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Response to NRC Cowments on Core Stratification Sample Acquisition SR,
Revision 1 :

COMMENT :

Describe your control program that assures that a length of drill string
long enough to reach the lower vessel head is not available. This should
include the case where a drill hole is abandoned due to a broken bit.

RE SPONSE :

The length of drill string inside contaimment at any time is
administratively limited to no more than required for a single core bore
of a depth not exceeding the maximun depth limit (i.e., the fully
extended drill string will be no less than 6 inches from the reactor
vessel inner wall). Additional sections of drill pipe will be allowed
into the reactor building only after previously used sections have been
disposed of properly. This disposal may include placement in a defueling
canister or direct remaoval from the reactor building. In addition, the
drill rod and casing pipe storage racks have been designed to limit the
amount of pipe that may be stored at the drilling platform, so that extra
pipe is not available,

In the event that a drill bit breaks, the hole will not be "ahandoned"
until all sections of the drill string, including broken pieces, are
removed from the hole. Consequently, a broken drill string will not
impact the drill string length control program. If for some unforeseen
reason, a portion of the drill string cannot be removed, 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.

COMMENT :

what louad restrictions (i.e., torsinnal, horizontal and vertical force
limits) will be placed on the core bore equipment to ensure that incore
instrument nozzles will not be degraded. what is their bases?

RE SPOMSE

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 dawnward force on the core region
debris ted and on the core support assemdly. This downward force is
automatically controlled 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 instrument
nozzles unless there is a direct, solid link between the drill bit and
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nozzle. Since none of the drill locations will be directly over an
incore nozzle, this link can only be created by debris. To ensure that
incore nozzle loading will be precluded, the depth of core bore will be
limited such that the bit «ill not pass into the rubble bed in the lower
vessel head region. The determination of maximum drill depth will be
based on TV camera viewing of the lower head region immediately below the
drill path prior to the start of drilling at a particular location.
Consequently, the drill bit downward force can only be exerted in the
rubble above the flow distribution plate where the force will be
distributed to the core support assembly and is unlikely to impart a load
on the nnzzles.

If the drill string/bit were capable of "catching” an incore instrument
strinq and wrapping the string around the rrill bit as it rotates, a
stress could be imparted to an instrument nozzle or to the instrument
tube below the vessel lower head. This type of event is not considered
credible for the following reasons:

a. The drill bit/strina configuration is such that there is no feature
which could grab and hoid an instrurment string.

b. Each core hore will be centered over a fuel assembly which has no
inst-ument string. If an adjacent instrument fuel assembly
collasned into the path of a core bore, the bit would drill through
the ass>®Wly and sever the string. The only other drill bit
contact «ith an instrument string would have to be with a "loose™
string from an adjacent fuel assembly location. The instrument
strings in an intact core are contained within an instrument tube
in the center of 3 fuel assembly. It is not considered feasible
that tne surrounding fuel assembly and instrumcnt tube could
disintegrate or melt, thus exposing the instrument string, without
the destruction of the instrument strinq.

COMMENT ¢

Please provide details of drilling platforn and actions incluring:
a. Load and load distribution of platformn

h. Location of supperts and contact points

ch Dynamic effect of drilling actiecn

d. Total weioht of drill :tig

RESPONSE :

The Orill Indexing Platform Structure Assembly is comprised of tnree

major subassemdlies identified as the wing Assembly (consisting of
A"xA"x1/4" structursl tubing), the Upper Level Assembly (consisting of
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6"x6"x1/4" structural tudbing), and the Lower Level Assemply {consisting
of 4"x4"x1/4" and 6"x6"x1/4" structural tubing). Orawing 419932 in
volume 1I of EGG-TMI-6824, "TMI-2 Core Stratification Sample Project
System Design Description Drawings” shows these assemblies. The
structure assembly was evaluated for structural integrity using four
different load cases with each load case assuming three different
indexing positions for a total of twelve load cominations. Table 1
shows the loads in cammon to the twelve load combinations. This total
load is 22, 400 pounds. Table 2 shows the additional loads caused by
drilling actions as described in the table. Table 3 gives a summary of
the twelve load combinations. Figure 1 graphically presents the
locations of the applied loads. The maximum primary stresses to the main
structural members are shown in Table 4 and are shown to be much less
than the AISC allnwables.




TABLE 1
WEIGHT LOADS FOR ALL LOAD

COMBIKNATIONS
Location of
Label Description : Application* Hagnitude
- Drill Indexing Platform Structure (Distributed) 6" tube:40 1b/ft
(3400 1b total) 4" tube:15 1b/ft
Wl Drill Indexing Platform Left Wing El. 337.833 1650 1b
(1250) plus 2 operators (200 each)
W2 Drill Indexing Platform Right Wing €1. 337.833 1250 1b
(1250)
W3 Drilling equipment center of gravity €1. 337.833 11,050 1b
Ori11 Unit (3535) 24 1inches
Ti11t platform (2200) from ‘P’

Underwater structure (2650)
Drill roller platform (760)
Casing (300)
Drill tube, core barrel, bit (550)
Middle and :op clamp (350 & 275)
Bottam clamp (130)
Hydraulic control panels (300)

W4 Cask (4700) and cask roller platform E1. 333.886 5050 1b

(350) below 'P’

*NOTE: Weight W3 and W4 have three al:iernate locations relative to point 'P' as
specified by dimension “X.* ({Sec Table 1 and Figure 1),



TABLE 2
ADDI'TIONAL LOADS FROM CORE
DRILLING (REACTION LOADS ON BIT)

Llocation of

Case Label Description Application* Magnitude
1. Initiation of drilling # El. 305

2] Anticipated force on bit, x-dir.% vert. below 'P' 1118 1b

m Anticipated moment on bit 100 ft-1b
2 Initiation of drilling #2

F2 Anticipated force on bit, z-dfr.& vert. 118 1b

M1 Anticipated moment on bit 100 ft-Ib
g5 Bit jams while pushing

F3 Maximum force on bit 17,500 1b

M2 Maximum moment on bit 5200 ft-1b
4. Bft jams while pulling

F4 Maximum force on bit 10,000 1b

M2 Maximum moment on bit 5200 ft-1b
*NOTE: All reactions have three alternate locations below point 'P' as specified by

dimension “X." (See Table 3 and Figure 1)

TABLE 3

SUMAARY OF LOAD COMBINATIONS

Indexing Positfon of Point 'P'
Load case (all cases (Location specified by dimension "x")
include weight loads) x = 1.01 ft x = 2.02 ft x » 4.05 ft
Lo 1A 18 15
2. 2A 28 2C
3. 3A 38 3c
&, aA 48 4C
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TABLE 4

MAXIMUM PRIMARY STRESSES AND THE ALLOWABLE
STRESSES FOR THE MAIN STRUCTURAL MEMBERS

6"x6"x1/4" TUBING

MAXIMUM ALLOWABLE
SHEAR (psi) 1548 13,400°
BENDING (psi) s122P (a) 23,760°
6560 (y) 23,760°
COMPRESSION (psi) 130 21,255°
STRESS LEVEL 0.249 2 1f

NOTES:
0.4 x Fy,Fy = 36,000 psi for A36 Stecl, AISC, "Manual of Stecel Construction", Eighth Edition

a

1980, appendix, Table 2, Pg. 5-73
Bending Moment About 3-Axis and Y-Axis
0.66 x Fy

Bending Moment About #-Axis and X-Axis

AISC, "Manuval of Stecel Construction®”, Eighth Edition,
Eq. (2.a.1-1) & Eq. (1.5-1)

Ibid, eq. (1.6-2)

4"x4"x1/4" TUBING

MAXIMUM
277

24099 (3)
19679 (x)

2490
0.310

1980, Table Cl1.8.1;

ALLOWABLE
14, 400%

23,760°
23,760°

19,723°

c1f
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COMMENT :

Please provide analyses and calculations to substantiate that:

a. Existing structure can take the platform load and operating forces;
b. Reactor vessel can take the operating forces; and

€. Acclidents in operation will not damage the system.

RESOSE :

a. The Defueling Work Platform (OwP) is positioned over the Reactor

Vessel and is supported from the refueling canal floor by the
Shielded Support Structure (SSS). The DWP consists of a circular
btizam approximately 17 feet in diameter with interior cross beams as
shown in Figure 2. The platform circular and cross beams are
welided girders made of 304 stainless steel. The platform is
supported by 22 wheel assemblies that ride on a rail mounted on the
SSS shown in Fiqure 3. The SSS consists of frame work made of ASTM
A36 carbon steel resting on four columns as shown in Fiqure 4.

Structural anmalyses have been performed to evaluate the structural
integrity of the OWP and the SSS. The analyses found that the 1pnad
case shown in Figure 5 with the shield collar at Location 'A!
(Denoted as "Case 2") to be the most limiting for the defueling
equipment cases. All cases considered the live load of 100 p.s.f.
(total of 24,300 1bs.) and the platform shielding weight (total of
81,101 lbs.). Two cases were considered for the core drilling
equipment. The core drilling cases considered the total live load
and the total platform shielding weight along with the loads
denoted as "A", "D", and "E" shown in Figure 5. Each core drilling
case also includes the loads shown in Table 1 of the response to
Comment 3 applied at the Reactor Vessel centerline. The two core
drilling cases differ by the loads imposed on the platform during
core drilling operations. Core drilling Case 1 assumes a 14,000
ft-1b monent across the working slot at the Reactor Vessel
centerline to evaluate the reaction loads on the bit described as
Cases 1| and 2 in Table 2 of the response to Comment 3. Core
drilling Case 2 assumes a 10,000 pounds downward force applied at
the Reactor Vessel centerline to evaluate the reaction load on the
bit described as Case 4 in Table 2 of the response to Comment 3.

Table 5 shows the results of the three loading cases described
above. All results are within the design limits for 304 stainless
steel as taken from the ASME Boiler and Pressure Vessel Code
Section IIl, NDivision 1 - Appendix XVII. The nodes identified in
Table 5 are depicted in Figure 6. Table 6 shows the structural
desigy criteria used for the DWP and the SSS. The allowable stress
for all the coponents given in Table 5 (with the exception of the
filter canister support beam) is 20,000 psi. The allowable stress
of the filter canister support beam is 18,000 nsi.
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. Canister Positioner (24000 Ib) + Vertical Shisiding (9086 (b)
Tool Positioner {7500 Ib)

Tool Posticner Reaction (S000 ft tb)

. Filter Canasters (7000 Ib)

Vertical Shielding {10065 Ib total)

Tool Reck {2500 Ib)

Jib Crane Weight (750 Ib)

Jib Crane Moment {8000 ft Ib)

Shield Collsr {10000 1b) - (Cen be st Locstion A or D)

-~Tommone)

FIGURE 5  WGRX PLATFORM LOAOING CONOITIONS UNOER
HOAMAL OPERATION (LOAD CASES 1 and 2)
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Component

Main Cross
fleam #)
{Canister
Positioner)

Main Cross
fieam 82
(Tool
Positioner

Tool Positioner

Filter Canister
Support Beam

Jib Crane
Supt . Beams

Circular Beam

TARLE 5
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YAXIMM STRESS RESILTS FOR THE WORK PLATFORM

Nodes

92-93
91-92
90-91
89-90
83-89

106-107
107-108
108-109
109-110
110-111

131-~132
132-133
133-13a

726-727
727-728
728-88

820-821
718-83

717-718
822-823

2-3
17-810

Max. Stress (opy)

Gefueling Core Drilling
Equioment (Case 2) Case 1 Case 2
14,885 14,593 14,220
14,201 14,989 14,520
13,553 15,456 14,869
12,435 15,851 15,147
11,014 15,857 155153
8,665 6,579 6,669
8,118 6,740 6,801
92,09 6,866 6,895
9,063 6,916 6,914
8,960 6,916 6,914
1,081 605 609
1,139 716 722
19123 754 762
1,127 1,139 1,13
1,122 1,139 1,133
9220 939 93a
10,936 12,242 11,725
9,935 11,040 10,571
9,746 10,821 10,361
11,937 12,223 11,987
2,146 2,076 2,042
2,608 2,582 2,521



TABLE 6

STRUCTURAL DESIGN CRITERIA

WORK PLATFORM SUPPORT STRUCTURE ]
304 SST A6 STE;L
TENSION Fe=0.6 Fy Fe © 0.6 Fy
SHEAR Fv e 0.4 F’ FV = 0.4 Fy
BENDING Fp = 0.66 Fy Fp = 0.66 F,
(compact sect.)
COMPRESS ION Fa = 0.6 Fy Fa » 0.6 F
(consicer buckling) (cons*der buckling)
BEARING Fo = 1.5 Fult Fp o 1.5 Fupe
(for bolts) (for bolts)
BOLTS ASTM A325 ASTM A325
-tension fiog- Fuit/2 Fop = 48 ksi
-shear .Fbv = 0.62 Fu‘tll Foy = 21 kst
304 SST
Fy = 30 ksi
Fult = 70 ksi
A36 STL
Fy = 36 ksi
Fult = 58 ks
i A325 B0OLTS
.Fy = 81 ksi
Ful: = 105 ksf
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b. Since the core bore equipment is supported by the DwP, which is in
turn supported from the floor of the fuel transfer canmal, the
static equipment loagds associated with tl.e core bore operation are
not imparted to the reactor vessel. The only significant operating
force imparted to the vessel is the downward force exerted ty the
urill pit face. The core bore equipment is designed such that even
with a single control system failure, the maximsm force to the
vessel will not exceed 10,000 pounds. Since the vessel has with
stond pressures of un to 2300 psig folloeing the TMI-2 accigent, a
force of 10,000 pounds rransmitted to the vessel will not cause
failure of the vessel. 0Damage to the reactor incore instrument
nozzles is unlikely as discussed in the response to PRC comment
Humder 2.

€. Accidents which could cause damage to the reactnr coolant system
resultinn from the operation of the core hore equlpment are
agdressed In response to HRC comments 1, 2, 4b, and S.

CrAMENT:

Assuming failure of an incore instnument nozzle, what is the maximum leaw
rate? (Include comparison to makeup rate and recirculation rate.}

RESPNSE :

As discussed in the response to MRC cawent Number 2, a failure of an
incora instrument nmozzle as 3 conseguence of the core bore activities is
considgered unlikely. 1f, however, a nozzle fails, the rasulting leak
rate from the vessel «ill be approximately 0.4 gom as discussed in the
SER for Heavy Load H3andiing Qver the TMIL2 Reactor Vessel (the nozzle
failure mechanism as a result of loads imparted by the core hore
operation «ill be similar to the failure machanism which results from
loads imparted by a load drop accident). This leak rate is negligible
compared to the makeup and recirculation capability as described in
Technical Specification Change Reguest Mo. 46, ecovery Operations Plan
hangr Request Mo, 46 approved by MNRC letter dated August 8, 1985,
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1.0 Introduction
1.1 Purpose

The purpose of this Safety Evaluation Report (SER) is to deconstrate
that the activities associated with the acquisition of the core
stratification saczples 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 zachine,
acquisition of the core saomples, the transfer of the saaples from
the machine to the defueling canisters (provided for other debris
removal operations, Reference 2) and viewing the lower vessel reglion
through the bored holes. These activities will be performed after
the defueling work platform and canister positioning systea have
been installed. Early defueling activities are planned prior to
core stratification saapling (core bore) activities but this 1s not
a prerequisite.

1.) Background

In order tn determine the extent and distribution of the various
damage phenomena of the TM1-2 reactor core, removal and examination
of core samples are desirable. Evidence collected and analyses
rerformed since the accident indicate that the reactor core dazage
includes cladding oxidation, fuel liquefication as a result of decay
heat from fission products, control rod failure and relocation of
control material, interaction vf AgInCd and stainless steel
materials with fuel and cladding, and fragmentation upon quenching
(Ref. B). The core samples will provide a basis for establishing a
correlation between these phenomena and fission product release froao
the fuel and fission product retention in the core. The reaoval of
the core saaples will also provide information to determine the
maxioum teoperature reached and material interactions.

¥inally, the core drilling will be used to gain access to the space
below the reactor core support plate for remote visual {nspection.

1.4 Organization

Section 2.0 of this SEK describes the major activities and equipzent
needed for the Core Stratification Sample Task. 'a addition this
section addresses the core samples, drilling locations, core boring
operation, and the failure modes and effects analysis (FMEA).

Section 1.0 describes the radiological considerations of the planned
activities including an assessment of the expected external and
internal occupational radiation exposure. It also describes
shielding consf{derations and other steps taken to maintain the
occupational exposure ALARA.

=T Rev. 0
0074Y
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Section 4.0 addresses the safety concerns associated with the
planned activities including a 10 CFR 50.59 evaluation.

Sections 5.0, 6.0 and 7.0 contain the environoental assessoent,
conclusion and references 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 sampling, as well as the actual core saople 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 "dumay” fuel assembly has been constructed
for these tests to verify drilling capabilities in the fuel assembly
structure.

Concurrent with this testing, THI personnel will be trained in the
operation of this equipment. This training may include conducting
planned operational steps in respirators and anti-C clothing where
needed to obtain accurate time 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
procedures will result in safe equipment operation.

All ejuipment necessary to obtain the core sample will be
transported into the reactor building through personnel airlocks.
The core drilling equipment, support structure and interface
platform will be staged and transported into the reactor building on
the 305' level. Final assembly and staging of equipment will take
place on the 347' level prior to hoisting the assemblies into place
on the Defueling Work Platform (DWP). The Defueling Water Cleanup
Systec will be operational prior to and during the core
stratification saompling.

2.2 Core Saaples

Core samples will be obtained from three or more locations and each
sample will have a maxinun design length of 8 feet. The first stage
of each core bore will include boring dowvn to the lower grid
assembly with the drill bit centered on a fuel assembly which has a
vacant instrument tube (i.e. not containing an incore instrument).
This initial stage of drilling will provide the desired core sanple
but will also attenpt to provide a pathway for TV camera access
(nfter resoval of the saople) to the vessel region below the core.
If after boring to the lower grid assembly, the TV camera cannot be
lowered beyond the lower grid assembly due to obstructions, a second
deeper core bore of a reduced diameter will be made down through the
flow distributor plate. It will be stopped prior to reaching the
rubble in 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 sazple as a byproduct of the drilling operation.

2.3 Drilling Locations

Figure 2.3~1 shows the candidate reactor fuel assexbly locations
within the TM1-2 core. F¥Figure 2.3-1 shows the drilling location
within a fuel assembly. It {s planned that drilling locations will
be selected froa reactor fuel positions K-9, D=4, N-12 and othe:

27= Rev. 3
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alternative locations shown in Figure 2.3-1 {n fuel bundles sot
containing instrumentation strings (Note: later core data or
evaluations could change the locations from those given here). For
the second stage of core bore for camera access, the hole will align
with the corresponding exi{sting i{nspection access path through the
lower grid assembly and flow distributor and wi{ll provide access for
a 2.0 inch diameter cylindrical instrument {TV) viewing package.

Core Drilling Equipment Description

The following equinment will be used for the core drilling
operation: the core drilling machine, core barrel and dr{ll bit,
drill {ndexing platform, core sample transfer cask, underwater
support structure, underwater clasp assembly, flush water supply
tank, inert gas purge equipment, sample storage basket assembly,
drill unit {nstrucentation, and video inspection system. The
configuration of most of this equipment {s illustrated in Figures
2.4-]1 and 2.4-2. These are briefly described below. Additional
equipzvnt details are provided in Reference 10.

a. Core Drilling Machine

The drill unit {s a self-contained machine consisting of a
hydrostatically driven spindle and hydraulically actuated feed
cylinders. The spindle {s equipped with a hydraulically
actuated drill chuck i{n order to apply controlled rotational
torque ranges and speed to the drill string. The cylinders are
used to apply the dowvnward force on the drill dit and to move
the drill and casing strings into and out of thc hole by moving
the spindle vertically. The working fluid for this unit
consists of approximately 27 gallons of HOUGHTO-SAFE 620.

The hydrostatic drive systen is powered by a three phase, 480
volt electric motor which wil}l be fed by a portable power
center. The spindle {s driven through a multi-speed gear systen
in order to provide the capability to change the speed and
torque ranges to the spindle. The same electric motor will
provide power to a hydraulic pump which in turn wi{ll provide
power tc the cylinders, the spindle chuck and to two separately
mounted claops used in handling the drill rod and casing
strings. The drill unit {s {nstrumented with a control system
which will be capable of monitoring and controlling the drilling
process.

The drill unit will be operated autozatically but will {nclude
an override and controls for manual drilling and rod handling
operating modes, Details of the operation modes are provided in
Reference 10. Instrumentation will provide visual indication of
rotational speed and torque on the drill string and the weight
(force) applied to the drill bit. The drill unit will be
equipped with a data acquisition systex to record inforeation on
the material being drilled, such as rubble, sclidified 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 cazera
manipulator to view through the core bore hole.

Tne drill unit instrumentation will provide safety monitoring
and control safe equipazent 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 (RPY), welight on drill bit, torque, depth
(rate of penetration) and the water flow rate (drill bit
cnolant). Any deviation from pre-set value ranges for weight on
bit, torque, and water flow will cause an automatic shutdown of
the unit.

1f the surface that the drill bit encounters is very hard and on
a slope from horizontal, the drill bit zay 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 alarus indication to the drill unit
operator.

There 15 no potential of drilling through the reactor lower head
due to the physical limitation of the casing and drill bit
lengths available to the operator i.e., limited rack space in
the drill rod and casing rack on the defueling platform.

The core drill drive and feed equipament will be designed to
oount on the Defueling Work Platform (DWP) via an interface
platform. A mounting platform will be configured to permit the
drill to access all of the primary 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 equipment will be designed to meet the load
lioits of the DWP and no loads other than those from the
drilling operation will be imparted to the reactor vessel.

Triangulation will be used to position the drill unit within

#+ 0.125" horizontally prior to drilling, and to orient the drill
string parallel within + 0.05 degrees with the reactor vessel
centerline as deternmined froz measurements to the plane of the
reactor vessel flange. During drilling the drill bit drife will
be limited to + 0.5" at the lower core support grid elevation.
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This is a project limit only; exceeding this licit may prevent
the video package froz being lowered through the core support
asseobly, due to the location of the inspection holes, but will
present no safety concern.

Core Barrel & Drill Bit

The drill core barrel function 18 to contain and protect the
core sample, support the drill bit, transmit drilling forces,
and channel flush water to the bit. A double tube core barrel
will be used to permit the inner tube to remain stationary
around the core saople while the outer tube rotates. A swivel
mechaniso built into the top of the core barrel allows flush
water to be channeled to the drill bit which keeps it clean and
cool. A series of flutes (channels) in the drill bit allows
water to pass back to the reactor vessel as it is displaced by
the core sanple.

The overall length of the bottom section of drill pipe .
containing the core barrel will be limited in 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 synthetic diamond bonded to {t,

Drill Indexing Plattord

The function of the drill indexing platform {s to support the
drill unit, transfer cask, and underwater structure, and to
accomnodate positioning of these components at the proper
locations for drilling. The platforz mounts to an interface
platform which bolts to the rotatable Defueling Work Platforz
above the reactor vessel.

The Defueling Work Platform rotates about the reactor centerline
and will be used to position the drill indexing platforo 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 platforos, one platform for the drill unit and
underwater structure and one platform for the transfer cask.
These two plattorms can be moved radially independently of each
other by means of hand-cranked rack and pinion gear mechanisms.
The cask can also be moved circumferentially independently of
the other components by translation on slide bearings by means
of a hand-operated lead screw. This will be used when
positioning the cask off-center above a fuel canister when
lowering a core sample or used casing section into the fuel
canister wounted on the canister positioning system.
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Four hydraulic jacks will be used to 1ift the drill roller
platform off its tracks and clamp it in position. These jacks
are part of the hydraulic system which is electrically powered
and contains approxicately 2 gallons of HOUGHTO-SAFE 620 as the
working fluid. Mechanical devices are provided to back up these
hydraulic devices.

The drill indexing platfore structure has removable grating to
allow for sultiple positioning of the drill unit and has two
operator access {(wing) platforcs with handrails.

Core Sacple 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 3anifold to supply borated rinse water
around the circuaference of the casing or drill pipe for
decontamination as they are withdrawn from the reactor.

Underwater Support Structure

Tests deterzined that stabilization of the drill casing is
required at about the 314’ elevation. Therefore, a 25 ft. 3 in.
long tubular girder underwater stabilizing structure will be
eoploycd. The upper end terminates in a plate which bolts to
the tilting platform. A plate at the lower end contains a
tapered funnel gulde aud a £.67 in. hsle fcr guiding and
stabilizing the drill casing. A casing clamp is also required
approximately 4 ft. 8 in. under the reactor water level to
separate the casing and allow the cask with sasple 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
lowered in position through, and bolted to the top of the drill
indexing roller platform by the reactor building service crane
or the polar crane. Alignment of the drill unit and underwater
structure will be accoaplished by four jacks that can be
adjusted to correct the drilling axis by use of a hydraulic
systec. The stabilizing structure will be aided in providing
the rigidity and alignoent necessary for accurate drilling by
use of strain gages that will alarz when the drilling axis has
deflected out of tolerance.

Undervater Clamp Assembly’

The lower casing clamp consists of a pair of diametrically
opposed serrated jaws and funnel guide located approximately

4 ft. 8 in. under the reactor water level and welded to the
underwater structure. The claop 1s hydraulically operated from
a reoote position located on the drill platform. Using a
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demineralized wvater medium, a hand puop actuates a double acting
cylinder which forces the jaws either closed to hold the casing
section while engaging (disengaging) the adjacent threaded joint
or open to allow free operations of the drill string. A relief
valve is used to prevent overpressurization of the systez. A
zanually operated tool has been designed and will be available
to insert into the reactor vessel and operate the clanp should
the pricary claecp fall.

Flush Water Supply

During drilling operations, borated water will be required for
flushing drill fines and cooling the bit. Borated water will
also be used to rinse the drill tube and casing during removal
froo the reactor. This water will be provided by a standard 1/2
to 6 gpo positive displacement punp. A diversion valve will be
provided so that pupp suction can draw borated water froz the
11¥, beneath: the DWP. The puzp suction will be taken from an
area reoote from potential sources of unborated coderators.

This 15 the pricary source of flush water. A secondary source
is provided by two 55-gal nn flush water supply tanks, which are
used to rinse the svivel supply line prior to breaking its
connection to the drill string. These tanks will be filled frono
the BWST via the canal f11l systec with a verification saocple
taken after filling the tank.

lnert Gas Purge Equipoent

In order to protect the core bore sazples from oxygen, the
transter cask will be purged with fuert gas to protect the core
barrel and saople as they are reooved froc the reactor. This
will be done by inscrting a wand into the lowest scction of
drill tube contairing the sacple. As the water drains out of
the drill pipe and core barrel, it will be replaced by the inert
gas. After the last scction of drill tube 15 removed from the
top of the core barrel, a plug will be inserted into the top of
the core barrel. The total amount of available inert gas will
be licited to an amount less than could accuzulate in the
reactor area and cause a personnel hazard.

Sanple Storage Basket Assecbly

Atter the core sample i1s raised into the transfer cask, the
sanple wvill be transferred horizontally and lowered into a
basket assecbly which would be installed in a fuel canister.
These canisters are on the underwvater rotating carousel that
will be used to position the basket below the transfer cask's
path. The basket assccbly is self draining and is presently
designed to receive two large and two small core barrels, with
sazples, and two contacinated casing sections per fuel

canister. The core barrels and casing scctions are lowered into
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the fuel canister baskets by means of 1ifting plugs threaded
into their top ends and attached by a stainless steel lanyard to
an overhead bridge crane.

J. Drill Unit lnstrumentation

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 EG4C testing. The
principle oethod of drilling control will be to program in a
specific drill bit rpm and utilize the weight oo the bit as a
variable to control torque within a predetermined control band.
The automatic operatioo can be overridden to control the drill
unit manually, if required. 7The equipment safe shutdown feature
described in section 2.48 will override both the automatic and
manual operation modes.

k. Video Inspection Syster

In order to inspect the lower reactor head region, two caceras
with cabling, a camera manipulator, and video recording systec
will be used. The camera head is equipped with a 1€ 1 lens.

Thie camera manipulator asseobly consists of a shaft to provide
camera support, indexing, and rotation, a set of cla=zps to lock
the shaft to the drill unit. a rotating head to provide radial
scanning in 30 degree increments, a water connection to provide
borated flushing water to clear the viewing area of floating
particulate, and a camera indexing fixture to assure camera
indexing to a specific reactor compass heading.

The video recording systec consists of a & ¥Mhz bandwidth video
recorder, a video distribution systex, a pair of video printers,
and a video quantitizer.

2.5 Core Boring Operation

The core drilling equipment will be staged and assecbled onto the
DWP and prepared for operation. The locations of the core saoples
will be predetercined and the drill unit and rotating work platfora
will be positioned at the desired coordinates over the reactor
core.

To cocplete the drill unit alignment over the sazple location an
electronic leveling system will be used in conjunction with the
theodolite sighting systen (i.e., surveying instrucent). Any
required adjustments, as indicated by the theodolite sighting
systen, will be cade to the drill unit roller and tiltiog

platfores. These adjustments will properly align the drill rig in
the horizontal plane and ensure that the drill axis 1s perpendicular
to the horizontal plane and directly over the target fuel assecbly
location. The platforms once properly aligned will be held rigidly
in place by clazps during the operation of the drill unit.
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Thie drill piping and casing piping sections are assembled in the
drill chuck while being supported in place by the lower clazcp
assecblies. Core drilling starts at the top of the debris bed and
continues until the lower fuel assecbly end fitting is coocpletely
penetrate4. 1f needed, the casing is then drilled down around the
.drill pipe until the casing shoe rests or or near the top of the
lower end fitting grid. In order to prevent drilling into the
reactor vessel wall (lower head), the drill pipe (string) length
available on the DWP at any given tice will be lizited so that the
drill cannot physically reach the vessel lower head.

The core drilling will be controlled from the defueling work
platforo. The drill uait is instrucented to provide continuous
intorzation on drilling paraceters.

After the core drill penetrates the fuel assecbly lower end fitting,
the upper section of the casing, a minimuz of one foot above the
core dedris, will te recoved by recotely disconnecting a joint in
the casing. The drill piping containing the core sacple in the
lower 11 foot pipe section is raised while rotasting the drill
string. While withdrawing the core sacple the pipe and casing
sections are reaoved until the section containing the saxzple has
teen withdrawn up into the lead transfer cask. The drill pipe
sections befng rewvved are sprayed down with dora’ed water as they
are retracted through the transfer cask (to rcmove loose
contasination) using a spray systez 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.

The transfer cask is translated liorizontally to a position directly
over the fuel canister which has previously been located at the
loading station by rotation of the canister positioning system. The
core sample pipe 1s then grappled by the overhead bridge crane and
lowered into the fuel canister. When the canister is full, it is
capped and the canister positioning systees will be rotated to bring
an expty canister into loading positior.

After cozpletion of the first stage of the core bore the video
inspection manipulator with carzera and cable will be lowered through
the casing pipe to a position in the fuel assembly just above the
lower end fitting. 1f blockage is observed, then a deeper, slightly
reduced diameter (2.2") core drill will be performed to clear a
pathway through the flow distributor to provide video manipulator
access to the reactor vessel bottoz head region. The lengths and
nunber of drill pipe sections are controlled so that the drill
string cannot reach the lewer reactor vessel head. Additional
sections of dril]l pipe will he allowed into the reactor building
only after previously used sections have been disposed of properly.
This disposul way include placesent in a defueling canister or
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removal from the reactor building. The drill rod and casing pipe
storage racks have been designed to limit the acount of pipe that
may be stored at the drilling platforn so that exira pipe is not
available.

When clear of the bloch.age, the video imspeoction maunipulator with
camera and cable will be lowered through the casing and the drill
hole to the lower head region. Then, video inspectior is perfcrmed
of the lower vessel head area at that location.

1f inspection of the lower vessel area indicates that a grab saople
is justified, existing grab sacple tooling will be utilized to
obtain a sample. The sample will be placed in a special saople cask
for shipment.

After the core sacples have been removed froc the reactor and the
lower head inspected, the hole in the fuel assecbly end fitting wi{ll
be sealed, 1f required, to prevent large particles froe falling into
the lower vessel. The casing, if used during the drilling
operation, will stay in place, until the end fitting plug has teen
installed. The end fitting plug has a lead-in chamfer to facilitate
entry into the drilled end fitting hole. The plug also has a
11fting eye and a wire rope to lower it into the hole. The wire
rope will be cut and retrieved after the plug is installed, prior to
casing removal. The casing pipe section is then withdrawn into the
transfer cask and transferred to and lowered into a fuel canister.
The lowering of the caring pipe sections into the defueling canister
requires the use of a crane. Other raising and lowering operations
nay be completed by the use of the core drilling machine. Loaded
fuel canisters will de transferred to the appropriate storage
locations. The fuel canister transfer will be performed in
accordance with the "Safety Evaluatior, Report for Early befueliug of
the TM1-2 Reactor Vessel,” (Ref. 2).

Upon cocpletion of the core sazple acquisition tasks, the core
drilling equipzent will be removed, disasscobled and disposed of in
accordiince with GPU requiresents for handling of contacinated and
potentially contaminated materials.

Fallure Yodes and Effects Analyses (FMEAS)

Failure modes and effects analyses were performed for the following
systeos: drill unit, tilt platforcs, undervater structure, drilling
platform, drill unit indexing platform, transfer cask, cask indexing
platform, drilling flush water, inert gas purge, appurtences, drill
string casing, video examination system, drilling machine computer
control, data acquisition systex and theodolite sr¥stez. The FMEAs
are described in detail in Reference 4.
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The only failure code with safety significance is a fallure which
could cauvae the core boring unit to drill through the lowver vessel
head and cause loss of reactor water. The means to prevent this
type of failure is to limit the length of drill bit and casing
available to the operators. The drilling aystez design will insure
that neither the drill bit nor the casing shoe can reach the reactor
vessel pressure boundary. This will be accomplished by restricting
core bore activities to withio a cylirdrical envelope. The envelope
will be approximately 8'-1“ in diameter and will be centered om the
reactor vessel centerline. The bottom of the cylindrical envelope
(i.e., at the maxizuz depth of core bore) will be no closer than 6"
froa the inner wall of the reactor vessel lower head at the outer
edge of the cylindrical envelope. However, as discussed in section
4.4, the drilling operation will be adzinistratively liaited to
prevent drilling into the rubble bed, if the rubble bed extends into
the envelope.

Quality Control wili verify the total length of the drill rod and
casing pipe taken irside containment and staged on the DWP. This
w111l ensure the total drill pipe length available to the equipzent
operators will te insufficient to reach within 6" of the reactor
vessel wall.
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3.0 Radiological Considerations
3.1 External Exposures

All individuals entering the reactor building will be monitored for
external exposures in accordance with radiological control
procedures to ensure personnel exposures are maintained ALARA and
within 10CFR20 dose equivalent limits. Administrative control
points in accordance with radiological controls procedures will be
used in order to assure specified dose limits are not exceeded.
Extremity monitoring will be performed as needed in accordance with
existing procedures. Radiological Controls Department personnel
will continuously monitor dose rates in the reactor building during
the saople 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
estimate was developed based on projected person-hour requirements
and reactor building exposure rates associated with these
activities. The average dose rate during staging, assembly,
disasseobly and removal was taken as 50 mrem/hr. The average dose
rate during core drilling operations and video inspection at 5
locations was estimated to be 25 mreo/hr. The collective dose is
estimated below:

Dose Rate Total
Activity (ax/hr) Hours Man-Ren
Assexbly &
Disasseably 50 346 17.3
Drill Handling 25 416 10.4
Core Drilling 25 624 15.6
Totals 1,386 43.3

Person-rem for radiological controls support is not included in the
above estimate. Fro= a review of historical data it 1s assuaed that
person-rea for the radiological controls group will be 203 of that
accunsulated by other groups in containment. Based on this, the
estimate for radiological controls support is 8.7 person-rem, 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, it is
estimated that the total exposure could vary by up to + 30 percent.
Considering these uncertainties, 35 to 70 person-rea has been
selected to be used as the estimate for the performance of the
activities scoped in this SER, including radiological controls
supporet .
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Internal Exposures

All individuals entering the reactor building will be monitored for
internal radiation exposures uccording to established procedures.
This monitoring will be accomplished by periodic whole body counting
or bloassay, or both. All exposures to airborne radioactivity will
be maintained ALARA and within the limits established {n 10CFR20.
Alrborne radioactivity in work areas will be monitored according to
established procedures. Air saopling for particulates will be
performed using devices such as breathing zone air samplers and grab
samples. Tritium grab sazples will be taken as required according
to established procedures.

Respiratory protection has been used to oinimize the uptake and
deposition of airborne radioactivity 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 lopede work, total dose can increase by
causing an elevated external dose. Current radiation protection
guldance as expressed in International Comxzission on Radiation
Protection Publication-26 (1CRP-26) considers both external and
internal sources of exposure and recoucends minimizing the sum of
them.

For soluble cesium-137, the internal dose {5 2.5 mrem (received over
several years, Teff 70 days) for each hour of exposure at MPC.

For soluble strontfuam/yttrium-90, the bone dose i{s approximately 15
oren (received over 50 years, Teff 6400 days) for eacia hour of
exposure at MPC. Even if there 15 no overall savings in the total
dose due to elimination of a respirator for a given task (that is,
the increased internal dose exactly offsets decreased external
dose), the fact that the internal dose i1s calculated on a fifty year
dose comnitment 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 deteroine {f the use of respiratory devices
for a task 1s ALARA. This review will examine the current
radiological conditions in the work area, the potential of the task
or other concurrent tasks to perturb the radiological conditions and
when avallable, review the results of previous airborne activity
measurecents in the work area for similar tasks.

ALARA Considerations

The objective of minimizing occupational exposure has been a major
goal in the planning and preparation for all activities in the
containment. The actions that have been taken or are being planned
toward meeting this objective are suamarized in this section. These
actions 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 detalled
radiological review by Radiological Engineering and mock-up training
where appropriate. Training of workers on a mock-up will
familiarize the workers with tasks to be performed. This training
will result in less time and personnel exposure in the reactor
building.

Equipment has been designed with the intent of keeping radiation
exposures ALAKA by minimizing in-containzent assembly and
simplifying operation.

Shielding

wWhen the 3/8 inch thick stainless steel core barrel containing the
saople is removed froa the water, lead shielding with an approximate
thickness of 3" wiil be used in the core sample transfer cask to
oinicize direct radiation levels. A radiological analysis performed
for different source terms predicts exposure rates on the outside
surface of the cask of 15 mrea/hr for cesiuz-leached fuzl (Ref. 4).
To prevent streanming, two teamporary shielding inserts will be placed
at the top of the transfer cask around the core barrel during saople
transfer.

The cask incorporates a water manifold to supply borated rinse water
around the circunference of casing or dri{ll tubes for
decontamination as they are withdrawn froa the reactor.
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4.0 Safety Coacerus

To ensure that the sazple acquisition operation is conducted in a safe
manner, the following potential safety concerns have been evaluated.

4.1 Release of Radloactivity

The planned activities assoclated with the sampling operation are
not expected to release any appreciable amounts of gaseous or
particulate activity. Any potential releases of radioactivity are
enveloped by the dose assessment performed for early defueling
activities in the Safety Evaluation Report for Early Defueling of
TH1-2 Reactor Vessel (Ref. 2). These analyses demonstrate that any
potential release will be within allowable limits.

The planned core bore activity has the potential to release Kr~85
from the core debris and from the reactor building. Tne offsite
radiological consequences and the measures employed to minimize
exposure to in-containment personnel, from this potential release of
Kr-85, are addressed below.

Kr-85 i{s a fission product with a half-life of 10.7 years which
decays primarily (99.62) via beta emission at a maxizum energy of
0.672 MeV. The anount of Kr—-85 available for release from the core
cannot be quantified because the cooplete characterization of the
core (the existence and extent of voilds and intact fuel pins) is not
available. The amount of Kr-85 in the core has been postulated to
be as low as zero and as high as 31,300 Curies. The azount of
Kr-85 entrapped within voids in the core is also speculative.
Therefore, the azsount of Kr-85 available for release during the core
bore activities cannot be quantified.

To assess offsite radlological consequences a “worst-case” bounding
analysis has been performed. This analysis is presented in the SER
for Heavy Load Handling Over the TMI-2 Reactor Vessel (Ref. 6).
This analysis assumes the release of 31,300 Curies of Kr-85 to the
environrent and shows that the radiological consequences are
acceptable from an accident release perspective. The resulting dose
given in the SFR 15 9.7 millire= to the whole body. The
corresponding dose to the skin is 810 millirem using the dose
conversion factors given in Regulatory Cuide 1.109. The atmospheric
disgersion factor used to obtain the dose of 810 millirem is 6.1 x
sec/o3 which is given in Appendix 2D of the T™MI-2
FSAR.Accident release calculations take no credit for mitigating
actions by control rooz operators. However, if a large release of
Kr-85 froa the core were to occur, operator action could be taken to
pininize the offsite doses. Upon indication from a portable
detector or froz the plant vent radiation monitor, the containment
purge could be secured. Purging the containment could then be
limited to only during favorable meteorology (1.e., weather which
ensures a rapid dispersion) which would minimize the offsite dose
due to a Kr-85 release. Based on a controlled release scenario, the
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expected exposure to the skin of an individual oftaite would be much
less than 810 millirem since the atmospheric dispersion factor would
be much less than the atsospheric dispersion factor used for
accident assessments. The largest atmospheric dispersion factor on
an annual average basis is 2.27 x 10~ gec/n3 in the SE aector

at the site boundary (TMI-1 Offsite Dose Calculation Manual). Thus,
the highest expected dose to the skin for an individual offsite is 3
millirem from the release of 31,300 curies of Kr-85. This dose is
well within the 15 millirec limit given in 10CFR50, Appendix I.

Since the amount of Kr-85 available for release during the core bore
cannot be quantified, protective mcasures will be eaployed to
ninimize exposures to in-containment personnel. Kr-85 in the 1IF
alr space will be shielded by the rotatable work platform. To
provide indication of large rcleases of Kr-85, a portable detector
will be located on the core bore platfora or the rotatable work
platform, and an alaruing radiation amonitor will be in place to
aonitor below the rotatable work platform. If significant increases
of beta radiation are detected, workers will secure the core bore
apparatus in a safe configuration and will vacate the reactor
building at the direction of Radiological Control personnel. The
nced for air saoples to be analyzed for Kr-85 will be deterzineé by
the Radiological Controls Department.

The core boring operation also has the potential for releasing
significant quantities of fuel fines and soluble radioactive
materials to the reactor coolant due to the pulverization of fuel
and fuel debris as the drill penetrates these materials. These
zaterials may then become distributed in the reactor vessel water
volume, which may cause an increase in dose rates above the water
surface. Because of the high density of UD2, fuel particles will
tend to settle rapidly in the water; however, soluble materials may
becoze dispersed throughout the water volume. The defueling water
cleanup system (DWCS) has been designed to provide sufficient water
cleanup capability so that soluble activity and particulate levels
are returned to normal within a reasonable azmount of time after such
release. Assuming a 20 Curie release of Cs-137, and assuming a
uniform mixing in the reactor vessel, the water activity would
increase by 0.18 uCi/ml. This would cause a dose rate increase of
approximately 14 millirem along the open slot in the rotatable
platform, assuming the entire tool slot is open. The dose rate
increase would be less on the core bore platform duc to the
increased distance fros the source.

Thiie cesiuzs and other soluble radioactive materials will tend to stay
dissolved in the reactor coolant and will not significantly increase
reactor building airborne radioactivity or airborne releases to the
environnment.

To minimize the potential dose rate increase to workers the
following precautions will be considered:
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o Radiation dose rates on the core bore platform and/or on the

defueling work platform will be continuously monitored while
personnel are present during the core bore operation.

o All shield panels in the rotatable platforz will be in place,
excepting those panels required to be removed for placement of
the core bore apparatus.

o The DWCS or other water cleanup ¢apability will be operable
during core bore operation.

Considering the expected releases and the resulting dose rates,
these precautions are considered adequate to protect personnel in
the event cf soluble or particulate releases to the reactor coolant.

Criticalicy

The only credible means of attaining criticality of the fuel
contained in the vessel is through deboration of the RCS water or
introduction of “foreign” materials to the reactor vessel. The
potential for boron dilution during defueling will be addressed in
the “Hazards Analysis: Potential for Boron Dilution of Reactor
Coulan' Systeam,” (Ref. 3). The analysis for potential boron
di{luc.on during defueling will envelope the core sample acquisition
activities.

Conponents of the core boring system which contain hydraulic fluid
wnich could putentially cause local dehoration in the core are
classified important to safety to minimize the potential for fallure
of these cozponents.

The sain concern is leakage of hydraulic fluid froz a hose break or
froa the reservoir attached to the core drilling machine. The two
closed hydraulic systems on the drill unit contain a total of about
27 gallons of HOUGHTO-SAFE-620 hydraulic fluid. HOUGHTO~SAFE-620 1s
a mixture of 40% water, 40% glycol, 15% polyglycol and 5% additives
which although slightly hravier than water, also is cospletely
ziscible in water. Therefore, it is unlikely that hyvdraulic fluid
entering the top of the reactor pressure vessel could move down to
the core¢ region without being significantly diluted in the water
above the core. The only pathway for the hydraulic fluid is via
leakage onto the surface of the vessel water from the top of the

vessel.

lhere is a low level sensor on the hydraulic fluid reservoir which
would initiate shutdown of the drill unit within 1 second of
detecting a loss of 1/2 gallon of hydraulic fluid. Therefore,
leakage from a hose breax would be limited to 1 1/2 gallons. A drip
pan with a capacity of 8 gallons will be provided to collect minor
leakage. Due to a limit in reservoir (tank) size no more than 27
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gallons of HOUGHTO-SAFE-620 is available to leak into the top of the
reactor vessecl, 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 inforzation and
analyses presented in Reference 3, any leakage into the reactor
vessel would be diluted by the reactor coolant.

The water used for drill bit flushing/cooling will be supplied fro=
thie 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 Specifications. To ensure that the flush water 1is
adequately borated at the start of the core boring operation, a
sample will be taken and anmalyzed for boron concentration. During
the core boring operation the flush water supply taok will be
refilled from the Borated Water 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
iato the drill bit. In order to prevent this, the relative location
of flush water suction will be from an area reoote from potential
sources of unborated moderators and the drill's hydraulic fluid
introduction will be such that insignificant deboration would take
place in the event of a leak. The flush water suction line
arrangement will also minicize possible deboration of the flush
water in the unlikely event of deboration resulting from the vrong
resins being added to the DwCS ion exchangers.

The addition of the steel drill casing and core barrel into the core
region does not represeut a configuration more reactive than that
analyzed in the "Criticality Feport for the Reactor ‘Coolant Systez,”
(Reference 7). Additionally, the use of other "foreign™ materials
(e.g. cable, camera, etc.) during the sample acquisition activities
will not increase the keff of the reactor coolant syste> above

0.99. The process used to review and control these materials is
discussed in Section 4.2.1 of Reference 2.

‘The manually operated underwater casing clazp hydraulic systeo
contains 1.4 gallons of demineralized water. Leakage of this small
asount of water has been shown, in the foreign materials report
(Reference 11), to not be a criticality hazard, even {f introduced
directly into the rubble bed.

Pyrophoricity

In order to avoid the possibility of a hypothetical pyrophoric
reaction, core samples shall be maintained in an essentially
oxvgen-free environment following withdrawal froc the RCS water.
This will be accomplished by purging the core barrel and core sample
with an inert gas as they are resoved froo the reactor. This will
be done by inserting a wand into the lowest section of drill tube
containing the sample prior tc It being raised froz the water. As

-27- Rev.
0074Y

3



4.4

15737-2-G07-109
SA-4350-3261~-85-02

the water drains out of the drlll tube and core barrel, it will be
replaced by the inert gas. After the last section of drill tube is
removed from the top of the core barrel, a plug will be inserted
into the top of the core barrel prior to transferring it to the
defueling canister. For a more detailed discussion of pyrophoric
events in the RCS, see Reference 9.

The heat generated by drill bit friction will not increase the
potential for a pyrophoric eveat since this heat will be readily
dissipated by the boring tool flush water. The drill unit will be
autozatically shut down upon loss of flush water.

Reactor Coolant Systea Integrity

Load handling activities during the equipment installation,
operation and resoval will be performed in accordance with the
“Safety Evaluation Report for Heavwy Load Handling', (Ref. S5) and
with the "Safety Evaluation Report for Heavy Load Handling over the
Reactor Vessel”, (Ref. 6). The analyses presented in these two
references deaonstrate that any potential drop accidents associated
with the core sazple acgquisition activities will not impact the
health and safety of the public.

During thie installation and rezoval of the core boring eguipzent,
soze loads to be handZled have been ideatified which will exceed the
height/weight li=itations presented in Reference 6. An analysis hzs
been perfor=med to bound all heavy load handling during the
installation and rezoval! activities associated with the core
drilling equipzent. The 2axi=zum load and lift height in this
analysis are a 5000 pound load beirng raised to a plant elevation of
339°~C”. The analysis deterzined that this 11ft height is allowable
1{ the tfollowing conditions are oet:

15 The load is zaintained within a 3'-6" limit troz either side
of the DWP support structure center line {N-S or E-Ww
centerline).

b S he T~slot tool positioner, tool rack, jib cranes and
transfer shield-shield collar will not be on the DWP during
this load handling activity.

{14. The core ©..e drill rig, flush water tanx and hvdraulic
control assezbly will not be installed prior to this load
handling activity.

Loads less than 2000 pounds that will be handled above the DWP will
be handled in accordance witn the following:

no= 17500 & 331.5
n
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Where H is the maximum plant elevation to which the load may be
raised in feet, and W is the weight of the lifted load including the
weight of the rigging which is rigidly attached to the load, in
pounds. H {s the maxizun elevation of the lowest rigid point of the
suspended load.

Any additional load handling activities that are identified that
exceed the limitations of References 5 and 6, will be evaluated on a
case by case baslis.

The core bore operation will exert a downward force on the core
region debris bed and on the core support asseably. This downward
force is autozatically controlled and cannot exceed 10,000 pounds
based on the operational limitations of the core bore equipaent
(Reference 10). This downward force cannot be imparted on the lower
reactor vessel head incore instrucent nozzles unless there is a
direct, solid link between the drill bit and a nozzle. Since none
of the drill locations will be directly over an iuncore nozzle, this
link can only be created by debris. To ensure that incore nozzle
loading will be precluded, the depth of core bore will be limited
such that the bit will not pass into the rubble bed in the lower
vessel head region. The deternination of maximum drill depth will
be based on TV casera v:ewing of the lower head reglon iz=ediately
belov the drill path prior to the start of drilling at a particular
location. Consequently, the drill bit downward force can only be
exerted in the rubble above the flow distribution plate wherc the
force will be distributed to the core support asseably and is
unlikely to iapart a load on the nozzles.

The potential for core boring activities to danage incore instruzent
tubes outside of the reactor vessel has also been evaluated. If the
drill string/tit were capable of "catching™ an i{ncore {nstrument
string and wrapping the string around the drill bit as it rotates, a
stress could be imparted to an instrument tube below the vessel
lower head. This type of event is not considered credible for the
following reasons:

a. The drill bit/string configuration is such that there is no
feature which could grab and hold an fnstruzent string.

b. Each core bore will be centered over a fuel assembly which
has no instrument string. 1f an adjacent instruzented fuel
assembly collapsed into the path of a core bore, the bit
would drill through the assembly and sever the string. The
only other drill bit contact with an instru=zent string would
have to be with a "loose” string from an adjacent fuel
asseably location. The instruzent strings in an intact core
are contained within an instruzent tube in the center of a
fuel assembly. It 1is not considered feasible that the
surrounding fuel assezbly and instrument tube could
disintegrate or oelt, thus exposing the instruzent string,
without the destruction of the instrument string.
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4.5 10 CFR 50.59 Evaluation

10 CFR 50, Paragraph 50.59, peroits the holder of an operating
license to make changes to the facility or perform a test or
experiment, provided the change, test, or experiment i{s determined
not to be an unreviewed safety question and does not involve a
modification of the plant technical specifications.

A proposed change {nvolves an unreviewed safety question if:

a) The probability of occurrence or the consequences of an accident
or malfunction of equipzent important to safety previously
evaluated in the s~f2ty analysis report may be increased; or

b) 1The possibility for an accident or malfunction of a different
type than any evaluated previously in the safety analysis report
may be created; or

c) The margin of safety, as defined in the basis fcr any technical
specification, is reduced.

The FSAR for ™I1-2 evaluated a variety of Design Basis Accidents.
In general each of those events represented a substantially more
consequential accident than any that can be credibly postulated for
boring into the TM1-2 core in its present condition.

Eact of the questions for determining if core boring activities
involve an unreviewed safety question are evaluated below.

Has the probability of occurrence or the conseguences of an accident
or malfunction of eguipzent important to safety previously evaluated
in the safetv analysis report been increased?

The uncontrolled addition of unborated water to the reactor coolant
systex during core boring activities is addressed in Reference 3.
1t describes how the potential sources of unborated water are
i{solated froa the reactor coolant systeo and the measures to be
taken to detect a boron di{lution event should one occur.

The introduction of foreign materials into the reactor core region
is discussed in section 4.2

Any release of radioactivity during core Lorfng activizics will be
to the containnent. During core boring activities containment
isolation capability will exist and the ventilation system for the
containoent will be operated in accordance with the technical
specifications and will, therefore, not increase the probability of
an uncontrolled release of radioactivity. As for the consequences
of a release of raidloactivity, as stated in Section 4.1 of this
report the consequences of releases of radioactivity are not
increased over previous analyses present in Reference 2.
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A fuel handling accident related to core boring activities that
could result in a release of radioactivity 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 in the FSAR.

As described in this safety evaluation, core boring activities will
not adversely affect equipment classified important to safety (ITS),
thus the probability of a malfunction of ITS equipzent i{s not
increased. It 1s also concluded that the consequences of a
oalfunction of ITS equipment 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 previous analyses presented in
the FSAK,

o removal of decay heat is passive in nature, thus no impact
should DHR system fail, and

o the existing RCS boron concentration will ensure subcriticality
for all credible fuel configurations, not requiring any active
system.

In suzmary, it is concluded that the core boring activities do not
increase the probability of occurrence or the consequences of an
accident or malfunction of equipment important to safety previously
evaluated in the safety analysis report.

Has the possibllity for an accident or zalfunction of a different
type than anv evaluated previously in the safety analysis report
been created?

The various types of accidents which could occur during core
stratification saaopling are discussed in Sections 4.1 through 4.4.
None of these accidents are of a different type than those
previously analyzed.

Has the margin of safetv, as defined in the basis for any technical
specification been reduced?

Technical Specification safety margins at TMI-2 are concerned with
criticality control and prevention of further core danage due to
overheating. As dezonstrated by this Safety Evaluation Report,
Technical Specification safety margins will be maintained throughout
the core boring process. Criticality is controlled by establishing
a boron concentration at greater than 4350 ppz during the core
boring process and ensuring that this concentration is maintained by
monitoring the concentration and isolating potential deboration
pathwavs. Also, the quantity of "foreign” materials that could be
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introduced to the vessel will be strictly controlled. The ability
to prevent further core damage due to overheating is not affected by
core boring as systems will 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 stratification saopling activities do not

o increase the probability of occurence or the consequences of an
accident or aslfunction of equipment important to safety
previously evaluated in the safety analysis report, or

o create the possibility for an accident or malfunction of a
different type than any evaluated previously in the safety
analysis report, or

o reduce the margin of safety as defined in the basis for any
technical specification.

Therefore, the core stratification sazpling activities do not
constitute an unreviewed safety question.

o Technical Specification changes are required to conduct the
activities bounded by this SER.
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5.0 Environmental Assesscent

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 15 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 assuaptions in order to provide bounding
results. Using these conservative assucptions, 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 performed with no significant environmental impact.
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6.8 Conclusions

The sazple acquisition, transfer, and associated activities, have been
described and evaluated. The evaluations have showm that the task and
equiprent enmployed follow the continued commitment to maintain radiation
exposure levels ALARA. The cvaluations have also shown that no
detectable increase of radioactivity releases to the environment will
result from the planned activities. The consequences of postulated
accidents with respect to potential core disturbances and loadings on the
reactor vessel have been shown not to cospromise safety. The normal and
accidental releases of radioactivity have been evaluated and are bounded
by the analyses presented in Keference 2. It is therefore concluded that
the core sampling acquisition and the associated activities, can be
perforoed without presenting undue risk to the health and safety of the
public.
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