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PREFACE 

PURPOSE 

The purpose of this monthly repor t is to naake available to the fast 
r eac to r p rogram the cur ren t experience being gained from the Enr ico F e r m i 
Atomic Power Plant . 

SCOPE 

The scope of this r epo r t includes al l phases of cu r ren t operat ions 
and maintenance experience concerning the nuclear portion and re la ted s y s ­
t ems 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 r epo r t s , coinpleted or in prepara t ion by Atomic 
Power Developmient Assoc ia tes , Inc. for the U. S. Atomic Energy C o m m i s ­
sion under Contract No. AT(11-1)~865, Pro jec t Agreement 15. This s e r i e s 
of r epor t s provides detailed information on the nuclear test ing, machinery 
dome, s team genera to r s , pumps, f lowmeters , level de tec to rs , 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 bas is of thei r 
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 ­
ac tor Development Company in conapliance with the requ i rements of p rov i ­
sional Operating License No. DPR-9s as amended. 

BACKGROUND 

The F e r m i reac to r achieved initial cr i t ica l i ty on August 23, 1963. 
An extensive s e r i e s of nuclear tes ts was conducted at power levels below 
1 Mwt, through 1965. A high power (200 Mwt) l icense was i ssued on De­
cember 17, 1965, and operation in excess of 1 Mwt was initiated on Decem­
ber 29, 1965. In J a n u a r y , 1966, the power was ra ised in a s e r i e s of steps 
to 20 Mwt; on April 1, 1966, power was f i rs t r a i sed to 67 Mwt; and on July 
8, 1966, operation at 100 Mwt was initiated. On October 5, 1966, fuel 
damage occur red during an approach to power. Since that t ime , the r eac to r 
has been shut down while the cause and extent of the damage a r e being 
investigated. 

It is assumed that those reading this r epor t have a genera l famil i ­
a r i ty with the plant. As an aid t o the reader , a perspect ive drawing of the 
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 APDA-CFE-17 . 

Since this repor t is intended to follow closely the cur ren t proceedings 
at the F e r m i plant, it must necessa r i ly be t r ea ted as p re l iminary informa­
tion, subject to supersedence in the light of subsequent exper ience . 
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SECTION I 

CURRENT EXPERIENCE SUMMARY 

The development of special devices for removing the object from the 
reac to r through the 14-inch sodium inlet line was completed. Testing in 
the 14-inch pipe and reac to r mock-up demonst ra ted that the special devices 
could remove the object from the reac tor core inlet plenum through the 14-
inch pipe. P repara t ions were completed by the end of the month for p r o ­
ceeding with the penetrat ion of the 14-inch pipe elbow of the No. 1 p r imary 
loop and the removal of the object. 

Various approaches for removal of the remaining five z i rconium 
segments from the conical flow guide were investigated, with emphasis on 
f i rs t removing the fastening sc rews . The organization of the engineering 
effort for removal of the remaining five z i rconium segments was initiated. 

Spherical m i r r o r images of a few of the holddown fingers were 
photographed, but the pictures were of poor quality and as a resul t , were 
inadequate to es tabl ish the condition of the f ingers . Insufficient i l lumination 
and difficulty in proper ly orienting the m i r r o r were the principal obstacles 
to a successful observation. In an at tempt to remove the spher ica l m i r r o r 
a ssembly from the reac to r , the m i r r o r and its mounting broke off the 
support post and fell to the top support plate. 

Preopera t iona l testing of the exit port inspection facility was con­
tinued with effort being concentrated on the gr ipper , hoist , and assoc ia ted 
mechan i sms . The need for modifications was shown. Erec t ion and a s s e m ­
bly of the FARB section of the new fuel t ransfe r facility was s ta r ted . 

The resu l t s of metal lographic examinations of subassembly spec i ­
mens at BMI indicated that significant coolant flow blockage occur red in 
subassembly M122, which adjoined the melted subassembl ies M098 and 
M127 in the r eac to r . 
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SECTION II 

INVESTIGATION OF OBJECT IN INLET PLENUM 

A, BACKGROUND 

The object d iscovered in the r eac to r core inlet plenum on September 
11, 1967 is believed to have caused the melt ing of two fuel subassembl ies on 
October 5, 1966,when it was lifted by the sodium flow to a position against 
the support plate. Initial investigation and effort d i rec ted at removing the 
object have proceeded along two para l le l paths; (1) cutting up the object and 
removing the pieces through the core support p la tes , and (2) re t r iev ing the 
object intact through the 14-inch sodium inlet l ine. The development of 
cut-up and removal tools and devices was undertaken, aided by a la rge 
number of photographs of the object. Attempts to obtain a sample of the 
object were unsuccessful, and it was decided after a number of a t tempts 
that a sample was not worth further effort. 

In late December , effort was concentrated on prepara t ions to r e ­
move the object intact through the 14-inch sodium inlet l ine. Questions 
pertaining to penetrat ing the No. 1 p r i m a r y sodium inlet line and subse ­
quent res tora t ion of p r i m a r y sys tem integri ty were sat isfactor i ly resolved. 

In prepara t ion for the object - removal operation, the 14-inch pipe 
elbow to be penetrated and the surrounding work a r ea were cooled and a 
patch was cut and removed from the secondary containment to pe rmi t a c ­
cess to the p r i m a r y pipe elbow. Development of an ob jec t - re t r i eva l device 
for removing the object through the 14-inch line was completed. The a l l -
purpose, spine-type manipulator , designed to operate through the core 
support plates and feed the object to the ob jec t - re t r i eva l device, approached 
the final s tages of development. 

In late January, the object was tentatively identified as being one of 
six 0. 040-inch-thick z i rconium plates which were originally installed on the 
sloping sec tors of the conical flow guide in the r eac to r core inlet plenum. 
Effort d i rected toward removal of the object will continue and considerat ion 
will be given to ei ther detaching and removing the remaining five z i rconium 
segments or permanent ly fixing them in place. 

Details of the investigation of the object a r e given in previous r e ­
por ts s ta r t ing with APDA-CFE-14 . 
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B. DEVELOPMENT OF TOOLS AND DEVICES 

1. Spine-Type Manipulator* 

Additional functional tes t ing of the spine-type manipulator in the 
r eac to r mock-up** revealed the need for modification of the control m e c h ­
an i sm for the device. There was evidence that some of the smal l components 
in the control mechan ism would not be sturdy enough to withstand the inanual 
forces requi red at the control head to flex the spine disk control cables 40 
feet below in the reac to r inlet plenum. These components were smal l gear 
t ra ins and clutches that were designed to give the control mechan i sm flexi­
bility in operating the disk control cables e i ther singly or in p a i r s . The 
gears and clutches were necessa r i ly smal l for space considerat ion. 

A modified design el iminated the gear t r a ins and clutches, p r o ­
viding instead for d i rec t dr ive of each cable rack-and-pinion gear individu­
ally through a hex knob attached to the pinion. F igures 1 and 2 show the 
manipulator control head before and after the above modification. The 
control handwheels which engage with the hex knobs for operating the cable 
rack-and-pinion gears were prompted by the l imited operating space around 
the control head. The proximity of the manipulator control to the upper 
end of the borescope is shown in Figure 2, 

After the above modification was accomplished, the spine-type 
manipulator was used with the ob jec t - re t r i eva l device in t r i a l o b j e c t - r e ­
moval operations in the 14-inch pipe and reac to r mock-up. Details of the 
mock-up t r i a l s a r e given in Section II. C. 

2. Object-Retr ieval Device *** 

As repor ted in APDA-CFE-18 , the ob jec t - re t r i eva l device in­
tended for removing the object through the 14-inch sodium inlet pipe was 
assembled at the end of January and was ready for t r i a l operations in the 
pipe and reac to r mock-up. 

3. Art iculated Lamp**** 

It is intended that the ar t icula ted lamp will provide illumination 
for object - removal operations in the r eac to r core inlet plenum after comple­
tion of the development of the spine-type manipulator and successful demon­
st ra t ions of object removal in the 14-inch pipe and reac tor mock-up. 

* See Section II of APDA-CFE-15 through 18 for previous information. 
** See page 15 of APDA-CFE-14 and Figure 17 of APDA-CFE-16 . 
*** See Section II of APDA-CFE-15 , 16, 17, 18 for previous information. 
**** See Section II. F . 3 of APDA-CFE-18 for previous information. 
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FIG.l CONTROL MECHANISM FOR SPINE-TYPE MANIPULATOR 
BiFOtE MODIFICATION 

J 

FIG.2 MODIFIED CONTROL MECHANISM 
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In the mean t ime , the a r t icu la ted lamp was used in the holddown 
finger inspection in Feb rua ry (see Section III). Exper ience with the lamp 
during finger inspection prompted a modification of the lamp s t ruc tu r e . 
The modification is descr ibed in Section III. A. 

C. OBJECT-REMOVAL DEMONSTRATIONS IN REACTOR MOCK-UP 

1. Denaonstrating Object Removal 

It was demonst ra ted in seve ra l t r i a l objec t - removal operations 
in the 14-inch pipe and r eac to r mock-up that the spine-type manipulator 
and the ob jec t - re t r ieva l device could function together to remove the object 
from the reac to r core inlet plenum through the 14-inch sodium inlet pipe. To 
the l a rges t extent possible, these demonstra t ions constituted a d r e s s r e ­
hea r sa l for the forthcoming objec t - removal operat ions in the r eac to r . 

In the mock-up demonst ra t ions , operation of the manipulator 
controls and viewing of movements in the inlet plenum were done in the 
same manner as will be done on top of the r eac to r rotating shield plug. 
The l imited a rea that exists on top of the rotat ing plug for operating the 
manipula tor controls and for viewing was s imulated in the mock-up. F ig ­
ure 3 shows the manipulator c lus tered with the PRDC bo re scope* (for v e r ­
t ical viewing) and the Sunscope** (for horizontal viewing), with a plywood 
wall erected around the manipulator control head and viewing tubes to s imu­
late the l imitat ions of the work a r e a . The full-length manipulator and 
scopes were used in the mock-up demonst ra t ions . 

The ob jec t - re t r ieva l device was inser ted into the mock-up inlet 
plenum through the penetrat ion in the 14-inch pipe elbow mock-up via the 
glove box, *** which is intended to provide an iner t gas sea l . This par t of 
the demonstrat ion revealed deficiencies in the glove box s t ruc tu re and the 
containment for the r e t r i eva l device cable. Details a r e given in Section 
II. C. 3, below. 

The capability of the spine-type manipulator was shown to be 
sat isfactory; i. e. , the gr ipper was able to r each out and grasp a meta l 
model of the object purposely positioned in a l imited access location under 
one of the baffle plates in the mock-up inlet plenum. Figure 4 shows the 
model of the object in the grasp of the manipulator gr ipper , about to be fed 
to the gr ipper in the ob jec t - re t r i eva l duct. 

* See Section IV. A of APDA-CFE-18 . 
** See pages 9, 11, and 21 of APDA-CFE-13 for information on the Sunscope 
*** See Section II. E. 3 of APDA-CFE-18 for a descr ipt ion of the glove box. 
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F1G.4 MANIPULATOR FEEDING OBJECT TO OBJECT-
ilTRIEVAL DEVICE IN MOCK-UP 



2. P rac t i ce Operation of Spine-Type Manipulator 

After the objec t - removal demonst ra t ions , additional t ime was 
spent pract ic ing operation of the manipulator . Fami l ia r i ty with the m a n ­
ipulator control movements is requi red to produce the des i red responsive 
movements of the gr ipper , and is expected to facili tate the removal of the 
object from the reac to r . 

3. Glove Box Modifications 

The t r anspa ren t bellows which makes up the body of the glove 
box was originally fabricated from th ree doughnut r ings of Teflon p las t ic . 
The edges of adjacent r ings were fused together by flaming to produce an 
accordion- l ike bellows s t ruc tu re . One end ring was clamped to the p r i m a r y 
pipe adapter and the other end r ing to the a luminum face plate. In the ob­
j ec t - r emova l demonst ra t ions , the fused seams tore open in inany p laces . 
As a resu l t , doughnut r ings of polyvinyl chloride plast ic were substi tuted 
and the adjacent edges were fused together by a heated ro l l e r device. 
Figure 5 shows the ob jec t - re t r i eva l duct pass ing through the glove box in 
a mock-up demonstra t ion. 

The plast ic containment bag for the 40-foot-long ob jec t - re t r i eva l 
device was designed to te lescope, each section inside the adjacent one, as 
the re t r i eva l device moves through the elbow penetrat ion. In the mock-up 
demonst ra t ions , the bag crumpled instead of telescoping, and a new con­
tainment bag of l a rge r d iamete r was fabricated to permi t the r e t r i eva l cable 
and control mechanism to move through the ent i re length of the bag. 

At the end of February , modifications to the glove box were com­
pleted and the spine-type manipulator and ob jec t - re t r i eva l device were ready 
for use in the r eac to r . All prepara t ions were completed in read iness for 
proceeding with the penetrat ion of the 14-inch pipe elbow of the No. 1 p r i ­
m a r y loop and the objec t - removal operation. 

D. APPROACHES TO REMOVAL OF ZIRCONIUM SEGMENTS 

The principal design effort during the month was the considerat ion 
of methods for detaching the five remaining segments from the conical flow 
guide and removing them from the r eac to r . In a p re l iminary investigation, 
a number of concepts were considered for removing al l of the fastening 
s c r ews , or jus t enough to free the segments from the surfaces of the coni­
cal flow guide. The sc rew removal concepts considered were 

1. Grind off the tack weld and unscrew the screw 

2. Grind off the sc rew head 
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FIG.5 OBJECT-lETEIEVAL DEVICE PENETRATING GLOVE BOX IN 14-INCH ELBOW MOCK-UP 
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3. Unscrew the screw, shear ing the welds 

4. Cut off the sc rew head with a pincer tool 

5. Chisel off the sc rew head by single or repet i t ive impact 

6. Dri l l or mil l out the sc rew head 

7. A r c - m e l t the sc rew head 

8. Melt the sc rew head by l a s e r bur s t s 

9. Remove the sc rew head by spark d ischarge method 

10. Reduce the sc rew head to powder by impingement of hot hy­
drogen gas. 

I tems 2, 5, and 6 were selected as methods which will be given further 
considerat ion, although some of the other methods a r e believed to have 
mer i t . 

Other concepts for detachment of the z i rconium segments involved 
d i rec t detachment of the segments by use of a gr ipper with a sufficient grasp 
to r ip the segment free of the fastening sc rews or by application of a d ia ­
phragm-type suction device to lift the segment free. All detachment con­
cepts requi re access through the support plate holes for inser t ion of a r t i c u ­
lated tools and a manipulator into the core inlet plenum. 

Several concepts were considered for removing the z i rconium s e g ­
ments from the reac to r vesse l , most of which make use of the original cut-
up and removal tools and devices developed for removal of the object. 

In February , the organization of engineering effort was initiated, 
with design emphasis on sc rew removal , par t icu lar ly by the chiseling and 
milling methods. 
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SECTION III 

INSPECTION OF HOLDDOWN FINGERS 

A. EQUIPMENT MODIFICATIONS 

Prev ious information regarding inspection of the holddown fingers can 
be found in APDA-CFE-13 and 18. As repor ted in APDA-CFE-18 , init ial 
a t tempts to view the spher ica l m i r r o r images of the holddown fingers through 
the PRDC borescope were unsuccessful due to difficulties encountered in 
handling the m i r r o r and support post assembly in the r e a c t o r . 

P r i o r to a second at tempt at viewing and photographing the holddown 
fingers to inspect for damage^ equipment modifications were undertaken. 
These were modifications to the m i r r o r and support post and to the inser t ion 
device, p r ima r i l y to facilitate handling the m i r r o r in the r eac to r . The 
m i r r o r was reduced from 5-3/4 inches to 5 inches in d iamete r and then r e ­
surfaced because of damage incur red , apparent ly by abras ion , during a 
removal from the r eac to r . 

As repor ted in Section II. B . 3, the new ar t icula ted lamp tube s t r u c ­
ture was modified as a resul t of experience during holddown inspect ion. 
The lamp tube was designed for inser t ion through one of the 6-inch pene t ra ­
t ions in the rotating shield plug to i l luminate the in te r ior of the r eac to r 
vesse l . The original 2-1 /2- inch- long internal coupling s leeves , which joined 
the four tube sect ions compris ing the full length tube s t ruc tu re , did not give 
sufficient rigidity to the s t ruc ture and were replaced by 6-inch-long s leeves 
to inc rease r igidity. 

The lamp tube is constructed in sections to pe rmi t leaving the lamp 
par t ia l ly inser ted into the r eac to r chamber while the rotating plug is rota ted. 
The removal of exposed tube sections e l iminates tube in terference with a 
s ta t ionary overhead cable t r a y as the rotating plug is rota ted. Thus, t i m e -
consuming lamp withdrawal and re inse r t ion a r e avoided. 

B. PHOTOGRAPHING HOLDDOWN FINGERS 

In o rde r to view the holddown fingers in the southeast quadrant , 
it has been determined by calculation that the borescope m.ust sight on 
the m i r r o r along the line shown in F igure 6. The m i r r o r , in lat t ice 
position NO7-PO0 and tilted to 3 2° from the horizontal , is oriented 
toward the southeast quadrant . (An imaginary plane in tersect ing the 
outermost point on the spher ical surface and the lowest point on the 
spher ical surface makes an angle of 79 with the eas t -wes t lat t ice datum 
l ine.) A bead was spot-welded on the m i r r o r support post to a s s i s t in v isual-
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FIG.6 VIEWING SPHERICAL MIRROR IMAGE OF HOLDDOWN FINGEiS IN SOUTHEAST QUADRANT 



ly orienting the m i r r o r during instal lat ion. The outermost point on the 
spher ica l m i r r o r surface is 14-3/16 inches below the bottom of the holddown 
f ingers . The borescope , with an 8° field of view and a 23° angle of view be­
low the horizontal , is located with i ts objective 6-1 /2 inches above the bot­
tom of the f ingers . 

On the f i r s t t r y at viewing and photographing, the lamp source was 
directed at the m i r r o r . The light reflection in the m i r r o r obscured the 
images of the f ingers . The lamp was then directed at the fingers and an 
image of five f ingers in one row and th ree in a second row was viewed and 
photographed with a 15-minute exposure using Kodak Tr i -X pan fi lm. 
After the m i r r o r azimuth was slightly changed in an at tempt to pick up all 
fingers in the quadrant, an image of only th ree fingers in a single row was 
vis ible . Photographs of both of the above images a r e shown in F igure 7. 
The p ic tures obtained in both a t tempts were of poor quali ty,as can be seen 
in F igure 7, The exact position of the holddown fingers could not be de te r ­
mined, and the lighting was found to be inadequate to sa t is factor i ly i l lumi­
nate the f ingers . A combination of the angle and the distance of the light 
from the f ingers, plus the lack of the expected degree of reflectivity, r e ­
sulted in insufficient light for suitable photography. 

It was decided to halt the cur ren t holddown finger inspection p r o g r a m 
and direct effort toward establishing an improved method of determining the 
condition of the f ingers , 

C. MIRROR BROKEN OFF SUPPORT POST 

In an at tempt to remove the m i r o r from the reac to r , the inser t ion 
tool was lowered to engage the m i r r o r support post , but instead the post 
was inadvertently ti l ted in the upper support p la te . In another t ry , the in­
ser t ion tool engaged the tilted post but not securely enough. As the lamp 
a r m was swung over to align the post with the inser t ion device, the post 
slipped out of the inser t ion device and fell free into an empty lat t ice cavity. 
The m i r r o r assembly , however, s t ruck some subassenablies and broke off 
at the top of the support post . 

The support post was re t r ieved from the reac tor by the inser t ion tool 
after f i r s t being set upright in the support plate by means of a special tool . 
It was then observed that the m i r r o r had fallen into a smal l lat t ice cavity, 
m i r r o r side up, over reac tor positions N 0 3 - P 0 4 and N 0 4 - P 0 3 (see F igure 
8). When viewed in this position, the m i r r o r appeared to be cracked, 
though still intact . F igure 9 shows a c lose-up of the m i r r o r res t ing on the 
support plate . It was discovered that the break was in a weld in a solid shaft 
connecting the m i r r o r t i l t plate assembly with the top of the support post . 
Retr ieval of the m i r r o r will be delayed until after the object is removed from 
the reac tor core inlet plenum. 

15 



/ 
Upper Guide Tube 

Holddown 
Fingers 

__Spherical 
Mirror 

FIG.7 IMAGES OF HOLDDOWN FINGiiS IN SPHEilCAL M I R i O I 

16 



• Spherical 
Mirror 

-Upper 
Support Plate 

.Articulated 
Lamp 

FIG.8 SPHERICAL MIRiOR NESTED IN CAVITY IN 
REACTOR CORE LATTICE 

17 



Crack in 
Mirror 

m 
Mirror 
Retaining 
Ring 

FIG.9 CLOSE-UP OF SPHEilCAL MIRROR RESTING ON UPPEi SUPPORT PLATE 



SECTION IV 

GAS SYSTEMS PERFORMANCE 

Since the las t data repor ted (APDA-CFE-18), the following p r i m a r y 
sys tem gas activity and analyses have been determined: 

A. PRIMARY SYSTEM GAS ACTIVITY 

Location 

P r i m a r y Shield Tank 
Reactor Cover Gas 
P r i m a r y Shield Tank 
Reactor Cover Gas 
P r i m a r y Shield Tank 
Reactor Cover Gas 
P r i m a r y Shield Tank 
P r i m a r y Shield Tank 
Reactor Cover Gas 

Sample 
Data 

2-1-68 
2-5-68 
2-9-68 
2-12-68 
2-16-68 
2-19-68 
2-23-68 
2-29-68 
2-29-68 

Gross Beta 
Concentrat ion, , 

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

3.33 X 10 
6 . 4 X 1 0 ' ^ 
2 . 6 7 X 10' 
4.5 X 10"* 
3,0 X 10"' 

-8 

•8 

3.0 X 10' 
3.0 x 10" 
3.0 x 10" 
3.64 X 10"^ 

-8 
• 8 

B. PRIMARY SYSTEM COVER GAS ANALYSIS 

Oxygen 
Carbon Monoxide 
Carbon Dioxide 
Hydrogen 
Helium 
Methane 
Nitrous Oxide 
Argon 
Nitrogen 
Dew Point 

Reactor Cover Gas (Argon), 
ppm by volume* 

Below 25 
Below 10 
10 
Below 4*** 
Below 4 
Below 10 
Not Measured 
Remainder 
4860 
Not Measured 

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

ppm by Volume* 

240** 
Below 10 
30 
Below 2. 5 
Below 4 
Below 10 
Not Measured 
Not Measured 
Remainder 
-50 F 

* The sample dates for reac to r cover gas and p r i m a r y shield tank a t ­
mosphere a re 2-5-68 and 2-16-68, respect ively . 

** Technical specifications state 1000 ppm maximum. 
*** 10 ppm is the recommended maximum for r eac to r opera t ions . 
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SECTION V 

MAJOR EQUIPMENT 

A. EXIT PORT INSPECTION FACILITY 

Preopera t iona l test ing of the exit por t inspection facility continued. 
Effort was concentrated on test ing the functioning and control of the gr ipper 
and hoist mechan ism and associa ted components and m e c h a n i s m s . E a r l i e r 
information has been given in previous r epo r t s* . 

Additional features were incorporated into the sys tem of hoist con­
t r o l s . An inter lock was provided to stop upward gr ipper moveraent short of 
contact of the gr ipper head with the yoke, the lower gr ipper tube aligning 
fixture, when the yoke is sti l l engaged with the gr ipper tube. With the g r ip ­
per head approaching the yoke, the yoke may be disengaged because the g r ip ­
per tube is now passing through the upper aligning fixture (the rotat ional 
plate) . During upward movement of the hoist tube, difficulty was experienced 
in moving the hoist tube into the rotational plate because of minimal c l e a r ­
ance and the lack of a lead- in feature . Other control features were added to 
automatically reduce the speed of gr ipper t r ave l as the gr ipper tube ap ­
proaches i ts up l imit (as it n e a r s the hoist sheave), down l imit (gripper 
near ing a subassembly handling head in the t ransfe r ro tor ) , and as the g r ip ­
per tube is about to enter the rotat ional p la te . 

When the gr ipper was lowered onto each of two subassem.blies in the 
t rans fe r ro tor , it was found that the lower actuator wrench penetrat ion 
through the chamber wall was about one to two inches too low, preventing 
wrench rod engagement with the gr ipper tube to open or close the gr ipper 
f ingers . The gr ipper tube was subjected to exit port t empera tu re (350 F) for 
per iods sufficient to produce the rmal growth of the tube. It may have been 
this the rmal growth which put the tube slot out of reach of the actuator 
wrench. The design provided for a maximum actuator rod-to-guide tube slot 
m.isaligninent of 3/16 inch. Temporary relocat ion of the actuator rod pene­
t ra t ion in the chamber is possible and will be made to pe rmi t a survey of sub-
assem.bly elevations in the t ransfe r ro to r . This survey will de termine the 
proper location of the actuator rod. 

The ability to open and close the gr ipper f ingers with both the upper 
and lower actuator wrenches was demonstra ted; but, for a single operation 

* APDA-CFE-5 , 8, 9, 10, 16, 17, 18 
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of a wrench, there was uncertainty as to whether the gr ipper was being 
opened or closed. There was no observable indication of gr ipper actuation. 

When the exit port , and hence argon cover gas , was opened to the 
inspection chamber , fogging of the lower inspection window was observed, 
probably by sodium vapor from the exit por t . It r ema ins to be seen how 
ser ious ly this condition may affect subassembly inspect ions, or how it may 
inc rease the t ime for inspections due to possible frequent window cleaning. 

B. FUEL TRANSFER FACILITY 

Cotnponents and s t ruc tu ra l s teel for the new fuel t r ans fe r facility 
a r r ived at the F e r m i plant in February ; construction and as sembly of the 
facility was s tar ted under the supervision of personnel furnished by the ven­
dor. North American-Rockwel l . A descr ipt ion of the fuel t r ans fe r facility 
is given in APDA-CFE-10 , and the facility is shown pictor ia l ly in F igu re s 10 
and 11. 

The new fuel t ransfe r facility rep laces the existing cask ca r , which 
has required an exorbitant amount of maintenance. Both facil i t ies were 
designed to t r anspor t a shielded fuel cask between the t r ans fe r port in the 
fuel and repa i r building (FARB) and the reac to r exit port in the containment 
building. At the present t ime , only the FARB section of the t r ans fe r facility 
is being erec ted and assembled . Delivery of the containment building section 
of the facility which has been delayed because the gr ipper cask was acc i ­
dentally dam.aged during prepara t ion for shipment from, the vendor ' s plant, 
is not expected until the l a t t e r par t of the yea r . 
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FIG.IO FAIR SECTION OF FUEL TRANSFER FAt.JTY SHOWING 
GRIPPER CASK AND SUPPORT STtUCTUiE 

FIG.n FUEL TiANSFEt FACILITY TRANSPORT CAR 

• 
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SECTION VI 

SUBASSEMBLY INSPECTIONS AT BMI 

Observations were made at Battelle Memoria l Institute to de te rmine 
the extent of phase t ransformat ion in the fuel alloy and hydriding in the 
z i rconium cladding in t r a n s v e r s e sections of fuel pins taken from s u b a s ­
sembl ies M099, M091, M122 and M140. Subassemblies M122 and M140 
were adjacent to the melted subassembl ies M098 and M127 in a fou r - sub -
assembly c lus te r . Where possible , the specimens were d i rec t ly viewed in 
the hot cell , under magnifications up to 250 t i m e s . Where d i rec t viewing 
was imprac t ica l , rep l icas of the specimens were observed. The resu l t s of 
these observat ions , given below, a r e p re l iminary . An examination of the 
repl icas of al l specimens will be conducted at The Detroit Edison Company' 
Engineering Resea rch Department before final conclusions a r e drawn. 

E a r l i e r resu l t s of inspection of the above subassembl ies have been 
given in previous repor t s as follows: 

Subassembly M099 - APDA~CFE-5, 6, 7, 16 

Subassembly MO91 - APDA™CFE-9, 10, 11 

Subassemblies M122 and M140 -• A P D A - C F E - 1 1 , 12, 15, 16, 18 

A. INSPECTION OF SUBASSEMBLY M099 

Transve r se Sections, Fourth Grid from the Top - Specimens from 
10 fuel pins were observed. There is 75% to 90% fuel alloy t ransformat ion 
to the a lpha-plus-del ta phase. One pin, with an original gamma grain size 
twice that of the other pins, showed 60% t ransformat ion. This is to be ex­
pected because t ransformat ion s t a r t s a t the grain boundary and grows into 
the grain. The hydride content in the cladding is es t imated to be l ess than 
400 ppm. 

B. INSPECTION OF SUBASSEMBLY M091 

Transve r se Sections, Four th Grid from the Top - Specimens from 
10 fuel pins were observed. Transformat ion of fuel alloy is g rea te r than 
75%. The hydride content in the cladding is es t imated to be less than 200 
ppm. 
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T r a n s v e r s e Sections, Tenth Grid from the Top - Specimens fromi 
10 fuel pins were observed. Transformat ion of fuel alloy is g r e a t e r than 
80%. The hydride content in the cladding appears to be l ess than 200 ppm. 

C, INSPECTION OF SUBASSEMBLY Ml22 

T r a n s v e r s e Sections, Four th Grid from the Top - The fuel alloy 
of al l pins appears to be ent i re ly in the ganama phase. The implication is 
that a l l pins at this c ro s s section had reached t empe ra tu r e s above 1100 F . 
The basis of this conclusion is that there would have been g rea t e r than 
75% fuel alloy t ransformat ion to the a lpha-plus-del ta phase as a r e su l t of 
the subassembly ' s the rmal h is tory p r io r to the October 1966 incident, but 
once a t empera tu re above 1100 F was reached, there would have been a 
re t ransformat ion to the gamma phase that would be re ta ined on cooling. 

The hydrogen content in the cladding will be es t imated in the near 
future, after the samples a r e etched and the m i c r o s t r u c t u r e s repl icated. 
Some pins appear to have l a r g e r - t h a n - n o r m a l diffusion zones between the 
fuel and the cladding. 

T ransve r se Sections, Tenth Grid from the Top - Observations and 
the conclusion of re t rans format ion a r e the same as those for the t r a n s v e r s e 
sect ions , fourth grid from the top. Based on examination of specimens from 
12 pins , it appears that the cladding of some pins has a hydride content of 
about 600 ppm. In severa l other pins the content is only about 250 ppm. It 
is further concluded that significant flow blockage occur red in subassembly 
M1Z2 as well as in M098 and M127, the mel ted subassembl ies , 

D, INSPECTION OF SUBASSEMBLY Ml40 

T ransve r se Sections, Fourth and Tenth Grids froin the Top - T r a n s ­
formation of fuel alloy in Subassembly M140 var ied from pin to pin. The 
fuel alloy on pins near the wrapper can show less t ransformat ion to a lpha-
plus-del ta phase than pins near the center of the fuel bundle. The extent of 
t ransformat ion var ies between 25% and 70% from the outer rows of pins 
toward the center of the fuel bundle. F r o m this observation, it does not 
appear that subassembly M140 experienced a la rge amount of coolant block­
age, if any. Rather it appears that the t empera tu re s in M140 were influenced 
by those in the adjacent, coolant-s tarved fuel subassembl ies . 

The zi rconium cladding on the pins exhibiting par t ia l t ransformat ion 
appeared to contain not more than 200 ppm hydrogen. 
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SECTION VII 

MAINTENANCE 

A. TUBE-TO-TUBESHEET WELD REPAIRS 
ON THE NO. 3 STEAM GENERATOR 

At the end of February , 564 of the 1200 tubes had been rewelded to 
the water manifold tubesheet. Details of the r epa i r weld technique have 
been given in severa l e a r l i e r r epor t s s tar t ing with APDA-CFE-7 . The 
No. 3 s t eam genera tor rewelding, s ta r ted in ea r ly Februa ry , is expected 
to be completed about the middle of March. 

B. LEAK TESTS OF THE NO. 1 STEAM GENERATOR 

On two occasions , a gas p r e s s u r e tes t was performed to verify the 
integri ty between the tube and shell sides of the No. 1 s t eam genera tor . 
On both occasions, the tes t procedure was identical with that for p r e s s u r e -
test ing the No. 1 s t eam generator after the unit was filled with sodium in 
December *s In these two recent leak t e s t s , there was no measu rab le leak­
age from the tubes containing nitrogen at 600 psig. Three success ive leak 
tes t s verify that the re has been no change from the tube- to-she l l integri ty 
determined immediately after the s t eam genera tor was filled with sodium. 

C. PRIMARY SHIELD TANK PRESSURE DECAY TESTS 

P r i m a r y shield tank p r e s s u r e decay tes t s were repeated in F e b r u ­
a ry , after the replacement of O-ring sea ls between the penetrat ion cover 
plates and the machinery deck over the p r i m a r y shield tank. The r e p l a c e ­
ment of the seals was undertaken after the discovery of excess ive leakage 
from the p r imary shield tank in January.** 

The repeat p r e s s u r e decay tes ts indicated leakage of 2000 s tandard 
cubic feet per day (scfd) which is l e ss than the maximum allowable of 2400 
scfd for r eac to r operation. It is planned, however, to visually inspect the 
outer surface of the p r i m a r y shield tank for possible sources of leaks in the 
near future if personnel access can be provided. 

* See Section VL A. 2 of APDA-CFE-17 , 
** See Section VII. A of APDA-CFE-18 . 
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D, LEAK TEST OF PERSONNEL AIR LOCK 

In a recent leak t e s t of the personnel a i r lock in the containment 
building, the leak ra t e was found to be 155 scfd. This leak ra te was con­
s idered sat isfactory, based on the requ i rement that the total leakage from 
al l containment building penet ra t ions , as determiined from the mos t recen t 
leak t e s t s , should not exceed 1000 scfd. 

In the leak t e s t p rocedure , an a i r p r e s s u r e of 32 psig was es tabl ished 
in the personnel a i r lock and gross leak checks were made by the soap bub­
ble method applied at both the inner and outer door seals and at the door 
penetrat ion sea l s , the obvious source of l eaks . The inner door i sola tes 
the a i r lock from the a tmosphere within the containment building, and the 
outer door from the outside a tmosphere . Since there were no gross leaks , 
the leak ra t e was then measu red by the p r e s s u r e decay method during a 
24-hour t es t period. Compressed a i r was admitted to the personnel a i r 
lock through a penetrat ion in the inner door to es tab l i sh initial t es t p r e s s u r e . 
A p r e s s u r e indicator monitored a i r lock p r e s s u r e through a second pene t r a ­
tion in same door. 

E, LEAK TEST OF EMERGENCY AIR LOCK 

The emergency a i r lock in the containment building was leak- tes ted 
in the same manner as for the tes t of the personnel a i r lock. Gross leakage 
through the outer door was discovered and as a resul t , the leak tes t was 
discontinued and the sea l for the door-opening handwheel shaft replaced. 
The leakage tes t will be resumed short ly. 
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