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PREFACE 

PURPOSE 

The purpose of this monthly repor t is to make available to the fast 
reac tor 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 repor t includes all phases of cur ren t operations 
and maintenance experience concerning the nuclear portion and re la ted s y s ­
tems of the Enr ico Fe rmi 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 , completed or in prepara t ion by Atomic 
Power Development Assoc ia tes , Inc, for the U. S, Atomic Energy C o m m i s ­
sion under Contract No, AT(11- l ) -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 i s 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 compliance ^with the requ i rements of p rovi ­
sional 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 was conducted at power levels below 
I Mwt, through 1965, A high power (200 M-wt) 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 i sed in a s e r i e s of steps 
to 20 Mwt; on Apri l 1, 1966, power was f irs 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 r eade r , 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 cu r 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 imina ry informa­
tion, subject to supersedence in the light of subsequent exper ience . 
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I. CURRENT EXPERIENCE SUMMARY 

The chiseling and a r c melt ing concepts a r e , at p resen t , equally 
p re fe r red as methods of sc rew head removal to free the remaining z i r ­
conium segments from the conical flow guide in the inlet plenum of the r e ­
actor co re . A full-length chisel tool is being fabricated and will be tes ted 
in an improved m,ock-up of the r eac to r inlet plenum to demonst ra te the 
feasibility of the chiseling concept. The development of the a r c melting 
process has been encouraging to date, but additional exper iments a r e r e ­
quired for the selection of optimum e lec t r ica l conditions and geometry. 

One approach being pursued to remove a z i rconium segment that is 
free of the fastening sc rews is to hook a bottom corner , peel the segment 
off the conical flow guide and withdraw it through the 14-inch inlet line with 
a strengthened objec t - re t r ieva l gr ipper . 

An extensive p rogram of viewing and photographing inside the reac tor 
vesse l disclosed no other foreign objects that could cause concern. A num­
ber of smal l metal l ic shavings were sighted in the inlet plenum and some 
were removed. The shavings were identified as 606l aluminum, indicating 
that they likely resul ted from inter ferences between the lighting and viewing 
tubes and the walls of the penetrat ions through the rotating shield plug. 

The resu l t s of exper imental work reasonably confirmed that the z i r ­
conium object removed last month could have blocked coolant flow to sub­
as sembl i e s M127 and M098 sufficiently to have caused the melt ing of fuel in 
the two subassembl ies . 

The bellows fai lures in two valves in the p r imary sodium se rv ice 
sys tem were found to be localized in te rgranular at tack at the inside surface 
of the bellows. The cause of the failures is not present ly known. 
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II. INVESTIGATION OF ZIRCONIUM SEGMENTS 

A. BACKGROUND 

In January 1968, the object discovered in the core inlet plenum was 
identified to be one of six 0..040-inch-tMck z i rconium plates originally in­
stalled on the sloping sec tors of the conical flow guide in the inlet plenum. 
Visual inspection and photography of the inlet plenum showed that the z i r ­
conium l iner plate segment was miss ing from the nor theas t sec tor of the 
conical flow guide and that the z i rconium segments were st i l l in place in the 
other th ree sec to rs of the conical flow guide which were access ib le for view­
ing. Two segments remain to be checked. Inasmuch as the object had ev i ­
dently been torn loose from its installed position, and since it was discovered 
that a segment fastening screw was miss ing from another sec to r , it was 
decided that the remaining segments should be removed, with some con­
s idera t ions to be given to fixing the segments in place as an al ternat ive 
m e a s u r e . 

The most feasible concept for removing the remaining zirconium 
segments involves th ree distinct operations for each segment 

1. Removing the heads of the th ree z i rconium fastening sc rews 
holding a segment in place 

2. Detaching the zirconium segments from the surface of the coni­
cal flow guide 

3. Removing the segments through the 14-inch sodium inlet pipe. 

A number of concepts for sc rew head removal were considered, and of 
these , the mill ing, chiseling, and a r c melt ing methods were believed to be 
the most feasible. Initial engineering effort was devoted to investigating 
the requ i rements for gaining access to the fastening s c r e w s . P re l imina ry 
t e s t s were conducted to determine the energy requi red to chisel off a sc rew 
head, but high-speed movies of the tes t s indicated that t e s t conditions were 
too conservat ive; hence, the resul t ing energy values in the range of 200 to 
250 foot-pounds a r e probably higher than should be reasonably expected. 
The tes t s will be repeated under more rea l i s t i c conditions. Previous infor­
mation in the investigation of the z i rconium segments is given in APDA-
CFE-19 and 20, 
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B. APPROACHES FOR SCREW HEAD REMOVAL 

Figure 4 of APDA-CFE-18 shows the zirconium segments instal led 
on the sloping surface of the conical flow guide and the fastening s c r e w -
heads that mus t be reinoved to free the segments . One sc rew fastens the 
top of each t r iangular - shaped zi rconium segment to the conical flow guide 
and two others fasten the bottom c o r n e r s . F rom visual inspection and 
photography of the four access ib le segments , it is known that one of the 
bottom screws in the southeast sec tor is missing,'"' Although the zirconium 
segoient is miss ing from the nor theast sector (the origin of the object r e ­
moved in March), the th ree fastening screws a r e st i l l in place on the cone 
in this sec tor . 

J. Chiseling 

The initial study showed that it is possible to obtain access to all 
of the fastening screws with a chisel tool inser ted through available pene­
t ra t ions in the rotating shield plug and the core support plate. It was de t e r ­
mined that despite the l imited space in the inlet plenum for ar t iculat ing a 
chisel tool, a single-jointed chisel tool could be addressed to each of the 
fastening sc rews at a sufficiently low a n g l e of a t t a c k ( t h e angle b e ­
tween the axis of the chisel and the plane of the screw head) to shear off the 
sc rew head. It appears that the angle of at tack for the six upper sc rews 
would be in the range of 42° to 51° and for the lower s c r e w s , about 39°, 

This method for removing screw heads appears to have con­
s iderable mer i t . Applying the chisel to the sc rew head from 40 feet above 
requ i res good viewing and lighting, but the chisel method offers the ad­
vantage of repeated t r i e s at shear ing off the sc rew head. No concept has 
yet been developed for recovery and removal of the severed sc rew heads 
but it is felt that this can be done. 

In Apri l , the engineering design of an ar t icula ted chisel tool was 
completed and fabrication s ta r ted . Elements of this tool a r e the subject of 
a pending patent d i sc losure ; therefore , i l lustrat ion and descript ion of the 
tool a r e omitted in this repor t . They will be given in a future repor t , how­
ever . The principle of energy t r ansmis s ion is as follows: A pneumatic 
sys tem is the source of energy which drives a 1-1/2-inch d iameter , 18-
inch-long hammer down 18 inches on a solid rod of 38 feet effective length 
to deliver the chisel impact at the sc rew head. The bottom 2 feet of the 
chisel tool may be ar t iculated up to 10 by rotation of an upper shaft; this 
is accomplished at a bal l joint by action of mating eccentr ic face pla tes . 

A full-length chisel tool of the same design but without the a r ­
t iculation feature is a lso being fabricated for initial mock-up test ing to 

* See APDA-CFE-18 , Page 11 
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demons t ra te feasibility. This tool incorporates the energy t r ansmis s ion 
linkage of the ar t icula ted tool but without the ar t icula ted joint. It is ex­
pected that this tool, being less complex, will be available much sooner 
than the ar t icula ted tool and can be used at an ea r ly date to demons t ra te 
its feasibility. 

2. Chiseling Tests 

Tests to determine the energy requ i rements for chiseling off a 
sc rew head were repeated in Apri l , Test conditions and procedures were 
much the same as those in the tes ts conducted las t month"" except that 
the support s t ruc ture holding the z i rconium plate and fastening sc rews 
was made more rigid to more closely s imulate the rigidity of the conical 
flow guide in the reac tor inlet plenum. Results of the March tes t s (200 to 
250 foot-pounds) a r e believed to have been too high because of the signifi­
cant deflection of the support s t ruc tu re at the chisel impact , as observed 
in high-speed movies of the t e s t s . In the s e r i e s of repea t t e s t s , the chisel 
was applied to the sc rew heads at a 45° at tack angle. Resul ts indicate that 
about 100 foot-pounds of energy del ivered to the chisel at impact will shear 
off a sc rew head in one blow. 

3, Arc Melting 

The a r c melting method is another approach for removal of sc rew 
heads that has shown promise . Resul ts of feasibility tes t s of this concept 
have been very encouraging. It i s , the re fore , intended to proceed with the 
development of this concept in paral le l with efforts on the chisel method 
until a preference can be establ ished, based upon tes t r e s u l t s . 

In the a r c melt ing p rocess , the intense heat generated by an 
e lec t r i c cur ren t a rc ing between an e lect rode and the sc rew head mel t s the 
sc rew head and blasts the debris as ide . A 1/4-inch d iameter , 3 /4 - inch-
long thoria ted tungsten pin imbedded in and extending from a copper te rmina l 
bolt has been the e lectrode used in ea r ly feasibili ty t e s t s . The e lec t rode 
is brought into light contact with the sc rew head and a c i rcui t switch closed 
to s t a r t cu r ren t flow. The heat generated at the light e lectrode contact 
s t a r t s melt ing the sc rew head, breaking the contact,and in turn producing 
the a r c which demolishes the sc rew head. A timing device opens the c i r ­
cuit to t e rmina te the a r c . In the experim.ental work to date, 1500 to 2000 
amps of cur ren t flow at 25 and at 110 volts a -c for 1/3 second has been 
effective in blast ing away the sc rew head. It appears that the application 
of high power and minimum t ime of cur ren t flow a r e important cons ide ra ­
tions for melt ing away the sc rew head while minimizing the quantity of 
deb r i s . 

* APDA-CFE-20 . Section IIL B 
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It is felt that the feasibility of a r c melting as a method of sc rew 
head removal has been sat isfactor i ly demonst ra ted in open air but that more 
exper imental work mus t be done under conditions m o r e near ly simulating 
the in - r eac to r a tmosphere and t empera tu r e . Fur the r effort is requi red to 
deteriTiine optimum e lec t r ica l conditions and the feasibility of the concept 
in the presence of sodium in an iner t a tmosphere . Methods of minimizing 
or collecting and removing the a r c melt ing debr is a r e to be investigated. 

A tool which may be used to apply the electrode to the sc rew head 
is a lso the subject of a pending patent d i sc losure . The principle of the tool 
actuation is as follows: The electrode cable is c a r r i e d in a nonart iculated 
tube and is t runnion-mounted near the bottom end so that when the cable is 
advanced the e lect rode may be pivoted to approach the sc rew head coaxially. 
It would be possible to add an ar t iculat ing a r m feature if needed to afford 
g rea te r flexibility for positioning the e lec t rode . The engineering design of 
the trunnion tool is presently underway. 

4, Milling 

Milling is another method for sc rew head removal that was con­
s idered worthy of investigation. In the tes t of one concept, a bal l -shaped 
file of about the same d iameter as the sc rew head successfully cut away a 
sc rew head when operated at 30, 000 rpm. The resul t ing chip size was ex­
ceedingly smal l and, therefore , probably would cause no concern if left in 
the reac to r . Another mill ing concept is a trepanning cutter which, operating 
in the manner of a cookie cut ter , cuts into the z i rconium plate around the 
sc rew head to free the plate from the fastening sc rew. A disadvantage 
evident in initial tes t s was the high axial force (300 pounds) requi red to cut 
through the zirconium plate around the sc rew head. 

In view of the more advanced p rog re s s and promise in the ch i se l ­
ing and a r c melting concepts, the mill ing method was assigned lower p r i ­
ori ty so that more effort could be concentrated on these two concepts . 

C. FIXING ZIRCONIUM SEGMENTS IN PLACE 

As an a l ternat ive to removing the remaining z i rconium segments , 
the possibil i ty of fixing the segments in place was considered. The feas i ­
bility of fixing in place was demonstra ted in the use of an explosive p r o -
pellant device to nail a z i rconium plate secure ly to a 6-inch s ta in less s tee l 
pipe of 0. 432-inch wall th ickness . The device, which employs a car t r idged 
powder charge as the propellant and fires a 3/16- inch d iameter , 3 /4 - inch-
long^bullet-nosed fastening pin, is commonly used to fasten construct ion 
m a t e r i a l s . 
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No further investigation of fixing segments in place is planned at the 
present t ime because of the favorable p rog res s made in developing concepts 
for segment removal , 

D. APPROACHES FOR DETACHING ZIRCONIUM SEGMENTS 

After the sc rew heads a r e removed, it is not likely that the z i rconium 
segments will be free enough of the conical flow guide so that they can be 
immediate ly handled for removal in the same manner as the object removed 
las t month. If the sc rew heads a r e chiseled off, meta l peening will undoubt­
edly offer r e s t r a in t to the segment; the a r c melt ing p rocess might leave 
some res t ra in ing debr i s . The present plan, therefore , is to have tools 
available to dislodge the segments from the surface of the conical flow guide. 
The concepts of two tools to se rve this purpose a re present ly being inves t i ­
gated to de termine thei r feasibility. 

One tool is a shover device wherein a s e r r a t e d surface of the tool 
exer ts a downward force on the upper surface of the segment to shove the 
segment tangentially off the conical flow guide. The other tool is a hook 
device which would engage in the lower corner of the segment and peel the 
segment free. The la t ter device, t e rmed a peeling tool, offers the additional 
advantage of sufficiently deforming the lower co rne r s of the segments so 
that they may more easi ly be withdrawn through the 14-inch inlet pipe (see 
Sec. II. E). There is sufficient evidence to believe that a smal l space exis ts 
between the segment and the cone at each bottom corner to pe rmi t engaging 
the peeler tool. The conceptual design of these two tools has jus t been 
s tar ted , 

E . PLANS FOR SEGMENT REMOVAL 

It is planned to remove the five remaining zi rconium segments through 
the 14-inch sodium inlet line of the No, 1 p r i m a r y loop in the same manner 
in which the object was withdrawn las t month. It is expected that the sp ine-
type manipulator and the ob jec t - re t r i eva l device will be used for this r e -
nioval operation.''" 

A feasibility study indicates that it should be possible to withdraw the 
segments through the inlet line without difficulty. Although, in the wors t 
condition, a 0. 036-inch -wide in terference could exist at the 10-inch ID shield 
ring in the inlet plenum nozzle (the mos t r e s t r i c t ive section of the inlet 
l ine), the use of the peeler tool to deform the segment and reasonable ca re 
in orienting the segment should ensure its unobstructed passage through the 
inlet l ine. In addition, it is planned to add strengthening features to the 

* See APDA-CFE-20 , Sec, II 
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r e t r i eva l gr ipper to provide for a f i rmer g rasp of each segment and for 
be t ter control of orientation of each segment. The additional features 
planned for the r e t r i eva l gr ipper a r e present ly in the ear ly stages of con­
ceptual design; they will be descr ibed in a future repor t . 

To obtain a more f i rm grasp of the ent i re segment, a l te rna te con­
ceptual designs were made of a br idle to hold a segment during removal . 
These concepts employ cage and basket devices , in lieu of the r e t r i eva l 
gr ipper , which a r e controlled by cables through the ob jec t - re t r i eva l device. 
The br idle concept has , however, been assigned a low pr ior i ty in the p r o ­
gram of development of tools and devices . 

F . MODIFICATION OF REACTOR VESSEL MOCK-UP 

Work was s ta r ted this month to iinprove the existing inlet pipe and 
reac to r vesse l mock-up'"' to more closely s imulate the conditions that will 
exis t during the intended operations to remove the remaining z i rconium 
segments . The intent is to es tabl ish mock-up conditions that a r e as r e ­
a l is t ic as possible for the test ing of all tools and devices fabricated for the 
segment removal p rog ram as complete s y s t e m s . The most significant iiii-
provements to the existing mock-up a r e as follows: 

1. The remaining half will be added to the mock-up so that lighting 
and viewing conditions in the inlet plenum of the r eac to r core 
may be simulated« 

2. A s ta in less s tee l conical flow guide with z i rconium segments 
fastened by sc rews in five sec to r s will be instal led. The com­
plete sc rew head removal and segment dislodging operations can 
then be t r ied out, 

3. An elevated s tee l platform will be erec ted and features added to 
s imulate the top of the rotating shield plug, access ib le pene t ra ­
tions for tools and devices , and the obstructing upper s t ruc tu res 
of r eac to r mechanisms and other plug-top mechan i sms , 

G. ASSIGNMENT OF APDA ENGINEERING DESIGN GROUP AT FERMI 

In Apri l , the APDA Engineering Design Group, assigned to the z i r ­
conium segment removal p rogram, was assembled at the Enr ico F e r m i 
Atomic Power Plant . This m e a s u r e was undertaken to improve communi­
cations with plant operating and maintenance personnel and to afford engi­
neer ing design personnel the opportunity to have d i rec t acces s to the physica 
environment during design and mock-up test ing. 

* See page 15 of APDA-CFE-14 and Figure 17 of APDA-CFE-1 6 
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III. INSPECTION OF INTERIOR OF REACTOR VESSEL 

Immediately after the removal of the f i rs t z i rconium segment (the 
object) from the reac tor vesse l , a thorough borescope inspection of the 
in ter ior of the reac tor vesse l was ca r r i ed out in a s ea rch for other loose 
objects and, general ly, to.look for any abnormal conditions. There was 
extensive viewing in the upper r eac to r compar tment and in the inlet plenum 
to the reac to r core . A total of 270 photographs was taken, of which those 
shown in this section a r e represen ta t ive . Details of the inspection a r e 
given below. 

A. VIEWING AND PHOTOGRAPHING THE 
UPPER REACTOR COMPARTMENT 

Figures 1 through 7 a r e represen ta t ive of photographs obtained of 
details in the upper reac to r compartnient and of the support plate. There 
were no loose or foreign objects sighted in the upper r eac to r compar tment , 
nor was there any evidence of damage except the condition of the orifice 
r e t a ine r spr ing fingers in lattice position N 0 7 - P 0 Q . As can be seen in 
Figure 7, severa l of the orifice re ta ine r spr ings in N 0 7 - P 0 0 appear to be 
bent, presumably resul t ing from inser t ion of the spher ica l m i r r o r support 
post (see inset photograph) in this position,'"' Viewing revealed no evidence 
of eros ion of core subassembly seating surfaces due to sodium leakage 
around subassembly nozzles . Photographs such as shown in Figure 6 were 
not sharp enough to confirm th is , however. 

The holddown and sweep""'" mechanisms and the OHM appeared to be 
in normal condition; in appearance , all mechanisms were typically light 
gray with light brown s ta ins . It is intended to remove the sweep mechan ism 
in the near future to permi t additional access for tools and devices for r e ­
moval of the z i rconium segment in the north sec tor . The inspection un­
covered no evidence of any condition that would suggest difficulties after 
re ins ta l la t ion of the sweep mechanism in the r eac to r . 

Attention was directed to the exposed walls of the lower safety rod 
guide tube in position N 0 3 - P 0 0 a n d core subassembly M094 in position 
N 0 3 - P 0 1 because of apparent discolorat ions that were observed on each 
during an inspection in Septeinber, 1967. These s ta ins , located at the top 
of each element, were st i l l in evidence, and s imi l a r s ta ins , greenish in 
color, were sighted at the bottom of each i tem. 

* APDA-CFE-18 , 19, 20 
** APDA-CFE-4 , Page 26 
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FIG. 1 REACTOR CORE AND BLANKET LATTICE 
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FIG. 3 UNDiRSIDi OF ROTATING SHIELD PLUG NEAR HOLDDOWN 
AND PENETRATION THROUGH ROTATING PLUG 
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FIG. 4 CLOSE-UP OF SUPPORT PLATE 
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FIG. 5 ORIFICES IN BLANKET POSITIONS IN LOWER SUPPORT PLATE 



FIG. 6 SEATING SURFACE IN LOWER SUPPORT PLATE FOR CORE SUBASSEMBLY NOZZLE 

17 



FIG. 7 BiNT ORIFICE lETAINER SPilNGS IN ILANKET POSITION 
N07-P00 IN LOWER SUPPORT PLATE 
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It was thought possible that photographs of an a r r a y of subassembly 
handling heads could be analyzed to give an indication of gross dis tor t ion 
of any subassembl ies . However, photographs taken to date, such as those 
in Figures 1 and 2, have not been c lear enough to provide sufficient r e s o l u ­
tion to allow lowering of the HDM without a m o r e detailed dimensional in ­
spection of each subassembly, 

B. VIEWING AND PHOTOGRAPHING THE CORE INLET PLENUM 

1, Zirconium Screws and Acorn Nuts 

The borescope inspection in the core inlet plenum confirmed that 
the z i rconium screws fastening the z i rconium segments on the conical flow 
guide were in place in the nor theast , northwest , southeast^and southwest 
s e c t o r s . The lone exception was one bottom sc rew miss ing from the south-
west sec to r . As had been discovered ea r l i e r , the zirconium segment was 
miss ing fromi the nor theast sec tor but the th ree sc rews were st i l l in p lace . 
Viewing of the sc rews in the north and south sec to r s is s t i l l not possible b e ­
cause of in terference by the sweep mechanism and core subassembl ies r e ­
maining in the support p la te . 

All but two of the acorn nuts fastening the batten s t r ips which 
cover the joints between sections of the z i rconium l iner were vie"wed and 
found to be proper ly in place. The positions of the innermost nuts immed i ­
ately north and south of the center of the plenum were not access ib le for 
viewing because of sweep mechanism and subassembly in ter ference , as 
indicated in Figure 8, 

2. Discovery and Removal of Small UFOs 

Detailed borescope inspection and photography in the core inlet 
plenum indicated that there a r e no other l a rge , loose objects in this a rea ; 
however, a number of very smal l objects (UFOs) were sighted on the floor 
of the inlet plenum. Some of these were of sufficient size to be reinoved by 
the spine-type manipulator used in handling the zirconium object.''"' Eight of 
these UFOs, found in locations shown in Figure 8, were identified by number , 
investigated, and photographed. The zi rconium object removed las t month was 
was identified as UFO No, 1, Details of the newly-discovered UFOs a r e as 
follows: 

• UFOs No, 2, 4, and 7 were curly pieces of meta l s imi l a r to 
lathe shavings, about 1/2 inch by 1/4 inch and sma l l e r . UFOs 

* APDA-CFE-18 , Page 11 
** APDA-CFE-20 , Section II 
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N o . l Loop Inlet 

Spine-Type Manipulator 

^ of RP Rotation 

Acorn Nuts 

Not Access! bl€ 
for Viewing 

5^*^ - No.2 Loop 

No.3 Loop 

Viewing and 
Spine Tool Locations 

Paths of Penetrations 
Through RP 

FIG. 8 LOCATIONS OF SMALL UFOs DISCOVERED IN INLET PLENUM 
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No. 2 (Figure 9) and 4 were removed from the reac to r and 
determined by analysis to be Type 606l aluminum. 

• UFOs No. 3 and 8 were of cha r red paper tex ture . Both were 
removed from the reac to r ; analysis is as yet incomplete. 

• UFO No. 5 initially had the appearance of a 1/4-inch screw, 
1/4 inch long. Efforts to remove this UFO were unsuccessful, 
since it tended to blend into the res idual sodium on the floor 
of the inlet plenum when moved by the spine-type manipulator . 

• UFO No. 6 was an object es t imated to be less than 1 inch long. 
It was grasped by the spine-tool gr ipper (Figure 10) but was 
lost as the tool was taken out of the r eac to r , 

• UFO No. 9 appeared to be a very smal l cyl indrical object. No 
attem.pt was made to remove it. 

Other metal l ic pieces sma l l e r in size than those removed were 
observed but no at tempt was made to remove them. It is felt that these 
pieces r e p r e s e n t no hazard to the future operat ion of the r eac to r . 

It is in teres t ing to note that, as can be seen in Figure 8, al l the 
UFOs were found in the path of the rotat ing plug penetra t ions . F rom a sub­
sequent inspection of the borescope, it appears likely that the aluminum 
UFOs resu l ted from interferences between the Type 606l aluininum borescope 
and light tubes and the walls of the rotat ing shield plug penetrat ions or the 
penetrat ion sea l s . 

3. Cleanliness of the Inlet Plenum 

It was observed that the south, southwest, and northwest sec to r s 
of the inlet plenum were quite clean, (see Figure 11 showing the loop 3 
inlet a rea) except under the core in the southwest and northwest s e c t o r s . These 
la t te r two a r ea s and most of the east side of the plenum were dir ty, as 
shown in Figure 12, probably due to the extensive removal operat ions and 
tool activity. It is believed that the crud in these dir ty a r e a s is the resu l t 
of solidified sodium and sodium oxide dropping from the sides and bottom of 
the rotat ing plug and the penetrat ions through the plug utilized for the r e ­
covery operat ions . Sodium fill, heat -up, and cold-trapping of the p r i m a r y 
sys tem, planned for the near future, a r e expected to r e s t o r e the fo rmer 
s ta te of sodium purity and p r i m a r y sys tem c leanl iness . 
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FIG. 9 UFO NO. 2 IN INLiT PLENUM 
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FIG. 11 CLEAN WEST SIDE OF INLET PLiWyM 
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FIG- lUD IN EAST SIDE OF INLiT PLENUM 



C . DIFFERENCE BETWEEN VIEWING AND PHOTOGRAPHING 

There is usually a notable difference between the image viewed in 
the r eac to r through the borescope and that photographed. The eye is able 
to adjust to bring into proper focus the ent i re image within the field of 
view. The camera , on the other hand, is focused on the center of the 
image, resul t ing in loss of c lar i ty and distort ion at the outer edges of the 
field. 
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IV. OPERATIONS 

A, REACTOR SUBASSEMBLY MOVEMENTS 

As shown in the reac tor loading d iagram (Figure 13), one core sub­
assembly was moved to a different position in the reac tor during Apr i l . 
Core subassembly M082 was moved from P 0 5 - P 0 1 to N 0 5 - P 0 4 for the 
purpose of opening up an additional support plate position for inser t ion of 
the spine-type manipulator with the borescope and light source for removal 
of the small foreign objects sighted on the west side of the inlet plenum. 

The offset handling mechanism and the rotating shield plug were oper 
ated in the automatic mode for this subassembly move. The intended des t i ­
nation of the subassembly was lattice position N 0 3 - P 0 5 , but after a number 
of unsuccessful a t tempts to inser t it at that position, the subassembly was 
deposited in a l ternate position N 0 5 - P 0 4 . There were only two adjacent 
surfaces available for camming the subassembly into the intended position 
N 0 3 - P 0 5 , and, in such a case , it is not unusual to encounter difficulty in 
inser t ing a subassembly into a lat t ice position. Frequently, a subassembly 
is p recammed in another position where m o r e camming surfaces a r e ava i l ­
able to aid in final inser t ion. No difficulty was experienced in inser t ing the 
subassembly into position N 0 5 - P 0 4 . 

B. MELTING SODIUM IN THE 14-INCH 
SODIUM INLET LINE OF LOOP NO. 1 

In prepara t ion for the planned sodium fill and clean-up operations in 
the p r imary sodium sys tem, the sodium in the 14-inch inlet line of loop 
No. 1 was melted and brought to a t empera tu re of about 350 F, In Section 
III. A of APDA-CFE-18 , it was shown how the sodium level was lowered in 
this line back to near the pump discharge and the pipe cooled to provide a 
reasonable m e a s u r e of comfort to plant personnel at the top elbow in z i r ­
conium object removal operat ions. 

Insulation and induction hea ters were re insta l led on the elbow and 
heating c i rcui ts r e s to red to their a r r angement pr ior to the modification for 
cooling the elbow. Melting of the sodium was accomiplished in a sequential 
manner , beginning in the a rea of the elbow (the gas space above the sodium 
level) and working back toward the pump d ischarge . During the period of 
sodium melting, pipe hea ters were a l ternate ly energized and de-energ ized 
to provide success ive periods of heating and soaking to preclude pipe s t r e s s 
difficulties. After about two days of melt ing and heat-up, the t empera tu re 
of the inlet line reached a steady 350 F. 
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SR Safety fod No. «0192-
OR Osdllotor Rod 
CS Core Shim Subassembly 
CF Core Foil Subassembly 
BF Blanket Foil Subassembly 
CT Cooree Filter, Take-apart, Dummy Core i 

NOTE: Dummy Core subassemblies in the reactor mi 
"Core A" core subassembly specifieafions and bear t 
suffix "CF" 

NA Sodium Worth Subassembly 
NS Neutron Source 
TIT Temporary Instrument Thimble 
MS APDA Materials Surveillonce Subassembly 
M Subassembly Marjufaotured by D.E. Mokepeoee Co. 
S Subassembly Manufactured by Sylcor Divlsioi, 

Sylvania Electric Products Co. 
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FIG. 13 REACTOR LOADING ON 4-30-68 
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C. GAS SYSTEMS PERFORMANCE 

Since the las t data were repor ted ' ' \ the following p r imary sys tem ga 
activity and cover gas analyses have been made: 

1, P r i m a r y System Gas Activity 

Gross Beta 
Sample Concentration, 

Location Date mic rocu r i e s / cm 

Reactor Cover Gas 4-5-68 
P r i m a r y Shield Tank 4-11-68 
Reactor Cover Gas 4-11-68 
P r i m a r y Shield Tank 4-19-68 
Reactor Cover Gas 4-19-68 
P r i m a r y Shield Tank 4-Z5-68 
Reactor Cover Gas 4-Z5-68 

2. P r i m a r y Systein Cover Gas Analysis 

P r i m a r y Shield Tank 
Reactor Cover Gas Atmosphere (Nitrogea/, 

9. 9 X 10" -7 

Not Detected 
2. 
3 . 
5. 
2. 
2. 

0 
5 
2 
5 
5 

X 

X 

X 

X 

X 

10' 
10' 
10' 
10-
10-

- 8 

-8 
-6 
-8 
-6 

* — ^ 1. . , „ „ 1 „ ^ . = . * (Argon), ppm by volume'*' ppm by volume 

Oxygen Belo'w 25 
Carbon Monoxide Below 10 
Carbon Dioxide 25 
Hydrogen Below 4*** 
Helium Below 4 
Methane Below 10 
Nitrous Oxide Not Measured 
Argon Remainder 
Nitrogen 2000 
Dew Point Not Measured 

80 ** 
Below 
25 
Below 
Below 
Below 

10 

2. 5 
4 
10 

Not Measured 
0 . 7 
Remainder 
-55 F 

* Sample dates for reac tor cover gas and p r imary shield tank a tmosphere 
a r e 4-25-68 and 4-6-68, respect ively 

** Technical specifications state 1000 ppm maximum 
*** 10 ppm is the recommended maximum for reac to r operations 

* APDA-CFE-20 
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V. SPECIAL INVESTIGATIONS 

A. SUBASSEMBLY FLOW BLOCKAGE TEST 

1. Melting of Two Subassemblies by Blockage of Coolant Flow 

A recent study indicated that the melt ing of subassembl ies M127 
and M098 during the incident of October 5, 1966, would have required a lmost 
complete blockage of coolant flow to the subassembl ies . The study cited 
95% blockage of M098 and 96% blockage of M127 as requi red conditions to 
initiate melt ing at the power levels of operation on that date. An expe r i ­
mental p rogram was therefore undertaken to confirm the liklihood that it 
was indeed the f i rs t z irconium object in its ba t te red shape that caused flow 
blockage and, hence, meltdown of the subassembl ies . 

Ear ly photographs of the object in the r eac to r revealed a flat s u r ­
face that could have covered a number of support plate holes and prevented 
coolant flow to the subassembl ies . The faint c i rcu la r score marks discovered 
on the surface of the object'' ' when it was removed from the reac tor added 
support to the belief that the object had caused flow blockage. A model of 
the object, fabricated to dimensions determined from analysis of photographs 
in the inlet plenum, was used in hydraulic flow tes t s to confirm the flow 
blockage theory. The actual object a lso was used following its removal from 
the r eac to r . 

2. Hydraulic Test Loop Simulating Reactor Flow Conditions 

An available hydraulic tes t loop was adapted to include a windowed 
chamber which simulated the core inlet plenum and contained a 12-hole mock-
up support plate with individual discharge pipes. The model of the object 
was located at the bottom of the mock-up support plate aligned in positions 
believed to be prac t ica l for preventing flow. Figure 14 is a photograph of 
the hydraulic loop and equipment; Figure 15 is a schemat ic of the tes t loop, 
and Figure 16 shows the actual object, following its removal from the r e ­
ac tor , against the bottom of the mock-up support plate. Reactor flow con­
ditions of 100 gpm through each support plate opening and a p r e s s u r e differ­
ential of 22 to 23 psi were established as initial tes t conditions. It was 
possible to accura te ly m e a s u r e the flow through individual channels to de ­
t e rmine the degree of blockage. 

* See APDA-CFE-20 , Section XL D. 4 
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FIG. 14 HYDiAULIC LOOP AND TIST CHAMBEi FOR SUBASSEMiLY FLOW BLOCKAGE TESTS 
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FIG. 15 SKETCH OF HYDRAULIC LOOP AND TEST CHAMBEI FOR SUEASSiMBLY FLOW BLOCKAGi TESTS 
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FIG. 16 ZIRCONIUM OBJiCT HELD AGAINST UNDERSIDE OF MOCIC»UP BOTTOM 
SUPPORT PLATE IN FLOW BLOCKAGE TEST CHAMBER 



In initial t e s t s , the model of the object made from photographs 
was used. When the zirconium object was removed from the reac to r and 
cleaned and decontaminated, it was used a l so . For subsequent t es t s in­
volving deformation of the object, a model was made to dimensions of the 
object. 

3, Verification of Zirconium Object Blocking Coolant Flow 

Results of tes ts .of the initial model produced from the photo­
graphs of the UFO indicated flow blockage values lower than those predicted 
for melting. When an accura te model of the actual object was used following 
removal from the reac to r , the resul ts were bet ter but s t i l l short of the 
predict ions . In one tes t using the model of the actual UFO, flow blockages 
of 86% and 81% in adjacent holes was obtained; and in another t ry , 65% and 
7Z%. When this same model was somewhat flattened, the blockage values 
became 97% and 97%. When the actual object was tes ted, success ive r e ­
sults of 88% and 28%, and 90% and 30% were obtained on adjacent holes . 
The plenum p r e s s u r e was then increased to 29 psig to bet ter s imulate the 
proper t ies of the zirconium at reac to r inlet t empera tu re s of approximately 
500 F. Under this condition, the blockages were determined to be 92% and 
30%. 

Even though the es t imated blockages of 95% and 96% were not 
attained under what were thought to be rea l i s t i c conditions, the exper imenta l 
resu l t s were encouraging enough to provide a reasonable verification that 
the z i roncium object was responsible for blocking coolant flow to the extent 
that would cause fuel melting in subassembl ies M098 and M127. It is pos ­
sible that the object was more favorably shaped for blocking coolant flow 
at the t ime of the incident than it was following removal from the reac to r . 
The object had to be handled very roughly during the removal operations and 
could easi ly have been dis tor ted from its original shape. 

B. NQNFISSIONABLE MATERIALS SURVEILLANCE PROGRAM 

Elec t r i ca l r es i s t ance measure inen t s of the remaining ten tensi le 
specimens i r rad ia ted in MS-1, the ma te r i a l s survei l lance subassembly in 
the r eac to r , and removed from MS-1 las t month were completed in Apr i l . 
E lec t r i ca l r e s i s t ance measuremen t s of the f i r s t 12 spec imens , which a r e 
Inconel X-750 and representa t ive of subassembly spr ing m a t e r i a l s , we re 
completed in March. The twenty-two tensi le specimens had been i r rad ia ted 
to a maximum neutron exposure of about 1,2 x lO -̂*- nvt (E>0. 1 Mev). P r e ­
vious information about the survei l lance p rog ram is given in APDA-CFE-20 , 
Section VII, 

The ten specimens tes ted in Apri l a r e Types 304 and 347 s ta in less 
s teel , equally divided, and a re represen ta t ive of r eac to r vesse l and core 
support plate ma te r i a l , respect ively . These specimens were subjected to 
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fractions of the maximum flux ranging between 0, 15 for the specimen po­
sitioned 23, 4 inches above the core midplane and 0, 99 for the specimen 1, 5 
inches below the core midplane. The changes between p re i r rad ia ted and 
i r rad ia ted values of e lec t r ica l res i s tance a r e very smal l and a r e e s s e n ­
tially within the range of experi inental e r r o r . It may be said, therefore , 
that for these s ta in less s teel spec imens , there was no significant change in 
e lec t r i ca l r e s i s t ance due to i r radia t ion . 

It is intended that th.e twenty-two survei l lance specimens will next 
be the subjects of physical test ing such as tensi le test ing and measu remen t 
of ha rdness . 
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VI. MAJOR EQUIPMENT 

A, EXIT PORT INSPECTION FACILITY 

1. Plans to Exanaine Reactor Subassemblies for Bowing 

Efforts a r e being concentrated on that phase of preopera t ional 
test ing to determine the dimensional gauging capability of the exit port in­
spection facility. The present expectation is to utilize the facility to examine 
reac to r subassembl ies for bowing, especial ly those in the southeast quadrant 
that were near the melted and damaged subassembl ies at the t ime of the in­
cident of October 5, 1966. Several mechanical problems descr ibed in Section 
V. A of APDA-CFE-19 mus t be resolved. The design effort nece s sa ry for 
the requi red modifications is present ly underway. E a r l i e r information 
about the exit port inspection facility has been given in previous repor ts . ' " 

2. Testing Dimensional Gauging Capability 

As repor ted in Section VI of APDA-CFE-20 , the resu l t s of a 
dimensional survey of a dummy core subassembly containing depleted u r a n i -
ujii fuel pins in the exit port inspection facility compared favorably with d i ­
mensional data obtained on the gauging fixture in the Fuel and Repair building 
(FARB). As repor ted further, a dimensional survey of an empty dummy 
subassembly, however, produced sca t te red r e s u l t s . Another dimensional 
survey of the duiTimy subassembly, this t ime at a t empera tu re of about 350 F , 
again produced data significantly different from that obtained from the FARB 
gauging fixture and also inconclusive and sca t te red . A dimensional check of 
the dummy subassembly on a precis ion surface plate supported the validity 
of the data obtained from the FARB gauging fixture; therefore , attention was 
di rec ted toward details of the inspection facility in a s e a r c h for influencing 
fac tors . 

Representa t ives of Keuffel and E s s e r Co. , vendors of the optical 
equipment, when consulted about the dimensional gauging problem, concurred 
in the use of the taut ver t ica l wire as a benchraark for m e a s u r e m e n t s , but 
suggested a refinement in the t r ans i t measur ing method. A collimating 
<-echnique was recommended to ensure that a l l measu remen t s be made with 
the t r ans i t line of sight normal to the viewing window to el iminate e r r o r s 
due to refract ion through the windows. It is intended to demons t ra te the 
collimating technique and to determine if improvements in dimensional 
gauging will resu l t . 

* APDA-CFE-5 , 8, 9, 10, 16 through 20 
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B, FUEL TRANSFER FACILITY 

In Apri l , the qualification tes t s of the FARB section of the new fuel 
t r ans fe r facility were sat isfactor i ly completed. In these tes ts the initial or 
one- t ime conditions and settings of equipment, controls and instrumentat ion 
were establ ished. A descr ipt ion of the facility and other information a r e 
given m previous r epo r t s . 

The preoperat ional t e s t s , the second of th ree s e r i e s of t e s t s , were 
s t a r t ed in Apri l to proof-demonstra te the routine p repa ra to ry steps to be 
accomplished in advance of each operation of the facility. Heaters in the 
t r anspor t and gr ipper casks were energized and the specified t empera tu re 
of 320 F in the t r anspor t cask and 500 F in the gripper cask were attained. 
The casks were purged with iner t argon gas, and then a positive argon 
p r e s s u r e of 4 -1 /2 inches water column was maintained. An argon p r e s s u r e 
of 2 psig was applied as a buffer to shaft sea l s , valve gate sea l s , and inner 
face s ea l s . No difficulties have been experienced to date. 

The third and final s e r i e s of tes ts is the fuel t r ans fe r facility is the 
acceptance se r i e s or proof demonstra t ions of the proper functioning of the 
facility. It is expected that the acceptance tes ts will be completed next 
month. 

* APDA-CFE-10 , 19, and 20 
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VII. MAINTENANCE 

A, REPAIR OF FAILED SEAL BELLOWS 
OF VALVES V516 AND V502-1 

1. Access to Valve.Locations 

In Apri l , the cold t r ap room in the p r i m a r y sodium serv ice build­
ing was penetrated for access to valves V516 and V502-1 in the p r i m a r y 
sodium serv ice sys tem for investigation and repa i r of indicated sodium 
leaks through the valve bellows sea l . Leak detector a l a r m s had indicated 
a leak in V502-1 in December , 1967 and V516 in January , 1968, The location 
of the two valves is shown in Figure 17, a schemat ic d iagram of the p r imary 
sodium serv ice sys tem. Valve V502-1 is in the discharge line from No. 1 
s torage tank, and V516 permi ts the flow in the p r i m a r y sodium serv ice s y s ­
tem to bypass the cold t r ap , hot t r ap , plugging indicator, and the sample 
coil. 

Inasmuch as the p r imary sodium serv ice sys tem was not in ope r ­
ation and a nitrogen a tmosphere was being maintained in the cold t r ap room, 
it was decided at the t ime the leaks were observed to delay investigation 
and repa i r of the suspected leaks and combine it with maintenance and repa i r 
of the cold t rap room cooling system,'*" 

Access to the cold t r ap room was obtained by removing the blocks 
of concrete forming a 6-foot-thick shield wall and cutting a hole in the inner 
wall s teel liner.''"'" A pre l iminary radiat ion check through the wall monitoring 
port into the a rea had revealed that the radiation level jus t inside the wall was 
25 m r per hour. There was no evidence of free sodium in the room. Radi ­
ation levels of 40 mr per hour in the center of the room and a maximum 1800 
m r per hour at the cold t r ap were observed. 

2. Repair of Valves 

The existence of sodium in the valve body penetrat ions for the leak 
detector probes verified leaks through the bellows of both valves . This in­
vestigation was initiated following maintenance and repa i r of the cold t r ap 
room cooling sys tem and the es tabl ishment of an a i r a tmosphere in the cold 
t r ap room. After the valves were cooled and a freeze seal establ ished on 

* See Section VII. B 
** See Figure 19 
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FIG. 17 SCHEMATIC DIAGRAM OF PRIMARY SODIUM SERVICE SYSTEM 
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ei ther side of both valves, d isassembly of the valves and cleaning of par ts 
were accomplished in the same manner as for a previous be l lows-sea led 
valve repa i r ,* Dry ice freeze boxes enclosed the valves (see Figure 19), 

A new bellows was installed on each valve and the valves r e a s ­
sembled ready for se rv ice . The cold t r ap room containment was r e e s t a b ­
lished and the internal nitrogen a tmosphere r e s to red . 

3. Bellows Fa i lu res 

A c i rcumferent ia l c rack was observed at the be l lows- to -sea l 
plug weld on the bellows from V516 (Figure 20); there was no observable 
evidence of failure on the bellows from V502-1. A subsequent metal lographic 
analysis of the bellows from V502-1 revealed many smal l longitudinal c racks 
within one convolution of the center weld between the two sections of bellows. 
The fai lures in both valves were found to be localized in te rgranular at tack 
s tar t ing at the inside or gas side of the bellows. The fai lures were not the 
resu l t of s t r e s s . Neither observation nor metal lographic examination r e ­
vealed any evidence of the cause of the fa i lures , 

B, MAINTENANCE AND REPAIR OF COOLING 
SYSTEM FOR COLD TRAP ROOM 

Before the bellows valve repa i r (above) was undertaken, routine in­
spection and maintenance and repa i r of a freon-22 leak in the re f r igerant 
cooled ventilation sys tem for the cold t rap room and sodium tunnel to the 
reac tor building were completed. The function of the ventilation sys tem, 
shown schematical ly in Figure 21 , is to maintain a rec i rcu la ted nitrogen 
a tmosphere below 150 F in considerat ion of the s t ruc tu ra l p roper t ies of the 
concrete walls enclosing the cold t r ap room and the tunnel. The nitrogen 
a tmosphere maintained at less than 5% oxygen and at a positive differential 
p r e s s u r e of 0, 5 inch water column minimizes the hazard of fire from sodium 
leaks . 

Normal routine inspection and maintenance of the components of the 
ventilation sys tem were conducted and the equipment was found to be gen­
era l ly in good condition. It had been two years since the previous inspection 
and maintenance period. The freon-22 leak was at a flange fitting at the d i s ­
charge from the compres so r . Replacement of the flange gasket and soft 
washers under the flange bolts and nuts appeared to stop the leaks . 

During the maintenance and repa i r period, the rec i rcu la t ing nitrogen 
used as a cooling medium was replaced by outside a i r drawn in by the blower 

* APDA-CFE-17 , Page 26 
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FIG. 18 ENTERING PENETRATION THROUGH 
SHIILD WALL OF COLD TRAP ROOM 
IN SODIUM BUILDING 

, ' ' * 

FIG. 19 DRY ICi FREEZE lOX INSTALLED 
AROUND BODY OF VALVE V516 

^Ad 
[ im VALVE V516 
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FIG. 21 SCHEMATIC OF ¥ENTILAflON SYSTEM FOR COLD TRAP ROOM AND TUNNEL 



through a t empora ry opening in the blower housing and discharged through 
the cold t rap room and the tunnel and out to a tmosphere through a t empo­
rar i ly-opened manhole in the top of the absolute filter vault (Figure 21). 
The valve bellows repa i r (Section VILA) was accomplished a lso during this 
period of a i r circulat ion. When the maintenance work was completed, n i ­
t rogen rec i rcu la t ion was r e -es t ab l i shed to r e s t o r e the ventilation sys tem to 
its normal operating condition. 

C. INSTALLATION OF FFEDWATER FLOW ORIFICES 
IN THE NO. 3 STEAM GENERATOR 

During Apri l , feedwater flow orifices were installed in the 1200 tubes 
of the No. 3 s team genera tor . Details of the flow orifice and its installat ion 
were given in a previous report."^ After the orifice sleeve inser t s were 
rolled into the tubes at the water inlet header , the tube- to- tubesheet welds 
were leak-tested by the gas bubble method. There were no leaks detected. 
This completes the p rogram of tube- to- tubesheet weld r epa i r s and ins ta l la ­
tion of feedwater flow orifices in all three s team genera to r s . 

* APDA-CFE-12 
** See APDA-CFE-15 , Section IV. B 
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