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Response to NRC Comments on Core Stratification Sa�le Acquisition SER, 
Revision 1 

1. CO!-t£11T: 

Describe your control program that assures that 1 length of drill string 
long enough to reach the lo�er ves�el head is not available. This shoulrt 
include the case where a drill hole is abandoned due to a broken bit. 

RESPONSE: 

Tt� length of drill string inside containment at any time is 
a�inistratively limited to no more than reQuired for a sinJle core bore 
or a depth not excPedlng the maximum depth limit (i.e., the fully 
extended drill string will be no less than 6 inches from the reactor 
vessel inner wall). Additional sections or drill pipe will be allowed 
into the reactor building only after previously used sections have been 
nisposed of properly. This disposal may inclu� placement in a defuelinq 
canister or direct removal from the reactor building. In addition, the 
drill rod and casing pipe storage rdcks have been designed to limit the 
anount or pipe that may be stored at the drlllina platform, so that extra 
pipe is not available. 

In the event that a drill bit breaks, the hole will not be "abandoned" 
until all sections or the drill string, including broken pieces, are 
removed from the hole. Consequently, a broken drill string will not 
impact the drill string length control progra'll. If for s� unforeseen 
reason, a portion or the drill string cannot be renoved, the next core 
bore will not begin until the drill string storage rack at the drilling 
platform has been filled and all other lengths of drill string have been 
disposed of and/or accounted for. 

2. C().'KNT: 

What !odd restrictions (i.e., torsional, horizontal and vertical force 
limits) will be placed on the core bore equipment to ensure that incore 
l.nstrunent nozzles will not be degraded. 'tthat is their base-;? 

ReSPONSE: 

No load restrictions will be placed on the core bore equipment 
specifically for protection of incore instrument nozzles. The basis for 
this is provided below. 

The core bore operation will exert a rto�nward force on the core region 
debris ocd and on the core support assenbly. This downward force is 
automatically controllen and will not exceed 10,000 pounds based on the 
operational Limitations of the core bore equipment. This downward force 
cannot be imparted on the Lower reactor vessel head incore instrum2nt 
nozzles unless there is a direct, solid link bet�een the drill bit and 
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noz�le. �lncc nDnP of the drill lor�tions �ill be directly over an 
incor� nozzle, this link can only be creat�� �Y debris. To ensure that 
incore mzzle loading •ill bP precluJ•'d, lht> depth of cor� bore •ill be 
1 iMit�d such that the bit �ill not P.JSS into the rubble bed in the lo•er 
vessel h.!al rel)!on. The detei't:lination of n.n:ii'U'I drill depth •ill b� 
basi!O on TV Cil�ra viewing of tt� lo .. er head region iiT'MCdi 1tel y below the 
drill p1th prior to tne start of drillinq at � pJrticular location. 
Con5"f11J"ntly, the drill bit doomwJrd force can only be exerted in the 
ru olr above the flow distribution plate •here the force will be 
distributed to the core support assembly and is unlikely to impart a load 
on th.• nozzles. 

If the drill .. trinCJibit �ere capabl�> of "catching" an incore instnn:!nt 
strinrt and 111rapping the strin\J arounc1 the rJrill bit as it rol.:Jtes, a 
!itmss couln be impJrted to an lnstr�nt nozzle or to the instrument 
tu� belo• the vessel lower head. This type or event is not considered 
crelliblf' for th�> followinn reasons: 

J. The drill bit/stri� configuration is such that there is no feature 
-.hich coulr1 grab 1nd ho!oJ ;'In instnr.ent strlnq. 

b. Each core hare will be centered ov�>r a fuPl asscnbly which has no 
in<;t;ll""nt string. If an a•ljacent inst�nt fuel asse�ly 
colla��1 into the path of a core bore, the oit would drill throuf]h 
the ass�l/ ;"�nd sever the string. T� only other drill oit 
contact •ith an instrument strinq would have to be with a "loose" 
strinq f;(y.l an adjacent fuel assem:>ly location. The instnr.ent 
�trin�s in an intact core are contJined within a� instrunent tube 
In the center of 3 fuel ass�ly. It is not considered feasible 
th.lt toe surroun1i� ftel assl'l'illy an I lnstnrcnt tube could 
rlisintegrate or melt, thus exposinq the in�trunent string, without 
lht• f1estruction of the instrt.J'1ent strlnq. 

3. CO!·t-t:m: 

Pl�asr provide r1Ptails of drilling pl1tform and ilCt�ons lnclur1ing: 

'1. l.o.tr1 1nd load dlstrloulion of platfonn 

h. Location of supf)Orts and cont;"Jct points 

c. Oyn1�ic effect of orillino actlnn 

c1. Tot.Jl •clftlt of drill ri'l 

lnc Drill Ind.-.dno Platfon Structure 1\�st":l!>ly is conpri'"f"d or tnree 
mjor suhotSSL-rt'llies i& ... nt if ie•J .1s the! Winq 1\'jS•'!:l.':ll y (consisting of 
4""4"xl/ta" structur .. l tuninq), the llrr.er Lt•v�>l nss,.•r..bli (consistinq of 
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6"x6"xl/4" structural tuoing), and t� LO•er Level Asscnbly (consistinJ 
or 4"x4"xl/4" and 6"x6"xl/4" structural tuoinq). Ora�lng 419932 in 
Vol� ll of E�G-T��-6824, "TMI-2 Core Stratification Sa�le Project 
Systel'l Design Description Drawings" shows these assentllles. The 
structure assenoly was evlluated for structural integrity using four 
different loa1 cases •ith each load case assuming three 1ifferent 
indexing positions for a total or twelve load comoinations. Table 1 
shows the loads in cOMmOn to the twelve load cOMbinations. n.!s total 
load is 22, 400 pounds. Table 2 shows th� additional loads caused by 
drilling actions as described in the table. Table 3 gives a s�ary of 
thr twelve load cOTlbinations. Fi!)·Jre 1 graphically presents the 
locations of the applied loads. The naKimuM primary stresses to the main 
structural members are shown in Table 4 and are shown to be much less 
than the 1\ISC allnwables. 
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cmmJ��:'ITJo:<s 

location of 
label Description Application• Magnitude 

Drill Indexing Platform Structure (Dfstrfbuted) 6• tube:40 lb/ft 
(3400 lb total) 4" tube:15 lb/ft 

Wl Drill Indexing Platform left Wing El. 337.833 1650 lb 
(1250) plus 2 operators (200 each) 

W2 Drill Indexfng Platform Right Wing 
(1250) 

El. 337.833 1250 lb 

W3 Drilling equipment center of gravity El. 337.833 11,050 lb 
Drill Unit (3535) 24 fnches 
Tilt platform (2200) from •p• 
Underwater structure (2650) 
Drill roller platform (760) • 
casing (300) 
Drill tube, core barrel. bit (550) 
Hiddle and :op clamp (350 & 275) 
Bott?m clamp (130) 
Hyd�aulic control panels (300) 

W4 Cask (4700) and cask roller platform El. 333.886 5050 lb 
(350) below •p• 

*NOTE: Weight W3 and W4 have three al�ernate locations relative to point 'P' as 
specified by dimension wx. • (Sec T.tblt> 1 ••ml riCJut·c II. 



Case 

1. 

2. 

3. 

4. 

Label 

F1 
M1 

F2 
Hl 

FJ 
H2 

F4 
H2 

T,\DLE 2 
/\ODI1'IONi\l. LOADS FRO�! CORE 

DRILLING (HEiiCTlOtl Io01\DS 0:-J BIT) 

Description 
Location of 
Application• 

Initiation of drilling 11 £1. 305 
Anticipated force on bft, x-dfr.& vert. below 'P' 
Anticipated moment on bit 

Initiation of drilling 12 
Anticipated force on bft, z-dfr.& vert. 
Anticipated moment on bit 

Bit jams while pushing 
Maximum force on bit 
Maximum moment on bft 

8ft jams while pulling 
Maximum force on bit 
Maximum moment on bf t 

Magnitude 

1118 lb 
100 ft-lb 

1118 lb 
100 ft-lb 

17,500 lb 
5200 ft-1 b 

10,000 lb 
5200 ft-lb 

•NOTE: All reactions have three alternate locations below point 'P' as specified by 
dimension "X." (Sec 'J',lblc 3 and fiqurc ll 

1',\BJ.E 3 

SU!i-IARY OF LOAD COHBIIIATIONS 

Load case (all cases 
include weight loads) X • 

Indexing Position of Point 'P' 
(Location specified by dimension "x") 
1.01 ft X • 2.02 ft X • 4.05 ft 

1. 1A 18 1C 

2. 2A 28 2C 

3. 3A 38 3C 

4. 4A 48 4C 
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TABLE 4 

MAXIMU:-1 ?RHIARY STRESSES A!:O TilE ALLOI�ABLE 
STRESSES FOR TilE MAIN STRUCTURt\L MEMBERS 

6"x6"xl/4" TUBI!\G .;"x.;"xl/.;" TUBISG 
t-'J\XI�IUM nLLO\\'ABLC 1-11\XIM'JM ALL0\�1\BLE 

SIIEJ\R (psi) 1548 1.;,.;ooil 277 H,.;ooil 

BE!;OING (psi) 5122b fel 23,760c 2409d (5) 23,760c 

656b(y) 23,760c 1967d(x) 23,760c 

CO:·!t>RESSIO� (psi) 130 21,255e 

STRESS LCVCL 0.249 4. 1 f 
2490 19, 723c 
0.310 " 1 f 

NOTES: 

il - 0.4 x Fy,Fy • 36,000 psi for /\36 Steel, AISC, "M�nuill of Steel Construction", Eighth Ed1tion 
1980, Appendix, Tabl� 2, Pg. 5-73 

b - Bend1ng �loment About 1!-J\xis and Y-;\xis 

c - 0. 66 X Py 

d - Bending �loment About S-Axis and X-Axis 

e - 1\ISC, "Nilnuill of Steel Construction", Eighth Edition, 1980, Table Cl.8.1; 

Eq. (2.il.l-l) & Eq. (1.5-1) 

f - Ibid, cq. (1.6-2) 
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Plt•Jse provide .1nalyses and calculations to subst<�ntiate that: 

'l. E.clstinq structure can take the platform lo.ld and operating forces; 

b. Reactor vessel can take the ooerati� forces; and 

c. Accidents in operation will not dll!l.l!Je the system. 

REPO"ISE: 

�. The Ocfucling Work Platform (OWP) is positioned over the neactor 
Vessel ;md is supported from the refueling canal floor by the 
Shielded Support Structure (555). The 0�? consists of a circular 
�ca� approxinately 17 feet in diameter with interior cross beams as 
shown in Figure 2. The platform circular and cross beams Jre 
wel•J••d girders made of 304 stainless steel. The platform is 
support�d by 22 wheel assemblies that rid� on a rail mounted on the 
555 Shown in FiCJUrc 3. The 555 consists or fr,ne work made of A5TM 
1136 carbon steP.l resting on four col�5 as shown in Fioure 4. 

Structural analyses have been perforncd to evaluate the structural 
int��rity of the 0� and the SS5. The analyses found that the !aad 
case shown in Fi9Ure 5 with the shield collar at Location 'A' 
(�oted as "Case 2") to � the most limiting for the defueling 
equi�nt cases. All cases considered the live load of 100 p.s.f. 
(total of 24,300 ibs.) and the platform shielding weight (total of 
81,101 lbs.). Two cases were considered for the core drilling 
�qui��nt. The core drilling c1ses considered the total live load 
and the total platfo� shieldinq weiqht nlonq with the loads 
denoted as "II", "D", and ''E" shown in FfgurP 5. Each core drilling 
c1se 1lso includes the loads shown in Table 1 of the response to 
Comment 3 applied at the Reactor Vessel c�ntertine. The two core 
drillinq ca�es differ by the loads imposed on the platform during 
core drilling operatl�1s. Core drilli� Case 1 assumes a 14,000 
ft-lb moment across the worklnq slot nt the Reactor Vessel 
cmterline to �valuate lhe reaction loads on the bit described as 
C�ses 1 and 2 in Ta�le 2 of t� response to Comment 3. Core 
drilllnq Case 2 assllll!!s a 10,000 pounds downti,1rd force applied at 
the Re�ctor Vessel centerline to ev1luate the reaction load on the 
bil dt•scribed as Case '' in Table 2 of th£' response to Cooment 3. 

T1ole 5 shows lh� results of th� three loa1in� cases described 
1bov�. All results are within l�� OP.slon limits for 30A stainless 
ste"l 1s taken frOTI the 1\S'-'£ Ooilcr and Pressure Vessel Code 
SPctlon Ill, nivision 1- 1\ppe�li• XVII. The nod�s identified in 
Ta�le 5 1re depicted in Fiqure 6. Ta�le 6 shows the structural 
de:ii(TI critr>ria usea for the 011� and the SSS. The allo.,ablo stress 
for �11 the �onponents given in Table 5 (with the exception of the 
filtr>r canistr>r support beam) is 70,000 psi. The lllo.,able stress 
of the filter canister support beJ� is l�,al0 psi. 
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A. C.naster Positioner (24000 fbi + Vtnteal Shielding (9086 fbi 
8. Tool P01at1oner 17500 lbl 
C. Tool P01ttioner RIKtlon (5000 ft lbl 
D. Falter Can��ttnl7000 fbi 
E. Vtnaeal Slutlding(100551b toUill 
F. Tool RICk 12500 lbl 
G. Jab Cr8111 Weight (750 lbl 
H. Jib Cr8111 Mo1Mnt (8000 ft lbl 
I. Sh11ld Coller (10000 lb) · (Ctn bt It Locttton A or 0) 

F!GUil:: 5 WORK PLATFOR.11 LOAOIIIG COSOITIOIIS UIIOER 
t;Oi!Jo'.AL OPERAT!Oil (LOAD CASES 1 and 2) 
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TAfl.C 5 

''AX1J.tN Silli:SS �<•Si.l..TS f(B Tnt: 111Jll\ ?\..AT!:"(lN 

''Jt. Str�ss (a by) 
OefU"llng Core Onihno 

CmporK'flt tloo.�s EQIJl or'l"nt (C.1S'! 2) Cas,. 1 Cas�> 2 

A. l-411n Cr"'s•, 9::?-93 14,88� 111,593 14,220 
OP.a"' 'l ?1-92 14,201 14,98"' 14,520 
(Canist�>r 90-91 13,.S5.S 15,h56 14,869 
Pos I lim<"r) 89-90 12,h.S� 15,8'>1 15,147 

83-89 11,014 15,857 15,153 

R. Main Cross 106-107 8,665 6,5/9 6,669 
OP.cllll I? 107-108 8,1'� 6,7110 6,801 ( Tool 108-to9 9,090 6,866 6,895 
Posltim•!r 109-110 9,063 6,91/l 6,914 

110-111 8,<)(() 6,916 6,91!s 

c. Tool Po5ltioncr 131-132 1,0'!1 60� 60? 
132-133 1 '139 716 722 
133-1311 1,123 754 761 

r>. F i lt�>r C.1nisl"r 726-7'27 1,127 1,139 1,1311 
Support RP.l'll 727-728 1,122 1,1.S·J 1,133 

72A-S!3 920 9.n 93'1 

L Jib Cran-• 820-821 10,936 12,?.'17 11,725 
Sunt. nc 1, • 710-S3 Q,Q35 ll,OAO 10,571 

717-718 q. 746 10,821 10,361 
677-823 11,937 12,273 11,987 

r. CirnJl..tr 0•!1:11 2-3 2,1116 2,0"/6 2,042 
17-810 2,608 2,502 2,521 



TENSION 

SHEAR 

BENDING 

COMPRESSION 

BEARING 

BOLTS 

- tension 
-shear 

Tl\1.11.1: G 

- •  STRUCTURAL DESIGN CRITERIA 

WORK PLATFOR�t 
304 SST 

f t • 0.6 Fy 
Fy • 0.4 Fy 
Fb • 0.66 Fy 

( COIIIPIC: t Stc:t.} 
F4 • 0.6 Fy 

(consider buckling) 
Fp • 1.5 Fult 

(for bolts) 
ASTM A325 

Fbt • Fut tl2 
Fbv • 0.62 F01 t/3 

SUPPORT STRUCTURE 
A36 ST£EL 

Ft • 0.6 Fy 
-

Fv • 0.4 Fy 
Fb • 0.66 Fy 
Fa • 0.6 F 

(c:onslder buckling) 
fp • 1.5 Fult 

(for bolts) 
ASTM A325 

Fbt • 44 k.si 
fbv • 21 ks1 

313' SST F • 30 ks1 
F�lt • 70 lts1 

A36 STL Fy • 36 ks1 
Fult • 58 ks1 

A325 BOLTS 
.F

1 
• 81 ks1 

Fult • 105 lts1 
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o. 'i!n •• th!> core onre P.Q J i {Y1Crlt is !iu:1nortetl by tne o·tP, w'"lid"l is in 
t 1rn �upport�l fN:Tl tnc rloor of tt'P fU''l trdnsfer canal, the 
s�.1• �c equirr; •n lo.JJs lSSOCi·ltt•r1 •lfilh tl.� corP bore �riltion ar,. 
not i�rt•·r1 to t� r .. actor vessol. rnc only si71�ficant operatiniJ 
rorce i;:11nrtel to the vt>ssel is tre oo.m.,.u,1 force el(ertec cy the 
ctrill ol!;. face. ThP c?re bar� c:l<li�nt is O<!simo:?l:l such that �ven 
with a s:��le control syst�� rlilur�, t�� na�lMUn force to the 
v•·s�,.l •il I not exc�1 10,000 PQ�S�·JS. Since the vessel "las "ith 
stood prPssurPs of uo to ?300 osi� rollo•1�1 the T�I-2 i!CCident, a 
fore" of 10,('00 oounjs r nnsmittt><J to thr. '"'Ssel "'ill not cause 
f:ti lur,.. or he 'JCSSCl. Oa.,al'}e to the r�.lctor inrtlr� instr�F�ent 
nonl•''> is unlil<el1 as discuSS"'d in tt')(> respono;P to l!l'!C c<YJ!1ent 
tll.n.'i»r 2. 

c • llccidents whicn coul1 cauc;e d<�'ll,.\J" to thl' rPactnr coolant systCM 
r••:;ultinn fr1"rn tlv� Ql:l.:rJtion of th"' cor.• hore P.flulr-ne.,t ilre 
1rJ'fn•ssed in r<>sronse to tiRC crrY!H'nts 1, 2, 40, ::)nrt 5. 

!i. r: ·�•fiH: 

A�sun!nq failur� of 1n incore inst�nt nn�zlP, wh�t is the maxi� leal< 
r,4t�? (:n:lrJ·�e c:n:nrison to rt-.Jl<»up rat� .m·1 rec lrcuhtion rate.) 

As nisr-usst>O in tnP resprns•? to r:.<c CC'1"Q�t ·•�r 2, .1 f'iiluro> of an 
incoP in ll"\roC'It non!� 1s a conS•'GUf'tlC" of' th•• cor� bore "�Ctivities is 
con&l•1••r•'•1 unli�<ely. If, no .. ever, 1 noul<> failc;, t•·,p resultinq lea� 
r rt•• 1 rr-t tho> vessel ... ill >)<> 1ppro<i!'lilt·�ly o .. \ fJ;Y'I 1s dlscusseo in the 
$1 H lnr lt(.'wy loatl lt�n1linq 1lvo>r thn T:tl-2 H�>actor Vessel (t� nozzle 
f�ilure �-cna�l�� as 1 result or lo1d� i�1rtPd by the carl' bore 
nn�>ration ... :11 0" si"'ilar ttl ttw f1ilur•• f!\o'rhanJ '"' .. nich r�sulb from 
Jo,Jr.l'l lmp1rt.-1 by 1 lo1d 1roo ac"irf••nt). Tnis leal< r<tte is neqligiOle 
cmplrt>cl til thl' M.ol<eup 1nd rccircul1tlon cap-lh1lity as d·•c;crlbed in 
l!'l"hnlnl ".p·•c!rifation Chln'J'' n"qu••st r:o. fa6, 11PC(lVPrv OpP.raticns Plan 
I hanQI• HNJt)•'St 'lo. 1•6 approved by t.�lC' ll'ttl'r tflta•rf IIU'l•· 8, 1985. 
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1.0 Introduction 

1.1 Purpose 
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The purpose of this Safety Evaluation Report (SER) is to deconstrate 
that the activities associated with the acquisition of the core 
stratification sacples can be accomplished without presenting any 
undue risk to the health and safety of the public. 

1 . 2  Scope 

The scope of this SER includes the activities associated with the 
installation, operation and removal of the core boring �chine, 
acquisition of the core samples, the transfer of the sacples from 
the machine to the defuel1ng canisters (provided for other debris 
removal operations, Reference 2) and viewing the lower vessel region 
through the bored holes. These activit ies will be performed after 
the defuellng work plat form and canister positioning systec have 
been 1nstalle�. Early defueling activities are planned prior to 
core stratification sacpling (core bore) activities but this is not 
a prerequisite. 

1.3 Background 

ln order to determine the extent and distribution of the various 
damage phenomena of the TMl-2 reactor core, removal and exacination 
of core samples are desirable. Evidence collected and analyses 
performed since the accident indicate that the reactor core dacage 
includes cladding oxidation, fuel l i que!icatioo as a result of decay 
heat froe� fission product s ,  c.,ntrol rod failure and relocation of 
control material, interaction �{ AglnCd and stainless steel 
materials with fuel and cladding, and fragmentation upon quenching 
(Ref. 8). nae co:e samples will provide a basts for establishing a 
correlation between these phenocena and fission product release froc 
the fuel and Ussion product retention in the core. n1e recoval of 
the core sacples will also provide information to detercine the 
maximum tecperatu:e reached and material interactions. 

f'inally, the core drilling will be used to gain access to the space 
below the reactor core support plate for remote visual inspection. 

1.4 Organization 

Section 2.0 of thls SER describes the major activities and equipcent 
ne�ded for the Core Stratification Sample Task. 'n addition this 
section addresses the core samples , drilling locations, core boring 
operation, and the failure modes and effects analysis (fH�,). 

Section J.O describes the radiological considerations of the planned 
activit ies including an asseb&ment of the expected external and 
int�rnal occupational radiation exposure. It also describes 
shielding considerations and other steps taken to maintain the 
occupational exposure ALARA. 
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Section 4 . 0  addresses the safety concerns associated with the 
planned activities including a 10 CFR SO . S9 evaluation. 

Sect ions 5.0,  b . O  and 7 . 0  contain the environaental assessaent , 
conclusion and r eferences for this SER, respectively. 
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2.0 Description of Activities 

The activities that must be conducted prior and subsequent to the core 
stratification sacpling, as well as the actual core sacple drilling and 
removal, are described in this section. 

2.1 Support Activities 

Extensive operational testing prior to actual operation will be 
conducted under simulated conditions to assure successful core 
sample acquisition. A Md�yM fuel assembly has been constructed 
for these tests to verify drilling capabilities in the fuel assecbly 
structure. 

Concurrent with this testing, nil personnel will be trained in the 
operation of this equipcPnt. This training cay include conducting 
planned operational steps in respirators and anti-C clothing where 
needed to obtain accurate tice estimates and operational constraint 
information in order to project a reasonable ALARA review. These 
training sessions will also be used to verify that the operating 
pr•cedures will result in safe equipment operation. 

All e Jipcent necessary to obtain the core sacple will be 
transported into the reactor building through personnel airlock&. 
nte core drilling equipment, support structure and interface 
platforc •!11 be 1aased and tr�m;ported into the reactor building on 
the 305' level. final assecbly and staging of equlpcent will take 
place on the 347' level prior to hoisting the assemblies into place 
on the De!uellng \;ork Platforc (DI.'P). The DefueUng Water Cleanup 
Systec will be operational prior to and during the core 
stratl!lcation $acpling. 

2.2 Core Samples 

Core samples will be o�tnlned froc three or core locations and each 
sample will have a maxicuc design length of 8 feet. Tite first stage 
of each core bore wJll Include boring down to the lower grid 
assembly with the drill bit centered on a fuel assecbl)' which has a 
vacant instrument tube (i.e. not containing an incore Instrument). 
This lnJtlal stage of drilling will provide the desired core sacple 
but will also atteopt to provide a pathway for TV caoera access 
(after reooval of the saople) to the vessel region below the core. 
1f after boring to the lowo!r grid assembly, the TV camera cannot be 
low'!red beyond the lower grid asse111bly due to obstructions, a second 
deeper core bore of a reduced diameter will be oade down through the 
flow distributor plate. It will be stopped prior to reaching the 
rubble ln the lower head and/or will drill no closer than 6 inches 
to the vessel lower head. This second stage of core bore may produce 
a second saople as a byproduct of the drilling operation. 

2.3 Drillins Locations 

figure 2.3-l shows the candidate reactor fuel asseobly locations 
within the 1�:1-2 core. figure 2.3-1 shows the drilling location 
within a fuel assecbly. It is planned that drilling locations will 
be selected froo reactor fuel positions K-9, D-4, N-12 and othe� 
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alt�rnative locations sho�� in Figure 2 . 3-1 1o fuel bundl�s not 
containing instrum�ntation strings (Not�: lat�r core data or 
evaluations could change the locations !rom those given here). For 
the �econd stage of core bore for camera access, the hole will align 
with the corresponding existing inspection access path through the 
lower grid assembly and !low distrtbutor and will provide access for 
a 2 . 0  inch diameter cylindrical instrument (TV) viewing package. 

2.4 Core DrllUng Equipment Description 

The following equin:ent will be used for the core drilling 
operation: the core drilling machine, core barrel and drill bit, 
drill indexing platform, core sacple transfer cask, underwater 
support structure, underwater clamp assecbly, flush water supply 
tank, inert gas purge equipment, sacple storage basket assembly, 
drill unit instruoentation, and video inspection system. The 
configuration of most of this equipment is illustrated in Figures 
2 . 4-1 and 2.4-2. These are briefly described below. Additional 
equlp:ent details are provided in Reference 10. 

a. Core Or illing �lachine 

The drill unit is a self-cont,ined machine consisting of a 
hydrostatically driven spindle and hydraulically actuated feed 
cylinders. nle s�indle is equipped with a hydraulically 
actuated drill chuck in order to apply controlled rotational 
torque ranges and speed to tlte drill string. The cylinders are 
used to apply the down'-'ard force on the drill bit and to cove 
the drill and casing strings into IJnd out of the hole by moving 
the spindle vertically. The working fluid for this unit 
consists of approxiontely 27 gallons of HO�CHTO-SAFE 620. 

The hydrostatic drive systec is powered by a three phase, 480 
volt electric 111otor which will be fed by a portable po'-'er 
center. n1e spindle is driven through a multi-speed gear systec 
in order to provide the capability to change the speed and 
torque ranges to the spindle. The same electric 111otor will 
provide power to a hydraulic pump which in turn will provide 
power to the cylinders, the sptndle chuck and to two separately 
mounted clamps used in handling the drill rod and casing 
strings. n1e drill unit is instrumented with a control syste111 
which will be capable of monitoring and controlling the drilling 
process. 

The drill unit will be operated auto�atically but will include 
an override and controls for manual drilling and rod handling 
operating =odes. Details of the operation codes arc provided in 
Reference 10. lnstrumentatlon will provide visual indication of 
rotational speed an� torque on the drill string and the weight 
(force) applied to the drill bit. Tl1e drill unit will be 
equipped with a data acquisition system to record in!orcation on 
the material being drilled, such as rubble, solidified mass, 
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standing fuel arrays and voids. Reference 10 describes the data 
acquisition system in more detail. The data interpretation will 
provide elevation and thickness information on the material 
penetrated with a goal of locating boundaries within + 1 .00 inch 
vertically. 

-

The drill unit will be used as the support for a TV ca:era 
manipulator to view through the core bore hoie .  

Tne drill unit instrumentation will provide safety monitoring 
and control safe equip�ent shutdowns. The instrumentation also 
provides information on the drill unit stabilizing structure to 
alert the drill unit operator when the structure has moved 
excessively in the horizontal plane (side loading) during the 
initial drilling operation. 

The drill unit instrumentation will provide input to a computer 
controller which will monitor the following parameters: 
revolution per minute (RP�) ,  weight on drill bit ,  torque, depth 
(rate of penetration) and the water flow rate (drill bit 
cnolan t ) .  Any deviation !roc pre-set value ranges !or weight on 
bit ,  torque, and water flow will cause an autocatic shutdown of 
the unit. 

If the surface that the drill bit encounters is very hard and on 
a slope from horizontal, the drill bit c:ay move sideways causing 
a side loading on the stabilizing platform. The drill unit 
Out-of-Tolerance Indicator will monitor the horizontal 
deflection and provide visual alaru indication to the drill unit 
operator. 

There is no potential of drilling through the reactor lo�er head 
due to the physical limitation of the casing and drill bit 
lengths available to the operator i.e . ,  11o1ted rack space in 
the drill rod and casing rack on the de!ueling platform. 

The core drill drive and feed equip:�ent will be designed to 
count on the Defueling Work Platform (DWP) via an interface 
platform. A mounting platform will be configured to percit the 
drill to access all of the prioary and alternate target 
positions and will be equipped with anchoring devices to prevent 
dislocation of the drill once it has been positioned over a 
given target. The equipoent will be designed to meet the load 
limits of the DWP and no loads other than those froo the 
drilling operation will be imparted to the reactor vessel. 

Triangulation will be used to position the drill unit within 
+ O. l25M horizontally prior to drilling, and to orient the drill 
string parallel within + 0 . 05 degrees with the reactor vessel 
centerline as dete11:1ined froc: measurements to the plane of the 
reactor vessel flange. During drilling the drill bit drift will 
be licited to ! 0 . 5M at the low�r core support grid elevation. 
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This is a proj�ct limit only; �xc��ding this licit may pr�v�nt 
the vid�o package froa b�ing lowered through the cor� support 
ass�cbly, du� to the locat ion of the insp�ction holes, but will 
pr�sent no saf�ty conc�rn. 

b. Cor� Barrel & Drill B i t  

The drill core barrel function i s  to contain a n d  protect the 
core sample, support th� drill � i t ,  transmit drilling !orc�s. 
and channel flush wat�r to the bit. A doubl� tube core barrel 
will be used to permit the inner tube to remain stationary 
around the core sample while the outer tube rotat�s. A swivel 
m�chanisc built into the top of the core barrel allows flush 
water to be channeled to the Jrill bit which keeps it clean and 
cool. A series of flutes (channels) in the drill b i t  allows 
water to pass back · to the reactor vessel as i t  is displaced by 
the core saaple. 

The ov�rall length of the bottom section of drill pipe . 
containing th� core barrel will be limited i n  order for the core 
barr�l to completely fit into the fuel canister. 

The drill bit has a cast matrix crown with cutter inserts made 
of tungsten carbide with s>·nthetic diamond bonded to i t .  

c.  Drill Indexing Plattorc 

The function of the drill indexing platform is to support the 
drill uni t ,  transfer cask, and underwater structure, and to 
accom:::odn te positioning of these coaponents at the proper 
locations for drilling. The platform mounts to an interface 
platform which bolts to the rotatable Defueling �ork Platfora 
above the reactor vessel. 

The Defuell:�g �ork Platfor111 rotates about the reactor centerline 
and will be used to position the drill indexing platforc in the 
approximate circumferential location for drilling. 

The drill indexing platform is designed to translate 
horizontally (index) in both circumferential and radial 
directions as required fur accurate positioning. The platform 
has two roller platforas, one platform for the drill unit and 
underwater structure and one platform for th� transfer cask. 
These two platforas can be moved radially independ�ntly of each 
other by means of hand-cranked rack and pinion gnr mechanisms. 
The cask can also be 111oved circumferentially independent!�· of 
the other coaponents by translation on slide bearings by means 
of a hand-operated lead screv. This vlll be used when 
positioning the cask off-center above a fuel canister when 
lowering a core saaple or used casing section into the fuel 
canister counted on the canister positioning system. 
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Four hydraulic jacks will be used to lift  the drill roller 
platform off its tracks and clamp it in position. These jacks 
are part of the hydraulic sylitem which 15 electrically powered 
and contains approximately 2 gallons of HOUCHTQ-SAFE 620 as the 
working fluid. Mechanical devices are provided to back up these 
hydraulic devices. 

The drill indexing platform structure has removable gratine to 
allow {or multiple post tinning of the drill unit and has two 
operator access (wing} platforms with handrails.  

d .  Core Sample Transfer Cask 

The transfer cask allows the core barrel to be moved over the 
fuel canister and then lowered into the canisters. The cask 
incorporates a water canifold to supply borated rinse water 
around the circucference of the casing or drill pipe !or 
decontacinatlon as they are withdrawn froc the reactor. 

e.  Underwater Support Structure 

Tests determined that stabilization of the drill casing is 
require:! at about the 314' elevation. Therefore , a 25 f t .  3 i n .  
long tubular girder underwater stabilizing structure will be 
ecploycd. The upper end terminates in a plate which bolts to 
the tilting platform. A plate at tt.e lower end contains a 
tapered iunnel guide ami a 4.6? !o. hole !cr gu1c!1::g and 
stabilizing the drill casing. A casing clacp is also requireJ 
approximately 4 f t .  8 in. under the reactor water level to 
separate the casing and allo�o: the cask with sacple specimen to 
be moved to a position above the fuel canister. The underwater 
stabilizing structure satisfies both of these requirements. 

The underwater structure and tilting platform assembly will. be 
lo�o:ered in position through, and bolted to the top of the drill 
indexing roller plat!or= by the reactor building service crane 
or the polar crane. Allgncent of the drill unit and underwater 
structure will be accomplisheJ by four jacks that can be 
adjusted to correct the drilling axis by use of a hydraulic 
system. The stabilizing structure will be aided in providing 
the rigidit)' and alignment necessaq• for accurate drilling by 
use of strain gages that �o:ill alaro when the drilling axis has 
deflected out of tolerance. 

f.  Underwater Claop Asseobl)' 

The lower casing clamp consists of a pair of diametrically 
oppo&ed serrated jaws and funnel guide located approxicately 
4 f t .  8 ln. under the reactor water level and welded to the 
underwater structure. The claop ls hydraulically operated !roc 
a recote posi t ion located on the drill platforc. Using a 
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d�mineralized �at�r =�dlum, a hand pump actuates a double acting 
cylinder which forces tl.� jaws either closed to hold the cnslng 
a�ctlon while �ngaglng (di sengaging} the adjacent threaded joint 
or open to allow free operations of the drill string. A relief 
valve is us�d to prevent overpressurization of the systec. A 
canually operated tool has been designed and �ill be available 
to insert into the reactor vessel and operate the claop should 
tl.e pricary clacp f a l l .  

g .  flush �ater Supply 

During drilling operations, borated �at�r will be required for 
flushing drill fines and cooling the bi t .  Borated water w i l l  
also be used to rinse t h e  d r i l l  tube and casing during removal 
from the reactor. This water will be provided by a standard 1/2 
to b gpo positive di splacement puop. A d i version valve will be 
provided so that pump suction can dra� borated water froc the 
11 F, beneath the 0\.:P. n1e pump sue ti on will be tal-en from an 
area remote froo potential sources of unborated code:ators. 
n.1s is the prllr.ary source of !lush water. A secondary source 
is provided by two 55-gal:�n flush water supply tanks, which arc 
used to rinse the S\.'lvel suJJrl)' line prior to breaking its 
connection to the drill string. n1ese tanks will be f i l led froo 
the B�Sl via the canal f i l l  systec with a verificat ion sacple 
taken after filling the tanh. 

h .  lnHt Cas Purge Equiptlt:llt 

ln order to protect the core bore sacples !roc oxygen , the 
transler cas!. will be purged �1 th iuert gas to protect the core 
barrel and sacplc as tl.ey are recoved froc the reactor. This 
will be done by inserting a wand into the lowest section of 
drill tube contaicin& the sacple. As the water drains out of 
the drill pipe and core barrel, 1t will be replaced by the inert 
gas. Aft�r the last section of drill tube is reooved ! roe� the 
top of th� core barrel, a plug wlll be inserted into the top of 
the core barrel . The total ae�ount of available inert gas will 
be lie�ited to an amount less than could accu�ulate in the 
reactor area and cause a personnel hazard. 

J .  S��t�ple Storage Basket Assecbl)• 

AI ter the core sae�ple is raised into the transfer cask, the 
sacple \11 1 1  be t ransferred horl:ontal l)' and lowered into a 
bask�t assecbly which would be Jnstall�d in a fuel canister. 
n1ese canisters are on the underwater rotatins carousel that 
w i l l  be used to position the basket belov th� transfer cask ' s  
patlt. n.� basket assccbly Jb self draining and 1 s  presently 
designed to receive two la rge and two seall core barrels, with 
sa:ples, and t�o contaoinated casin& sections per fuel 
canister. n1e core barrels and casing sections are lowered into 
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the fuel canister baskets by means of lifting plugs threaded 
into their top ends and a t tached by a stainless steel lanyard to 
an overhead bridge crane. 

j. Drill Unit lnstrucentation 

The drill unit will be instrucented with a control systec which 
will be capable of controlling the drilling process from control 
parameters experimentally determined by EC&C testing. The 
principle cethod of drilling control will be to program in a 
specific d r i l l  b i t  rpm and utilize the �eight on the bit as a 
variable to control torque within a predetermined control band. 
n.e automatic operation can be overridden t o  control the drill 
unit manually, if required. The equipment safe shutdo�� feature 
described in section 2 . 4a will override both the automatic and 
canual operation modes. 

k. Video Inspection Systec 

ln order to inspect the lower reactor head region, two caceras 
�ith cabling, a ca.cera =anipulator, and video recording systec 
will be used. ll.e caruera head is equipped \o"lth a 1� 1 lens. 

TI1e c�oera oanipul�tor assembly consists of a shaft to provide 
caoera support, indexing, and rotation, a set of cla�ps to lock 
the shaft t(l thl' drill unit. a rotating head to provide radial 
scanning in JO degree increment s ,  a "ater connection t o  provide 
borated flushing "ater to clear the viewing area of floating 
particulate, and a cacera indexing fixture t o  assure camera 
indexing to a specific reactor compass heading. 

lhe video recording systec consists of a 6 l'frlz band"idth video 
recorder, a video dist ribution system, a pair of video printers, 
and a video quantitizer. 

2.5 Core Boring Operation 

The core drilling equipcent will be staged and assecbled onto the 
D�P and prepared for operation. The locations of the core samples 
\:ill be predetercined and the drill unit and rotating work platforc 
will be positioned at the desired coordinates over the reactor 
core. 

To cocplete the drill unit al igncent over the saople location an 
elect ronic leveling systec will be used in conjunction with the 
tht!odoli t" si�!.ting SJStec (1 . e . , surveying inst rucen t ) .  An>· 
required adjustments, as indicated by the theodol i t e  sighting 
systec, �ill be c:�de to the drill unit roller and tilting 
platforcs. These adjustments will properly align the drill rig in 
the horizontal plane and ensure that the drill axis is perpend icular 
t o  the horizontal plane and directly over the target fuel as&ccbly 
location. TI1e platforms once properly alisned will be held rigidly 
1n place by clacps during the operation of the drill unit. 
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n,c drill piping and casing piping s�ctions are ass�mbl�d in the 
drill chuck �hile being support�d in place by the lo�er clacp 
assecblies. Core drilling starts at the top of the debris bed and 
continues until the lower fuel auecbly �nd fitting is cocpl�tely 
penetrated. If needed , the cadng is then drilled dO\o'O around the 

.drill pipe until the casing shoe rests on or near the top of the 
lower end fitting grid. ln ord�r to prevent drilling into the 
r�actor vessel �all ( lo�er head ) ,  the <!rill pipe (string) length 
available on the Dl'P at any given tice will be limited so that the 
drill cannot physically reach the vessel lower head. 

The core drilling will be controlled !roc the defuelin& work 
platforc. noc drill U3it is instrucented tO provide COntinuous 
inf orcation on drilling paraceters. 

After the core drill penetrates the fuel a&_secbly lo�er end fitting, 
the upper section of the casing, a minic:uc of one foot above the 
core debri s ,  �111 be recovec! by recotely disconnecting a joint in 
the casing. TI1e drill piping containing the core sacple in the 
low�r 11 foot pipe section i s  raised "hile rotutint the drill 
string. l.nUe �1thdrawing the core sacple the pipe and casing 
sections arc removed u�til the section containing the sacple has 
1-een wi thdra"-n up into the lead trnnsfer cask. The drill pipe 
section& u�lng re�oved are svrayed do"� with �or"'Ad water as they 
are retracted through the transfer cask ( t o  r.-:l'!ove loose 
contaci nation) using a spray systec piped into the cask. 

The drill pipe section containing the core sacple is purged by an 
inert gas blanket while in the transfer cask and then capped prior 
to transfer to the fuel canister. 

noe transfer cask Js translated l�r1zontally to a position directly 
over the fuel canister �hich has previously been located at the 
loading station �·)' rotation of the canister positioning system. The 
core sample pipe is then grappled by the overhead bridge crane and 
lo�ered into the fuel canister. 1.1oen the canister i& full , 1 t  1& 
capped and the canister positioning systec will be rotated to bring 
au ecpty canister into loading pos1t1oc. 

After cocpletion of the f1 rst stage of the core bore the video 
inspection manipulator with cacera and cable will be lowered through 
the casing pipe to a position in the fuel assembly just above the 
lo�cr end fitting. lf blockase is observed, then a deeper, slightly 
reduced diameter ( 2 . 2•) core drill will be performed to clear a 
pathway throug!. the flo� d i stributor to provide video manipulator 
access to the reactor vessel bottoc head region. The lengths and 
number of drill pipe sections are controlled so that the drill 
strin& cannot reach the l��er reactor vessel head. Additional 
sections of drill pipe will be allowed into the reactor building 
only after previously used sections have been disposed o! properly .  
TI1is dl spob&l may include placecenl i n  a defueling canister or 
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removal f rom the reactor building. The drill rod and casing pipe 
atora�e racks have been designed to lim!t the Gount of pipe that 
may be stored at the drilling platfoTQ so that ex:ra pipe i s  not 
available. 

\olten clear of the blocl.nt;l.', the video Josp�ction cahipulator with 
camera and cable will be lowered throu£h the casing and the_drill 
hole t o  the lower head region. Then, video inspection i s  perfcn::ed 
of the lower vessel head area a t  that location. 

lf insp�ction of the lower vessel area indicates th&t a grab sample 
is justified, existing grab sncple tooling will be utilized to 
obtain a sacple. The sample will be placed i n  a special sacple cask 
for shipaaent . 

After the core sacples have been removed !roc the reactor and the 
lower head inspected, the hole in the fuel assecbly end fitting �;Ul 
be sealed, 1! requt r�d , t o  prevent large particles !roc falling into 
the lower vessel . TI1e casing, 1f used during the drilling 
operation, will stay in place, until tl1e end fitting plug has bt>en 
installed. The end f i t t ing plug has a lead-to chamfer to facilitate 
entry into the drilled end fitting hole. The pluc also has a 

lift ing eye and a wire rope to lower i t  into the hole. The wire 
rope will be cut and retrieved after the pluc is installed, prior to 
cas!ng removal .  The casing pipe section i s  then withdra�o.-n into tht• 
transfer cask ar.d t ransferred to and lowered into a fuel canister. 
Tite lowering of the ca�lng pipe sections into the defueling canister 
requires the ust> of a crane. Other ratsinc and lowering operations 
cay be coaapleted b>· the use of the core drilling machine. Loaded 
fuel canisters wi l l  b� transferred to the appropriate storage 
locations. The fuel canister transfer �111 be perforced in 
accordance \.itla the "Safety Evaluatior, Report for farly Defuellr.g of 
the THl-2 Reactor \'essel , "  (Ref. 2). 

Upon cocpletion of  the core sa�ple acquisition tasl.s, the core 
dril ling equip:ent w i l l  be removed, disassccblcd and disposed of i n  
acco:-d.�nce with CPU requirecents for handline of conta�:�tnated and 
potentially contaminated aaaterial s .  

2 . b  failure �odes and Effects Analyses ( FM��s) 

�·auure codes and effects analyse,; were perforced for the followins 
systems: drill uni t ,  t i l t  platfon::s, underwater structure, drilling 
platform, drill unit indexing platform, transfer cask, cask indexins 
platform, drilling flush water , inert gas purge, appurtences, drill 
st ring casing, video exaaainat t o n  system, drilling cachine computer 
control, d4ta acquisition system and theodo l t t e  �:ystec. The flH:As 
are described in detail in Reference 4 ,  
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n1e only failure code with safety significance is a failure which 
could cauae the core boring unit to drill through the lower vessel 
head and cause loss of reactor water. The ceans to prevent this 
type of fdilure 11; t c:.  licit tloe length of drill bit and casing 
available to the operators. The drilling ayste: design will insure 
tloat neither the rl t'i l l  bi t. nor the casing shoe can reach the reactor 
vessel pressure boundary. This will be accocplished by restricting 
core bore activities to within o cylirdrical envelope. The envelope 
will be appro1imately 8'-1" in diameter and will be centered on the 
reactor vessel centerline. TI1e bottoo of the cylindrical envelope 
( i . e . ,  at the ca1icu= depth of core bore) will be no closer than 6" 
froc the inner wall of the reactor vessel lo'IOer lu�ad at the outer 
edge of the cylindrical envelope. Howev�r ,  as discussed i n  section 
4 . 4 ,  tlw drilling operation will be odcinistratively ltclted to 
prevent drillin& into the rubble bed , i f  the rubble bed e1tends into 
the envdope. 

Qual i t y  Control will verif)' the total lentth of the drill rod and 
casin& pipe taken tnsi�e containment and staged on the D�P. This 
�ill ensure the total drill pipe length available to the equipcent 
operators will be insufficient to reach within 6" of the reactor 
vessel '103 1 1 .  
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3.0 Radiological Considerations 

3 . 1  External Exposures 

All individuals entering the reactor building will be conitored for 
external exposures i n  accordance with radiological control 
procedures to ensure personnel exposures are caintained ALARA and 
within 10CFR20 dose equivalent limit s .  Adcinistrative control 
points in accordance with radiological controls procedures will be 
used in order to assure spec i fied dose licits are not exceeded . 
Extremity monitoring will be perforced as needed in accordance with 
existing procedures .  Radiological Controls Department personnel 
will continuously monitor dose rates in the reactor building during 
the sacple acquisition and supportive activities . 

The collective personnel radiation exposure to workers during the 
core boring and sample transfer operations and during the supportive 
activities in the reactor building has been estimated. This 
esti�ate was developed based on projected person-hour requirements 
and reactor building exposure rates associated with these 
activities. The average dose rate during staging, assembly, 
d i sa�secbly and removal was taken as 50 crec/hr. The average dose 
rate during core drilling operations and video inspection at 5 
locations was esti�1ted to be 25 crec/hr. The collective dose i s  
estimated below: 

Dose Rate Total 
Activit� (c:l/hr) � Man-Rec 

Assc::�bly & 
Disasseobly 50 346 1 7 . 3  

Drill Handling 25 416 10.4 

Core Drilling 25 624 15.6 

Totals 1 ,38& 4 3 . 3  

Person-reo for radiological controls support i s  not included in the 
above estimate. Fro= a review of historical data it is assuoed that 
person-rec for the radiological controls group will be 20� of that 
accucouloted by other groups in containment.  Based on thi s ,  the 
estimate for radiological controls support is 8 . 7  person-rec, and 
the total for all groups is estimated at 52 person-rem. 

Due to the uncertainty in the person-hour estimate and the 
radiological conditions which will exist during the operation, i t  i s  
est i�1ted that the total exposure could vary by u p  to + 30 percent.  
Considering these uncertainties, 35 to 7 0  person-reo has been 
selected to be used as the esticnte for the performance of the 
activities acoped in this SER, including radiological controls 
support . 
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All individuals ent,•ring the reactor building will be monitored for 
internal radiation exposures ���ording to established procedures. 
This monitoring will be �ccomplishe� by periodic whole body counting 
or bioassay , or both. All exposures to airborne radioactivity will 
be maintained AlARA and within the limits esta�lished in 10CFR20. 
Airborne radioactivity ln work areas will be monitored according to 
established procedures. Air sacpling for particulates will be 
performed using devices such as breathing zone air samplers and grab 
samples. Tritium grab samples will be taken as required according 
to established procedures .  

Respiratory protection has been used to clnimize the uptake and 
deposition o f  airborne ra4ioactivity in the body. The use of 
respiratory protection devices can, by reducing uptakes of 
radioactive materials, result in overall dose savings (internal and 
external) ; however ,  if they icpede work, total dose can incr�ase by 
causing an elevated external dose. Current radiation protection 
guidance as ex?ressed in International Co�isslon on Radiation 
Protection Publlcation-26 ( ICRP-26) considers both external and 
lntern�l sources of exposure and recoccends alnlciziog the sua of 
the!ll . 

For soluble cesium-137, the internal dose is 2 . 5  mrec (received over 
several years, Teff 70 days} for each hour of exposure a t  HPC. 
For soluble strontiuc/yttrium-90, the bone dose is approximately 15 
mrem ( received over 50 years, Te!f 6400 days} for each hour of 
exposure at �!PC. Even 1! there is no overall savings to the total 
dose due to elimination of a respirator for a given task (that ts, 
the increased internal dose exactly offsets decreased external 
dose } ,  the fact that the internal dose is calculated on a f1 fty year 
dose com:itcent whereas external dose is deposited instantly means 
that the rate of dose deposition is reduced on an overall basis. 

The Radiological Controls Department, via the prework radiological 
review process, shall detercine if the use of respiratory devices 
for a task is ALARA. This review will examine the current 
radiological conditions ln the work area, the potential of the task 
or other concurrent tasks to perturb the rndlologlcal conditions and 
wlten available, review the results of previous airborne activity 
measurecents in the work area for similar tasks. 

3 . 3  �� Considerations 

The objective of minicizing occupational exposure has been a major 
goal in the planning and pre��ratlon for all activities in the 
containcent. The actions that have been taken or are being planned 
toward ceeting this objective are su�rlzed in this section. These 
actio�s will minimize the time personnel must work in radiation 
fields, maximize the distance between personnel and radiation 
sources to the extent practicable � and utilize shielding where 
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appropriate to ceet the ALARA objective. Protective clothing and 
respirators will be used as necessary to reduce the potential for 
external contamination and internal exposure of personnel. 

Execution of individual tasks are maintained ALARA by a detailed 
radiological review by Radiolog!cal Engineering and cock-up trainin' 
where appropriate. Training of workers on ·a cock-up will 
familiarize the workers with tasks to be perforced. This training 
will result in less time and personnel exposure in the reactor 
building. 

Equipment has b�en design�d with the intent of keeping radiation 
exposures ALARA by minimizing in-containment assecbly and 
simplifying operation. 

3 . 4  Shielding 

��en the 3/8 inch thick stainless steel core barrel containing the 
sacple is recoved !roc the water, lead shielding with an approximate 
thickness of 3" will be used in the core saraple transfer cask to 
cinici�e direct radiation levels .  A radiological analysis performed 
for different source teres predicts exposure rates on the outside 
surface of the cask of 15 crec/hr for cesiuc-leached fu�l (Ref. 4 ) .  
To prevent streacing, two temporary shielding inserts will be placed 
at the top of the transfer cask around the core barrel during sacple 
transfer. 

The cask incorporates a water mani fold to supply borate� rinse water 
around the circumference of casing or drill tubes !or 
decontamination as they are withdrawn fro:� the reactor. 
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To ensure that the s.s:ple acquisit ion operation is conducted in a safe 
manner ,  the following potential s.sf�ty concerns have b�eo evaluated. 

4 . 1  Release of Radioactivity 

The planned activities associated with the sampling operation are 
not ezpect�d to rel�ase any appreciable acounts ·of gas�ous or 
particulate activity. Any potential releases of radioactivity are 
enveloped by the dose assessment performed for early defueling 
activities in the S3!ety Evaluation Report for Early Oefuel1ng of 
THI-2 Reactor Vessel ( Re f .  2 ) .  These analyses demonstrate that any 
potential release will be within allowable limits. 

nae planned core bore activity has the potential to release Kr-85 
from the core debris and £roc the reactor building. Tne offsite 
radiological consequences and the measures ecployed to cinicize 
exposure to in-containment personnel , from this potential release of 
Kr-8� .  are addressed below. 

Kr-85 i� a fission product with a half-life of 10 . 7  years which 
decays primarily (99.6::) via beta emission at a mazlcuc energy of 
0.672 MeV. The acount of Kr-85 available for release from the core 
cannot be quantified because the cocplete characterization of the 
core (the existence and extent of voids and intact fuel pins) is not 
available. The amount of Kr-85 in the core has been postulated to 
be a5 low as zero and as high as 31 , 300 Curies. The ae�ount of 
Kr-85 entrapped within voids in the core is also speculative. 
Therefore, the acount of Kr-85 available for r�lease during the core 
bore activities cannot be quant i fied . 

To assess offsite radiological consequences a Mworst-c�se" bounding 
llna1ysis hils been performed. This analysis 1s presented in the SER 
for ll�avy Load Handling Over the TIIJ-2 Reactor Vessel (Ref. 6 ) .  
This analysis assuces the release of 31 ,300 Curies o f  Kr-85 t o  the 
enviro�ent and shows that the radiological consequences are 
acceptable fro� an accident release perspective. The resulting dose 
givc!n in the Sf.R is 9. 7 c1111re� to the whole body. The 
corresponding dose to the skin is 810 millirem using the dose 
conversion factors given in Regulatory Guide 1 . 109. The atcospheric 
dispersion factor used to obtain the do6e of 810 millirec is 6 . 1  x 
10-r. sec/c3 which 1s given in Appendix 2D of the TIH-2 
FSAR .Accident release calculations take no credit for mitigating 
actions by control rooc operators. However ,  if a lnrge release of 
Kr-115 !roc the core were to occur, operator action could be taken to 
ainimlze the offsite doses. Upon indication !roc a portable 
detector or fro� the plant vent radiation monitor, the containment 
purge could be secured. Purging the containcent could then be 
Hmi ted to onl)' during favorable a:eteorology ( i . e . ,  weather which 
ensures a rapid dispersion) which would cinicize the offsite dose 
due to a Kr-85 release. Based on a controlled release scenario, the 
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expected exposure to the akin of an individual offaite would be much 
leu than 810 m11Urem since the atmospheric dispersion factor would 
be much less than the atcospheric dispersion factor used for 
accident assesscaenta. The largest atCIOtipheric di spersion factor on 
an annual average basis i s  2 . 27 x 10-6 sec/o3 in the S£ aector 
at the site boundary (�1-1 Offsite Dose Calculation Manua l ) .  Thu s ,  
the highest expected dose to the skin f o r  a n  individual offsite i s  3 
millirem froca the release of 3 1 , 300 curies of Kr-85. This dose i s  
well within the 15 millirec l i m i t  given in 10CFR50, Append i x  1 .  

Since the amount of Kr-85 available for release during the core bore 
cannot be quant ified, protective measures will be ecaployed t o  
oinimi�e exposures t o  in-containment personnel. Kr-85 i n  the l l f  
a i r  space will be shielded b y  the rotatable work plat!orca. To 
provide indication of large releases of Kr-85, a portable detector 
will be located on the core bore platform o r  the rotatable work 
platform, and an alaraing radiation conitor will be in place to 
conitor below the rotatable work platforca. I f  significant increases 
of beta radiation are detected, workers will secure the core bor� 
apparatus in a safe configuration and will vacate the reactor 
building a t  the direction o f  Radiological Control personnel. The 
need for air sacples to be analyzed for Kr-85 will be detera:inec b)• 
the R�diological Controls Department . 

TI1e core boring operation also has the potential for releasing 
significant quantities of fuel fines and soluble radioactive 
materials t o  the reactor coolant due t o  the pulverization o f  fuel 
ancl fuel debris as the drill pent<tralt!li Lh�!it! materials. These 
materials may then become distributed in the reactor vessel water 
volucae, '4hich ca}· cause an increase i n  dose rates above the water 
surface. Because o f  the high densl ty o f  U02 ,  fuel partlclt!S W·i 11 
tend to settle rapidly i n  the water; however, soluble materials a:ay 
bccoce dispersed throughout the water volucae. The defueling water 
cleanup system (D�CS) has been designed to provide sufficient water 
cleanup capability so that soluble activity and particulate levels 
are returned to nor�ll within a reasonable acaount of tice after such 
release. Assuming a 20 Curie release of Cs-137, and assuaing a 
uniform mixing in the reactor vessel, the water activity would 
increase by 0 . 1 8  �Ci /ot. TI1is would cause a cose rate increase o f  
approxhmtel)' 14 m1111re:n along the open s l o l  i n  the rotatable 
platform, assucaing the entire tool slot is open. The dose rate 
increase would be less on the core bore platform due to the 
increased distance ! roc the source. 

TI1e cesiuc and other soluble radioactive materials will tend to stay 
dissolved in the reactor coolant and will not significantly increase 
reactor build�ng a i rborne radioac tivity or ai rborne releases to the 
env i ronr:�en t .  

To minicahe the potential dose rate increase t o  workers the 
following precautions will be considered: 
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o Radiation debe rates on the core bore platform and/or on the 
de!ueling work platform w i l l  be continuously QOnJtored while 
personnel are present during the core bore operation. 

o All Rhield panels in the rotatable platforo will be in place, 
excepting those panels required to be recove� for placecent of 
the cor� bore apparatus. 

o The D�CS or other water c l eanup tapabi l i ty w i l l  be operable 
du�iog core bore operation. 

Considering the expected releases and the resulting dose rates, 
these precautions are considered adequate t o  protect personnel J n  
the event o f  soluble or particulate releases to the reactor coolant .  

4 . 2  Criticality 

The only credible oeans of attaining criticality o f  the fuel 
contained i n  the vessel i s  through deboration of the RCS water o� 
Introduction of "foreign" materials to the reactor vessel. The 
potential !or boron dilution during de!uellng w i l l  be addressed I n  
th� "�azards Analys t s :  Potential for Boron Dilution o f  Reacto� 
Co�lan System," ( Re f .  J ) .  The analysis !or potential boron 
dllu�-Jn during de!uellng will envelope the core sample acquisition 
activities. 

Coe�ponents of the core boring systeQ which contain hydraulic fluid 
wnich c-ould putenti:�ll;.• cause local dPhout ion in the core are 
classlfleJ loportant to safety to Qinie�ize the potent ial for failure 
of thes� components. 

The c3ln concern is leakage of hydraulic fluid !roo a hose break or 
!roo the rest-rvolr at tacl&ed to the core d r i l l ing machine. The two 
closed hydraulic systems on the d r i l l  unit contain a total of about 
27 gallons of HOUGHTO-SAF£-620 hydraulic f l u i d .  HOI!CHTO-SAFE-620 i s  
a =lxture o !  40� water, 40t glycol, 15t polyglycol and 5\ additives 
which alt nouKh s l i ghtly ht!avier than water, also is completely 
::lscible i n  wa ter. TI1ere!ore, i t  is unlikely that hydraul i c  fluid 
entering the top o f  the reacto:- pressure vessel could e�ove down to 
the core region without being significantly diluted in the water 
above the core. The only pathway for the hydraulic fluid is via 
le�kagP ont� the surface of the vessel water !roc the top of the 
vc:ssel. 

lnere i s  a low level sensor on the hydraul ic fluid reservo i r  which 
would init iate shutdown of the d r i l l  unit within 1 second o! 
detecting a loss of 1/2 gallon o! hydraulic f l u i d .  Therefore, 
leakage f rom a hose break would be li::ited to 1 1/2 gallons. A d r i p  
pan w i t h  a capacity o f  8 gallons will b e  provided to collect minor 
leakage. Due to a licit 1 n  reservoir ( ta�k) size no core than 27 
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gallons of HOUCHTO-SAFE-&20 is available to leak into the top of the 
reactor vessel , even if the controls or drip protection failed to 
limit the leakage. A drip pan with a capacity of 8 gallons will be 
provided to collect minor leakage. Based on lnforcation and 
analyses presented in Reference 3, any leakage into the reactor 
vessel would be diluted by the reactor coolan t .  

The water used f o r  d r i l l  b i t  flushing/cooling w i l l  b e  supplied fro= 
tl.e reactor vessel; the flush water supply tank will be used as a 
secondary source. The water in the flush water supply tank will be 
borated to a concentration within the limits required by the 
Technical Specificat.tons. To entlure that the flush water ts 
adequately b�rated at the start of the core boring operation, a 
sample will be taken and analyzed for boron concentration. During 
the core boring operation the flJsh water supply tank will be 
refilled from tht Borated �ater Storage Tank . 

A leak of hydraulic fluid from the drill unit could enter the RCS 
possibly causing deborated moderator to be injected as flush water 
toto the dr111 bi t .  ln order to prevent this, the relative location 
of flush water suction will be from a� area reaote froQ potential 
sources o f  unborated moderators and the dril l ' s  hydraulic fluid 
introduction will be such that 1nstgntf1cant deboratton would take 
place in th� event of a leak. The flush water suction line 
arrangement will also minimi�e possible deboration of the flush 
water in the unlikely event o f  deboration resulting froc the vronM 
resins being added to the D�CS ion exchangers. 

The addition of the steel drill casing and core barrel into the core 
region does not represeut a configuration core reactive than that 
aMl)'zed in the "Criticality Report for the Reactor ·coolant S)'ste:,� 
(Reference 7 ) .  Addi l ionally, the use o f  other "foreign" mater1a�s 
( e . g .  cable, ca�era , etc . )  during tht sample acquisit ion activities 
will not increase the ke f£ of the reactor coolant system above 
0 . 9 9 .  TI1e process used t o  review and control these materials is 
discussed in Section , , 2 . 1  o f  Reference 2 .  

Tioe manually operated underwater casing cla�p hydraulic systec 
contains 1 . 4  gallons ot demineralized water. Leakage of this small 
acount of water has been shown, in the foreign materials report 
(Reference 11 ) ,  to not be a criticality hazard, even 1f introduced 
directly into the rubble bed. 

4 . 3  Pyrophoricit)' 

In order to avoid the possibility of a hypothetical p)'ropho:ic 
reaction, core sacples shall be aaintained in an essentially 
oxygen-free environment following withdrawal from the RCS water. 
This wlll be accoapllshed by purging the core barrel and core sae�p!e 
with an inert gas as they are reaoved froc the reactor. This will 
be done by inserting a wand into the lowest section of drill tube 
containing the sample prior t� tt being raised fro: the water. As 
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thr vatrr drains out of thr drill tub� an� cor� barrel, it vill be 
replaced by the inert gas. After the last 1ection of drill tube i s  
removed froo thr top o f  th� cor� barr�l, a plug will b e  inserted 
into the top of thr core barr�l prior to transferring it to the 
defurl1ng canister. For a :ore detailej discussion of pyrophoric 
ev�nts in thr RCS, s�e Refrrenc� 9. 

The he�t generated bt drill bit friction vill not incr�ase the 
poantial for a pyrophoric ev�nt since this heat will b� readily 
dissipated by the boring tool {lush vat�r. The drill unit will be 
auto:atically shut do� upon loss of flush vater. 

4 . 4  Reactor Coolant Systec Integrity 

toaJ handling activities during the equ1pcent installation , 
operation and recoval will be perforc�d in accordance with the 
''5.1ft't)' Evaluation R�port for H�avy toad Handling'', (Ref. 5) and 
vith the *Safety .Evaluation R�jlort for Heavy Load Handlin& over the 
R4'11C:tor \'�ssel'', (Re f .  b ) .  The analyst's present�d in these two 
r�ferenc:c:s deconstrat� that any potentiAl drop accidents associated 
vit'l thf' core sa::!ple acquisition .. c:tivities will not icjlact the 
h�alt� and s3fety ol the public. 

Durin� t'><· installation an:! re:ovdl of the core boring �quip:en t ,  
so:c loa:!s t o  b e  han!!led nave been id�otHic.! which will exceed the 
heig'.t/wetsht li::itations presented in Rderence 6. An analysis h.:;s 
been per!o:::ed to bound all heavy load handling during the 
installation ard re:oval activitle& associat ... J with the o..urc 
drillin!; equip:ent. The ::taxi::�u=� loa� an1 U f t  heisht in this 
an .. lvsi!< are a .5000 po1r.1d loa1 beir.g u l sed to a plant elevation of 
)J'I'-C*, The analysis deter:in�1 t11at this 11ft heig�.t is allowable 
I I  th� lolloving conditions ar� cet: 

1. The load is !:alntained vithin a 3 ' -6* lilllit trot:. either sidt: 
of th;o D"'P SU?port structure center line (S-S or E-1.' 
centerl ine). 

1 1 .  Tt.e T-slot tool positioner , tool r.1ck, jib cranes and 
tran6!er shield-shi ... ld collar will not be on the D�P during 
thio; loa1 handling actlviq·. 

1 1 1 .  The core . � drill rig, flush water tanit and hydraulic 
control asse::.bl)' will not be install1d prior to this load 
handling activity. 

Lo�ds le�s than 2000 po��ds that wi l l  be han�l�d above the D�P will 
be han!led in accordance witn the following: 

tl • 17510 • 331 . 5  
-�.-
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l.'here H Js the caxicw:� plant elevation to which the load e�ay be 
raised in feet, and � is the weight of the lifted load including the 
weight of the rigging which is rigidly a t tached to the load, i n  
pounds .  H i s  the au1x1:11uc elevation o f  the lowest rigid point o f  the 
suspended load. 

Any addit ional load handling activities that arc identified that 
exceed the limitations o f  References 5 and 6, will be evaluated on a 
case by case basis. 

The core bore operation will exert a downward force on the co•p 
region debris bed and on the core support assecbly. This downward 
force is autocatically controlled and cannot exceed 1 0 , 000 pounds 
bssed on the opo!rational Uc1tations of the core bore equi p::�ent 
(Reference 10) . n11s downward force cannot be icparted on the lower 
reactor vessel head incore instrument nozzles unless there is a 
direct, solid link between the d r i l l  bi t and a nozzle. Since none 
of the drill locations will be directly over an iocore nozzle, this 
link can only be created by debr i s .  To ensure that incoro! notzle 
loading will be precluded, the depth of core bore will be licited 
such that the bit wi ll not pass into the rubble bed in the lower 
vessel head region. The detercination of caximum dri l l  depth will 
be based on T\' ca=era v· c::wing of the lower head region i=edlately 
below the drill path prior t o  the start of drilling at a particular 
location. Consequent l y ,  the d r i l l  bit do��ward force can only be 
exerted in the rubble above the flow distr ibution plate where the 
force will be dist ributed to the core su?port assecbly and i s  
uullkd; t o  icp.1rt a lo:�rl 0 :1  the nozzle!'. 

The potent ial for core boring activities t o  dacage incore instrucent 
tubes 'utside of the reactor vessel has also been evaluated. 1f the 
drill string/bit were capable of "catching" an lnco:e lnstrucent 
string and wrapping the string around the drill bit as i t  rotates, a 
stress could be icparted to an inst rument tube below the vessel 
lower hedd. This type of event is not considered credible for t�e 
follo�ing reasons: 

a .  T'1e drill bit/string configuration i s  such that there i s  no 
feature which could grab and hold an lnstrucent string. 

b .  Each core bore> will be cente red over a fuel assecbl)· v�ic:h 
has no instrucent string. lf an adjacent instrucented fuel 
assembly collapsed into the path of a core bore, the bit 
would drill through the assecbly and sever the string. TI1e 
only other drill bit contact with an instru:ent string vould 
have to be with a "loose" string froc an adjacent fuel 
nsse:bly location. The instru:ent st rings ln an intact core 
are contained within an lnst ru:ent tube i n  the center of a 
fuel assecbly. It is not considered feasible that the 
surrounding fuel assecbly and instrument tube could 
disintegrate or celt , thus exposing the 1nstru:ent string, 
without the destruction of the instrucent string. 
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4.5 10 CFR 50.59 Evaluation 

10 CFK SO, Paragraph 50.59, percits the holder of an operating 
l i cense to make changes to the facility or perfor= a test or 
experiment, provided the change, test, or experiment is determined 
not to be an unreviewed safety question and does not involve a 
modtCJcation of the plant technical specifications·. 

A proposed change involves an unreviewed safety question if:  

a) The probability of occurrence or the consequences of an accident 
or malfunction of equip::ent important to safety previously 
evaluated in the s���ty analysis report may be increased; or 

b) The possi bility for an accident or malfunction of a different 
type than any evaluated previously in the safety analysis report 
cay be created; or 

c) The margin of safety, as defined in the basis for any technical 
specifi cation, is reduced. 

The FSAR for �1-2 evaluated a variety of Design Basis Accidents. 
ln general each of those events represented a substantially more 
consequential accident than any that can be credibly postulated for 
boring into the THl-2 core in its present condition. 

Eac�l of the questions for determi ning 1f core boring activities 
involve an unreviewed safety question are evaluated below. 

Has the probability of occurrence or the consequences of an accident 
or malfunction o! equip::ent icportant to safety previous}\' evaluated 
in the safetv analysis report been increased? 

The uncontrolled addition of unborated water to the reactor coolant 
system during core boring activities is addressed in Reference 3. 
lt describes how the potential sources of unborated water are 
isolated fro:: the reactor coolant systec and the ceasures to be 
taken to detect a boron dilution event should one occur. 

TI1e i ntroduction of foreign oaterials i nto the reactor core region 
is discussed in section 4 . 2  

Any release o f  radioactivity during core Lotiug act1vit1c:; .:111 be 
to the contai=ent. During core boring activities contaln·oent 
isolation capability will exist and the ventilation system for the 
containcent will be operated i n  accordance with the technical 
specifications and will, therefore, not increase the probability of 
an uncontrolled release of radioactivity. As !or the consequences 
of a release of radioacti vity, as stated in Section 4. 1 o! this 
report the consequences of releases o! radioactivity are not 
increased over previous analyse& present in Reference 2. 
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A fuel handling accident related to core boring activities that 
could result i n  a release of radioac tivity to the environment is the 
dropping of a fuel canister onto the dry portion of the refueling 
canal. An evaluation of this event was performed in Reference 2 .  
The resulting offsite whole body dose is less than the limiting fuel 
handling accident whole body dose presented i n  the fSAR. 

As described in thib safety evaluation, core boring activities w i l l  
not adversely affect equipment classified important t o  safety ( I TS ) ,  
thus the probabil i t y  o f  a malfunction o f  ITS equip:��ent i s  not 
increased . It is also concluded that the consequences of a 
malfunction of ITS equipgent is not increased for the following 
reasons: 

o the results of accident analyses described in Section 4 of this 
report are within the bounds of prPvious analyses presented i n  
the fSAR, 

o removal of decay heat is passive in nature, thus no impact 
should DHR syste:D fai l ,  and 

o the existing RCS boron concentration will ensure subcrittcality 
for a l l  credible fuel configurations, not requiring any active 
system. 

In su=a ry, 1 t  ts concluded that the core boring activities do not 
increase the probability of occurrence or the consequences of an 
accident or malfunction of equipoent important to safety previously 
evaluated in the safety analysis repor t .  

Has the possibility for an accident or malfunction of a d i f ferent 
tvpe than anv evaluated previouslv in the satetv analys t s  report 
been created? 

The various types of accidents which could occur during core 
stratif ication sacpltng are d i scussed in Sections 4 . 1  through 4 . 4 .  
None o f  these accidents are o f  a d i f ferent type than those 
previously analyzed . 

Has the margin of safetv, as defined in the basts for anv technical 
spe c i f ication been reduced? 

Technlcdl Spec ification G.lfet)' eargins 11t TMI-2 11re concerned with 
criticality control and prevention of further core da�nge due to 
overheating. As de�onstrated by this Safety Evaluation Repor t ,  
Technical Specification safety margins will b e  maintained throughout 
the core boring process. Criticality is controlled by establishing 
a boron concentration at grea ter than 43�0 ppm during the core 
boring process and ensuring thnt this concentration is catntalned by 
monitoring the concentration and isolating potential deboration 
pathways. Also, the quantity of "foreign" materials that could be 
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introduced to the vessel will be 5trietly controlled. The ability 
to prevent further core dacage due to overheating i s  not affected by 
core boring as syste=s vl11 continue to be in place to add borated 
cooling water to the core in the event of an unisolable leak from 
the reactor vessel.  

In conclusion, the core stratificat ion sampling activities do not 

o increase the probability of occurence or the consequences of an 
accident or �lfunction of equip=ent important to safety 
previously evaluated in the safety analysis report , or 

o cr�ate the possibility for an accident or malfunction of a 
different typ� than any evaluated previously in the safety 
analysis report ,  or 

o reduce the margin of safety os d•fined in the basis for any 
technical specification. 

Therefore , the core stratification so:pling activities do not 
constitute an unrevieveJ safety question. 

!lo Technical Specification changes are required to conduct the 
actlvit1es bounded by this 5�'· 
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5 . 0  Environ=ental Assessment 

The activities associated with core drilling have been assessed and it 
has been concluded that these activities will be performed with no 
unacceptable consequences to the health and safety of the public or 
workers. 

Releases to the public resulting from the planned core drilling 
activities are not expected to be significant. Specifically, the 
potential impact of an environmental release of krypton is assessed in 
Section 4 . 1 .  This accident is the core drill penetrating a pocket in the 
core filled with 31,300 Curies of Kr-85. The analysis of this accident 
was performed using conservative assumptions in order to provide bounding 
results. Using these conservative assumptions, the results of the 
analysis were found to be within the bounds of previous analyses that 
have been found to have acceptable consequences. Therefore, the planned 
activities will be verformed with no significant environcental impact. 
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The saople acquisition, transfer, and associated activities, have been 
described and evaluated. The evaluations have shovn that the task and 
equipment employed follow the cont inued coma1tment to m4intain radiation 
exposure levels ALARA. Tile evaluations have also shovn that no 
detectable increase o! radioactivity releases to the environment will 
result !rom the planned activities. The consequences of postulated 
accidents with respect to potential core d isturbances and loadings on the 
reactor vessel have b�en shown not to coopromise safety. The normal and 
accidental releases of radioac tivity have been evaluated and are bounded 
by the analyses presented in Reference 2 .  I t  i s  therefore concluded that 
the core sampling acquisition and the associated activities, can be 
perforccd without presenting undue risk to the health and safety of the 
public . 
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