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TMI-2 ACCIDENT EVALUATION PROGRAM
SAMPLE ACQUISITION AND EXAMINATION PLAN
- EXECUTIVE SUMMARY -

1. PURPOSE AND INTENT

The purpose of the TMI-2 Accident Evaluation Program Sample
Acquisition and Examination (TMI-2 AEP SA&E) program is to develop and
implement a test and inspection plan that completes the current-conaition
characterization of (a) the TMI-2 equipment that may have been damaged by
the core damage events and (b) the TMl-2 core fission product inventory.
The characterization program includes both sample acquisitions and
examinations and in-situ measurements. Fission product characterization
involves locating the fission products as well as determining their
chemical form and determining material association.

The intent of the TMI-2 AEP SALE Plan documentation is to describe the
TMI-2 Sample Acquisition and Examination Plan in a manner that provides
sufficient information for “stand alone® comprehensiveness. The SA&E Plan
description is furnished in two versions, this abridged version (Executive
Summary) for external distribution, and a detailed unabridged version
primarily for internal use as a reference manual.



‘2. PROJECT GENESIS

The TMI-2 Sample Acquisition and Examination will be accomplished in
accordance with United States Department of Energy contractor business
practices. These practices require rigorous project planning, control,
and reporting to assure that government-funded research programs are
accomplished in a way that maximizes research results and the effective
utilization of program resources. The TMI-2 AEP SA&E Plan will provide
those assurances.

This Plan is part of the EG&G Idaho, Inc. TMI-2 Programs project which
is described in the EG&G Idaho, Inc. TMI-2 Programs Division Master Plan,
Revision 4, dated October 31, 1985. Included in this Master Plan is an
outline of the EG&G Idaho, Inc. TMI-2 Programs Work Breakdown Structure
(WBS). The SA&E program is composed of two (Level 4) elements; Sample
Acquisition (WBS No. 751400000) and Sample Examination
(WBS No. 755400000). These two elements are within the (Level 2 WBS
No. 75B000000) TMI-2 Accident Evaluation Program.

The TMI-2 Accident Evaluation Program will accomplish the Department
of Energy's program objectives of understanding the TMI-2 accident,
disseminating this knowledge to the nuclear industry, and aiding in the
resolution of severe accident and source term issues. The program's work
is divided into four elements: (1) Examination Requirements and Systems
Evaluation, (2) Sample Acquisition and Examination, (3) Data Reduction and
Qualification,? and (4) Information and Industry Coordination. The
Examination Requirements and Systems Evaluations element is responsible for
defining program scope and technical objectives, defining sample
acquisition and examination data requirements, determining the accident
scenario, and providing a standard problem and applying the research
results to aid in the resolution of the severe accident source term
issues. The Sample Acquisition and Examination element is responsible for
obtaining the samples specified by the Examination Requirements and

a. Analytical and Experimental Support in Revision 4 of the Master Plan.



Systems Evaluation element from the TM] site, for examination of the
samples, and for reporting the examination results. 0Data Reduction and
Qualification is responsible for developing and maintaining the TMI-2 data
base and for evaluating and qualifying online instrumentation and recorded
data. Information and Industry Coordination is responsible for information
transfer, coordination of review and consulting groups, interface with
other source term research programs, and coordination of the TMI-2 standard
problem exercise.

The tasks within the four work elements are designed to accomplish the
following technical objectives:

° lIgentify and quantify the parameters and processes which
controlled the progression of core damage and damage to the lower
core support assembly, instrument penetration nozzles and guide
tubes, and possibly to the reactor vessel lower head,

. Determine the plant-wide fission product behavior (source term),
concentrating on release from the fuel and transport and
retention in the primary cooling system,

° Provide a data base that contains the examination (and analysis)
results,

° Provide a standard problem of the TMI-2 accident that includes
the examination results and against which the severe accident
analysis codes and methodologies can be benchmarked,

° Apply the TMI-2 accident evaluation research toward resolution of
severe accident source term technical issues.

The Sample Acquisition and Examination element 15 specifically
responsible for the collection of sample materials from the TMI-2 plant,
the examination of those samples (to provide the data specified by the
Examination Requirements and Systems Evaluation element), the



interpretation and reporting of the examination results, and the
coordination of examination activities at other laboratories. This program

element is also responsible for providing engineering support for the

sampling activities and for sample shipment.



3. BACKGROUND AND HISTORY

The TMI-2 AEP SALE Plan evolved from the requirements set forth in the
TMI1-2 Accrdent Evaluation Program] document. The program description
provides the guidelines for the post-accident core condition and fission
product inventory characterization. The SALE program has been underway
since the TM]-2 accident. Examination requirements documents written

previously include the GEND Planning Report 0012 and the TMI-2 Core
3

Examination Plan.” The current program description document is an

extension of the preceeding examination requirements documents with
appropriate additions and changes to account for our enhanced understanding
of the TM]-2 accident ana the resultant refinements in sample and
examination requirements.

The already-completed portion of this SA&E program includes in-situ
measurements and sample acquisition and examinations involving private
organizations and state and federal agencies. It has provided the post-
accident core and fission product end-state data that indicate the
followirg:

a. Large regions of the core exceeded cladding melting (~2200 K),
and significant fuel liquefaction by molten zircaloy and some
fuel melting occurred with temperatures up to at least 3100 K.

b. Core materials relocated into the reactor vessel lower plenum
region from the core, leaving a void in the upper core region
equivalent to approximately 26% of the original core volume.
Between two and twenty metric tons of core and structural
materials now reside 1n the space between the reactor vessel
bottom head and the elliptical flow distributor,

c. Fission product retention in corv materials is significant, and
the retention of fission proaucts outside the core was primarily

in reactor cooling system (RCS) water, water in the basement, and
in basement sediment.



Significant consequences resulting from these findings include
(a) increased technical interest in the TMI-2 accident because it
represents a severe core damage (SCD) event in full-scale and provides
evidence of a large inconsistency in the understanding of SCD event offsite
radiation release, (b) a reconsideration of the plans and equipment for
defueling the TMI-2 reactor, and (c) an expansion in the TMI-2 accident
examination plan to determine the consequences of high temperature
interactions between core materials and reactor vessel lower plenum
structural and pressure boundary components and to determine the release
from the fuel of the lower volatility fission products.



4. ASSUMPTIONS

The development of the TMI-2 AEP SA&E Plan included consideration of
the following assumptions:

a. The total budget allowance including prior years is $20.6M from
the Department of Energy (DOE) and 3600K from and administered by
the Nuclear Regulatory Commission (NRC).

b. Sample retrieval and in-situ measurements will be accomplished in
conjunction with GPU Nuclear's TMI-2 recovery program and with
support from the OOt TM]-2 Reactor Evaluation Program in the
development of special defueling tools and the collection of
defueling-operation-related samples and in-situ measurements.

C. Prioritization of the information needs from the sample
acquisition and examination tasks is as shown in Table 1. This
prioritization is based on technical needs identified and
discussed 'n the TMI-2 Accident Evaluation Program Document .
These are shown in Table 2.

e. The portions of the total budget to be allocated to laboratory
examination of samples is: $918K to other DOE laboratories,
$1.38M to private domestic laboratories, and 2.9M to EG&G
1iboratories. In adaitior,, NRC will fund about 600K for other
DOE laboratory examinations.

These assumptions, along with the enhanced understanding we have of
the TMI-2 accident, were considered in the development of the examination
plan described n the following section.



TABLE 1. SUMMARY OF PRIORITIZED SAMPLE ACQUISITION TASKS

10.
11.

12.

13.

14.

15.

16.
17.
18.
19.
20.

Central core bore to the lower core support plate, and visual
examination.

Central core bore to the lower head, and visual examination.
Large volume sample from upper debris.

Topography of the crust below the debris bed.

Mid-radius core bores to the lower plenum (3 bores).

Local large volume samples of debris from the core support assembly
region.

Local large volume samples of the debris resting in the bottom of the
reactor vessel.

Two intact, part length fuel assemblies from control rod and poison
rod locations.

Outer radius core bore to the lower core support plate.

Basement sludge samples.

Concrete samples from containment basement walls.

Primary cooling system surface and sediment samples from A and B loop
steam generators, pressurizer, hot leg RTD thermowells, and steam

generator manway and handhole covers.

Samples of the interaction zone between the core materials and lower
core support assembly.

Samples of the interaction zone between the instrument guide tube
structures and core material.

Samples of the interaction zone between the reactor vessel lower head
surface and the lower core debris materials.

Samples of the interaction zone between the core former wall ana core.
Fission product retention surfaces in upper plenum.

Upper plenum leadscrews.

Upper end boxes, control rod spiders, and spring from top of core.

Fuel rod segments from debris bed.







2. PRIORITIZED LIST OF TMI DATA NEEDS AND SAMPLE ACQUISITION TASKS .
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tinued)

Daty Needs from TM].2
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Tases

| Release and Transport
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5. EXAMINATION PLAN DESCRIPTION

The technical background and purpose, previous accomplishments, sample
examination plans, product lists and schedules, and resource allocation are
described in the TMI-2 AEP SA&E Plan. The plan is divided into four work
package categories as follows:

1. Reactor vessel, which includes the reactor vessel, its internal
structures, and the core.

2. RCS fission product inventory, which includes the core materials
and fission products now residing in the ex-vessel portion of the
RCS, including the core flood tanks.

3. Ex-RCS fission product inventory, which includes the core
materials and fission products now residing in areas, buildings,
and equipment external to the RCS.

4. Program management support, which includes personnel and services
to plan, direct, and control the sample acquisition and
examination program.

Table 3 is a summary of the in-situ measurements and sample
acquisitions and examinations that will satisfy the technical information
needs identified the TMI-2 Accident Evaluation Program document and listed
in Table 2. Table 3 includes prior year sample acquisitions and
examinations and in-situ measurements for completeness. The Sample
Acquisition and Examination Plan includes:

1. Acquisition of all samples, distinct components, and in-situ

measurements listed in the Future Additional Samples column under
Quantity.

12
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TABLE 3. TM].2 ACCIDENT EVALUATION IN-S1TU MEASUREMENTS AND SAMPLE ACQUISITIONS AND EXAMINATIONS

; L4 /{sasingtion Activity

Bedcter veite) vitual eszamination

V. Closed circult televiston surveys

2. Periscope survey
3. Sonar topography survey

Core Dore samples of fused/joined core material
1. Under loose debdris

2. Sebcere

Core dVstinct components

). Upper core region

3. 6.in. fyel rod segments from core
cavity periphery

D. Saal) grad samples from upper core
debdr 13

c. Large grad samples from upper core
debris

d. Fuel sssemdly upper -ection:

(1) Ffeuel rod segmenis from core covity
periphery fue) sisemdly reandants

(2) Guidetube/burnable potson rod (BPR)
tegme- t

_ Quantity

future Proposed
Completed AddV\Vona) future e
lem = Seepley tremy  Priority
3 areasd WA 1 ares 1
0 NA ) ared ]
1 ared NA 1 areq [}
0 wp to 12 3 1. 5.9
0 up to 18 ) 2. 5.9
0 ¢ 0 20
n ] 0 .
0 2 \ 3
0 25 4 8
0 s 1 [}

REP/ALP

REP

REP/AEP

AEP-InEL

NRC -ANL ¢

AtP_ImELd

ALP-INELD

o dustifac forast?

Laplain accident scendrie and seppor !l
sémple relection.

Determine lower core swppert strectere
adlation and approzimdte lecation and
volume of Internadl cavities.

Improved \mages of loose dedris 'n core
cavity regton.

Core cavity dimensions after loose Geds)s
angd @istinct core component removil.

Determine condi!ton and quantity eof fesed/
jJoined core matleriad) under loote Oedris and
Detween core and redctor vessel head
Determsine retained fisston product
concentration and chemicyl fore.

Determine condition ¢’ ynrelocated fuel
rods \n upper core region. In-site
sepdration of segmenis. Redace wncertiiatly
in retained fisston product ‘nvertc-y
(especially tellurium) from previous grad
sample exasindtion.

Study interactions between tue) ro@s and
control) or burnadle polson mplerial and
variations 1n fuel rod demdge around the
core periphery. Segment separation from
fuel assemdly reanant wvill De perforeed in
INEL hot cel).
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TABLE 3. (continued)

Quantity
Future Proposed
Completed Additional Future e a
Measurement/Examination Activity E xams Samples £ xams Priority E xam\ ner Justification/Information
(3) Guidetube/control rod segments 0 5 1 ] Atg-lNELb
(4) Instr. tube/instr. string segments O 3 0 19 --
{5) Instrument tube segments 0 3 0 19 --b
(6) Spacer grids 0 9 0 19 =0
(1) Upper end boxes 0 16 0 19 --b
(B) Holddown springs 0 14 0 19 =D
e. Burnable poison rod spiders 0 6 0 19 --b
f. Control rod spiders 0 ? 0 19 =D
g. Ax1al power shaping rod (APSR) spider 0 1 0 19 ==
surface deposit
2. Lower core region Additional data needed to complete
selection.
a. Fuel rod segments 0 180 4 180 AEP-INEL
b. Guide tube/BPR segments 0 180 1 180 AEP-INEL
c¢. Guide tube/control rod segments 0 180 1 180 AEP-INEL
d. Inst. tube/instr. string segments 0 180 0 19 --b May provide information on thermocouple
Junction relocation.
e. Instrument tube segments 0 180 0 19 --b
f. Spacer grids 0 78D 0 19 --b
g. Lower end boxes 0 180 0 19 --b
D. Lower Vessel Debris
1. Core material samples from lower head region
a. Small 0 10 10 1 REP-INEL
NRC-ANLE
b. tLarge 1 1 7 REP-INEL From 2 azimuthal locations via downcomer
NRC-ANLE access.
2. Reactor vessel lower region gamma scans 0 -- - -- --b Ion-chamber survey of any of 35 unsurveyed
through instrument strings core instrument string calibration tubes.
Data may be convertible to locatlon of fuel
and nonfuel materials.
3. Samples of loose debris in lower core 0 1 1 6 AEP-INEL Character of loose debris in lower core

support structure region

support structure region.
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TABLE 3. (continued)

S Quantily
future Proposed
Completed Add\tiona) future P e
e Pedsurement/tssmination Activity oo Rmemy  Sespley  f[ugmy  Priority  Gesminer Justification/Informgtion
E. Reactor vesse) 'nternaly exdminations
1. Control rod leadscrews ? ! 0 0 ..b fiss10n product transport path, temperature
gradient, and reactor vessel maturd)
recirculation routes .
2 Core former wall semples 0 180 ) 16 AEP PL Dats for V11others mips and @aler'dls
Interactions at core perlphery.
3 leadicrew support tude @ we - section 1 0 0 Low At P -8CL Characterization of surface geposits In
reactor vessel dome reglon
¢ Core lower support structure plate samples 0 180 [ 1) AEP.PL 0ats for Vsotherm maps and materidls
interactions along core aiter1s! relocation
path. f11sV0on product invenlory dnd
matertals Interactions.
S  Reaclor vesse) lower head tamples 0 180 ? 1% AEP -PL Data for isother® mdps and @ater1aly
Interactions.
6. Lower plenum horizontal surface deposits 0 180 0 1! ..b fisston product ‘nventory data.
1. cwe’ plenum Instrument structures 0 180 ® 14 AEP.PL Raterdals interactions.
f Reactor coolant systes (RCS) charactertzation
1. RCS Gasma Scans Capadiivty to convert @ata to radlonec)ige
and uraniud abundance & locatlon uncertain.
d A loop stesm generator (esterndl) 1 N/A 0 Low GPUN/ALP
b Pressurizer (esternal) [ N/A 0 Low GPUU/ALP
c. Core 'lood taor: 8 9 N/A 0 Low GPUN/ALP
d Stesm generator Iniide 0 N/A 180 Low GPuUn/ALP
e. Pressurizer \nslde 0 N/A 180 Low GPUN/ALP
f. Pressurirer surge line 0 N/A 180 Low GPUM/ALP
9. Decay heat remova) line 0 N/A 180 Low GPUN/ALP
h. Pump volules 0 N/A 180 Low GPUN/ALP
1. Mot legs 0 N/A 100 Low GPUN/ALP
2 RCS adherent surface depostis Adherent fisston product depos'ts
a. A leop R10 t>+ = wel) 1 0 0 12
b. 8 leop RID theraowe ) 0 1 ) 12 AEP-PL
€. A loop steams generator handhole cover 0 | 1 2 AEP-PL

1iner



TABLE 3. (continued)

91

Quantity
Future Proposed
Completed Additional Future
Measurement/Examination Activity Exams Samples Exams
d. B loop steam generator manway cover 0 1 1
backing plate
e. Pressurizer manway cover backing plate 0 1 1
3. RCS sediment
a. Steam generator tube sheet top loose 0 2 2
debris
b. Steam geneator lower head loose debris 0 2 2
c. Pressurizer sediment 0 1 1
G. Ex-reactor-coolant-system characterization
1. Reactor building
a. Lliquid
(1) Basement 305 ft el. 110 m 0 0
(2) Basement 325 ft el. 120 ml 0 0
(3) Bottom open stairwell 45 ml 0 0
(4) Basement sump pit 200 m) 0 0
(5) Reactor coolant drain tank (RCDT) 120 m) 0 0
b. Sediment
(1) Basement 305 ft el. 108 g 0 0
Basement 325 ft el. 25 g 0 0
(3) Bottom open stairwell 1g 0 0
(4) Basement sump pit 12 g 0
(5) Reactor coolant drain tank 0.5 mg 0
(6) Basement floor (282 ft el.)
(a) RCDT discharge area 0 3 3
(b) Leakage cooler room, RCDT room, O 10 10

inside D-ring, outside
D-ring areas

Pr\ornye Examinera Justification/Information
12 AEP-PL
12 AEP-PL
12 AEP-PL Character of sediment in both steam
generator upper heads.
12 AEP-PL GPU Nuclear project. Character of sediment
in both steam generator lower heads.
12 AEP-PL Character of sediment in pressurizer lower
head.
Basement 11quid has been drained and
decontaminated.
Low AEP-INEL
Low AEP-INEL
Low AEP-INEL/
HEOL
Low AEP-INEL/
HEDL
Low AEP-INEL/
HEOL
Sediment includes Suequehanna River silt as
well as core fisslon products and materials.
10 AEP-INEL
10 AEP-INEL
10 AEP-INEL/
HEDL
10 AEP-INEL/
HEOL
10 AEP-INEL/
HEDL
10 AEP-PL
10 AEP-PL



TABLE 3. (continued)

N Quantity
future Proposed
Completed Additiona) future Py Fy
e Medjyremeni/Examination Activity Lxemy Samples  (1amy Priority  Erdminer Justification/intormetion
(c) Cote 'nitrument cadle chase 0 ? ? 10 ALP.PL
c. Concrete Dores
(1) Floors: 347 rt e, [ 0 0 Low GPUN/ALP
305 rt e). 6 0 0 1} GPUN/ALP
82 1t @), 0 0 b " ALP.PL GPUN proposal, bure deplh notl specified,
after floor dewatering and deslueging.
(2} O-.ring walls: 34/ 1t e \ 0 0 tow GPUN/AL P
305 1t e). ? 0 0 " GPUN/ALP
?1ooded region b ) 8 3 n ALP.P| GPUM proposal, bore depth not specified
(3) 3000 ps! (shield) wall 3 (] ] n ALP.PL GPUN proposal, bore deplh mat specified.
(f100ded region)
{4) Bloct (e'irvator/sutatrwell) wally h] 8 h] n AtP-pL GPUR proposal, bore depth not specified.
(t1ooded region)
d. Adherent surtace deposits
(V) Atlr cooler panels [ 0 0 Low AEP.INEL
(2) Baseament outer wil) steel liner 0 180 180 Low AEP. ¥, Acquisition and examination plan under
. consY@eration.
2 Aur)llary and fye! handling butldings All equipsent in the suxiliary and feel
handling bulldings has Deen tully of
2. Lliquid partially decontaminated by ?iusit'ng,
filter remova), waler lrestment, and
(1) Beactor coolan! bleed lank A 125 ol 0 0 Low AEP-JNEL resin removd! or lreatment.
(2) BReactor coolant bleed lank B 150 @) 0 0 Low ALP-INtL
()} Reactor coolant bleed lank C 150 @) 0 0 | ow ARP-INEL
(8} Pakeup and purification 40 m 0 0 L Ow AEP .OKN
deainerd'izer 8
b. Sedlarnt
(V) Reactor coolant bleed Tank A 60 ¢ 0 0 tow AtP-IntL/
NEOL
(2) Rakeup and purification 109 0 0 Low AEP -ORNL
dem\neral\zer A (resin)
(3) ™ivcup ana purification 40 o) 0 0 Low AEP-0RNL

demineralizer B8 (resin)

c. FVlter houiing contents (filter paper,
11quid, and collected s0)i0y)
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TABLE 3. (continued)

Quantity
future Proposed
Completed Additional Future e a
Measurement/Examination Activity Exams Samples Exams Priority Examiner Justification/Information
(1) Makeup and purification system
(a) Demineralizer prefilters both 0 0 Low AEP-1INEL/
LANL, NRC-
ANLE
(b) Demineralizer after filters both 0 0 Low AEP-INEL/
LANL, NRC-
ANLE
{2) RC pump seal water injection both 0 0 Low AEP-INEL/
system filters LANL, NRC-
ANLE

a. Examination responsibility is shown with the funding organization (AEP, REP, NRC, and/or GPUN) shown first (xxx/xxx indicates Joint funding and/or

per formance responsibility), and the sample examination location shown second. Names of funding organizations are abbreviated as follows: Accident
Evaluation Program, AEP; Reactor Evaluation Program, REP; Nuclear Regulatory Commission, NRC; GPU Nuclear, GPUN. Names of examination locatlons are
abbreviated as follows: Jdaho National Engineering Laboratory, INEL; Argonne National Laboratory-East, ANLE; Battelle Columbus Laboratories, BCL; Hanford
Engineer ing Development Laboratory, HEDL; Oak Ridge National Laboratory, ORNL; Los Alamos National Laboratory, LANL. PL indicates an outside private
laboratory s expected to perform the examination.

b. Possible examination by foriegn laboratory, including funding.
c. Possible examination of two core bores and lower plenum debris by ANL using NRC funding.

d. Completed reactor vessel CCTV surveys include the following areas: all sides of the upper core region cavity, core cavity reglon loose debris after
dislodging core components from plenum assembly, plenum assembly, and accessible areas of the downcomer and reactor vessel bottom head periphery reglons.

e. Priority values 1 through 20 are 1isted in Table 1.




2. Sample examination and in-situ measurement analysis of only those
items listed in the Proposed Future Exams column. Only the high
priority tasks can be accomplished within the allocated
resources. Selection was made using the examination priority
list shown in Table 1.

The proposed core bore acquisition and examination plan will provide
as much flexibility as possible, since the core bores will be taken from
the unexplored region below the core cavity. The core bore acquisition
plan 1s to obtain as many core bore samples as possible using the
recommended locations and priorities shown on Figure |I. Each boring
location will yield two or three samples (segments); one from the core
region and one or two from the region beneath the core, depending on
whether or not the lower flow distributor is encountered. The twelve bore
locations shown on Figure 1 will provide for radial and azimuthal
variations in core damage, characterize the differences between control and
burnable poison rod assemblies, and infer location, composition ana tensile
properties of the core materials. This information will be derived from
bore cutting tool data (cutting speed, tool location, cutter material,
etc.) obtained during boring operations. Because of funding constraints,
the examination plan includes only the segments (3 from the core region,

5 from the region beneath the core) from the three (K9, F10, and N5) high
priority locations shown on Figure |. Medium priority or contingency
location segments will be examined if the higher priurity location segments
cannot be acquired. Examination of these eight core bore samples will
yield infurnation on the quantity and the physical and chemical state ot
fusea core materials beneath the loose debris ana in the lower plenum.
These examinations will also provide data on fission product concentration
and chemical form. However, with only three core locations being examined,
only the axial and radial variation in these parameters will be

determined. Measurement of azimuthal variation would require that more
samples be examined.
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Figure 1. Core bore locations.
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Four fuel rod segments, two each from a part-length peripheral control
rod assembly and a part-length peripheral burnable poison rod assembly will
be examined. One of the fuel rod segments will be obtained from a location
near a control rod position and one from a location not near a control rod
position. The control rod remnant will also be obtained. Examination ot
these three (two fuel rods, one control rod) rod segments will help
determine the effect of control rod materials on the damage to adjacent
fuel rods. The examination of two fuel rods and one burnable poison rod
remnant will be structured in a similar manner. Fuel roo segments from a
burnable poison rod and a control rod assembly in the lower core region
will also be obtained and examined, if possible.

The large debris sample from the debris bed below the upper cavity
will help reduce the uncertainty in the retained fission products
(especially tellurium) that was measured from the 11 grab samples already
examined. Analysis of this large sample will also help determine the
homogeniety of the upper debris bed and therefore the applicability of the
data from the 11 small samples to the entire debris bed.

Eleven other small debris samples have been obtained from the lower
vessel debris bed. Examination of these samples will indicate the fission
product retention in a mixture of materials that probably contains more
structural material than the upper core debris bed. A large sample of this
lower vessel debris will also be obtained and examined to determine
homogeniety. Also, a large sample of loose deLris will be obtained from
the lower core support structure region if possible. The debris
examination programs are intended to yield data on the prior peak
temperature, materials interactions, and material composition and tensile
properties.

In order to determine fission product chemical torm and fission
product and aerosol interaction with structural materials, samples will be
obtained from Loth the reactor coolant system and the Ex-RCS fission
product transport pathways. Samples of high priority in the Ex-RCS are
sediment samples and concrete samples from the containment building
basement walls and floor. Samples of high priority in the reactor coolant
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system are adherent surface deposits on the B-loop RTD thermowell, the
A-loop steam generator handhole cover liner, the B-loop steam generator
manway cover backing plate, and the pressurizer manway cover backing
plate. Sediment will be obtained for examination from the steam generator

lower head, the top of the steam generator tube sheet, and the bottom of
the pressurizer.

The proposed financial plan for the SA&E plan is shown in Table 4, and
the companion schedule of activities is shown in Table 5. The list of work
package numbers and titles on Table 4 identifies the entire Work Breakdown
Structure for the SA&E plan. In brief, the SA&E Plan Work Breakdown
Structure provides the following:

1. Acquisition of the samples listed in Table 3 in the Future
Additional Samples column. For FY-1986 this includes: as many

core bores as possible from up to twelve locations during the
30-days scheduled for core boring, six approximately 6-in. long
fuel rod segments, control rod and burnable poison rod spiders,
fuel assembly upper end fittings, fuel assembly upper sections,
additional core material samples from the loose debris at the
floor of the core cavity and from the lower head region; RCS
adherent surface deposit samples from a resistance thermal
detector (RTD) thermowell, a steam generator handhole cover
liner, and from pressurizer and steam generator manway cover
backing plates; RCS loose debris samples from the top of the
steam generator tube sheets, the steam generator lower plenum,
and the pressurizer lower head; and approximately 17 sediment
samples from the reactor building basement floor. Acquisition of
the remaining samples is planned for FY-1987 and beyond.

2. Examination of the samples listed in the Proposed Future Exams
column of Table 3. For FY-1986 this includes initiating the

examination of six core bores, four fuel rod segments, one
control rod segment, one burnable poison rod segment, nine
particles of the reactor vessel lower head debris, two "large"
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TABLE €. 1M1-2 AEP SAMPLt ACQUISITION AND EXAMINATION WORK BREAKDOWN STRUCTURE AND FUMDING

PLAN
funding Plan
{($ X 1000)
Mork Pactage
—Nymber Description £V-1995 fY 1986  V-1987 v-1989 £v-1969  Toty)
Reactor Vessel SA&E
1514202 Reactor vessel interna) (acq) LY 4 ()] 0 0 0 133
1514203 RT0 thermowells (acq) 7 0 0 0 0 7
1514204 Lower Head Debris (acq) 10 0 0 0 0 10
71514209 Fueled rod segments (acq) 107 202 0 0 0 309
1514206 Stratification (core bore acq) 1679 123 0 0 0 3402
1514208 Control rod leadscrew (dcq) 16 0 0 0 ] 16
1514212 Discrete core components (acq) 8 199 500 210 0 987
1554201 Debr's bed sample (exam) an 209 10 0 0 630
1554202 Reactor vessel Internals documentation S2 23 0 0 0 289
1554205 fuel rod segments (exam) b} 0 0 0 0 ?
1554206 Stratification sample (exam) [} 1063 1207 190 0 2468
1554208 Contro) rod leadscrew (exam) 193 0 0 0 0 153
1554209 Lesdscrew support tube (exam) 62 0 0 0 0 62
1554212 Core distinct component (exam) (] 144 334 406 0 892
1554216 Lower vessel debris examination 1 39 0 0 0 380
New Core former wall examination 0 0 165 0 0 168
New Core support asseadly examination 0 0 0 250 0 250
New RV instrument penetration examination 0 0 0 0 250 250
New RY lower head examination 0 0 0 0 169 165
9RABS0! Sample handling equ!pment 45S 369 0 0 0 824
9M18402 Core bore equipmsent 110 0 0 0 0 170
9N78306 Core topography systems phase 2 mn 170 0 0 0 5¢7
9mAB404 Image Processing 259 0 0 0 0 259
RCS FPI SASE
151421 RCS gamma scan (acq) 9 105 207 243 0 652
155421 RCS FP] sample examination 19 53 443 3 0 510
£2-RCS FP] SAME
151421) Equipment/buiiding characterization (dcq) 0 105 250 178 0 530
1554203 Ex-RCS FP] sample examination 8 162 3% 249 13 468

SAM Program Manigement Support

15542PR Project management
Subtotal
Other DOE Labs
Costs prior to 1985

Total

158 93 396 362 __ 0 _1409

SI4 5694 3548 214 o 17552
ns 308 se8 13 2 1066
1966

20584




TABLE 5. TMI-2 AEP SAMPLE ACQUISITION AND EXAMINATION PLAN SCHEDULE SUMMARY

Schedule

Aclivity Description ( £Y.1986 Fv-1987 fy-1988 fY.1989
A. Sample Acquisition and In-Situ Measurement Program
1 Core and subcore bores X
2 Six approximately 6-1n. long fucl rod scgments XXXX
3 Small grab samples from upper core debris X
4. large grab samples from upper core debris X
S. Fuel assemdly upper sections? XXXX
6. Burnable polson rod spiders XXXX
) Contral rad spiders XXXX
h Al sur tace deposit Xxxx
i) tuel assemhly lower sections? XXXXxX
10. Core cavity topography after loosc debris removal X i
1. CCTV of lower core support structure XX
12. Core materlal samples from lower head reglon: small X
large X
13. Llower core support structure region loosc debris XX
14. Control rod leadscrews XXXXXXXXXRXXXXXXXX
15. Core former wall samples XXXXXXAXXXXXXXXXXXX
16. Core lower support structure plate samples XXXXAXXXXXXXXX XXX,
17. Reactor vessel lower head samples XXXXXKXXXX
18. Upper plenum horizontal surface deposits XXXXX
19. lower plenum ‘nstrument structures XXXXX
20. RCS gamma scans® XXXXXXXXX
21. B-loop RID thermowell XXX
22. A-loop steam generator handhole cover 1iner XXX
23. B-loop steam generator manway cover backing plate XXX
24. Pressurizer manway cover backing plate XXX
25. Steam gencrator tube sheet top and lower head loose debris XXXXXXX
26. Pressurizer lower head loose debris XxX ]
2). Reactor bullding basement floor scdiment
[} RCOT discharge area XXX
[} Leakage cooler room, RCOT room, inside and outside D-rings XXXXXXXX
[} Core Instrument chase XXXXXXXXN
28. Reactor bullding basement concrcle bores:
[} floor XXXXXN
[} D-ring (5000 psi) walls XXXXXX
] Shield (3000 pst) walls XXXXX
[} Block (elevator and stalrwell walls) XXXXX
28. Reactor bullding basement ouler wall steel 1iner surface 10 B¢ DU[RHKN(O
8. Sample and Data Examination Program
1. Core region bores XXXXOPXXXXXXXXXX)]
2. Subcore reglon bores XXXXXPXXXXXNXXXXXS
3. fuel assembly upper sectlons XX
4. Ffuel, control, and burnable polson rod scctions (upper core) XXXXX
S. Small grab samples from upper core reglon XXXXXXMGK XX
6. lln{e grab samples from lower core reglon XXXXXXPAX
1. Fuel asscmbly lower scctions XXXX
8. Ffuel, control, and burnable polson rod scctions (lower core) XXXXXXN
9. Core matertal samples from lower hcad region: small XXXXXXXXKX
large XXXXXXXXXX
10. Llower core support structurc region loose debris XXXXXXOHXXXXCX XXX XXX K XXX
d 11, Core former wall samples XXXXXAXXAXXXAXXXXKE XXX
d  12. Core lower support structure plate samples XXXHXCXX0CX XXX XXX
d 13, Reactor vesscl lower head samples XXXXXXOPXXX
d 14, Lower plenum iInstrument structures XXXXXX
d 1S, RCS gamma scan data analysls XXXXXXXXXXXX
d  16. 8-loop RID thermowell XXXXXX
d 7. Steam generator/pressur zer handhole cover/manway 1iner surfaces XXXXXXXXXXN
d 18. Steam generator/pressurizer loose depostits XXXXXXXXNXXX
d 19, Reactor bullding basement floor scdiment samples XXXXXXXRE XXX
d  20. Reaclor bullding basement concrete bores llulllulTul

a. ([xzpected to contain spiders; upper end fittings including holddown springs; spacer grids; and fuel rod, guide tude, control
rod, burnable poison rod, and instrument string sectioms.

b. Assumed to contaln lower cnd boxes; spacer grids; fuel rod, guide tube, control rod, burnable poison rod and instrument
string sections; and solidificd previously molten core matertal.

«. Includes steam generator Insides, pressurizer inside, pressurizer surge line, decdy heat removal )ine.

d. [Examination will be performed by an outside laboratory.
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samples ot core cavity floor loose debris, the B-loop hot ley RTD
thermowell, and approximately 12 reactor building basement
sediment samples. Initial examination of the remaining
*Proposed® samples is planned for FY-1987 and FY-1988.

The TMI-2 AEP will evaluate the availability of and pursue other
resources to examine all the samples listed in the Future
Additional Samples column of Table 3. Potential resources
include the NRC, OECD/CSNI.a and domestic fuel suppliers.

a. OUrganization for Economic Cooperation and Development, Committee on the
Safety of Nuclear [nstallations.
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6. SUMMARY

The TMI-2 Accident Evaluation Program Sample Acquisition and

Examination Plan presents a challenging, high-technology program that

addresses the severe core damage accident issues set forth in the TMI-2

Accident Evaluation Program document. The issues aadressed include reactor

system thermal hydraulics, core damage and damage progression, reactor

vessel failure, and fission product release from the fuel ana transport and
retention within the RCS. The planned examinations include the following:

Physical samples from the upper plenum, RCS piping, and vessel
internals to determine temperature distribution.

Core debris grab samples from the core and lower plenum regions
to characterize materials interactions and fission product
behavior.

Fuel rod segments from the upper and lower portion of intact
peripheral assemblies to provide estimates of temperature,
fission product retention, and the effects of control ana poison
rod materials on core damage.

Core stratification samples for spatial determination of core
damage, material interactions, and relocation of previously

molten materials.

Lower core support, core instrument support, ana lower vessel
head area structural component samples to help determine the
extent of damage to core boundary material and reactor vessel
walls.

Ex-vessel and balance-of-plant samples to provide data on fission
products, such as chemical form, material associations, and the

extent of release from the reactor vessel and transport to the
TMI-2 plant.
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In addition, the Sample Acquisition and Examination program is designed to
(a) be flexible to accommodate new findings, information, ana knowledge
that may become available from either this examination plan, the GPU
Nuclear defueling program, or any SCD research program, (b) be updated
annually during the evolution of the TMI-2 Accident Evaluation Program, and
(c) be conducted in accordance with DOE contractor business practices for
effective accomplishment of government-funded projects.



7. REFERENCES

TMI-2 Accident Evaluation Program, EGG Draft, distributed
September 24, 1985 under transmittal letter No. JMB-39-85.

GEND Planning Report 001, June 1980.

Johan 0. Carlson, ed., TMI-2 Core Examination Plan, EGG-TMI-6169,
July 1984,

28






