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PREFACE 

PURPOSE 

The purpose of this monthly report is to make available 
to the fast reactor program the current experience being gained 
from the Enrico Fermi Atomic Power Plant. 

SCOPE 

The scope of this report includes all phases of current 
nuclear operating and maintenance experience at the Enrico Fermi 
Atomic Power Plant. 

Earlier Fermi experience in certain selected areas is 
being recorded in a series of technical reports completed or in 
preparation by Atomic Power Development Associates, Inc. for the 
US Atomic Energy Commission under AEC Contract No. AT (11-1)-865, 
Project Agreement 15. This series of reports provides detailed 
information on the nuclear testing, machinery dome, steam genera­
tors, pumps, flowmeters, level detectors, sodium sampling and 
development of the primary sodium system. 

Items A and B in Section II are usually reported each 
month; items in the other sections are selected on the basis of 
their special significance during the month. Other items may 
be found in the monthly report submitted to the Atomic Energy 
Commission by Power Reactor Development Company in compliance 
with the requirements of Provisional Operating License No. DPR-9, 
as amended. 

BACKGROUND 

The Fermi reactor achieved initial criticality on 
August 23, 1963. An extensive series of nuclear tests was 
conducted at power levels below one megawatt thermal, through 
1965. A high power (200 Mwt) license was issued on December 17, 
1965, and operation in excess of 1 Mwt was initiated on 
December 29, 1965. In January 19 66, the power was raised in a 
series of steps to 20 Mwt. On April 1, 1966, power was first 
raised to 67 Mwt and on July 8, 1966, operation at 100 Mwt was 
initiated. On October 5, 1966, fuel damage occurred during an 
approach to power. Since this time the reactor has been shut 
down while the cause and extent of the damage are being 
investigated. 
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It is assumed that those reading this report have a 
general familiarity with the plant. As an aid to the reader, 
a perspective drawing of the plant was included at the back of 
Report No. 1. 

Since this report is intended to follow closely the 
current proceedings at the Fermi Plant, it must necessarily 
be treated as preliminary information, subject to supersedence 
in the light of subsequent experience. 
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SECTION I 

CURRENT EXPERIENCE SUMMARY 

The unloading of subassemblies from the reactor vessel 
lattice, for viewing and removal of the stuck-together pair of 
subassemblies was completed. Eleven subassemblies in the core 
and one outer radial blanket (ORB) subassembly were removed to 
permit future viewing alongside the stuck pair (M098 and M127). 
Two ORB subassemblies were taken out of the lattice to complete 
the opening up of an area into which the pair will be swung to 
avoid interferences during the removal operation. 

Subassembly M091 was placed in a shipping pot at the 
Fuel and Repair Building (FARB) transfer tank and the pot was 
loaded into the multipurpose shipping cask and sent to the 
Battelle Memorial Institute hot lab. The shipping pot was not 
filled with sodium. This was the first operating experience 
with the pot, special transfer equipment and the cask; all per­
formed satisfactorily. However, difficulty was experienced 
later under sodium at the reactor vessel exit port with a gripper 
of the same design as the one used to transfer the M091 pot. 
The gripper would not disengage the shipping pot in which sub­
assembly M140 is to be shipped. The gripper and pot were removed 
from the exit port and taken to the FARB glove box in a transfer 
cask specially modified for this operation. It was necessary to 
disassemble the gripper to remove it from the pot. 

All parts of the fuel inspection facility are on hand 
or scheduled for early May delivery. Assembly of the facility 
on the reactor building operating floor was about 30 percent 
completed at the date of this report. 

Work commenced on piping and ventilation modifications 
necessary to permit draining of the reactor vessel sodium for 
examination and removal of the stuck pair. The special removal 
tool was placed on order for late August delivery. New, improved 
sodium level detection probes were installed in the primary 
sodium storage tanks in preparation for the sodium drain operation. 
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SECTION II 

PLANT OPERATIONS 

A. Reactor Unloading 

Twelve additional subassemblies, located in a north, 
northwest direction from the bonded pair, were removed in April. 
It is planned to lower the borescope and a light source into 
this space to examine the stuck-together pair (M098 and M127). 

Of the 12 subassemblies removed, 10 were core sub­
assemblies, one was an IRB and one an ORB subassembly. Three 
core subassemblies were moved to other vacant core positions, 
six were transferred to storage positions at the outside of 
the reactor lattice and one core subassembly, together with the 
IRB and ORB subassemblies, was placed in the transfer rotor. 

Two additional outer radial blanket (ORB) subassemb­
lies, M942 and M972, were removed from the reactor from locations 
N07-P06 and N07-P07 and placed in the transfer rotor. Fifteen 
ORB subassemblies had been removed from this area in March. The 
removal of the additional two subassemblies completes the opening 
up of an area to permit the extraction of the stuck pair by 
swinging them into this area as described on Page 18 of Report 
No. 6. 

The locations where the 14 subassemblies were removed 
are shown on the diagram on Page 10. The diagram also shows 
the lattice positions where 9 of the 14 subassemblies were 
relocated. The chart of subassembly locations on Page 11 summar­
izes the present locations of the various type subassemblies 
which were in the reactor at the time of the October 5, 1966, 
fuel damage incident. At present there are 22 vacant positions 
in the outer radial blanket and 2 5 in the core, including the 
No. 3 safety rod position. No further reactor unloading is 
planned in the immediate future. 

The following listing summarizes the reactor unloading 
moves made during April 1967. 

Subass 

M972 
M942 
S733 
MOOS 
M359 

5y No. Type 

ORB 
ORB 
ORB 
Core 
IRB 

Former Location 

N07-P07 
N07-P06 
NO7-NO2 
N06-P00 
NO6-NO1 

Present Location 

Transfer Rotor 
Transfer Rotor 
Transfer Rotor 
N09-N11 
Transfer Rotor 
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Section II 

Subassy No. 

M152 
M138 
M12B 
M132 
M162 
M H O 
MlOO 
M103 
M070 

Type 

Core 
Core 
Core 
Core 
Core 
Core 
Core 
Core 
Core 

Former Location 

N 0 6 -
N 0 5 -
N 0 5 -
N 0 5 -
N 0 5 -
N 0 4 -
N 0 4 -
N 0 4 -
N 0 3 " 

•NO 2 
•POl 
•POO 
•NOl 
•N02 
•POl 
•POO 
•NOl 
•POl 

Present Location 

N03-P06 
P02-N01 
P11-N09 
N01-P03 
Transfer Rotor 
N11-P09 
P11-P09 
P09-N11 
N09-P11 

B. Sodium and Gas Systems Performance 

1. Sodium Cold Traps and Plugging Indicators 

April Operating 
Data 

Cold Trap Operation 
(Hours) 

Maximum Plugging 
Temperature - F 

Minimum Plugging 
Temperature - F 

Primary 
System 

121 

Below 
220 

Below 
220 

£ 
Loop 

* 

* 

* 

Sec 

J. 
:ondary System 

Loop 2 

627 

Below 
220 

Below 
220 

Loop 3 

4 
(0001 to 
0400 on 
4-1-67) 

240 

Below 
220 

Sodium drained for steam generator tube sheet rewelding. 

2. Primary System Cover Gas Analysis 

Oxygen 
Carbon Monoxide 
Carbon Dioxide 
hydrogen 
Helium 
Methane 
N2O 
Argon 
Nitrogen 
Dew Point 
Sample Date 

Reactor Cover Gas 
(Argon) ppm by Volume 

Below 25 
Below 10 
Below 10 

4** 
Below 4 
Below 10 
Not measured 
Remainder 
1920 
Not Measured 
April 14, 1967 

Primary Shield Tank 
Atmosphere (Nitrogen) 

ppm by Volume 

Below 

Below 
Below 
Below 

13, 

270* 
10 
70 
5 
4 

10 
10 

,000 
Remainder 
Below 
April 

-40 F 
14, 1967 

* Technical Specifications state 1000 ppm maximum 
** 10 ppm is the recommended maximum 
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Section II 

Primary System Gas Activity 

Location 

Reactor Cover Gas 

Reactor Cover Gas 

Primary Shield Tank 

Primary Shield Tank 

S ample 
Date 

Apr 14 

Apr 2 7 

Apr 14 

Apr 27 

Concentration 
(microcuries/cc) 

5.5 x 10"^ 

3.2 x 10""̂  

6.1 x 10-7 

Below Background 

Primary Sodium Chemical Analysis - April 19 6 7 

Iron 0.5 
Nickel Below 0.1 
Chromium Below 0.1 

Oxygen 11, 12, 12 
Carbon 85, 85, 94, 127 

130, 135, 154 
*Hydroxide Hydrogen 1.1, 1.2, 1.3 
*Non-Hydroxide 
Hydrogen 0.3, 0.3, 0.3 

* 1.3 ppm recommended maximum for total hydrogen 

Note J Values are in ppm by weight. One sodium sample coil was 
analyzed at several different points along its length to provide 
the separate readings indicated. 

C. Shipment of Subassembly M091 

Subassembly M091 was loaded into the new multipurpose 
shipping cask in early April but shipment was delayed several 
weeks awaiting license approval of the new cask. The approval 
was received on the morning of April 26 and the truck shipment 
departed within the hour, arriving at the Battelle Memorial 
Institute hot lab in Columbus, Ohio, the same day. 

The shipment was escorted by plant health physics 
personnel. The maximum radiation level at the surface of the 
shielded shipping cask was 0.17 mr/hr. Subassembly M091 was 
contained inside a sealed shipping pot which was in turn sealed 
inside the shipping cask. 
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Section II 

As reported in Section II E 2 of Report No. 8, M091 
has been sent to Battelle for examination because it had been 
observed to have an outlet sodium temperature rise (delta T) 
approximately 40 percent higher than predicted during July-
August 1966 reactor operation and also on October 5, 1966. At 
the Battelle hot lab the fuel pins will be examined for plugging 
or damage. The Battelle hot lab had been inerted with nitrogen 
because the subassembly was not steam cleaned before shipment 
and therefore had a small amount of sodium on it. At the date 
of this report the shipping pot had been taken out of the cask 
and the subassembly removed from the pot. The exterior appeared 
to be in good condition. The subassembly was observed to be 
coated with a thin film of sodium oxide when it was first removed 
from the shipping pot. Examination is continuing and further 
results will be included in the May report. 

The cask, pot and gripper (which seals the top of the 
pot) will be decontaminated and are scheduled to be returned 
promptly to Fermi. The cask next will be loaded with subassembly 
M140 for shipment to Battelle, probably in May. Subassembly M14 0 
had an outlet sodium temperature rise (delta T) on October 5th 
approximately three times higher than predicted. Plans are to 
load M140 into the cask at the reactor vessel exit port. 

All equipment used in loading M091 into the shipping 
cask performed satisfactorily. The transfer was made from the 
transfer tank in the Fuel and Repair Building. The cask was 
positioned on the special support platform which was located 
over the transfer tank access tube near the center of the FARB 
operating floor (see Pages 31 and 32 of Report No. 5). 

A special shipping pot, designed to rest in the transfer 
tank with the top above the sodium level, was lowered through 
the shipping cask into an empty position in the transfer tank 
rotor. The pot was rotated under a viewing window in the steam 
cleaning cell and it was verified that no sodium had spilled into 
the pot. Subassembly M091 was temporarily raised out of the 
sodium in the transfer tank and into the steam cleaning machine 
where it was allowed to drip drain. The pot was then indexed 
under the machine, MO91 was lowered into the pot and the pot 
was indexed under the cask. A special gripper, that could be 
clamped and sealed to the top of the pot, was used to raise M091 
and the pot into the cask. The top and bottom openings of the 
cask were then sealed thus providing a sealed argon atmosphere 
with a minimum of sodium within the pot. The upper left photo­
graph on Page 14 shows the gripper-pot engagement being tested. 
In the upper right photograph the cask is pivoting on to the 
shipping cradle. A view of the various parts of the gripper is 
shown in the lower photograph. 

-9-



NI4N15N14N13 N)2 NI1 N10 N09 N08 N07 N06 N05 N04 N03 N02 NOl N M POl P02 P03 ro4 P05 P06 P07 P08 ro9 PI I P12 P13 PI4 P15 PI6 

OR Osc i l la to r Rod 
CS Core Shim Subassembly 

B^ Blanket P-oi! Subassembly 
CT Coarse FUter, Take-a|5art, Dummy Core Subassembly 

N O T E : Dummy Core subassemblies i n the reactor meef-
Lore A core subassembly specihcat ions and bear the 

s j f f i x " C F " 

N A Sodium Worth Subassembly 

TIT Terrporary Instrument Thimble 
MS APDA Mater ia ls Surv^eiilance Subassembly 

5 Subasse-nbly ^/anufactu^ed by S/ lcor Dii^isiopj 

Syivania Elect-'ic Proaucts C c . 

M 001 - M 206 Core Subassemblies 

/Vi 3U1 - M 4TO fnner Kadiai Blanket bubassembhes 
S 5CM3 - S 798 O j t e r Radial Blanket Subassemfalies 

Units snown without pre f ix are dummy outer radial blanket 
•^ocossemblies. 

Overs ize N o z z k U-^it 

" F " Lijt^aSieTjbly (Contains fuel oms wtfh bjgn iron 
pl„"? • t ic ' -y l j h igh carbon or —ircot.fum consent.) 

"* " W Subassembly (Contains fue! pins w i t h high iroti 

plus r.icl-ef con ten t . ) 

Bl^nvet ^lugs have high carbon consent. 
^ (APDA Susveil lance Program Unit) 

• 1 
Str i rger ing in Bbnl^er Slugs 

"̂ 1 Large G-ain Blanket Ma te r ia ! (Hash) 

® L a i g e r Than Normal Spacing Between the Blanket 
Elements and t h ^ SuDport G r i a 

—rn 
1 Type 347 Stainless Steel Wrapper Tube 

^ i H i n d l i n n Head Short 

, 

^ iTes t Flow Subassembly (S-400) 

^ I C I „ _ , D,_..! !.. I I S : T^ . i C..U™ L I . . 

M 
392 

S 
534 

967 

se 

N A 
I 

823 
M 

845 

N A 
3 

se 
625 

S 
699 

SX 
666 

lio 

M 
963 

o|2 

U 
899 
M 

^05 

M 
980 

M 
895 

885 

M 
931 

S 
5 1 -

M 
964 

•»4 

M 
922 92-? 

M M 
%9i803 

•• 1" ;•" 
8g7 ' -41 
sex! s 
hiM 

L 
Mffi 
B4R 

1 l^.wy:. ..KV.«(JS.7 ^^^^J M, ̂  ,^, ^^jL^=as..,M ;. 

1 c t . ^ n r . c, . . ^ s ^ e : Heavy goxes 1 / 
/ 

1 1 ^ at Outs ide of Lat t ice — — — 

r "^'li ose btorage Positions 

,45 

s 
518 

621 

S 
613 

S 
683 

X 

k 

J Locations where Csianges were A^ade 

r™i . „ . . - . . . . . 

6l 
M 

988 

M 
906 

S 
,-"8 

M 
943 

S 
618 

977 

M 
920 

905 

873 

S 
739 

S 
74"' 

S 
523 

S 

6l1 

SX 
?62 

MF 
158 

1 1Kb' i Keplacing Lore bubassembises 

N 

um 
978 

S X 
798 

i , 
986 

M 
932 

S 
770 

M 
948 

1,9 
M 
983 

M 
9 7 

913 

M 
903 

iv' 
875 

S 
755 

S 
743 

S 
714 

5 

612 

S 
686 

5I9 

S « 
758 

'M") 
070 

S 
726 

M 
865 

SX 
668 

s 
7?7 

M 
863 

M 
826 

s 
' 2 8 

c 'C» 

?7-
Hi 

' 

S 
515 

M 
939 

901 

9i5 

959 
S 
737 

929 

638 

S 
772 

S 
(,07 

d 
s 

687 
S 

696 

si 
740 
, M ' 
;00S 

•; 
5(3 

990 

s 

5f4 

98? M { M 
393! =0? 

9 !4 j90£ 

M M 
973 869 
S 
735 

S S 
754 746 

9i7 
S 

531 

s 

7 I 
s 

683 

l4^ 
S « 

756 

SX 
704 

S 
592 

L 
\ 7 

M 
957 

S 
529 

S 

4? 
748 

616 

S 
598 

S 
589 

S 
591 

S • 
7n 
M 
844 

M 
870 

S 
729 

802 

M 
950 

M 
966 

M 
944 

,357^ 

M 
326 

M 
878 

M 
811 

M 
871 

S 
546 

M 
801 

M 
951 

M 
9 0 / 

M 
900 

M 
394 
S X 
780 

M 
809 

M 
872 

S 
537 

S 
528 

S 
689 

S 
694 

M 
903 

M 
12 ' 

5 
536 

M 
877 

M 
808 

N 
880 

5 
558 

S 
500 

M 
946 

918 
j M-
il52! 

M 
861 
M 
830 

M 
807 

M 
882 

S 
560 

M 
860 

M 
847 

M 
868 

M » 
387 

MW' MF 
137 '5° 

098 

LfEF 
|T|;Jl .' 
iz:^ 

f-sf 

M 
353 

S 
736 

M 
994 

SS 
84 

SR 
90 

M 
025 

0!2 

FTTT^r^TZr 
k.A-
•/ V, 

'~-^ 

• 0 6 U 
NS 
7 

M 
351 

S ' M 
608 ! 937 

S 
680 

S 
692 

S 
596 
S 

5^2 

S 
588 

S 
590 

S 
58! 

\ / 

810 
M 

115 

M 
124 

160 

M 
327 

M 
806 

7,1 
M 

05P 034 

M 
082 

MF 
153 

^« 
119 
M W 
150 

M 
333 

M 
804 

S 
88i 1855 708 

S 1 M i M 
716 
M 
821 

M 
834 

S 
705 

S 
69! 

825 
M 

815 

M 
836 

S 
721 

SX 
690 

M 
330 

958 
S 

524 

M 
835 

SR 
83 

M 
094 

M 
III 

M 
142 

377 

8{f 
S 
1 7 

M 
947 

M 
170 

M 
826 

S 
678 

se 
693 

s 
779 

M 
842 

M 1 M 
884 

S 
S59 

S 
520 

M 
949 

«27 

M 
009 

304 

M 
109 

M 
;132 

M H 
037 

MF 
•65 

91 

MF 
157 

M 
0 4 -

887 

S 
549 

S 
530 

M 
936 

8 ' -

M 
077 

13! 

M 
027 

M 
056 

87 

0 9 ' 

MFH 
154 

SI! 
35 

M 1 M 
0-9 057 

M 
106 
M 
134 
M 

357 

938 
M 

831 
5 

569 
M ' S 

99S 742 

M 
886 

S I S 
722 ,723 

S 1 S 
719 

S X 
795 

718 

M 
883 

S 
509 

S 
508 

M 
092 

M 
130 

096 

M 
852 

M 
832 

M 
891 

S 
539 

S 
525 

M l M 
929 1 945 

CS 
2 

se 
685 

SB 
2A 

M 
171 

S 
766 

M 
879 

S 
766 

849 J 850 

M M 
889 ' 390 

S 
551 

S 
532 

M 
991 

897 

M 
362 

(VI 
135 

107 

W 

M 
853 

M 
862 

542 

SC 
505 

M « 
385 

*,'. 

M 

896 
S 
777 

M 
851 

M 
874 

M 
925 

s 
556 

582 

S 
587 

398 

r,^ 
141M)45< 

MH M 
1 12 

M 
075 1095 

m 
046 

M 
382 

CI? 
9? 

330 

036 

M 
076 

M 
108 

M 
139 

M 
347 

911 

8)6 

M 
846 
M 

883 

M 
033 

023 
'MV/ 

i;,i38 

SR 
88 

M 
093 

M 
114 

M W 
146 

1,3 7(V 

759 
M 

819 

S 
564 

M 
839 

S ' M 
709 

S 
535 

M 
924 

M 
304 

892 

S 
506 

M 
894 
S 

731 

121 

MF 
155 

,002j 

MF 

M 
39-
SX 
643 

s 
6O7 

M 
876 

M 
935 

S 
555 

5i2 
S 

627 

S 
593 

M 
399 

M 
1 4 ' 

M 
125 

M 
116 

(.« 
166 104 

OP.2 

M 
073 

M 
086 

MF 
164 

M 
123 

MF 
163 

M 
305 

M 
858 

M 

M 
101 

M 
105 

M 
tl7 

M 
126 

* ' M " 

M 
386 

M 
939 

S 
617 

S 
8 1 - 522 

5I5 
M 

910 

M 
824 

M 
996 

S 
5il 

S 
702 

M 
953 
M 

9o5 

S 
753 

M 
998 

SX 
675 

M 
066 

M 
866 

S 
698 

S 
706 

M 
928 

S 
584 

7^7 
S 

577 
S ~ 

538 

M 
383 

M 
396 

M 
149 

M 
144 

M 
133 

129 

M 
136 

M 
143 

M 
151 

318 

M 
308 

M 
840 

M 
857 

M 
822 

M 
833 

M 
843 

S 
752 

M 
997 

S 
502 

se 
646 

S 
701 

S 
713 

M 
934 

S 
585 

5I3 
S 

5?5 

S 
526 

S 
5.5-

S 
554 

M 
395 

'MH 

M 
369 

M 
375 

M 
319 

W350. 

M 
400 

s 
672 

S 
775 

789 

M 
976 

M 
084 

M 
813 

S 
734 

h4 

S 
767 

se 
648 

S 
703 

S 
725 

M 
859 

S 
543 

586 

S « 
751 

S 
540 

S 
5 2 ' 

M 
999 

S 
629 

S 
568 

S 
665 
S A 

400 

S 
657 

S 
649 

S 
6! 5 

S 
653 

M 
979 

S 
720 

M » 
985 

M 
975 

M 
318 

M 
814 

S 
7.37 

SX 
651 

M 
856 

S 
574 

S 
700 

s 
580 

SX 
784 

5I4 
S 

576 

5 
-P7 

S 
562 

s 
624 
s 
n07 

<; 

M 
952 

S 
5-3 

S 
507 

S 
579 

S 
794 

S 
63t 

S 
628 

M 
iOOO 

s 
664 

S 
547 

S 
604 

S 
658 669 

S 
647 

s 
566 

S 
655 

5 
761 

SX 
790 

M 
970 

M 
961 

M 
8?n 
M 

84! 

S SX 
695 673 

S 
764 

S 
783 

S 
435 

S 
614 

S 
654 

S 
?60 

S 
79! 

M 
960 

M 
974 
M 
981 

M 
864 

S J M ' 

iios] 

„ , . 

P15 

S * 
684 

SXI 'M: 
788PIO0 

SC 
504 

S 
578 

S 
533 

S 
631 

S 
626 

S 
796 

6l! 

S 
56! 

S 
603 

s 
744 

o33 
S 

620 

S 
65J 

S 
' 3 8 

S 
78i 

M 
971 

968 
SX 
793 

M » 
993 

SX 
637 

S 
594 

' 5 0 

S 
f 4 4 

S 
(-.32 

792 

S 
660 

S 
S4S 

S 
-68 

s 
662 

S 
623 

S 
622 

S 
583 

S 
677 

S 
782 

M 
955 

SX 
642 
•iM5 
|l28 

^— P13 

loS 
s 
595 

545 

S 
' J 5 

S 
638 

S 

s 
667 

600 

s 
^ " 6 

61 
s 

567 

S 

S 
553 

s 
u50L 

5 / 
636 

M 

031 

' ^ 6 , 941 

5 1 '<* 
6/1 

s 
601 

S 
ft56 

S 
570 

S 
6-1 

c, 

733 
M 

148 

SO 
641 

CS 
1 

5I9 
M 

5 9 - 6 3 0 , » 

S ISK 
650; £40 

s 
6 ' 4 

s 
'10 

785 

M 
967 

s 
' 30 

se 
634 

NA 

_.-

P09 

' S B " 
3A 

^^^ 

„ „ , 

pno 

N06 

REACTOR LOADING 4-30-67 



Section II 

At the date of this report the gripper had been cleaned 
ultrasonically and it will next be disassembled to determine the 
cause of failure. Design modifications will be made to prevent 
unscrewing of the gripper shaft joints. 
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SECTION III 

FUEL INSPECTION FACILITY 

The electrical resistance heaters and lagging have 
been installed on the inspection chamber. The center photo­
graph on Page 16 shows the band type heaters and part of the 
lagging in place. Insulation of the chamber has been completed 
as shown in the bottom photograph on Page 16. The top photo­
graph on the same page shows the inspection chamber as received 
from the fabricator. During the month of May the chamber will 
be positioned on the support stand and the windows^ lighting 
and valves are to be installed on the chamber. Field wiring 
of the power control panel has been completed. The subassembly 
gas flow pressure drop test equipment is on hand and early May 
delivery is expected for the periscope^ dimensional check 
apparatus and the subassembly stabilizer. All other parts of 
the facility have been delivered. 

The support stand is completed and in place over 
the exit port. The lower left photograph on Page 17 shows 
the stand ready to be positioned over the exit port. The 
stand was used to support the shipping cask during the loading 
of subassembly M091 as described on Page 9. The stand had 
previously been given a 50^000 pound static load test to 
demonstrate its strength. 

A view of the shield housing is shown on Page 17. 
It is not planned to completely install the housing and lead 
block shielding until preoperational testing of the facility 
is finished. It will be possible easily to remove the inspec­
tion chamberf housing and shielding as a single unit from the 
support stand over the exit port, using the reactor building 
overhead crane. 

The subassembly hoist mechanism will be mounted on 
top of the inspection chamber. The hoist mechanism had pre­
viously been constructed for other lifting operations at the 
exit port. Several modifications have been completed to 
improve its performance. The hoist has been mounted in the 
repair pit in the Fuel and Repair Building and is ready for 
preoperational testing. See Page 17 for a view of the hoist 
at the repair pit with the hoist control panel. 

Further description of the inspection facility was 
given on Pages 25-27 of Report No. 5. 
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SECTION IV 

STATUS OF THE PAIRED SUBASSEMBLY REMOVAL PROGRAM 

A. Pair Removal Tool 

A special tool will be required to remove the sub­
assemblies that are joined together (MO98 and M12 7) from the 
reactor lattice, as described in Section III C of Report No. 6. 
Design of this tool has been completed and the tool was placed 
on order for delivery in late August. 

B. Access Holes in the Rotating Shield Plug 

The shielding was removed from around the top portion 
of the reactor sweep mechanism, which occupies one of the three 
closely spaced access holes in the rotating shield plug. The 
shielding, and a part of the sweep mechanism topworks, were 
removed to avoid interferences with the special pair removal 
tool and auxiliary equipment which will be inserted in the other 
two holes. 

The access holes have shield plugs installed beneath 
their cover plates. The cover plates will be removed and flanged 
adapter pieces will be placed over the holes. The shield plugs 
will be drawn up into containers mounted on the adapters. The 
adapters and containers are on order and are scheduled for 
delivery in May. 

Special sealing glands will be placed on the adapters 
after the shield plugs have been removed. The glands will mount 
and seal the equipment for draining and viewing of the interior 
of the reactor vessel. The sealing glands are scheduled to be 
delivered in June. 

C. Viewing and Lighting Equipment 

1. General 

The corescope, borescope and a lead glass viewing 
window have been borrowed from the U.S. Atomic Energy Commission 
under a lease arrangement. This equipment, now on hand at Fermi^ 
had been used by Atomics International for investigation of the 
damaged core at the SRE reactor. 
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The corescope and borescope can be adapted for either 
9 0 degree or straight ahead viewing. Both instruments are being 
modified by adding cooling gas sheath tubes. Argon gas at a 
maximum flow of 40 scfm will pass down the annulus between the 
outside of the instrument and the sheath tube. Thermocouples 
will measure the temperature at the lower optics; the borescope 
is limited to 350 F and the corescope to 400 F. The cooling 
system is designed for an ambient temperature of 500 F inside 
the reactor vessel. The cooling gas sheath tubes are scheduled 
to be delivered in June. 

2. Corescope 

The 2-1/2-inch diameter corescope was designed and 
built by Atomics International. It is a one-piece instrument 
and will extend into the reactor vessel as far as the top of 
the subassembly handling heads. A separate light source^ des­
cribed in Section IV C 4, will provide illumination for the 
corescope. 

The corescope will be used for panoramic viewing of 
the reactor lattice, for vieiving of the bonded pair as it is 
removed and for viewing to assist in the insertion of the bore­
scope through the lower support plate into the core inlet 
plenum. 

3. Borescope 

The 1-inch diameter borescope is assembled in 6-foot 
sections. An additional 6-foot section has been ordered from 
the original manufacturer. National Electric Instrument Company. 
The additional section will permit the instrument to reach down 
into the core inlet plenum. 

There is a 45 watt light at the bottom of the bore­
scope. This light source will be used during close-up scanning 
of the bonded pair. The borescope will also be used, with a 
separate light source, to examine the core inlet plenum and to 
check the lower nozzles of M098 and M127 as they are lifted to 
ensure that both nozzles are lifting. 

4. Light Tube 

The light tube has an outside diameter of 1-5/8-inches, 
the same 00 as that of the cooling gas sheath around the bore­
scope. This permits interchangability of the light and borescope 
in the sealing glands at the top of the rotating shield plug 
access holes. The light tube is scheduled for delivery in late 
May. 
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A 1500 watt Quartzline bulb is mounted at the lower 
end of the light tube. A stainless steel wire screen protects 
the bulb and a reflector provides control of the direction of 
the lighting. Cooling of the light is not required. 

5. Viewing Window 

Provision has been made for installation of a lead 
glass viewing window in a sealing gland at the top of one of 
the access holes in the rotating shield plug. The view will 
be restricted to a limited area beneath the access hole. 

D. Mock-Up of the Removal Operation 

It has been decided to build a full sized plywood 
mock-up of the vacated area of the reactor core adjoining M09 8 
and M127, to test removal clearances. The mock-up will be 
installed in the bottom of the repair pit in the Fuel and 
Repair building. A pair of dummy subassemblies will be used 
to check out the operation of the removal tool. Provision will 
be made for simulating the rotation of the reactor shield plug. 
The lighting and viewing equipment will also be tested with the 
mock-up model. 

E. Shipping Pot for M098-M127 

Following the removal of the paired subassemblies 
(M09B and M127) from the core by the special tool, they will 
be deposited in a shipping pot located in the transfer rotor. 
The pot will have an extra large inside diameter (7-inches) 
to accommodate both subassemblies at the same time. The 
multipurpose shipping cask will be located over the exit port 
and the pot will be lifted into the cask by means of a special 
gripper at the bottom of a lifting rod. The gripper will be 
disconnected from the rod and remain with the pot to form the 
top plug. The shipping cask requires special inside rails to 
support the special pot. The pot, gripper and rails are 
scheduled to be delivered in August. 

F. Reactor Vessel Sodium Drain Operation 

It will be necessary to transfer the sodium from the 
reactor vessel to the storage tanks in order to examine and 
remove M098 and M127. See Page 23 of Report No. 6 for further 
details on this operation. 
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A 2-inch carbon steel syphon pipe will be inserted 
into the reactor vessel through one of the access holes in the 
rotating shield plug. Smaller extension pieces at the bottom 
of the 2-inch pipe will permit removal of the sodium from below 
the lower support plate (the core inlet plenum). 

Approximately 12 psig argon cover gas pressure, to­
gether with a vacuum on the storage tanks, will be utilized to 
transfer the sodium. It is planned to transfer the sodium at 
a temperature of 350 F - the operation will require approximately 
2 4 hours. 

The elastomeric Klozure seal on the rotating shield 
plug has been in service seven years and because of aging may 
not withstand the abnormally high cover gas pressure required 
to transfer the sodium out of the reactor vessel. A static 
backup seal has been designed. It consists of a rubber gasket 
around the outside diameter of the rotating plug, held in place 
by a heavy steel band. The gasket spans the gap between the 
plug and the top part of the vessel. 

Design of a temporary drain line connection from the 
rotating shield plug to a tie-in point just below the operating 
floor was completed in April and fabrication was started. The 
line has been relocated to pass through the operating floor at 
a manhole penetration rather than through the pipe penetration 
originally intended for use during the drain operation. The 
unheated ̂ pipe penetration had been plugged with frozen sodium 
and reopened (see Page 36 of Report No. 4). However, after 
further plugging occurred it was decided to go through the man­
hole so that the pipe can be heated where it passes through 
the floor. This pipe is 2-inch carbon steel, insulated and 
induction heated. 

G. Inerting and Cooling of the Storage Tank Room 

Work was started in April on a recirculating cooling 
gas system which will be necessary when the primary sodium 
storage tank room is inerted with nitrogen^ The atmo­
sphere in the room is being converted to nitrogen to prevent 
burning in the event of a leak of the radioactive sodium 
which will be stored in two of the three 15,000 gallon tanks. 
The nitrogen cooling system will utilize an existing fan and 
distribution ductwork which presently supply outside air for 
cooling the room. The nitrogen will be passed through a water 
cooled coil to remove the heat developed in the room by the 
setting losses from the tanks. Approximately 80 gpm of lake 
water will be required to cool the nitrogen. Leaktight, welded 
ductwork will conduct the nitrogen to and from the cooling coil 
which will be located outside the storage tank room. 
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The inside dimensions of the room are 6 4 feet long, 
35 feet wide and 19 feet high. The walls and ceiling are 
30-inch thick concrete. The room has very few penetrations 
and should be reasonably leaktight; it is estimated that after 
the initial purge 2 scfm of nitrogen will maintain sufficiently 
high nitrogen purity. An oil filled U-tube will provide pres­
sure or vacuum relief. Cooling of the room is necessary to 
prevent overheating of the concrete. The cooling system is 
designed to limit the maximum temperature inside the room to 
150 F. 

The cooling coil has been delivered. The base slab, 
outlet drain piping and water supply piping were installed ir. 
April. The ductwork is scheduled for early May delivery. 
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SECTION V 

SPECIAL INVESTIGATIONS 

A. Final Analysis Results on Subassembly M156 

Page 22 of Report No. 7 and Page 17 of Report No. 8 
give earlier analysis results on the inspection of subassembly 
M15 6 at the Battelle Memorial Institute hot lab. The final 
results listed below were obtained in April. 

1. It was observed that there had been no significant 
changes in the lower nozzle spring rate or free length. 

2. The inside surface of the subassembly wrapper can, 
just above the inlet nozzle, was analyzed for fission product 
plate-out by a radiochemical analysis. The surface was cleaned 
with a brush and water and then etched to several depths with 
the following results: 

Fission 

Sr-89 & 
Zr-95 & 
Cs-137 
Sb-124 
Ru-10 3 
Ce-141 

Product 

90 
Kb-9 5 

0.26 Mils 
Removed 

0.08 
0.014 
0.003 

Detectable 
Below 0.01 
0.005 

Additional 
0.39 Mils 
Removed 

0.0009 
Below 0.01 
0.003 
NO 
Below 0.01 
0.005 

Additional 
0.31 Mils 
Removed 

ND 
Below 0.01 
0.003 
ND 
Below 0.01 
0.005 

Additional 
0.34 Mils 
Removed 

ND 
Below 0.01 
0.003 
ND 
Below 0.01 
0.005 

Note I ND - not detected. These results were normalized for 
base metal neutron-induced radionucleides. The concentrations 
listed are only for the removal increment indicated. 

B. Nondestructive Hydriding Test 

Investigation was made of a technique using a low 
frequency magnetic coil to nondestructively test fuel pins for 
severe hydriding of the zirconium clad. Depleted uranium fuel 
pins which had previously been hydrided to various levels ranging 
from 250 ppm to approximately 5000 ppm hydrogen were tested 
with the new technique. The results appear promising for measur­
ing and/or detecting localized areas of zirconium hydriding 
existing above 1000 ppm. At lower concentrations the technique 
is insensitive. 
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A check was made of 130 enriched fuel pins from the 
lightly irradiated sodium worth subassembly NA-2. Sixteen pins 
gave readings that indicated excessive hydriding at various 
locations along their length. Two of these pins were sent to 
the Battelle Memorial Institute hot lab for metallographic 
examination to determine if these pins actually do contain 
1000 ppm of zirconium hydriding in the clad. The metallographic 
appearance did not confirm the nondestructive observation. There 
appeared to be only about 2 00 ppm hydrogen in the clad. The 
reason for this discrepancy is not presently known. 

C. Reactor Vessel Flow Analysis 

An investigation has been concluded to determine if 
coolant maldistribution due to 2-loop flow could have been 
responsible for the October 5, 1966, fuel damage. An analysis 
was made of each core and IRB subassembly temperature rise as 
measured by thermocouples at approximately one fourth of the 
core and IRB positions (see Section III E of Report No. 3 for 
further thermocouple details). The data were normalized to 
account for the reactor power level, the core and IRB coolant 
flow rate and the position of the subassembly. A large number 
of runs were analyzed at various power levels and flows from 
January to October 1966. Comparison was made between 3-loop 
operation and operation on Loops 1-2, 2-3 or 1-3. The normal­
ized subassembly delta-T readings should reveal areas of 
coolant flow variations in the core. No significant flow 
patterns or trends were observed for any mode of operation. 

The possibility was considered that one or more 
subassemblies had been grossly mis-seated in the lower support 
plate, permitting flow by-pass. It was concluded that if a 
subassembly lower nozzle somehow became misaligned so that it 
caught on the top of the support plate instead of seating 
properly, the coolant flow through the subassembly would be 
reduced by approximately 7 percent — an insufficient amount to 
cause fuel damage. 

An analysis was made to determine the relative 
importance of the various parts of the primary system in 
affecting the coolant flow distribution in the reactor core. 
The flow resistances for the Fermi primary system are as 
follows t 
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Flow Resistance, Delta-P (psi) 

Location 3 Loop Flow 2 Loop Flow 

(8.86x10^ Ib/hr) (Oct. 5 - 5.78x10^ Ib/hr) 

Reactor Outlet to 3.0 
14 & 6-inch pipe 

14-inch piping 1.5 

High pressure plenum 2.2 

Core & axial 46.0 
blankets 

Hold-down & upper 3.0 
plenum 

Total system 55.7 

2.9 

1.4 

1.0 

20.3 

1.3 

26.9 

The analysis shows that only the core region pressure 
drop has a significant effect on the total system resistance. 
Very large perturbations or unbalances would have to occur in 
the remaining parts of the primary system to give any significant 
flow maldistribution in the core region. Hence, flow maldistrib­
ution in the inlet plenum is considered to be highly unlikely. 

D. Sodium Particulate Analysis 

An analysis had been made in March of a one gallon 
sample of the Fermi primary system sodium (see Section III B 
of Report No. 8). In April a comparison was made between this 
sample and a sample of the sodium in the as-supplied condition 
as received from the vendor in 1960. With two exceptions, the 
same types of particulate matter were observed in both samples. 
The carbon content in the as-supplied sodium was twice as high 
as in the recent sample. 

Neutron activation analysis at the General Atomics 
Laboratory of the residue obtained from filtering the gallon 
primary sodium sample showed the presence of aluminum, magne­
sium, sodium, mercury, zinc and cadmium. The mercury is 
thought to remain from the mercury amalgamation procedure used 
to separate the sodium. 
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SECTION VI 

MAINTENANCE 

A. No. 1 Steam Generator Tube-To-Tube Sheet Weld Repairs 

By the end of April, 1150 of the 1200 water manifoL: 
tube-to-tube sheet joints had been rewelded in the manner des 
cribed on Pages 23-25 of Report No. 7 and Pages 20-21 of Repc 
No. 8. During April the rewelding proceeded on a two shift 
basis. The photographs on Page 2 8 show portions of the top o 
the water manifold tube sheet. 

Rewelding of the tubes at the No. 1 steam generator 
water manifold tube sheet is scheduled to be completed in May. 
The welds will be leak tested, thermally shocked and leak tes. 
a second time. 

B. Instrumentation 

1. Storage Tank Sodium Level Probes 

The level detectors in the three 10-foot diameter 
sodium storage tanks were supplemented with the addition of 
a new type of sodium level probe system. Each of the tanks 
has had two float-type level detectors, one set to indicate 
low level and the other high level. The float-type detectors 
were not completely reliable — the level probes were added to 
improve the reliability before the primary system sodium is 
transferred to the storage tanks, as further described on 
Page 20. 

Level detector probes were added to the tanks at 
18, 6 and 4-inches from the top. Filling of the tank is 
terminated when the sodium level reaches the 6-inch probe 
level. The improved probe system is similar to the more 
conventional shorted type digital probe system utilizing a 
probe consisting of a single copper conductor in an Inconel 
sheath. Both systems utilize a continuously shorted circuit 
and when sodium contacts the probe, an electrical path through 
the sodium and tank wall is produced which is of less resis­
tance than the initial short. This difference is measured by 
a sensitive relay and circuitry which energize an indicating 
light on the relay cabinet located in an adjoining room. 

The improved system makes use of an ordinary stain­
less steel sheathed, mineral insulated, iron-constantan thermc 
couple which is mounted in the top of the tank with a Swagelol 
connector. A thermocouple is used because it serves as a 
readily available sheathed probe with two insulated conductors 
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instead of one. The added conductor permits a four terminal 
approach in sensing the voltage drop across the sheath which 
results in a very large ratio (50 si) of output voltage before 
and after sodium contact. The resistance of the thermocouple 
wires and copper extension leads have virtually no effect on 
the sensitivity of the system. Further improvements were ob­
tained by adding a step-up transformer and a solid state 
electronic relay for sensing the output signal from the probe. 
A diagram of the probe installation is shown on Page 29 and a 
schematic of the electronic relay may be seen on Page 30 . 

Storage Tank No. 1 contains a reserve supply of 
molten sodium designed for rapid transfer to the reactor 
vessel in case of a vessel leak into the primary shield tank. 
Because of this quantity of sodium in the No. 1 tank, the 
tank has a continuous level detector. This instrument is a 
Taylor differential pressure level detector utilizing two chem­
ically sealed (Nak) pressure detectors and a differential force 
transducer to measure level and transmit a 0-2 0 mv d-c signal 
for a 0-100 percent level change. This continuous level 
detection system has operated satisfactorily. 

2. Primary Shield Tank Pressure Control Failure 

Failure of a solenoid valve on the primary shield 
tank (PST) pressure control system resulted in loss of control, 
accompanied by positive pressure swings. The backup pressure 
control system limited the pressure to about 1.3 psig. The 
nitrogen pressure in the PST is normally regulated to 8-inches 
of water above that of the lower reactor building. 

The solenoid valve failed and blew a fuse in the 
electrical supply. This prevented switchover to the alternate 
sensing line because both the valve that failed, FCV 1370-3, 
and the alternate line valve FCV 1370-4 were fused in the same 
circuit. See Page 31 for a schematic diagram of the PST' pres­
sure control sensing lines. 

The primary purpose of the switching valves is to 
permit use of the alternate sensing line in the event of a 
plug in either line. A new system of manually operated 
bellows-sealed valves will be installed to replace the solenoid 
valve group, since the sensing lines are now considered more 
reliable than the solenoid operated switching valves. The 
new valves will add only a slight delay in switching over to 
the alternate sensing line in the event of a failure. A gauge 
has been added at the PST control relay rack in the waste gas 
building to provide a readout in the backup system, in the 
event of a failure of the normal pressure control and display 
system. 
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