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~ ABSTRACT

rhis zepo:t cansututes tbe general caocensus of a Mris Det‘uelmg

»a

‘:Haxtiny cxonp v!uch was esmnsm by tbe U.s. Depart-ent of mergy;

'chtough msr: Idaha Inc., to obtam uca-mdﬂ:mns from nuclm mduscty‘

' ‘xepresencacim mcemmg eechniqm tor m:ng fuel debris ftm the

<1£-2mcto:vesse1 [

Thecurmt configuration of the reactor core iltetials is
' cbazacteriud bdased an :he best infomt:.im avazlable to t:he qmnp The

overazl .core. :wval phzlasophg of tbe qrwp is doct-ented rhe type of
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,iequipnnt reca—mded for coxe ml is descubed rbe nead fat

dovelop-ent testmg to. support the design and operatim at t.be egux,p-ent is
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'Defueliq the m.z Reactor Core. ns ﬁrst pnblislled in llu 190315 a

‘letter report.
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1-0{ mmucrmn .

In February. 1983 Hr T c. Runion. EGI-G Hanager, Haste Imbﬂization'

- “and Reactor Evaluation (HIRE) Progra organized a Debris Defueling Horking
“Group.* The objectives of the group were to provide ‘industry and- -

'U.S. Department of Energy (DOE) experience and recommendations:to: General
Public Utilities (GPU) on techniques for removing fuel debris ‘from the ° :
reactor vessel. - Meetings of the: group were held at Three Mile Island (IIII)

" “onMarch ‘3, March 17 and Apri) 7. A number of proposals and options were .

 considered and evnluated. and-a- preferred syste- evolved uhich representeﬂ
the general concensus of the gronp. : : -

h Rockwell Dehris l)efueling Teal** was asse-bled to hrainston. .

» irivesngate alternate approaches -and make recomsendations. -This effort

significantly assisted in identifying and characteﬁzing the reconnded
: ~defuehng sxsten. S : :

. This report provides inforntion uhich is believed to hest :
characterize the current. configuration of .the reactor core. ‘The preferred
‘core removal philosophy developed by the group is presented.. A general, .
- conceptual description of the systens ‘and equipment. necessary ‘to remove and

~ ship the fuel debris is presented.. A number of areas where: develomnt
effort appears to be necessary or apgropriate are discussed

: ;_;Runion, Chaim""
_*{';‘Botkins S
Té M. Haﬂ




2.0 cmtrmtzhrten oF ms Racrok coRE.

he: THI-Z reactor initially contamed 177 fuel assedﬂies uhich col]ec—

During the March 28. 1979 loss of coolant accident the core
iwconim-water reaction. oxidized. ahout 40% of .
pniw A similar fraction of .the. in-core inconel and
" stai ~stee] coq;cuents were melted. - Most of the stainless steel control
rod tube: containing a Silver-Indium-Cadmium alloy. overheated and ruptured.

" or.melted. : Most of the Cadmium vaporized. . The molten materials solidified

- as’ they fell to the leve! of the cooling water, ‘forming some particulate and
" some -agglomerate (fuel and debris frozen in the solidified silver, stainless
- ‘steel_and-inconel). The initial guidance given to the group concerning core
')-characterization is in Append1x 1

Estimtes of the auounts of the various -ateriais in the degraded reac-
tor system are shown in.Table 1.. The estimated size .gradation and quan-

| ‘tities of -the loose rubble and fines is. shown in Figure'l. The amounts of -

agglonerate and coarse materials were estimated:on the basis of .the.

- oxidation:-and thermal fracturing of 40% of the reactor core z1rcomu-, the

_thermal fracturing of the related fuel pellets and an estimated balance of

e . the molten naterials available to fill the voids in the debris to: form an

- agglomerate. _The amount of fines in-the ‘system was estimated from an analy-
515 of the particulate deposited on fiiters and a balance of the Cadmium in

- the system. . It is believed that the core debris did not continue to degrade
L s:gmftcantly after the first few days fo‘nmng ‘the accident. The amount

".-'_of free:oxygen in the system would have been used up, by oxidation, then the

- px'ida n processes would stop. There uer_e probab'ly ‘no. significant corro-
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rABLE z., Inferred Chemical Composition of the
Conposite of Farticles Less than 25 Hicrons

" :,- E_I‘e_-ent % Element % Element %
Mg 81 Ag 78  Fe 100
A1+ 1.6 € 269 @ N 100
Ir 0 57 In 5.9 Mo 121
R'E 10.8 - or o Ll

: NOTES: 1. Oxyger. was riot reported. :
- 2. Silicon. is excluded since it apparentiy
' came fron filter fihers. ‘

: An anaiysis of the cazhiun in the systen was’ used as the Insis for

estmating the total quantities of particulate materials in the: systen.
There are 137 kg of cadmium (5% of 2,750 kg of Ag-In-Cd neutron poison
material) in the Reactor Cooling Syste-. Assuming that 90% of .the stain- -
less-steel cladding around this material ruptured {(a)1 but: part of the suter ,
row) and that all of the cadmium in the. ruptuned rods escaped as a vapor,:2a S
total of 123 kg of cadmium would have escaped. Further assuming that 90% of e
this cadmium vapor condensed into fine pcrticles or coated on other fine o
'particles. 110 kq of cauiun uould be ms:ﬂt as fines. L ,

- The analysis of the particles retained on: the IIJF-SB fﬂter indicates e
that they contained 27% cadmium. Therefore, the total fines: (hetueen ahout oL
2 mcrons and about 25: -icrons) cauid be inferred to be -Mlo kg.: e

o " The volune distnbution of particles belou zs -icrons uhichvuere L
retained on the filter MUF-5B, is shown on Figure 2. This figure us
 derived ‘from an ‘analysis of ‘the particle size distribution shown in’
' Figure 19 of Referem:e 2. Even though the reference indice

‘ vmate‘iy 6% of . the volune retained was ' belon Qi'nicrons.
- the particles below 2 lncrons my have passed’;v

Mar 79 apie; the concentration 's{ras 66 -gl
but on for:th ample indicates trat
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4 ox1dation and precip‘tation of dissolved solids as the saq:le was bl‘oush_‘, mﬁ;:{“ R

contact with air. This sample contained. iron oxides, but no silver,

| - chromium, “indium, sodium, nickel, tin, or zirconium. (Additionﬂ sau:lés

should be taken and tests run: in air and without air to determine whether
fine particulate will be generated in the RCS when the reactor vessel. head}

" is.removed.) A total of 128 mg/L amounts to about 35 kg of solids in .
© 10,600 ft3 of ccolant. Therefore, to assume that the RCS contains a total
- -of 100 kg of particles below 2 microns appears to be reasonable. This is
- -supported by relatively Tow quantities of uranium and alpha contalinatfon
found in samples taken to characterize the materials being trappeé in the -

sand filters of the submerged demineralizer system (SDS) systems, It is also. ‘

‘supported as a high estimate by the plot of particle size distribution shoun .

in Figure 1, including the related- a\umable test data uhich shovs

- essentially nothin belm 30 nicrons

Therefore, it appears that Figure 1 provides a rusonab]e bas1s for ,
believing that the particles in the TMI-2 reactor containment system (RCS)

which are below about 20 -icmns night be retained in one or. tna‘ca‘nisvters..

3




a0 e Rm&‘miww

R nera ;concensus concerning t:ore reluval philosop'ly has been i
R ;deveioped: by the‘ Debris Defuel ing Horking Group The overall objectwe is

min o_\yeral‘l ‘cost in terms of dollars and persanne] ‘exposure
A 1ation. To acconp‘lish this requires. L

‘The confine-ent of contanination to the ﬂmest extent practi cable
zing_' the total uaste valu-e

o , 3.The use of si-pﬁfied, wen developed lou-uintenance equip-ent
Lo ";and techniques : S ,

| 4The use of vater as the priury slneld to uork through

5. H‘n‘inizing the huﬂd«-up of particulates in the uater to. enhance V
visibﬂity and to. uimuize radiation 'leveIs at wrk stations

j'sf;;; f faaming the core debris \ﬁth the -mim practicable amount: of
o water. o |

After removal of the reactor vessel head and colandria. the primary
defue]ing activities and the’ order in which they can best be perforned are'

L 1 Install a cylindrical barrier ahave the reactor core vessel to
- '_avoid contamnation of the refueling canal as the water level is
. raised. - Brackets, etc., for. locating equiplent on the inner wall . -
- -of the: barner should be included as part of the barrier design. - >

~_.The method for moving fuel canisters over or through the barrier R ‘
mst a!so be decided in advance and acco—odated in the harrier




of the accident indicates that the agglo-erate is probably not

continuous ‘and uniform. Therefore, the use of extended crowbars

. ‘and jackhammers with spade-1ike tips may be preferrable (at least
~ for a first try) to the use of power cutting tools -in reducing. the

7.

~ lo.

';'Steps 2, 3, and 4 would be repeated as neoessary to ‘re-ove loose
Qparticulate and rubble S

‘ments, grapple and Tift. the-. place thel 1n fuel canisters
'Ure-ove the- o ' ;

‘ Again, repeat steys‘z 3, and 4 as necessary
'Extend a long, slim (4'1-1/2 in. dia.) vacuum probe thrnugh the

. agglomerate to manageable sizes.  As namgeable chuncks are pro¢
.gduced, they would be canistered and reloved :

: ,Grapple and remve the fuel assedﬂfes in the outer TOM. uhich -ay
" be intact and not frozen in place. Working inward from the -

peripherey of thé core, loosen the remaining. fuel assembly seg-

holes in the lower grids to the bottom of the reactor- vessel . lnd S
remove any fuel dehris which -ight have settIed there N

-With uhat should be over 991 of the fue] uterial re-oved fro- the
‘reactor system, it might then be prudent to replace the. reactor

- - vessel head, operate the reactor.coolant puq;s to. susnend and o
: yentrain lonse fine particu]ate. ‘ ¥
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s ant‘tcipated that the hydraulically. removed rubble and fine particles g
will be contained in canisters which will be dewatered, gas stabilized by .

B catalyst addition, and mechanically sealed for shipment and storage. The
“ . size ‘of these canisters is limited to about 12 in. diameter by 12 ft long.
" They will each have a rubble capacity of about 400 to 800 kg. On that

' - basis, ‘approximately 50 or 100 canisters would be ‘required to contain the
‘amounts of loose rubble projected in Table 1. Arbitrarily assuming the

_k ‘larger number, it appears from Figure 1 that 85 of the canisters would con-
- tafn the: loose rubble: larger than about 800 microns; 14 canisters would

" contain particles between 20 .and ‘800 micraons, and one canister might contain
' -the loose particles smaller than 20 microns. Even allowing for considerable

" error; it appears that not nany canisters nould be required to contain ‘the

x;fine nateria'ls. . : e _

Based on: the projected size distribution and the core re-oeal phi'los~

‘fophy discussed in Section 3, the.hydraulic systes recommended for removing -

" the 1oose rubb‘le sualler than abo.nt one- inch sizes, 1s shoun in Figures 3

: The systeu consists of about fcur different pick up nozz1es' a knockout ‘
- .canister to.remove particles down..to about 800 microns; a 150 gpm puqr two
~ parallel -rﬁ—in. hydmclones--one to remove. partiﬂes down to about . . :
‘40 microns prior to returning its water. stream to the jet booster pick-up
-'nozzle and the other to remove' particles down to- about 20 microns in the

t . waste:- stream going-to a hold-up ‘tank; a +750 gal. hold-up tank; a »30 gp-

to a. filter; and an automatically hackflushing filter to remove particles

" pump to keep ‘the water in the hold-up tank agitated and to deliver 15 gpm

,, : . “down to less than one micron. The filtrate is then passed through the SOS -
% and returned as clear, deionized uater to the reactor sxstel at an e1evation :
t__;;,fnear"“the top of the barrier. : T T ST S

4.1 !dr 1‘1(: Pick-Un nozzles
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s . 2 Knockout Canister

The knockout canister is. shoun in Figure 8. Its purpose is to remove -

S fv;b, the coarse rubble from the hydraulic stream with minimal headloss. The
- " inlet line exits into the canister through a long radius, 459 elbow to give
RN & tangential coq:onent to the flow -- thereby assisting in the gravitational
.- sett1ing of the solids. The termination of the inlet line can be Tocated at
. the level established for the fuel debris in the canister. As the debris
.= level 'starts to increase above the desired level, the pressure drop across

S "-V_fi'ﬂed.

- the. cmister wil‘l increase, sxgnahng that the canister is adequately

It is expected that the kmckcut camster i‘i“ relove essential l_y all .

| ‘Vof the rubble larger than 800 microns. From Figure 1, it is believed that

. about 85% (33,000 kg) of the rubble will be retained in-the knockout.

A canisters. The kmockout canister cortains a dewatering device which con; o
sists of a dip tube and fﬂter. : : :

"";-_*"4.3 m =p1

R This punp is 1ocated domstrea- fron the kmckout canister and’ cou]d be
: of the centrifugai type. Its head and flon requirements um probab'ly be .

i".{about 100 psi 150 gpm.

44M o S o o
o Two parallel 6~in. hydroclones appeer to fit the needs of the systen. :

A low head -1oss ‘hydroclone would discharge about 75 gpm to the jet booster.

"It would remove: the particulate down to about: 40 microns. - The. .other hydro-s
lone would utilize a higher fraction of the avaiiable head. but would be
mo , 1 ines. It would remove: fines down to:about '
; ;;;nicrons -and’ discharge about 75 gpn to ‘a hold-up tank. . From Figure 1, it
5 be 4 - _remove a.bout 141 (-r6 ow-_kg) of the e
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LR -"4 5 Hold—ug rank _ , ‘
P ‘1d*’up tank tentatively sized at 750 gal is proposed to accept the v
: ',f!ow fro- hgdebris removal system. The minimm flow rate from the removal
8y appears to be ‘about 75 gpm. The flow rate of the. stream leaving the
tank appears to be 1imited by the final filtration and SDS to about
. n. . The hold-up tank . size would allow the hydraulic pickup system to
operate for about 12 min each hour. {The tank could be eliminated if the

- Filter and dainera! izer syste-s wern designed to hand’le about 75 gpm rathek

than 15 gpa.) R

- :4.6 P E | z"‘ff'f"‘ N

A This puap, probably centnfugal takes uater and fine suspended L

o materia] from the hold-up tank. Part of the: output ‘can be circulated back
2. to the: hold-up tank to assure that fines remain m suspensmn. Approx-
o imately 15 gpm is dtrected to the fﬂter. B »

'  ;4 7 Fﬂter and Backflush Contro] stt

" The reconended fﬂter system is ce—ercvany avaﬂahle. utﬂizes

At'k'_‘sintored metal tubular elements as the filter media and utilizes an

" automatic ‘backflush system ‘to-avoid filter plugging. The system Shown

"i"_ﬁ:i;»vschematicany in: Figure 3 fs reconended by the !lott Hetanurgical Cu-pany.

The average ’mu through a roned. sintered tube 1n Hott 'S -ode'l PHP
{35 ﬂter is 0.5 gpu/ft . mth tobes 2 in. to 2—-1/2 1n. 0. D., :

r§ i usually one

is not expected tov .

"'ibution. and. con- EE
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Even though all of the syste-s and coq)onents proposed are cousidered
i+ . . - tobe state-—of-tha—art in the nonnuclear industry, development testing of
SN T prototype designs of some of the components (particularly the pickup. -

B ©  -nozzles) would be cost effective. Cold (nonradicactive) system tests. of the.
developed components, including hydroclone and filter subsystems would also - -
- be effective in assuring their operabﬂity and in training the operators. C

L The fol'lo-nng develoment tests are suggested to sumrt equip-ent
des1gn. .

1. Pick-ug Nozzle

':a)‘ fEstabHsh ﬂwrates and . velocities required to pick up (as a func-,
- 'tion of distance between the material and the nozzle) and to :
-suspend coars: solids. ' Use sufitable stand-in material such as lead< :
's'lugs. in sizes up to 3[8 in. dia. x 1.1 in. 1ong. : .

b) 'Design. buﬂd and test a jet bcos;er nozzle. using the output of
T lS‘a) in rés;:ahlishing f'lou, head and pipelnozzle srzes. (See ~
-Figure 6. «

c) vDesign. build and test a series of nozzles to pick up fine paticles -
~ in open and restricted areas. (See F1gures 5 and 7. } .

L 2. ,chkout Canisters

~Design, build and test coarse and fine knocl:out camsters LT
{2 in. nozzles and 1/2 in. nozzles) which maximize the: conection e
(settHng) of coarse and’ F'ine partiﬂes. (See Figure 8.) v

,3.'~‘Sgecial Toohgg o o o |
N j.foesign. build and develop-ent test the tooling for_ 7:,1 Lo |
.3 ‘:Attachmg to and wanipulating the Jet-booster pick-up nozzle and
: ‘ ) V I

. the. vacuum dusting nozzles. These -
.{';,those nozzlesf- . R

 removing large
_ or 'and dewatermg, vacuu rying
addmg catalyst. and pIugging 0 capping connectiens
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Detenine the affects of borated uater and fine particulates on
th perfomnce of catalyst preloaded in knock out canisters. . ‘ ‘
This aight ehmmte the need tc add catalyst after. canister , : :
fi]lmg. v “ : V : ' '

e

b} Repeatuthe tests in (a) using Canadian—developed silicon-coated,
. 'wet-proof catalyst. This might eliminate the need to vacuum dry -
the canisters. after the mitul dewatering ‘and prior to sinp-ent
'and long tem storageL
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