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PREFACE 

PURPOSE 

The purpose of this monthly repor t is to make available to the fast 
r eac to r p rogram the cu r ren t experience being gained from the Enr ico Fe r in i 
Atomic Power Plant . 

SCOPE 

The scope of this r epo r t includes all phases of cur ren t operat ions 
and maintenance experience concerning the nuclear portion and re la ted s y s ­
tems of the Enr ico F e r m i Atomic Power Plant . 

E a r l i e r F e r m i experience in cer ta in selected a r e a s is being recorded 
in a s e r i e s of technical repor t s completed or in prepara t ion by Atomic Power 
Development Assoc ia tes , Inc. for the U.S . Atomic Energy Commission under 
AEC Contracts No, AT(1 l - l ) - 8 6 5 . Pro jec t Agreement 15. This s e r i e s of 
repor t s provides detailed information on the nuclear test ing, machinery 
dome, s t eam genera to r s , pumps, f lowmeters , level de tec to r s , sodium 
sampling and development of the p r i m a r y sodium sys tem. 

I tems in the sections of this r epor t a r e selected on the basis of their 
special significance during the month. Other i tems may be found in the 
monthly repor t submitted to the Atomic Energy Commiss ion by Power R e ­
actor Development Company in compliance with the requ i rements of p r o ­
visional Operating License No. DPR-9 , as amended, 

BACKGROUND 

The F e r m i reac to r achieved initial c r i t ica l i ty on August 23, 1963. 
An extensive s e r i e s of nuclear tes ts were conducted at power levels below 
one megawatt the rmal , through 1965, A high power (200 Mwt) l icense was 
issued on December 17, 1965, and operation in excess of 1 Mwt was in i t i ­
ated on December 29, 1965, In January 1966, the power was r a i sed in a 
s e r i e s of steps to 20 Mwt, On Apri l 1, 1966, power was f i r s t r a i s ed 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 
t ime the reac to r has been shut down while the cause and extent of the dam­
age a r e being investigated. 

It is assumed that those reading this r epor t have a general fami l i ­
a r i ty with the plant. As an aid to the r eade r , a perspect ive drawing of the 
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plant was included at the back of A P D A - C F E - 1 . In addition, a topical index 
appears at the end of the A P D A - C F E - 1 1 . 

Since this repor t is intended to follow closely the cur ren t proceedings 
at the Ferrn i Plant , it must necessa r i ly be t rea ted as p re l iminary information, 
subject to supersedence in the light of subsequent exper ience . 



SECTION I 

CURRENT EXPERIENCE SUMMARY 

The unidentified foreign object discovered in the reac tor vessel core 
inlet plenum in September was moved close to the center of the plenum by 
means of the chain-type object-moving device, and s t ra ight-downward 
photographs were taken for the f i rs t t ime . These photographs revealed 
new features of the object, notably what appeared to be an expanse of flat 
surface that could have obstructed coolant flow to the melted subassembl i e s . 
The photographs a r e being studied using s tereoscopic viewing and a special 
technique developed by Battelle Memoria l Insti tute, Columbus, Ohio, R e ­
sults of the study a r e expected to reveal the p rec i se dimensions of the object. 

Efforts to obtain a sample of the object using a punch and die tool 
have been unsuccessful . After observing the react ion of the object to a 
magnet attached to a tube inser ted through the support plate holes , it appears 
that the object is slightly magnet ic . 

Object removal plans a r e s t i l l proceeding along two para l le l paths: 
(1) by cutting up the object and re t r ieving it through the support plate holes 
and (2) by re t r ieving the object intact through the 14-inch sodium inlet l ine. 
The development of cut-up tools and manipulator devices is proceeding along 
many para l le l paths. Some of the cut-up tools should be ready for use in 
December , and all the remaining cut-up tools should be available in January . 
The manipulators should be ready in mid January, 

The methods of gaining access to the 14-inch line being investigated 
a r e ei ther by removing a patch from the elbow immediately outside the s e c ­
ondary shield wall , or by removing the patch after welding a containing 
elbowlet fitting to the elbow. The principal considerat ions a r e the techniques 
of rewelding pipe reviously exposed to sodium and the resul tant s t r e s s con­
ditions on the pipe and elbow. Consultation and analysis with respec t to these 
considerat ions is underway. The development of a device to be pushed through 
the 14-inch line to re t r i eve the foreign object is proceeding concurrent ly with 
plans to gain access to the 14-inch l ine. 

Since the October 1966 incident, seven subassembl ies have been sent 
to the Battelle Memorial Institute hot lab for inspection, and visual and 
dimensional investigations have been completed. The major work remaining 
is metal lographic examination of subassembly sect ions . 
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SECTION II 

INVESTIGATION OF FOREIGN OBJECT IN INLET PLENUM 

A. EXPERIENCES IN REACTOR VESSEL 

Ea r l i e r r epor t s of the investigation of the foreign object in the r e ­
ac tor core inlet plenum a re given in APDA-CFE-14 and APDA-CFE-15 . 
The object, d iscovered in September 1967, is believed to be the cause of 
the melt ing of two core subassembl ies during power operation on October 
5, 1966. 

At the beginning of November, the object was in a position adjacent 
to the conical flow guide and under the Sunscope.* The object had been move 
to this location by the chain-type object-moving device.** 

After modifications to viewing and lighting equipment to adapt for 
s t ra ight-downward sighting (see Section II. B), the object-moving device 
tumbled the foreign object into many different posi t ions, al l within the range 
of downward viewing through the Sunscope, F igure 1 shows how the object-
moving device is controlled from above the vesse l rotating plug while the 
operat ion is viewed through the Sunscope. 

F igures 2, 3, 4, and 5 a r e represen ta t ive of a great number of pho­
tographs taken when viewing the object s t ra ight downward. They revea l 
features of the object that were not observable when viewing horizontal ly. 
Most notable of the newly-observed features a r e a pie-shaped silhouette 
and what appears to be an expanse of flat surface that may have obstructed 
sodium coolant flow to the two subassembl ies . See Section II. C for resu l t s 
of a study of these photographs. 

In mid November, after a favorable t r i a l operation in the r eac to r 
vesse l mock-up, the sampler tool was ready for use in the r eac to r . This 
tools descr ibed in a previous report,*** is shown graphically in Figure 6 
and photographically in Figure 7, With the object-moving device positioning 
the object, th ree unsuccessful a t tempts were made to punch out a sample; 
the object could not be positioned accura te ly enough for the tool to take a 

* Sun Oil Company borescope. 
** See Sec. II of APDA-CFE-14 and APDA.CFE-15 for background infor­

mation on the chain-type object-moving device and experience in moving 
the object with it. 

*** APDA-CFE.15 , Sec. IL D. 5. 
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Sampler Tool 

Light Source. Sunscope 

Chain - Type 
Obiect- Moving Device 

FIG. 1 OPERATING THE OBJECT-MOVING DEVICE WHILE 
VIEWING THROUGH THE SUNSCOPE 
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FIG. 2 PLAN VIEW OF ONE SIDE OF UNIDENTIFIED FOREIGN OBJECT 
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FIG. 3 PLAN VIEW OF OPPOSITE SIDE OF UNIDENTIFIED FOREIGN OBJECT 
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FIG. 4 VIEW OF UNIDENTIFIED FOREIGN OBJECT WITH LIGHT SOURCE TUBE ABOVE 
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FIG. 5 CLOSE-UP OF UNIDENTIFIED FOiEIGN OEJECT 
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FIG. 6 FUNCTIONAL SKETCH 
OF SAMPLER TOOL 

FIG. 7 TWO VIEWS OF TOOL FOR SAMPLING 
THE UNIDENTIFIED FOREIGN OBJECT 
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bite . The sample r tool was then modified to pe rmi t an ea s i e r lead- in of the 
object into the throat of the punch. Fur the r a t tempts to sample the object 
were unsuccessful . It was then decided to discontinue use of this tool in 
favor of a back-up sampler and cutting tool (see Section II. D. 2) which had 
become available for use in the r eac to r . 

At this point, a permanent magnet held over a corner of the object 
was observed to a t t r ac t the object. The movement was smal l , but sufficient 
to wa r r an t a conclusion that the object is slightly magnet ic . The magnet 
was secured to a tube which was inser ted through the core support plate 
holes in the position vacated by the sample r tool. Figure 1 shows the l imited 
separat ions between positions of the sampler tool, the lighting and viewing 
equipment, and the chain-type object-moving device. 

B, MODIFICATIONS TO VIEWING AND LIGHTING EQUIPMENT 

To improve image resolut ion, the 1 /2- inch-diameter lower extension 
of the Sunscope was replaced by one of 1-1/2-inch d iamete r . The m i r r o r 
component which had been at tached to the Sunscope for horizontal viewing 
was removed to permi t s t raight-downward viewing. 

The light source tube was modified by ar t icula t ing the lower section 
so that the lamp could be swung into the horizontal position in the plenum 
after it had passed ver t ica l ly through the support plate holes (See Figure 8). 
This was done to improve illumination of the object during downward viewing. 
In the ver t ica l position the lamp cas t a cone-shaped shadow which shrouded 
the object. 

The ar t icula ted lamp section was swung toward the horizontal by 
forcing the light source tube down against the plenum deck, A ra tchet - type 
a r rangement at the joint maintained the lamp section at the new position. 
Movement of the top of the light source tube caused the lamp section to 
swing to the ver t ica l position for removal , 

A voltage control feature was instal led in the lamp ci rcui t to p e r ­
mi t switching between 220 volts and 110 volts for the purpose of prolonging 
lamp life and minimizing the number of t ime-consuming lamp changes. It 
was est i inated that a lamp las ts only 2 hours when operated at 220 volts to 
provide the neces sa ry il lumination for taking photographs and for p rec i se 
operations in the plenum, 

C. STUDY OF PHOTOGRAPHS 

Representa t ives of Battelle MeDaorial Institute examined photographs 
of the foreign object through a s te reoscopic viewer for the purpose of d e ­
termining contour and dimensions as accura te ly as possible . According to 
p re l iminary e s t ima tes , the object is now thought tobe slightly l a rge r than 
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FIG. 8 ARTICULATED LIGHT SOURCE TUBE SHOWING 
LAMP AND PiOTECTIVE SCREEN 
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the approximated dimensions of 9 inches by 4 inches by 4 inches repor ted 
in Section II, A of APDA-CFE-15 , 

In the study p r o c e s s , se ts of two nea r -a l ike photographs a r e exam­
ined simultaneously in the viewer. The use of a special feature in the viewer 
makes it possible to determine dimensions of the object by computation. Ob­
jects of known dimension which a lso appear in the photographs a r e used for 
comparison. Final resu l t s of the study a r e expected to be available in 
December . 

D. OBJECT REMOVAL PLANS 

The decision made in October to pursue two para l le l paths leading to 
the removal of the object remained in effect at the end of November, Efforts 
will continue in both d i rec t ions . One method involves cutting the object into 
pieces and removing the pieces through the 1, 69- inch-d iameter holes in the 
core support plates via one of the 6-inch access penetrat ions in the r eac to r 
vesse l rotating shield plug. By the other method, the object would be r e ­
moved intact through the 14-inch sodium inlet line of Loop No. 1, Develop­
ments to date have not p rog res sed to the point where one method is c lear ly 
m o r e advantageous than the other, 

1. Removal Through Core Support Pla te Holes 

Efforts along this removal path have been expended in the develop­
ment of cut-up tools and manipulator devices intended for operation through 
the support plate holes . It is expected that two types of cut-up tools will be 
available in December . The f i rs t of two planned manipulator devices needed 
to feed the object to the cut-up tools will not be ready for r eac to r se rv ice 
until January . All tools and devices will be operationally tes ted in the 
r eac to r vesse l mock-up before being used in the r eac to r . (See page 16 of 
APDA-CFE-14 for descr ipt ion and photographs of the mock-up of core inlet 
plenum. ) 

2. Cut-Up Tools 

The f i r s t cut-up tool expected to be available to the r e a c t o r is 
the "hawk-bil l n ibbler" . This design concept, suggested by a hardware 
s tore tool, was intended as a back-up sample tool. It has the capability of 
nibbling the object into thin s t r ips that may be extracted through the core 
support plate holes. In this la t te r operation, the tool requ i res a manipu­
lator to hold the object. F igure 9 is a photograph of the hawk-bill nibbler 
and its off-the-shelf p redeces so r . Figure 10 is a c ros s - sec t ion sketch of 
the tool. This tool was designed to cut through 1/16-inch Type 304 s ta in less 
s tee l . The punched-out piece of meta l is intended to be retained in the body 
of the tool. 
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FIG, 9 HAWK-BILL NIBBLER, A CUT-UP TOOL 
AND A BACK-UP SAMPLING TOOL 

FIG. 10 FUNCTIONAL SKETCH OF HAWK-BILL 
NIBBLER TOOL 
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For identification, the second cut-up tool is t e rmed the "organ 
pipe nibbler ." This tool was descr ibed in Section II. D. 6 of APDA-CFE-15 , 
In a shop tes t demonstrat ion, excessive torque was requi red to operate the 
nibbler so as to punch through 1/16-inch s ta in less s teel . The cutting edge 
of the punch will be modified to a guillotine configuration to reduce the ope r ­
ating torque. This tool a lso requ i res a manipulator to feed the foreign object 
to it. It may use an external device or one that is intended to be built into 
the organ pipe tool. The la t te r feature includes a set of fingers ( sp r ing- to -
open, pul l - to-close) which a r e controlled by a rod and wi re combination 
through the bottom of the punch cylinder and the opening in the die tube. 

3. Manipulators 

The spine device which was descr ibed in Section II. D, 4 of APDA-
CFE-15 is expected to be the most versa t i l e and f i rs t available a l l -purpose 
manipulator . This device, with t empora ry controls , was tes ted in the 
r eac to r vesse l mock-up (see Figure 11) and the concept was found to be 
sat isfactory. The intended mechan ism for controlling the spine manipulator 
in the r eac to r is under development. Hand-operated pinions contained in a 
control head engage with racks attached to the top of the four control cables . 
Operation of the rack-and-pinion units pull or re lax the control cables to 
bend the spine device in the des i red direct ion. The hand controls for the 
rack-and-pinion units and for rotat ing the spine tube can be operated within 
the confined space above the reac to r vesse l rotat ing shield plug. The spine 
manipulator , complete with rack-and-pin ion controls , is expected to be 
ready for use in the r eac to r in January, 

The second type of manipulator is the mechanical a r m device 
shown photographically in Figure 12 and i l lus t ra ted graphical ly in Figure 
13. To date, only a wooden model has been constructed. A change in de ­
sign slowed the p rogress of development of the naechanical a r m . The photo­
graph shows the wooden model in the r eac to r vesse l mock-up, at which 
t ime the concept appeared to be sat isfactory, 

4, Manipulator Grippers 

Three types of gr ippers a r e planned for possible use with the 
manipulator devices . The three gr ipper types, all expected to be available 
for use in the r eac to r in January, a r e 

• The Ameray minia ture gr ipper , a modified vendor ' s stock 
i tem with a spr ing to open the jaws, and a cable pull to c lose . 
It is present ly available and is shown at the end of the spine 
manipulator in Figure 11 

• The spring gr ipper with a cable pull to open the jaws and a 
spring to close 
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FIG. 11 SPINE-TYPE MANIPULATOR BEING TESTED 
IN REACTOR VESSEL MOCK-UP 

FIG. 12 WOODEN MODEL OF MECHANICAL ARM MANIPULATOR 
BEING TESTED IN REACTOR VESSEL MOCK-UP 
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FIG. 13 FUNCTIONAL SKETCH OF MECHANICAL ARM MANIPULATOR 
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• The sc rew-dr ive gr ipper which provides positive opening and 
closing of the jaws. 

5, Short-Radius Grippers 

To provide c lose- in direct ional flexibility, two gr ipper devices 
a r e being designed to operate via tubes that pass through the core support 
plate holes . Both devices a r e expected to be available in mid January . 
These devices a r e 

• A ba l l - socket gr ipper that is controlled by six wi re cables . 
Two cables open and close the gr ipper jaws; the other four 
cables control movement of the ball to which the gr ipper is 
at tached, to provide both swinging and ro t a ry motion of the 
g r ippers . The bottom end of the gr ipper tube is a r t icula ted 
to provide a 40-degree swing of the ba l l - socket gr ipper a s s e m ­
bly in one plane. Rotation of the gr ipper tube gives additional 
flexibility. 

• A gear -d r iven gripper whose jaws a r e controlled by shaft-
actuated gears and can be closed at any point within a 180-
degree swing in a single plane. The bottom end of this gr ipper 
tube a lso is ar t iculated and can be swung 30 degrees ei ther 
way from ver t ica l in a single plane. A shaft-actuated w o r m -
and-gear a r rangement controls the swing. The tube for this 
gr ipper can be rotated a lso . 

Still another gr ipper which operates through a tube that passes 
through the support plate holes should be ready for use in the r eac to r in 
December , This gr ipper has a m o r e l imited range of action than the ba l l -
socket and gear -d r iven types. Its jaws a r e spr ing-opened. Do-wnward 
movement of a sleeve within the gr ipper tube closes the jaws on an object 
d i rect ly below the gr ipper . The gr ipper device can hold the object and move 
it up and down and in ro t a ry motion, 

6, Removal Through the 14-Inch Line 

Section II. D. 2 of APDA-CFE-15 re la tes the init ial considerat ions 
toward gaining access to the 14-inch sodium inlet pipe of the No. 1 loop for 
inser t ing a removal device with which to remove the foreign object intact . 
In November, a thorough study of the situation was conducted. Several 
acces s methods via the 14-inch line were explored and the questions a s s o c i ­
ated with each method were identified. Four possible access methods were 
considered: 
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a. Completely remove the 90-degree elbow at the top elevation 
in the 14-inch line external to the secondary shield wall -
butt reweld the elbow to close 

b. Remove a patch from the elbow - butt reweld the patch to 
close 

c. Weld an elbowlet (an open-ended box s t ruc ture) to the elbow, 
enclosing the patch a r ea on the elbow; remove the patch from 
the elbow, working through the elbowlet - weld a cover on the 
elbowlet to close 

d. Remove sodium pump from pump tank for access to the 16-
inch pump discharge l ine. 

For each of the above methods the steps to be taken to r e t r i eve 
the foreign object and r e s t o r e sys tem integri ty were outlined. For each 
step the possible considerat ions were stated, A compar ison of the cons ide r ­
ations associa ted with each approach is given in Table I, 

The f i rs t method to be d iscarded was pump removal , pa r t i cu la r ly 
because of the difficulties introduced in having to r e t r i eve the foreign object 
through the additional 70 feet of pipe and the extra four elbows. It was 
decided to pursue further an investigation of the patch and elbowlet approach­
es . Emphasis was placed on considerat ion of welding pipe previously ex­
posed to sodium, and the resul tant s t r e s s conditions on the elbow and pipe. 
Advice has been sought from Argonne National Laboratory , as well as from 
the Grinnel Company, who engineered the p r i m a r y sodium piping and would 
be expected to advise on feasibili ty and s t r e s s quest ions. 

7. Object Ret r ieval Device 

As repor ted in Section II. D, 2 of APDA-CFE-15 , a 5 - inch-d iame­
t e r flexible meta l duct was inser ted into the core inlet plenum mock-up with­
out difficulty (see Figure 14). To inse r t the object into the flexible duct, a 
manipulator will be requi red . An a l te rna te method would employ the Ameray 
or spring gripper inside the duct to pull the object into the duct. The gr ipper 
would be controlled by rod and cable through the flexible duct and flexible 
cable. 

F igures 15 and 16 i l lus t ra te two concepts being developed for 
retaining the object once it is in the duct. In one concept, spr ing fingers 
at the end of the duct allow the object to pass into the duct and then prevent 
it from falling out; in the other concept, c l am-she l l jaws fixed to a short , 
rigid cylinder offer the possibil i ty of positively retaining the object in the 
r e t r i eva l device. 
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TABLE I - METHODS FOR ACCESS TO 14-INCH LINE AND CONSIDERATIONS ASSOCIATED WITH EACH METHOD 

COMPLETE 
ELBOW REMOVAL 

Technique of welding pipe pre­
viously exposed to sodium 

REMOVAL OF 
PATCH FROM ELBOW 

Same as item 1 for ELBOW 
REMOVAL 

REMOVAL OF PATCH 
WITH ELBOWLET 

Pipe s t ress conditions due to 
possible loss of elbow flexibility 

REMOVAL 
OF PUMP 

1. Maintenance of an inert gas 
cover over the system and pump, 
and containment of fission p r o ­
ducts during pump remOTal and 
reinstallation 

2. Fit-up for rewelding 

Freezing or draining of sodium 
is required. 

2. Structural effect on elbow due 
to weld shrinkage while welding 
in the patch 

2. Elbow s t ress conditions during 
a subsequent thermal transient 

2. Difficulties in repeated use of the 
flexible cable for the object -
retrieval device if sodium wets 
the cable and solidifies 

Stress conditions on pipe and 
elbow resulting from freezing 
sodium, welding, and subse­
quent sequential melting of 
sodium 

Possibility of introducing metal 
chips into the system when r e ­
moving the patch 

3. Possibility of introducing metal 
chips into the system when r e ­
moving the patch 

Difficulties in the retr ieval oper­
ation due to the additional 70 feet 
of pipe and the additional 4 
elbows 

Maintaining original plant 
standards for welding 

4. Possible need to reinforce the 
elbow 

4-7. Same as items 3, 4, 6, 8, 
for ELBOW REMOVAL 

4, Maintenance of an inert gas cov­
er, and containment of fission 
products during the ret r ieval 
operation. 

5. Thorough cleaning of inside of 
pipe with limited access to pipe 

5-10. Same as items 2, 3, 4, 
6, and 8 for ELBOW 
REMOVAL 

5, 

6. Maintenance of inert cover gas 
and containment of fission pro­
ducts 

7. Space to perform various oper­
ations and for supporting pipe 

8. A good gas purge during welding 
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FIG. 14 FIVE-INCH-DIAMETER FLEXIBLE DUCT ENTERING INLET 
PLENUM MOCK-UP THROUGH 14-INCH INLET LINE 

FIG. 15 END OF FiVE-INCH-DIAMETER FLEXIBLE DUCT SHOWING 
SPRING FINGERS DESIGNED TO ADMIT AND RETAIN 
UNIDENTIFIED FOREIGN OBJECT 
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FIG. 16 CONCEPT OF CLAM-SHELL JAWS TO ADMIT AND RETAIN UNIDENTIFIED FOREIGN OBJECT IN OBJECT-RETRIEVAL DEVICE 



In November the mock-up of the 14-inch line was completed. 
(See Figure 17. ) This included piping from, the r eac to r vesse l mock-up 
back to the elbow that would be penetrated. The piping mock-up will be 
used to tes t the flexible cable to determine whether it can be used to m a n ­
euver the r e t r i eva l duct through the piping and past the elbows into the inlet 
plenum. Figure 18 depicts one type of penetrat ion proposed. 

8. New Borescope 

Fabr icat ion work was s ta r ted on a new borescope designed to 
provide improved viewing in the r eac to r . This ins t rument will have five 
l enses , one thi rd of the number in the modified Sunscope now being used in 
the r eac to r , and is expected to provide a c l e a r e r image for photographing 
and for viewing p rec i se operat ions in the r e a c t o r . 
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FIG. 17 MOCK-UP OF 14-iNCH LINE AND LOWER REACTOR VESSEL 

FIG. 18 EXAMPLE OF PATCH-TYPE PENETRATION 
IN ELiOW OF 14-iNCH LINE 
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SECTION III 

EXIT PORT INSPECTION FACILITY 

Preopera t iona l test ing of the exit port inspection facility was c a r r i e d 
out in November. For information on this facility, see previous r e p o r t s . * 
Figure 19 shows the inspection facility in position over the exit port . 

The apparatus was leak- tes ted by the halogen sniffing method, and 
leaks that were detected, such as those at jo ints , were tightened. After 
modification, the leak ra te was determined to be 20 cubic feet per hour f rom 
the chamber at 2 inches water column p r e s s u r e and 350 F . Studies cu r ren t ly 
underway a r e expected to reveal whether this leak ra t e is sa t is factory . 

The s tabi l izer mechan ism was tes ted for mechanical operat ion and 
found to be deficient. The force required to move the mechan i sm through 
the seal and into the chamber was excess ive . In addition, movement in and 
out of the chamber was e r r a t i c . The s tabi l izer was re tu rned to the vendor 
for r epa i r and modification. 

Bench-test ing of the per iscope revealed problems: Illumination was 
not sufficiently intense and was misd i rec ted , and the focal length was too 
long for viewing into the upper end of a subassembly. The per iscope had 
been designed for vie'wing into the s t r a ine r at the bottom end of the s u b a s ­
sembly. These problems will have to be resolved to allow the use of the 
per iscope at both s ta t ions . 

* McCarthy, J. F . ' 'Compilation of Cur ren t Technical Exper ience at Enr ico 
F e r m i Atomic Power P l a n t , " APDA-CFE-5 , APDA-CFE-S , A P D A - C F E - 9 , 
and APDA-CFE-10 for November 1966, March 1967, Apr i l 1967, and May 
1967, respect ively . 
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FIG. 19 SUBASSEMBLY INSPECTION FACILITY IN POSITION 
OVER EXIT PORT IN THE REACTOR BUILDING 
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SECTION IV 

SPECIAL INVESTIGATIONS 

A, INSPECTION OF SUBASSEMBLIES M098 AND M127 AT BMI 

Resul ts of inspection of M098 and M127, s t a r t ed in July at the Battel le 
Memoria l Institute hot lab, have been descr ibed in e a r l i e r r e p o r t s . * Subas­
sembl ies M098 and M127 were the two subassembl ies in which fuel melt ing 
had occur red . 

By the repl icat ion technique, rep l icas were taken of the t r a n s v e r s e 
sections through the spacer pads obtained in October, The section m a t e r i a l s 
had been etched for z i rconium s t ruc tu re and for uranium-molybdenum alloy. 
Repl icas of sect ions etched for z i rconium s t ruc tu re a r e to be analyzed for 
z i rconium hydride distr ibution in the cladding and for u ran ium-z i rcon ium 
thickness in the diffusion ^one. Analysis of rep l icas of sect ions etched for 
uranium alloy a r e expected to give some insight into the radia l t empe ra tu r e 
distr ibution by means of alloy phase t ransformat ion . 

Replicas were processed and sent to the Engineering R e s e a r c h L a b o r a ­
tory of The Detroit Edison Company for detailed mic roscop ic ana lys i s ; no r e ­
sults have been obtained to date, 

B, INSPECTION OF SUBASSEMBLY M122 AT BMI 

Inspection of subassembly M122 was s ta r ted in October at the Battelle 
Memoria l Institute hot lab.** The sketch on page 27 of APDA-CFE-15 shows 
that M122 was adjacent to the melted subassembl ies M098 and M127 in the 
r eac to r . 

Chemical analyses were conducted on par t icula te res idue obtained 
from the a lcohol-water cleaning of various a r e a s of M122. The purpose 
was to de termine if meltdown debris f rom mel ted subassembl ies had been 
c a r r i e d into other subassembl ies in the r eac to r . As yet no conclusions have 
been establ ished from the resu l t s of the ana lyses . In the analysis r e su l t s 
tabulated in Table II, the amounts of z i rconium, copper, and zinc were r e ­
ported to be significantly high, par t icu la r ly in the res idue from the two top 
gr ids . The reason for this is unknown. As a check on these ana lyses , it is 

* APDA-CFE-12 , 13, 14, and 15. 
** See APDA-CFE-15 , Section III, for e a r l i e r inspection r e s u l t s . 
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TABLE II - RESULTS OF CHEMICAL ANALYSIS OF 
PARTICULATE RESIDUE FROM CLEANING 
SOLUTIONS USED ON SUBASSEMBLY Ml22 

Analysis — % by "Weight 

Element 

Uranium 

Top 2 
Grids 

0 , 5 

Bottom 
Grid 

0, 1 

Remaining Grids 
Sample No. 1 Sample No. 2 

0. 1 2.0 

Wrapper 
Can 

0,5 

Molybdenum 

Niobium 

Zirconium 

Copper 

Nickel 

Iron 

Chromium 

Magnesium 

Cadmium 

Titanium 

Zinc 

Lead 

1.0 

0 . 5 

25,0 

7 , 0 

3 . 0 

44,5 

5 . 0 

0 . 5 

1,3 

0. 1 

10,0 

0.25 

0, 1 

0 . 1 

3 , 5 

1.0 

6 .0 

70.0 

14.5 

0,75 

0 . 6 

0 . 3 

2 , 0 

0 , 3 

0 . 5 

0. 1 

5 , 0 

0 , 2 

6 , 0 

68,0 

12,5 

1,0 

0 . 5 

1.0 

0 . 8 

0 . 5 

1.0 

0 . 1 

6 . 0 

7 . 0 

6 .0 

66.0 

7 . 0 

1,7 

0 . 6 

* 

2 . 0 

* 

1,0 

3 , 0 

2 . 0 

0 , 2 

5 . 0 

65.0 

11.0 

1.0 

2 . 0 

0 . 8 

3 . 0 

2 . 0 

* Not detected 
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intended to conduct emiss ion spectographic t e s t s of res idue from one location 
on the subassembly, 

A thorough visual examination of subassembly M122 revealed swelling 
of the upper end caps of some fuel pins (see F igure 20), About seven of the 
ten pins on the side adjacent to M098 and two in the next row inward had 
swollen end caps . Two pins from each of these rows were longitudinally 
sectioned and prepared for metal lographic examination. 

Also noted was a dark stain on an upper axial blanket pin (see Figure 
21), The pin will be mietallographically exarained to de te rmine whether the 
stain was the resu l t of internal overheating. 

Sixteen fuel pins were removed from M122 and their d i amete r s 
m e a s u r e d at 2-inch in terva ls . Resul t s , ranging between 0, 1575-inch d i ­
a m e t e r and 0. 1597-inch d iameter , indicated that the re had been no s igni ­
ficant d iameter i nc rea se . The length of 20 fuel pins was measu red . The 
measurenaents have not yet been analyzed, 

C. INSPECTION OF SUBASSEMBLY M099 AT BMI 

Inspection of Subassembly M099 was s ta r ted in December 1966 at the 
Battelle Memoria l Institute hot lab. E a r l i e r inspection re su l t s have been 
descr ibed in APDA-CFE-5 , APDA-CFE-6 , and A P D A - C F E - 7 . Subassembly 
M099 had been removed from the core in July 1966 and placed in a s to rage 
position in the outer row of the outer radia l blanket. In November 1966 it 
was t r ans fe r r ed to the fuel and repa i r building, and in December it was 
s team-c leaned , cut up, shipped, and d isassembled for inspection at the 
BMI hot cell . 

In November a t r a n s v e r s e section was taken from the subassembly 
at the fourth grid f rom the top for meta l lographic examination. The sect ion 
was etched for z i rconium s t ruc tu re . Replicas were made to de te rmine 
whether hydriding of the cladding had occur red . The analyses have not yet 
been done, 

D. SUMMARY OF INSPECTION WORK AT 
BMI AND PRINCIPAL CONCLUSIONS 

Seven subassembl ies have been inspected at Battelle Memoria l Ins t i ­
tute, At the p resen t t ime, no additional subassembly inspections a r e sched­
uled but there may be more hot cell inspection work if r esu l t s of examination 
of core subassembl ies in the exit port inspection facility so dic ta te . 

Visual and dimensional work on the seven subassembl ies has been 
concluded. The major work remaining is raetal lographic examination of 
longitudinal and t r a n s v e r s e sections from the subassembl i e s . These e x a m i -
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FIG. 20 SWOLLEN UPPER END CAPS OF SUBASSEMBLY M l22 FUEL PINS 
FttOM OUTER ROW ADJACENT TO SUBASSEMBLY M098 
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FIG. 21 DARK STAIN ON UPPER AXIAL BLANKET PIN FROM SUBASSEMBLY M l22 
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nations -will a s s i s t in the determinat ion of the incident t empera tu re condi­
tion, alloy phase t ransformation, and cladding condition. 

Pr inc ipa l conclusions from subassembly inspections a r e as follows; 

1. No physical blockage was found within any subassembly to cause 
meltdown 

2. All subassembly handling heads and nozzle a s sembl i e s were in 
good condition 

3. No distort ion of the wrapper tube subassembly of M099 was ob­
served. Subassemblies M099 and Ml56 had been sectioned pr ior 
to shipment to the BMI hot cell 

4. Wrapper tubes of M122, M140, M098 and M127 were al l bowed 
in two planes, from 0. 2 inch to 1. 1 inch 

5. Fuel pins in subassembl ies M140, M122, M091, M099 and M156 
were , in general , found to be in good condition 

6. Fuel melt ing occurred only in subassembl ies M098 and M127, 
where molten fuel slumped to a point 8 inches below the lower 
boundary of the core region 

7. What appeared to be molten fuel was found on the wrapper tube 
outer surfaces of M098, M127, M140, and M122. No deposits 
were found on the outside surfaces of this four -subassembly 
a r r a y as positioned in the reac tor 

8. The absence of observable weight loss in the subassembl ies 
implies that l i t t le , if any, fuel left the subassembl ies in which 
melt ing occurred 

9. The melted subassembl ies indicate coolant s tarvat ion. D i s to r ­
tion of subassembl ies Ml40 and M122 was due to overheating 
and /o r fuel alloy formation on the wrapper can due to being 
adjacent to the melted subassembl ies 

10. The shift of molten fuel in the two failed subassembl ies has 
been calculated to account for about one-half the total measu red 
loss of react ivi ty (22 cents) on October 5, 1966 

11. All upper axial blanket rods appeared to be in good condition, 
except one upper blanket rod in subassembly M098 which indi­
cated par t ia l melt ing or cor ros ion and two in subassembly M122 
which to date have not been examined 

12. Penetra t ions of the wrapper tube walls were found only on the 
two melted subassembl ies M127 and M098. 
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SECTION V 

SODIUM AND GAS SYSTEMS PERFORMANCE 

Since the las t data r epor ted / ' ' t he following p r i m a r y sys tem gas and 
cover gas and the sodium system analyses have been inade: 

A. PRIMARY SYSTEM GAS ACTIVITY 

Location 

P r i m a r y 
Reactor 
Reactor 
P r i m a r y 
Reactor 
P r i m a r y 
Reactor 
P r i m a r y 

Shield Tank 
Cover Gas 
Cover Gas 
Shield Tank 

Cover Gas 
Shield Tank 

Cover Gas 
Shield Tank 

Sample 
Date 

1-3-67 
1-3-67 
1-13-67 
1-17-67 
1-20-67 
1-20-67 
1-27-67 
1-27-67 

G ross Beta 
Cone entrat ion 

m i c r o c u r i e s / c c 

b. 
8 . 
6. 
1. 
5. 
1. 
3 , 

8 
3 
6 
Z 
6 
3 
1 

X 

X 

x 
X 

x 
X 

X 

10 
10 
10 
10 
10 
10 
10 

• 7 

• 6 
• 6 
• 6 
-6 
• 6 
• 6 
• 7 

4 .6 X 10 

PRIMARY SYSTEM COVER GAS ANALYSIS 

Oxygen 
Carbon Monoxide 
Carbon Dioxide 
Hydrogen 
Heli-um 
Methane 
N2O 
Argon 
Nitrogen 
Dew Point 
Sample Date 

Reactor Cover Gas 
(Argon) ppm by Volume 

Below 25 
Below 10 
Below 10 
Below 4 *** 
Below 4 
Below 10 
Not m e a s u r e d 
Remainder 
1,000 
Not m e a s u r e d 
November 3, 1967 

P r i m a r y Shield Tank 
Atmosphere (Nitrogen) 

ppm by Volume 

Below 

Below 
Below 
Below 
13,000 

80 
10 
10 

2 . 
4 

10 
10 

Remaindei 
- 40 F 
November 

5 i J * 

5 

16, 1967 

APDA-CFE-14 
Technical specifications state 1000 ppm max imum. 
10 ppm is the recommended maximum for r eac to r operat ions. 
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C. PRIMARY SODIUM ACTIVITY 

Location 

Sample Coil 
from Sampling 
Station 

Sample 
Date 

August 2 

Analysis 
Date 

October 16 

Specific Activity 
(microcur ies /cc) 

1,01 X 10-2 
'(on October 16) 

D. PRIMARY SODIUM CHEMICAL ANALYSIS 

Oxygen 
Carbon 
*Hydroxide 

Hydrogen 
*Nonhydr oxide 

Hydrogen 

6, 5, 6 
47, 55, 63, 70, 81, 92 

1, 1, 1.2, 1.3 

0. 3, 0, 3, 0. 3 

Iron 
Nickel 
Chromium 

2. 1, 6, 7 
1.8, 3,4 
0 .5 , 1,6 

* 1. 3 ppm recommended maximum for total hydrogen for h igh- tempera ture 
operation. During low- tempera ture shutdown conditions, higher values a r e 
allowed. 

Note: Values a r e in ppm by weight. The sample was taken from the sampling 
station on August 19, 1967, and was analyzed at severa l different 
points to obtain the separa te readings indicated. 
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SECTION VI 

MAINTENANCE 

A. INSTALLATION OF FEEDWATER FLOW 
ORIFICES IN THE NO. 2 STEAM GENERATOR 

During November, feedwater flow orifices were instal led in the 1200 
tubes of No. 2 s team generator at the -water inlet header . Details of the flo-w 
orifice and its installation -were given in a previous repor t .* F igures 22 and 
23 show the installation. The orifices a r e intended to prevent flow ins tab i l i ­
t ies at par t load. Thermal cycling resul t ing from flow r e v e r s a l is thought to 
be a contributing cause of the tube- to- tubesheet -weld leaks which had be ob­
served at the -water inlet header. 

The tube- to- tubesheet -welds at the water inlet header were leak-
tested by the gas bubble method. This was to ensure that roll ing in the 
orifice sleeve inser t s did not d is turb the integri ty of the tube- to- tubesheet 
welds. There were no defects . Details of the leak tes t method were a l so 
given in a previous repor t .** 

B. REPLACEMENT OF DETERIORATED HEATING CIRCUIT 
FEEDER WIRING IN THE PRIMARY INERT GAS BUILDING 

Much of the feeder wiring for the induction and r e s i s t ance heating on 
the sodium and iner t gas piping in the p r i m a r y iner t gas building was found to 
be de te r iora ted and was replaced. This condition was caused by overcrowded 
cable t rays in a r e a s of high ambient t empera tu re (about 120 F). Inadequate 
heat dissipation from the cable bundles caused cable insulation to dry and 
crack. The condition was discovered during an investigation of the cause of 
a defective lighting circui t . 

All damaged wire was replaced by asbes tos - insu la ted wi re . No. 8AA 
wire -was substituted for al l of the No. 12AA wire originally instal led. To 
al leviate the crowded condition, many cables were rerouted and additional 
cable t rays were instal led adjacent to existing t r ay s . Cable grouping was 
changed as neces sa ry so that there were no m o r e than seven cables tied 
together in a single group. 

To maintain adequate heating serv ice during r e p a i r s , defective wi res 
were replaced individually whenever possible. This a lso helped to maintain 
c i rcui t identification. About 1500 feet of defective cable was replaced. 
Affected by the r epa i r were 56 induction heating c i rcui ts and 5 r e s i s t ance 
heating c i rcui t s . F igures 24 and 25 a r e representa t ive of the before and 
after cable conditions. 

* APDA-CFE-12 
** APDA-CFE-15 , Sec. IV. B 
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FIG. 22 INSTALLING FEEDWATER FLOW ORIFICE IN TUBE AT WATER 
INLET HEADER OF NO. 2 STEAM GENERATOR 

Nofe: Screen at Upper Right is 
Located Under Water Inlet 
Pipe 

FIG. 23 CLOSE-yP OF FEEDWATER FLOW ORIFICE INSTALLATION 
IN NO. 2 STEAM GENERATOR 
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FIG. 25 CABLE TRAYS IN PRIMARY INERT 
GAS BUILDING AFTER CABLE 
REPLACEMENT AND REROUTING 

CROWDED CABLE TRAY IN PRIMARY 
INERT GAS BUILDING BEFORE CABLE 
REPLACEMENT AND REROUTING 

Note: 12-Inch Cable Tiay, Left, 
was Installed Adjacent to 
Existing 6-!nch Tray 

I 
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