

1*15 

1*10 

U06 

1*03 

39"' 

39 3 

388 

383 

379 

3 7 5 , 5 

371 

36T 

3 6 2 . 5 

353 

353 

31*8 

31*3 

338 

335 

332 

3 2 9 , 5 

U06 

1.02 

396 

390 

386 

383 

377 

3'73,5 

311*. 5 

1*01 

397 

396 

391* 

3 9 0 , 5 

386 

380 

3 7 5 , 5 

371 

366 

362 

357 

3 5 2 . 5 

31*8 

3U2 

338 

333 

327 

321 

323 

308 

U07 

1*02,5 

398 

391* 

390,5 

386 

382 

37t 

371* 

369 

365 

361 

356 

352 

31*7 

31*2 

3 3 7 , 5 

333 

328 

3 1 8 , 5 
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