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ABSTRACT

The purpose of this document is to update the TMI-2 Accident
Evaluation Program Sample Acquisition and Examination Plan to December 1,
1987. Additilons to the previous plan (EGG-TMI-7521, February 1987) include
the results of sample acquisitions and examinations and reactor disassembly
activities conducted between December 1986 and October 1987. The principal
findings from recent sample acquisitions and examinations and reactor
disassembly activities are as follows:

0 A revised estimate of damage and reconfiguration of the core has

been developed, as follows:

Percent of
Core Region Core Material

St111 standing rod bundle geometry 42
Loose debris (unmelted and previously molten core 23
material mixture) below the cavity in the upper
core region (the cavity was 26% of the
original core volume)
Previously molten core material 35

Retained in core boundary 19

Escaped from core boundary 16

0 The primary migration path of the molten core material into the
lower plenum appears to be: (a) through the baffle plates on the
east side (adjacent to core positions P5 and R6) of the core near
the core mid-plane; (b) around and through the core bypass
region compartments between the baffle plates and the core
barrel; (c) through the flow holes in the lower grid to the core
support assembly; and (d) through the core support assembly,
primarily below core positions P5 and R6.

0 The qguide tube bottom and nozzle top of the in-core instrument
structures below core position R7 are ablated. The nozzle 1Is
welded to the reactor vessel head.

"
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TH1-2 ACCIOENT EVALUATION PROGRAM SAMPLE ACQUISITION
AND EXAMINATION PLAN FOR FY-1988 AND BEYOND

1. INTRODUCTION

1.1 Purpose and Intent

The purpose of the Three Nile Island Unit 2 (TMI-2) Accident
tvaluation Program Sample Acquisition and Examination (AEP SA&E) Program 1s
to develop and mplement a test and nspection plan that completes the
current-condition characterization of; (a) the TH1-2 equipment that may
have been damaged by core damage events and (b) the TMI-2 core fission
product inventory. The characterization program iIncludes 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 materlal assoclation. The intent of
this document 1s to describe the TN]1-2 Sample Acquisition and Examination
Plan 'n a manner that provides sufficient Information for ®"stand alone®
comprehensiveness.

1.2 Project Genesis

The TRI-2 sample acquisition and examination will be accomplished in
accordance with U.S. Department of Energy (DOE) contractor business
practices. These practices require rigorous project planning, control, and
reporting to ensure that government-funded research programs are
accomplished In a way that maximizes research results and the effective
util1zation of program resources. The TMI-2 AEP SA&E Plan wi)) provide
those assurances.

This Plan s part of the EGA&G Idaho, Inc. (EG&G) TMI-2 Programs
Project, which 1s described In the EG&G TMI-2 Programs Division Master
Plan, Revision 7 (to be published). Included In this Master Plan 1s an
outline of the TRI-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 TMI-2 Accident Evaluation Program (Level 2 WBS

No. 75B000000).

The TMI-2 Accident Evaluation Program will accomplish the DOE'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 1ssues. The program's work is divided into four
elements:

1. Examination Requirements and Systems Evaluation,
2. Sample Acquisition and Examination,

3. Data Reduction and 0ua1if1cation.a 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 specified samples from the TMI site, for examination of the
samples, and for reporting the examination results. Data Reduction and
Qualification 1s responsible for developing and maintaining the TMI-2 data
base and for evaluating and qualifying on-1ine instrumentation and recorded
data. Information and Industry Coordination 1s responsible for information
transfer, coordination of review and consulting groups, interfacing with
other source-term research programs, and coordination of the TMI-2 standard
problem exercise.

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



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

[ Ident)fy and quantify the parameters and processes which
controlled the progression of damage to the lower core support
assembly (CSA), Instrument penetration nozzles and guide tubes,
and possibly to the reactor vessel (RV) lower head,

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

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

o 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, and

o Apply the TMI-2 accident evaluation research toward resolution of
severe accident source term technical 1ssues.

The Sample Acquisition and Examination element is specifically
responsible for the collection of sample materials from the TM]I-2 plant,
the examination of those samples (to provide the data specified by the
Examination Requirements and Systems Evaluation element), the
Iinterpretation and reporting of the examination results, and the
coordination of examination activities at other laboratories. This program
element s also responsible for providing engineering support for the
sampling activities and for sample shipment.

1.3 Background and History

Although the March 28, 1979, accident at TMI-2 \nvolved severe damage
to the core of the reactor, 1t had no observable effects on the health and



safety of the public in the anga.] That such a severe core disruption
accident would have no consequent health or safety effects has resulted In
the questioning of earlier 1ight water reactor (LWR) safety studies and
estimates. In an effort to resolve these questions, several major research
programs have been initlated by a variety of organizations concerned with
nuclear power safety. The U.S. Nuclear Regulatory Commission (NRC) has
embarked on a thorough review of reactor safety issues, particularly the
causes and effects of core damage accidents. Industrial organizations have
conducted the Industry Degraded Core Rulemaking (IDCOR) program. DOE has
established the TMI-2 Program to develop technology for recovery from a
serious reactor accident and to conduct relevant research and development
that will substantially enhance nuclear power plant safety.

Immediately after the TMI-2 accident, four organizations with
interests in both plant recovery and accident data acquisition formally
agreed to cooperate In these areas. These organizations, commonly referred
to as the GEND Group --General Public Utilities, Electric Power Research
Institute, Nuclear Regulatory Commission, and Department of Energy--are
presently actively involved in reactor recovery and accident research. At
present, DOE is providing a portion of the funds for reactor recovery (in
those areas where accident recovery knowledge will be of generic benefit to
the U.S. LWR industry), as well as the preponderance of funds for severe
accident technical data acquisition (such as the examination of the damaged
core). However, the core examination, rather than being an open-ended
program of scientific inquiry, must be well planned and executed and must
be designed to meet specific technical objectives.

The EG&G involvement with the TMI-2 accident has been continuous,
initially providing technical support and consultation from the Idaho
National Engineering Laboratory (INEL). 1In 1979, EG&G received an

assignment from DOE to collect, analyze, distribute, and preserve
significant technical information available from TMI-2. 1In 1981, the

technical information assignment was expanded to include conducting
research and development activities intended to effectively exploit the
generic research and development challenges at TMI-2. 1In conjunction with



this expanded assignment, an organization element for Offsite Core
Examination was developed. This evolution continued; In January 1985, DOE
agreed to expand the EG&G involvement to include an evaluation of the TMI-2
accident that would develop an understanding of the accident

sequence-of -events In the area of core damage and escape of core
radionuclides (fisston products) and matertals. The TMI-2 Accident
tEvaluation Program docunent2 implements the January 1985 agreement,

defines the program required to understand the accident, and contains the
guidelines and requirements for TM]-2 sample acquisition and examination.

The TM1-2 AEP SA&E Plan evolved from the requirements set forth in
Reference 2. The program description provides the guidelines for the
postaccident core condition and fission product 'nventory
characterization. Examination requirements documents written previously
include the GEND Planning Report 0013 and the TM] -2 Core Examination
Plan.‘ The current program description document 1s an extension of the
preceding examination requirements documents with appropriate additions and
changes to account for enhanced understanding of the TM]-2 accident and the
resultant refinements In sample and examination requirements.

The already-completed portion of this SA&E program includes n situ
measurements and sample acquisition and examinations involving private
organizations and state and federal agenclies. It has provided the
postaccident core and fission product end-state data that indicate the

following:

o 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.

o Core materials relocated Into the RV lower plenum region from the
core, leaving a void In the upper core region equivalent to
approximately 26X of the original core volume. Over 20 metric
tons of core and structural materlals now reside \n the space
between the RV bottom head and the elliptical flow distributor.



0 Fission product retention in core materials is significant, and
the retention of Fission products outside the core was primarily
in reactor cooling system (RCS) water, water in the basement, and
in basement concrete.

Significant consequences resulting from these findings include
(@) 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 difference between actual and predicted 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 release from the fuel of the lower
volatility Fission products.

The increased technical iInterest induced the formation (1986) of a
Joint Task Force on Three Mile Island 2 by the Committee for Safety of
Nuclear Installations (CSNI) of the Organization for Economic Cooperation
and Development (OECD). The task force includes representatives from nine
foreign countries that indicated a desire to examine TMI-2 samples.
Seventy-eight TMI-2 core material samples were distributed to eight foreign
laboratories in 1987.

Section 2 of this report contains an overview of the guidelines and
requirements set forth in the TMI-2 Accident Evaluation Program document, a
description of what would be required to meet these guidelines and
requirements, and a proposal for sample acquisition and examination tasks
that can be accomplished within the available resources. Sections 3, 4,
and 5 contain details of the proposed SA&L tasks. Section 6 summarizes the
technical and administrative support for management of the SA&E Program.
Section 7 1s a summary containing the cost and schedules for the proposed
SA&t program and the summary description of how the authorizing of the
performance of work further subdivides the WBS and provides controls during
the work accomplishment. Appendix A 1s a 1ist of TMI-2 accident reference
documents for use in planning and performing the SA&E program. Appendix B
1s the 1ist of specific TM1-2 samples delivered to the CSNI task force.



Appendix C 1s a GPUN technical bulletin 1isting the core component
Ydentification marking. Appendix D 1s the TMI-2 AEP sample inventory and

disposition 1ist. Appendix E s the 1ibrary Vist of tape recordings of
video surveys and monitorings of the RV iInternals. Appendix F s a table

showing the contents and INEL storage locations of the TMI-2 core material
shipped to INEL in fuel canisters for storage.



2. OVERVIEW

2.1 Overview of SA&E Requirements from the
Accident Evaluation Program Document

The TMI-2 Accident Evaluation Program document2 states that

substantial contributions can be made to the resolution of SCD accident
technical issues by developing an understanding of the TMI-2 accident
sequence and consequences. These issues were combined Into three broad
technical areas: reactor system thermal-hydraulics, core damage
progression and RV faillure, and fission product release and transport.

The TMI-2 Accident Evaluation Program document includes a 1isting of
the technical issues to be addressed in TMI research. To ensure optimum
results from available program resources, the technical issues were
prioritized, as shown in Table 1. Two prioritization criteria were used.
The first criterion is the potential of the TMI-2 sample examination data
to directly enhance the understanding of each issue. Issues that could be
addressed directly using data that can be obtained from TMI were
prioritized as high. Low or medium priority was assigned to issues that
could not be directly addressed using TMI-2 data. The second
prioritization criterion is based on the relative importance of each issue
to the understanding of severe accident source terms. These second
priorities were obtained from recommended priorities from independent
industry research and from engineering Judgment of the relationship of the
technical issues to the environmental source term.

The SA&E tasks will provide data to identify and quantify the
mechanisms controlling core damage progression and fission product release,
transport, and retention. The basic data needs, associated samples from
the plant, and the overall priority of the acquisition and examination
tasks are summarized in Table 2. The relative priority of the acquisition
tasks 1s based on a subjective welghting of the assoclated technical
issues, applicability of the TMI-2 data to the issues, and applicability of



TABLE 1. PRIORITIZED LIST OF TECHNICAL ISSUES TO BE ADDRESSED
VIA TRI RESEARCH

Application
of Data
_to Issve  Priority
Redctor System Thermal-Hydraulics

1. Coupling between core degradation, RV Direct High
hydraulics, and fFission product behavior
(integrated severe accident code)

2. Reactor system natural convection Indirect Medium

Core Damage Progression and Reactor Pressure Vessel Failure

1. Damage progression in core Direct High
2. Core slump and collapse Direct High
3. RV fallure modes Direct High
4. Hydrogen generation after core disruption Indirect Medium
S. Alpha mode containment fa)lured Direct High

Fisslon Product Release and Transport

1. Release of low-volatility Fission Direct, High
products during fuel degradation indirect

2. Chemica) reactions affecting fission Indirect High
product transport

3. Tellurium behavior Indirect High

4. Fisston product and aerosol deposition Indirect Low
in the RCS

5. Release of control rod materials Direct High

6. Aerosol generation mechanisms Direct, High

indirect
7. Revaporization of fission products Indirect Low

in the upper plenum

8. Core-concrete iInteraction Indirect Medium

a. Steam-explosion-accelerated missile penetration of reactor building
wall,
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TABLE 2.

PRIORITIZED LIST OF TMI DATA NEEDS AND SAMPLE

ACQUISITION TASKS

Prioritization Criteria

Data Applica-

bitity for
Data Establishing Overall
Sample Data Technicald Applica- Consistent Priority of
Primary Data Needs Acquisition Issue(s) bility to Acclident Acquisition
from TM]-2 Tasks Priority Issue __Scenarto Task Comment s

1. Gross structure of core, a. Video probe data High High High Righ a. Video Inspections are high-
core support structures, through core bore priority Information needs.
Instrument structures, channels (core and
RPV lower hcad lower plenum)

b. Topography of core and High High High High b. Acoustic characterization of
Tower plenum reglons. hardpan below debris bed is

planned.
.

c. Acquisition of core High High High High c¢. Qualitative data from core

. bore boring will provide valuable
insights Into damage.

2. Peak temperature, a. Distinct Fuel assembly High High High High a. W11l provide data on core bound-
core and core supporti samples. ary conditions (radially), con-
matertals interactions, tro) and poison rod behavior,
and core boundary and fuel degradation.
structures.

b. Core bore samples plus High High High High b. Core bores are primary samples
video characterization for determining temperatures,
to correlate with matertals, and fission products
examination results vs locatien in the core and

lower plenum

c. Large volume samples High High High High c. Necessary for extrapolating
of core and lower smaller sample matertal and
plenum debris fission product data and for

debels bed characterization

d. Core former wall High Ned\um Medium Medium- d. May not be required 1f intact.
samples. High

e. Core support assembly High High High High e. Extent of damage (chemical and
samples thermal interactions) needs to

be determined

f. Instrument structures High High High High f. Very \mportant to assess vessel
samples fallure modes

g. Reactor vessel wall High Redtum Medium Nedium- g. May not be required If
samples. High undamaged
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TABLE 2. (continued)

Pry \
Bats Applica-
bV 1ity for
Bata fs1ab)ishing Overal)
Semple Data Techatcal® Applica- Consistont Prierity of
Primsry Bata Needs Acquisition I1ssee(s) bility te Accident Acquisition
from M} -2 Tasks Jass Commenty
h. Fuel assembdly upper grid MNigh fed'en Rediun Rediun h. to be laportsat ‘o estad-
and/or end boxes VTishing core Doundary conditlens
1. fue) rod segments from High Aediun Low fediun V. lapertast for fissien predect
wpper core reglon. release
3. fissien product release aad transport
A. Retained fissien 3. Distinct fue) assemdly nigh Righ nigh Righ a. Sefficient examinations ore re-
products in core samples quired for characterizing the
materials. retatned fisslen products {te-
portant high sad low-velatility
species)
b. Core bore samples High High High Righ b. Core bore samples are primary
sources of data fram core and
Tower pleasn
c. Large volume 1%‘01 of Righ High High Nigh c. large volume samples necessary
core and lower plenum to Increase detectadility Vieit
dobr s for seme ‘mportint radle-
1sotepes
8. Retained fission prod- &. Upper plenusm surface Redium-€ Red\um- Redium Rediun 8. Serface Geposition s ‘aportant,
wcls on primary samples High Low however, only undissolvadle com-
cooling system poneat remdings and V3 tnown to
1erfaces be very smsll. Addition dits on
hortzontal serfaces would be
uied for evaluating separate-
effects expertments.
b. Primsry coo)ing surface Red\um Low Redium RedVum . Surface deposition Vi lapertant,

samples

o Access covers from
$6°'s and pressurizer

o Sediment frem $6's
and presserizer

o RID's

Hignt

howvever, only undissolvadle com-
ponenl remdias and 13 known o
be very wmall. Samples from
accessidle locattons will com-
plete R(S laventery. Sample
Tocatlons \nclede A- and B-loop
sleam generators, manhole
access covers (serface deposits
and any sccessile sediment),
pressurizer, and hot leg R1D
theraowells .
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TABLE 2.

(continued)

Prioritization Criteria

Data Applica-

bility for
Data Establishing Overall
Sample Data Technical? Applica- Consistent Priority of
Primary Data Needs Acquisition Issuve(s) bility to Accident Acquisition
from TH] -2 Tasks Priority Issue Scenar o Task Comment s
C. Retalned fission 3. Sludge samples. Highb Lowd High High- a. MWajor final fisston product re-
products in Medium positories are known to be the
containment basementi RV and the contalnment base-
ment. Uncertainty In contain-
ment inventory is stil1l large.
b. Basement concrete wall Highb Lowd High High- b. Major final fission product re-
samples. Nedium positortes are known to be the
RV and the containment base-
ment. Uncertainty in contain-
ment inventory 1s still large.
D. Retalned fission In None specified.® Highb Low® Medium Lowd a. These examinations and data are
transport pathway primarily for definition of the
outside the RCS accident scenarto. The exist-
excluding the contain- Ing data require more evalua-
ment basement tion to (a) iIntegrate the iInfor-
mation Iinto the accident scenar-
1o and (b) determine the need
for additional samples/data.
E. Fisslon product a. Fission product chemical High Medlum Nedlum Med\um- a. Applicability of data obtatned
chemical form form from al) core High to date to fission product chem-
materia) samples 1cal form during the accident
needs confirmatory evaluation.
4. Reactor sysiem a. Upper plenum tempera- Medium Nedlum Low Nedium- 3. Reactor system natural convec-
natural convection ture distribution Low tion heating was low In THM].
The confounding effect of B pump
transient will make 1 difficult
to evaluate natural convection
cells in the RV.
S. In-vesse)l coupling of Data acquisition tasks High Medium Nedum Medium- 3. [End-state characterization data
core degradation, 2a, 2b, 2c, 2d, 2h High w111 have Lo be coupled with

thermal -hydraulics,
and fission product
deposition

qualified on-line plant data and
reactor systems models to define
consistent acclident scenarios.
Coupled phenomena can only be
estimated from code sensitivity
calculations.
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TABLE 2. (continued)

——Prieritization Criterds

Data Applice-
1Nty for
Date Establishing Overal)
Sample Dala Technicatd Tico- Consistont Prierity of
Primary Bata Needs Acquisition Isswe(s) biitty te Accident Acquisition
_fren TH)-2 Tasky LPrierity —lasee = _Scemarle  _ Tasy Commpnts

4. The priority in genera) applies to the technical Yssue grouping from Table S of the September 1985 draft TR]-2 Accident [valustion Program document .

b. Fisslen product retention in containment s a very high-priority severe accident issee, but primarily for accidents where the core has rated the Y
ond there 13 11gn)ficant inleraction belueen the concrete and the molten core, with vaporizaiion or sereso) formstion directly into the contalamest
dtmosphere. The TH] -2 accident @14 not progress to that stage.

€. This Vssee )3 roted as medium priority for 211 severe accidents except the Interfacing systems LOCA or °V°® sequence, for which It 1s rated bigh.

4. Ranking reflects the ktnovledge that the highest concentrations of fissien products are probably i the core materia) and the contsinmenl Dasement.
Alio, much of IDVs portien of the fission product paitway has a)ready been sampled.

.. l:ls portion of the fisston product transport Potinay has been extensively sampled. AddVilona) samples are notl requested untl) 2 definite need I3
estadlished.




the data for establishing a consistent understanding of the accident. The
prioritization process produced a 1ist that assigns highest priority to
samples and examinations that will provide data that directly characterize
core damage progression and fission product release from the fuel. Next in
relative importance are data that will characterize retained fission
products in the containment basement, fission product chemical form, and
structural damage within the lower plenum. The lowest priority data are
those related to fission product retention in the primary cooling system
and structural peak temperatures. Additional data to characterize the
retention of fission products in the containment (excluding the basement)
and auxiliary building transport pathways are not required at this time.

The sample acquisition tasks are listed in Table 3. This listing
reflects the prioritization established in Table 2 as well as the
availability of samples and the sequential need for the data to provide a
consistent understanding of the accident. For instance, the core bore and
associated video and acoustic Information will provide data relevant to
core damage progression and fission product retention in the core
materials; therefore, these samples are listed before samples of the CSA
and lower plenum structures. Also, the CSA and lower plenum structural
samples will not be available until the core has been removed from the CSA.

The basic data/measurements listed in Table 2 consist of peak
temperatures; physical and chemical state of the core and structural
materials; physical and chemical interactions between the fission products,
core, and structural materials; the chemical fForm and concentrations of the
retained fission products in the core and RCS; and the fission product
transport pathway within the containment and auxiliary bullding. The
measurements are required in sufficlent number to map the distribution of
the characteristic being measured. The data/measurements needs are
reviewed, including prior TMI-2 core examination plan accomplishments, in
the following paragraphs. The items are discussed in (a) the order of
priority as listed in Table 3 and (b) as 1t appeared In 1985 when the TMI-2
Accident Evaluation Program document2 was prepared.
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TABLE 3. SUMMARY OF PRIORITIZED SAMPLE ACQUISITION TASKS

-~ O 0" e W wN

10.

n.

12.

13.

14.

15.

16.

1.
8.
19.

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-radlus core bores to the lower plenum (3 bores).

Local large-volume samples of debris from the CSA region.

Local large-volume samples of the debris resting in the bottom of the
RY.

Two Intact, part-length fuel assemblies from control rod and poison
rod locattons.

Outer -radius core bore to the lower core support plate.

Basement sediment samples.

Concrete samples from containment basement walls and floors.

RCS 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 core matertals and the lower
CSA.

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

Samples of the Interaction zone between the RV lower head surface and
the lower core debris materlals.

Samples of the Interaction zone between the core former wall and the
core.

Fisston product retention surfaces in upper plenum.
Upper plenum leadscrews.

Upper end boxes, control rod spiders, and holddown springs from top of
the core.

Fuel rod segments from the debris bed.

15



2.1.1 Core Bore Samples (Table 3, Tasks 1, 2, 5, and 9)

Core material samples are required that will allow multidimensiona)
(axial, radial, azimuthal) interpretation of core damage; }.e., cladding
melting, fuel liquefaction and relocation, freezing of the molten core
materials, and subsequent remelting and slumping of the core materials.
This requirement necessitates a number of continuous axial samples of core
materials through the core and lower plenum regions. Thirty core bore

samples are identified: ten high-. ten medium-, and ten low-priority
samples.

The core bore removal will provide access into the lower core and
plenum regions for closed-circuit television (CCTV) video probes.
Acquisition of the core bores will provide access for insertion of the CCTV
video camera into the center of the core and lower plenum. The CCTV wil)
provide visual examinations of the extent of damage and guldance to
possibly modify further core bore locations. The video data must be
carefully keyed to RV position, and sufficient data must be taken to
provide global views of the extent of damage and closeup views of the
damaged core materials.

2.1.2 Core Debris Grab Samples (Table 3, Tasks 3, 6, 7)

Grab samples from the upper core debris have been obtained and
ana]yzed.5 These small samples have provided significant physiochemical
data to evaluate material interactions and fission product behavior.

Eleven samples were retrieved, representing only about 0.005% of the
estimated debris volume. The samples were generally quite homogeneous, but
the relatively small concentration of some fission products has resulted in
relatively large uncertainties in the measured concentrations. Additional
larger volume samples are required from the upper core debris region to
better quantify the retained fisslon products, particularly tellurium, and
their physical and chemical state.

16



Debris samples (both small, localized samples and larger -volume
samples) wil) also be obtained from the loose core material resting on the
RV lower head and possibly from the lower core and/or core support regions
(depending on the damage conditions). This material may vary significantly
from the upper debris in physical and chemical composition and structure,
particle size, and retalned fisston products. The physical and chemical
properties of these materlals in the various unique zones will be
characterized. Large volume samples are required to Increase the
detectability of the fission products with low concentrations due to decay
since the accident.

2.1.3 Topography of the Crust Below the Debris Bed (Table 3, Task 4)

Visual and ultrasonic topography data will help characterize the
frozen crust (previously molten core material) that 1s postulated to exist
under the upper debris bed. Ultrasonic techniques similar to those used
for mapping the upper core cavity will be used f practical.

2.1.4 Fue) Rod Segments From Distinct Fuel Assemblies (Table 3, Task 8)

Examination of fuel rod segments from part-length, relatively intact
fue) assemblies from the core periphery wil) provide Information on the
radia) progression of core damage as well as fission product retention over
a wide range of fuel rod damage. Assemblies from control and poison rod
positions are needed for examination. Intact rod segments will be
extracted from the retrieved assemblies for detalled examination. These
examinations will provide Information on peak fuel rod temperature,
materials Interactions, retained fisston products, and fisslon product
chemical form. The core damage represented by these assemblies 1Is
representative of the damage gradient between the molten core and the
relatively undamaged core former wall. Also, data on the effect on core
damage of silver from control rod assembltes and of alumina from burnable
poison rod assemblies will be avallable.



2.1.5 Retained Fission Products in Contalnment -Basement Sludge, Concrete

Samples (Table 3, Tasks 10, 11)

The primary remaining repositories for fission products at TMl1-2 are
thought to be the RV (primarily core materials) and the containment
basement, particularly the sludge and the concrete walls. Sufficient
samples of the basement sludge are needed to estimate the total inventory
in the sludge and to characterize the fission products and assoclated
materials. The current radioactivity in the basement and sludge samples
suggests significant retention and activity from the basement concrete
walls. Independent experiments have confirmed that the concrete is an
efficient absorber of cesium. Sufficient samples of the basement walls and

floor are necessary to estimate total fission product retention in the
basement.

2.1.6 Fission Product Retention In Ex-Vessel Release Pathways (Table 3,
Task 12)

A11 present experience in characterizing the plant indicates that
relatively small fission product inventories remain in or on the surfaces

of all pathways external to the RV. Additional examinations of samples
from readily accessible locations are suggested to confirm these results.
These include: (a) manway/handhole covers for both A- and B-loop steam
generators and sediment samples (1f possible) and (b) resistance
temperature detector (RTD) thermowells in the hot leg and sediment from the
pressurizer. Examinations of these samples will quantify the retained
fission products, fission product chemical form, and the irreversible
retention mechanisms, elther physical or chemical.

2.1.7 CSA Samples (Table 3, Task 13)

The extent of CSA damage wil)l be determined from visual inspection of
the lower plenum and CSA regions through the core bore channels as well as
from selected samples of the CSA obtained during defueling. Samples of the
CSA are needed to determine peak temperatures and the important
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Interactions between core materials and stainless steel structures. Sample
selection will be based on knowledge gained from the core bores and the

follow-up video examination data.

2.1.8 Reactor Vessel Samples (Table 3, Tasks 14, 15)

The current understanding of the interactions between molten core
materlals and the RV suggests that the mode of vessel fallure would be
melting of the Instrument penetration nozzles. Samples of the instrument
penetration nozzles are required to determine the extent of damage to these
structures and to estimate the margin to fatlure of the vessel. Samples
from the Instrumentation penetration nozzles at the vessel center and
mid-radius locations should be sufficlient.

The condition of the RV 1s not known, and the understanding of
thermal-hydraulic/mechanical detalls of the core melt progression and
ultimate attack on the vessel walls is not complete. These data
requirements will be further substantiated as defueling progresses and
examination data become avallable, V.e., data from the core bores and lower
plenum volume samples. Visual examination of the vessel wall after
defueling 1s desirable to obtain samples of the RV wall at locations other
than the instrument penetrations. These data needs will be further refined
from the vessel fallure models as these models are developed.

2.1.9 Core former Wall (Table ), Task 16)

The core former wall appears to be basically intact in the upper
regions of the core. However, the extent of damage s not known below the
core mid-plane. Jf severe damage to the core former walls becomes evident
during core defueling, detalled video and acoustic mapping of the damage
zones will be necessary; and samples of the walls will be needed to
determine the mode of damage and the material Interactions. Sample
locations will be specified when the severe damage Vs evident.
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2.1.10 Upper Plenum Surface Temperatures and Deposition (Table 3,
Tasks 17, 18) '

Upper plenum surface temperatures are necessary to assess the relative
Importance and effect of natural convection and multidimensional flow
patterns within the RV on core heatup and fission product
transport/retention within the RCS. Previous examinations of two control
rod leadscrews indicate axial temperature differences of approximately
500 K (top to bottom) and radial temperature differences (1.e., core center
to periphery) of approximately 250 K. These data, in conjunction with the
damage profile of the upper core support plate and structure of the debris
bed, are probably sufficient to address the technical issues associated
with RV natural circulation. However, additional samples of structural
surfaces are needed to complete characterization of the retained fission
products. The upper plenum is probably not a significant repository for

fission products, so these samples and examinations are Judged to be of
lower priority.

In May 1987, the TMI-2 AEP staff developed a TMI-2 sample examination
priority 1ist (Table 4) based on the findings of the TMI-2 defueling and
sample examination activities conducted since publication of Reference 2
(February 1986). The purpose of the 1ist was for planning the remainder of

the TMI-2 AEP SA&E to maximize the TMI-2 accident Information that would be
obtained with the remaining funds.

2.2 Development of the SA&E Plan

Table 5 is a summary of the in situ measurements and sample
acquisitions and examinations that satisfy the technical information needs
identified in the TMI-2 Accident Evaluation Program documentz and listed
in Table 2. Table 5 includes prior year sample acquisitions and
examinations and in situ measurements for completeness. The SA&E Plan
includes:
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TABLE 4. TWMI-2 SAMPLE EXAMINATION PRIORITY LIST AS OF MAY 1987

A. KHigh Priority:

- w ~ -t
» . . .

o w
. .

Fuel assembly samples from previously molten material escape path
Non-fuel material resting on RV lower head

Interaction zone between molten core materials and baffle plates
Core support assembly

Reactor vesse) lower head?

Leadscrews from highly damaged regions in the upper plenum.

8. Nedium Priority:

Te

® w o v -

Metallographic/radiochemistry examination of horseshoe ring samples
(Canister D-174)

Laser mass spectrometer® for fission product chemistry analysis:
Instrument development and sample analysis

Microscanner analysis (fission product distribution) of core
materlal samples

Bulk oxidation state analysis of core material samples

Core sample Kr-85 analysis

NDE/metallographic/radchem examination of B8-loop RTD thermowel)
Metallographic/radchem examination of upper end boxes and spiders

Visual documentation of defueling.

C. Low Priority:

L
2-
3.

NDE/metallographic/radchem examination of in-core Instrument strings
Tritium analysis

Radchem examination of RB sludge batch samples.

a. Th)s would probably require spectal acquisition task. Equipment may
exist which s capable of obtaining the required samples.

b. Development of this method would be accomplished first. If the
equipment could measure fission product chemical form, the analysis would
become a high-priority item because 1t would be the only device avallable
to measure chemical form.
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TABLE 5. TMI-2 ACCIDENT EVALUATION IN S1TU MLASUREMENTS AND SAMPLE ACQUISITIONS AND £XAMINATIONS

Quantity
Completed Future Proposed
Sample Completed  Additional future
Measurement/Examination Activity Acquisitions Exams Samples _Exams Priorit U_i-i'ﬁb __ Justification/Information
RV _visual examinatlon: Explain accident scenario and support
sample selection.
CCIV surveys NA 5 areas® NA 1 area 1 REP/AEP Determine current conditions of molten
core materla) escape route.
Sonar topography survey NA 1 arca NA 0 4 REP/AEP
Core bore samples of Determine condition and quantity of
fused/Joined core matertal: fused/jolined core material under loose
debris and between core and RV head.
Under loose debrlis 13 of 14 13 partial 0 0 1.5.8 AEP-INEL Determine retalined fisslon product ,
successful NRC, ANLE concentration and chemical form.
CSNI
Subcore K 0 0 0 -
unsuccessful
Core distinct components:
Upper core region:
6-1n. fuel rod segments [} 6 (NDE 0 0 20 AEP-INEL,
from core cavity periphery only) CSN1
Smal) grab samples from n n 0 0 -- AEP-INEL
upper core debrls
Large grab samples from 6 6 0 0 3 INEL
upper core debris
Fuel assembly upper section:
fuel rod segments from 18 4 0 0 8 AEP-INEL,
core cavity periphery NRC -ANLE,
fuel assembly remnants CSN]
Guide tube/BPR segments 0 0 NA 0 0 -
Guide tube/ 7 2 0 0 8 AEP-INEL,
control rod segments CSNI
Instr. tube/ 1 0 0 0 19 INEL
Instr. string segments
Instr. tube segmentis 0 0 0 0 19 -
Spacer grids 0 0 0 0 19 .-
Upper end boxes 12 0 0 0 19 -
Holddown springs 12 0 0 0 19 -
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TARLE 5. (continued)

Reejerement/lxamination Aclivity
Burasdle potsen rod spiders
Contre) rod spiders
APSR spider surface deposit

Lower core region:

fue) rod sogments

Guide tude/BPR segments

Guide tube/
control rod segments

lastrument tube/
instr. string segments

Instrument tube segments
Spacer grid
Lower end Doxes

Lover vesse) dopris:

Core materia) samples
from lower hesd region:

Large

Y lower reglon gomms scans
through tnsirument strings

Semples of loote dedris In lower
core support structure region

Duantity
Completed foture Proposed
Samp Yo Completed Additions) foture

fcauisitions __fxams =~ Semples  _faams
1 (] (] e
? ° [} (]
[ 0 [ °
(1 pertial) O 14¢

15 Wpertial) O [
» dpartia)) o 10
[} T(partiad) 0 0
[ ° [ 1®
0 ] 0 0
" 0 0 0
n (] 0 3
° (] ? ?
1 1 0 (]
(] [ (] ]

19
"
3]

180

80
»

"
19
Ll

Lxaminer®

REP-IMEL,
NRC-AM €,
csal

ate-Jut,
ERC -Am ¢

Rt -Gy

[T 11 af ]

Additiona) samples asy be nveded to
characterize solten core materia)

escape paths.

GPY T8 05-14.

Charscter of loote dedris \n Yower
core support struclure reglon.
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TABLE 5. (continued)

Quantity
Completed Future Proposed
Sample Completed Additional Future
Measurement/Examination Activity Acquisitions Exams Samples Exams Priority? Examinerd Justificat) nformation
RV internals examinations:
Contro) rod leadscrews 3 2 0 0 18 AEP-INEL Fission product transport path, tem-
AEP-B&M perature gradient, and RV natural
recirculation routes.
Core former wall samples 0 0 0 0 16 Data for isotherm maps and materials
interactions at core periphery.
Leadscrev support tube 1 1 0 0 Low AEP-BCL Characterization of surface deposits
Tower section in RV dome region.
Core lower support 0 0 0 0 13 .- Data for Vsotherm maps and materials
structure plate samples Interactions along core material telo-
cation path. Fission product inven-
. tory and materials iInteractions.
RV lower head samples 0 0 0 0 15 -- Data for isotherm maps and materials
Interactions
Lower plenum horizontal 0 0 0 0 17 -- Fisston product inventory data.
surface deposits
Lower plenum Instrument 0 0 0 0 4 -- Materials interactions.
structures
RCS characterization:
RCS gamma scans: Capability to convert data to radlo-
nuclide and uranium abundance and
A-loop steam generator N/A 7 N/A 0 Low GPU/AEP location uncertain.
{external)
Pressurizer (external) N/A 6 N/A 0 Low GPU/AEP
Core flood tank B N/A 9 N/A 0 tow GPUZAEP
Steam generator Inside N/A 0 N/A 180 Low GPU/AEP
Pressurizer Inside N/A 0 N/A 180 Llow GPU/AEP
Pressurizer surge line N/A 0 N/A 180 Low GPU/AEP
Decay heal removal line N/A 0 N/A 180 Low GPU/AEP
Pump volutes N/A 0 N/ZA 180 Low GPU/AEP

Hot legs N/A 0 N/A 180 Low GPU/AEP



AL S (continued)

Seasurement/(aaminglton Activity
BCS adherent surface depotity:
A-loep RTD thermowe?)
0-loop R1D thermowe))

A-loop stesm generator
Sanudy cover bicking plate

8-100p steam generator
Bnwdy cover backing plate

Pressurizer “{
cover Dacking plate

A-loop stesm generator
handhole cover )imer

RCS sediment:

174

Sleam generator tude sheet
top loose dedris

Stean genedtor lower
hoad loose dedris

Pressurizer sediment

Lx-8C5 characterization;
Reactor dutiding:
Liguie:
Basement 30% ft el
Basement 325 11 o).
Bottom open stairwel)
Besement sump pit

RCOY

Quantity
Conpleted future Preposed
Samp Vo Completed Additlions) foture

Mcewisillons _fxams  Semples  faams  Priecity?
1 ) [} [} 12
[ 0 [} 0 12
] 1 0 0 V2
1 ) 0 [} 12
1 1 [} 0 12
] 1 0 [} 12
? ? (partial) o 0 12
0 0 ? [} 12
1 } 0 0 12
AT 1 0 [ ] Low
120 &t 1 0 0 Low
6 al 1 0 0 Low
200 ol 1 0 0 Low
120 1 0 0 Llow

MP-GPY

REP-IMEL
AEP-INEL

AP-PL

P M

ALP-ImEL
AEP.JmtL
ALP-1ntL/
ALP-InEL/
(L

AMP-IN L/
L {1

Adherent fission product Geposits.

Characler of sediment 1a Doth steam
gonerator upper heads.

GPU Nuclear project. Character of
sediment n Doth steam gemerator Vower
hoads .

Character of sedtment Vn pressurizer
Tower head.

Basement 1iquld has been @ralned and
decontaninated.
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TABLE 5. (continued)

Quantity
Completed Fulure Proposed
Sample Completed Additional Future
Reasurement/Examination Activit Acquisitions Exams les _Exams Priorit ExaminerP Justificatt nformation
Sediment : Sediment includes Susquehanna River
s11t as wel) as core fission products
Basement 305 ft el. 108 g 1 0 1} 10 AEP-INEL and materials.
Basement 325 ft el. 25 g 1 0 0 10 AEP-INEL
Bottom open statrwell 149 1 0 0 10 AEP-INEL/
HEDL
Basement sump pit 12 g 1 0 0 10 A::-II!L/
HEDL
RCOTY 0.5 ag 1 0 0 10 AEP-INEL/
HEDL
Basement floor (282 ft el.):
RCDY discharge area 0 0 0 ] 10 AEP-PL .
Leakage cooler room, O 0 0 0 10 AEP-PL
RCDT room,
° inside D-ring
Outside D-ring areas 3 4 0 0 10 AEP-SAl
Core ‘nstrument 0 0 0 0 10 AEP-PL
cable chase
Sludge removal 0 1] 0 0 10 AEP-PL
storage tank
Concrete bores:
Floors: 347 Ft el. 8 8 0 0 Low GPU-AEP
305 ft el. [} 6 0 0 n GPU-AEP
282 ft e). H 0 0 0 n REP-GPV GPU has samples.
AEP-INEL
D-ring walls: 347 ft el. 1 0 0 Low GPU/AEP
305 Ft el. 2 2 0 0 n GPU/AEP
flooded region 4 1 0 n REP/GPU,
REP/INEL,
AEP/INEL
3000-ps? (shield) wall 7 1 0 0 n REP/GPU
{flooded region) REP/INEL,
AEP/INEL
Block (elevator/ [ 1 0 0 n REP/GPU
statrwell) walls REP/ZINEL
(flooded region) AEP/INEL
Adherent surface deposits:
Ar cooler panels 5 5 0 0 Low AEP/INEL }
Basement outer wall 0 0 0 0 Low -

steel liner



L

AR $.  (conlinued)

Sroserement/ixamingtion Activity

AssiVary and
fuel handling betidings:

Liquie:

Reac. coo). bleed Vank A
Redc. cool. Dleed Tamk 8
Redc. coo). Dleed Tamk ¢
Rakeup 20d purification
demineralizer §

Sediment .
Bedc. cool. Dleed Tank A

Rakeup and perification
demineralizer A (resin)
Rakeup and purification
deminerdlizer B (resin)

Filter housing contents
(¢ Yer paper, Viguid, an¢
collecied solids):

Rakeup ané purification
systen

Oemineralizer
prefilters

Demineralizer
after filters

RC pump sea) waler
Injection system f1lters

_Ouantity
Conmploted fulure Pr
Sample Completed Additiens) future

Acquisitions _fxsms  Semples  fasms  Prierity’
129 sl 1 0 0

150 1 [ ] 0

150 ot 1 [] 0

L § ] 0 0

60 g 1 [}

g 1

0o 1 [ ] [ ]

both beth 0 [ ]
both both 0 0
both both 0 0

Low
Low

Low

Low

Low

Low

AEP-INEL
ALP-INEL
ALP-1miL
ALP -0RmL

ALP-INEL/
13

AEP -0RmL
AP -0RmL

AEP-1nEL/
LANL, mme-

AEP-1MEL/
LARL, mmC.

AIP-ImEL/
LANL, mRC-
L

4] )

AVl oquipment n the auziliary and
fuel handling Duildings hss Been fully
or partially decontamingted by flush-
Ing, filter removal, water trestavet,
and resin remova) or treataset.
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TABLE 5. (continued)

Quantity
Completed Future Proposed
Sample Completed Additiona) Future
Measurement/Examination Activity Acquisitions Exams Samples E xams Priorityd g xaminerb Justification/Information

a. Priority values 1 through 20 are )isted in Table 3.

b. Examination responsibility is shown with the Funding organization (AEP, REP, NRC, and/or GPU) shown first (xxx/xxx indicates Joint funding and/or
performance responsibility), and the sample examinatlon location shown second. Names of Funding organizations are abbreviated as follows: Accident
Evaluation Program, AEP; Reactor Evaluatlon Program, REP; Nuclear Regulatory Commission, NRC; GPU Nuclear, GPU. Names of examination locations are
abbreviated as follows: Idaho Natlona) Engineering Laboratory, INEL; Argonne National Laboratory-East, ANLE; Battelle Columbus Laboratoryes, BCL;
Westinghouse Electric Corporation, W; Sclence Applications International Corporation, SAl; Hanford Englineering Development Laboratory, HEDL; Oak Ridge
Nationa) Laboratory, ORNL; Los Alamos Natlonal Laboratory, LANL; CSNI, Committee for the Safety of Nuclear Installations of the Organization for Economic
Cooperation and Development (OECD). PL indicates that an outside private laboratory s expected to perform the examination.

c. Completed RV CCTV surveys iInclude the Following areas: al) sides of the upper core reglon cavity, core cavity region loose debris after dislodging core
components from plenum assembly, plenum assembly, accessible areas of the downcomer and RV bottom head periphery regions, core lower region, and lower CSA.

d. Core bore collected samples.




1.  Acquisition of all samples, distinct components, and in situ
measurements listed in the Future Additional Samples column.

2. Sample examination and In situ measurement analysis of those
items 11sted 'n the Proposed Future Exams column. Only the
high-priority tasks can be accomplished within the allocated

resources. Selection was made using the examination priority
1ist shown in Table 3.

The plans for sample acquisition and In situ measurements were
developed based on the policy of retrieving samples and making in situ
measurements in conjunction with the General Public Utilities (GPU) Nuclear
decontamination and defueling program for the THI-2 facility. Some
decontamination and defueling program plans are currently uncertain,
primarily because of technical uncertainties. The technical uncertainties
Include (a) the methods and procedures for removal of the fused core and
structural matertals from the compartment between the baffle plates and
core barre) and the RV lower plenum regions and (b) TM] plant regions that
may be selected for iInter'm monitored storage classification, leaving the
area unsuitable for personnel entry and sample acquisition. The GPU
Nuclear TR]-2 decontamination and defueling program iIncludes the following:

o An auxillary and fuel handling building decontamination program.

o A reactor bullding decontamination program.

o A reactor building basement contamination characterization
proqralf

a. Letter, K. ). Hoffstetter to D. M. Lake, 4240-85-0227, "Reactor
Building Sludge and Core Bore Samples,® June 6, 1985.



(] An RCS fuel locating programa
0 An RV data acquisition programb

0 The defueling programc

An important part of the DOE TMI-2 Program 1s the Reactor Evaluation
Program (REP), which supports the TMI-2 defueling program in the following
areas:

0 Funding for special defueling tools and plant decontamination
studies.

o Defueling operations, which will include both sample retrieval
from the RV and collection of in situ measurement data, such as
CCTV surveys and ultrasonic scanner topography.

The responsibility for funding the tasks outlined in Table 5 is
indicated in the table and includes GPU Nuclear, the DOE AEP, the DOE
Reactor Evaluation Program (REP), and the OECD. Examinations will be
performed at the INEL, Argonne National Laboratory-East (ANL-E), other DOE
laboratories, private laboratories (PL), or OECD/CSNI member country
laboratories. Work plans were developed for the tasks summarized in
Table 5 under the assumption that after the samples have been retrieved at
TMI-2, the handling, packaging, and shipping activities to the INEL wil) be
funded by the REP-supported defueling program.

a. Letter, J. D. DeVine to R. L. Freemerman, 4500-84-0738, “Ex-vessel Fuel
Locating Samples Packages,” August 27, 1984.

b. GPU Nuclear document TPO/TMI-117, In-Vessel Data Acquisition,
September 1984.

c. GPU Nuclear news release 38-85N, TMI-2 Defueling Schedule Updated,
April 30, 1985.
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The development of the TMI-2 AEP SA&E Plan included consideration of
the following assumptions:

o The total budget allowance, including prior years, would be
$20.6M from the DOt and $600K from and administered by the NRC.

o Sample retrieval and in situ measurements would be accomplished
In conjunction with GPU Nuclear's TMI-2 recovery program and with
support from the DOE TM]-2 REP in the development of special
defueling tools and the collection of defueling-operation-related
samples and 'n situ measurements.

(] Prioritization of the Information needs from the sample
acquisition and examination tasks was shown in Table 3. This
prioritization was based on technical needs 1dentified and
discussed In the TMI-2 Accident Evaluation Program docunent.z
These are shown in Table 2.

o The portions of the total budget to be allocated to laboratory
examination of samples was: $918K to other DOt laboratories,

$1.38M to private domestic laboratories, and 2.9M to EG&G
laboratories. In addition, NRC would fund about $600K for other
DOt laboratory examinations.

The sample examination program that s proposed for FY 1988 wil)
complete the TR]-2 AEP sample examination program sponsored by DOE. The
plan iIncludes the following activities:

o Completion of the radiochemical (Including microgamma scanning)
and elemental analysis of the core bore samples.

[\] Completion of the elemental analysis of the samples of loose
debris from the top of the tube sheet In the B-loop steam
generator.



0 Elemental and radiochemical assay of two particles of loose
debris from the top of the tube sheet in the A-loop steam
generator.

1] Completion of radiochemical and elemental analysis of six
large-volume core debris grab samples from the upper core region.

0 Metallographic, radiochemical and elemental analysis

characterization of nine new samples of loose debris from near
the RV lower head.

o Completion of the evaluation of the ORIGEN2 code accuracy in
predicting the production of fission products.

o Measurement of the oxidation state of eight samples of core
material from the core bores and loose debris from the RV lower
plenum with the potentiometer-titration method developed In
FY-1987.

o Measurement of the gamma-emitting radionuclide distribution on
six additional core material samples from the core bores and the
loose debris from the RV plenum with the microgamma scanner
instrument fabricated and developed in FY-1987.

9. Determination of the feasibility of measuring the chemical form
of fission products using a laser probe with time-of-f1ight mass
spectrometry instrument.

o Packaging and storage of the TMI-AEP TMI-2 accident sample
inventory at the INEL in elther quick-access storage facilities
or more inconvenient but retrievable storage in the TAN Hot Shop
Pool in TMI-2 fuel canisters.

The proposed TMI-2 AEP SA&E Work Plan was divided into the following
four work package categories:
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1. Reactor vessel, which Includes the RV, its iInternal 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, 'ncluding the core flood tanks.

3. Ex-RCS fission product inventory, which includes the core
matertals 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 contro) the SA&E program.

The three SAM mplementation work package categories (1, 2, and 3 above)
were further subdivided iInto sample acquisition and sample examination work
packages because of the geographical separation of the respective support
personnel and operations. The individual work packages provide the
detalled scope of work, assumptions, products/deliverables, milestones,
prerequisites statements, logic dlagrams (activity 1ists and schedules),
and resource (labor and material) tabulations. The subdivision of the
TRI-2 AEP SA&E Plan nto the three TMI-2 nuclear power plant reglons--RY,
RCS, and external to the RCS (Ex-RCS)--was selected to colncide with the
GPU Nuclear TMI-2 fuel location and characterization program.

Detalled discussions of the SAGE work plans are contalned in the next
four sections of this report.
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3. REACTOR VESSEL SAMPLE ACQUISITION AND EVALUATION WORK PLAN

3.1 Introduction

The reactor vessel SA&E work plan includes the RV; the nuclear reactor
core and 1ts support structures; the core Instrument strings, including
their support and ex-vessel condult structures; and other RV internals. A
diagram of the RV arrangement as it appeared before the commencement of
core damage events is shown in Figure 1. A typical in-core instrument
assembly, including the ex-vessel condult arrangement, is shown in
Figure 2. The TMI-2 CSA arrangement is shown in Figure 3.

The RV SA&E work plan was developed by considering the types of data
needed to help resolve the major issues discussed in Section 2. Some of
the information pertinent to developing the data acquisition plan 1Is
discussed In the following paragraphs. This information includes
applicable details of the TMI-2 preaccident operations, iIncluding core
loading details; the accident sequence, Including available information on
the current damage state within the RV; and the postaccident RV internals
disassembly activities that have caused further relocation and separation
of the RV internals.

3.1.1 Preaccident Operations

At accident initiation, the TMI-2 core was In the initial fuel cycle
at 97% of full power with 3175 MWD/MTU average core burnup. The core
loading consisted of 177 fuel assemblies and 139 rod assemblies arranged in
the core positions, as shown in Figure 4. The fuel assemblies were placed
in the core positions with the identification marking toward the south (see
Figure 5). The core position component identification marking index s
provided in Appendix C.

Each of the fuel assemblies (see Figure 5) 1s a 15 x 15 array of

208 fuel rods, 16 zircaloy guide tubes, and one center-position zircaloy
instrument tube connected to and supported by eight Inconel spacer grids
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and 304L stainless steel upper and_lower end fittings. An Inconel,
coll-type holddown spring 1s located in the upper end fitting.

A1l interior and two of 40 peripheral core positions also have rod
assemblies consisting of 16 rods connected together at the top by arms
extending from a central hub. The rods fit into the fuel assembly guide
tubes. The two peripheral fuel assemblies (core positions B12 and P4, next
to the core former wall) contaln a stationary orifice-rod assembly (see
Figure 6), with 12-1n.-long stainless steel rods extending into the guide
tubes to restrict coolant flow, of which one in each assembly is assumed to
be modified to include a neutron source rod. Interior fuel assemblles
contain one of three types of rod assemblies, as follows:

0 Burnable poison rod (BPR) assembly (see Figure 7)--The stationary
BPR assemblies are located in 68 core positions, as shown (BPRs)
in Figure 4. Each BPR rod contains a 126-in.-long stack of
A]203 (0.95)-840 (0.01) ceramic pellets clad in zircaloy,
except for core position N13, which is assumed to contain eight
rods with borated graphite instead of A1203-B4C.

0 Control rod (CR) assembly (Figure 8) --The CR assemblies are
located in the 61 core positions shown in Figure 4. The rods
contain 134-in. lengths of Ag-In-Cd clad 'n Type 304L stainless
steel. The CR assemblies were fully Inserted during the accident

sequence.

(] Axial-power -shaping-rod (APSR) Assembly (Figure 9)--The APSR
assemblies are located in the eight symmetrical core positions
shown on Figure 4. Each rod contains a 36-in. length of Ag-In-Cd
material clad in stainless steel. The APSR assemblies remained
withdrawn at 37 in. during ghe accident sequence.

Table 6 s a summary 1ist of the original materials and metallic

element inventory in the 126,560 kg (279,013 1b) of material within the
core boundaries.
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TABLE 6. TMI-2 REACTOR CORE COMPOSITION

Raterial Weight Material Weight
(Meight) Element Percent (Weight) € lement Percent

uoi u-2359 2.265 Inconel-118 (Th 51.900

(94,029 kgl‘ U-2389 85.882 (1,21 38) Crd 19.000

(531.9 kg) 0 11.853 (6.8 kg) Fed 18.000

Nb? 5.553

Iircaloy-4 Ird 97.907 Mod 3.000

(23.11 kg)' Snd 1.60 18 0.800

(125 kq)b Fed 0.225 A1 0.600

Crd 0.125 Co 0.470

0 0.095 s1d 0.200

Mnd 0.200

Type 304 fFed 68.635 N 0.130

stainless Crd 19.000 Cu 0.100

steel Ny 9.000
(676 kg) and  Mnd 2.000 Ag-In-Cd Agd 80.0
unidentified  $12 1.000 (2,749 kq& Ind 15.0
stainless N 0.130 (43.6 kg) cq 5.0
stee) c 0.080

(3,960 kgz Cod 0.080 B4C-A1,03 A 34.33¢

(16.8 kg) (626 kg) 0 30.53¢

(0 kg) Ba 27.50¢

c 7.64C

6d204-U0> Gdd 10.27¢

(3. s kg) va 17.712¢

(0 kg) 0 12.01¢

a. [Elements for which ICP analysis was performed.
b. MWeight of material 'n a control rod fuel assembly.

c. Data are suspect.




3.1.2 TM1-2 Accident Sequence

Over the past several years, considerable effort has been spent 1In
developing a consistent accident sequence based on plant response during
the accident and postaccident examinations of core components. Such a
sequence is stil) being finalized. A preliminary theory of core-component
damage and relocation and the formation of the upper core cavity 1s given
in Reference 7. A summary of this theory 1s as follows.

Core uncovering started between 100 and 113 min after turbine trip,
which is considered the beginning of the core damage phase of the
accident. This is substantiated by the measurement of superheated steam In
the hot legs at 113 min. Core temperatures were high enough to balloon and
rupture the fuel rod cladding by about 140 min, releasing the noble gases
and other more volatile fission products (such as iodine and cesium) that
had accumulated in the gap between the fuel pellets and the cladding.
Cladding temperatures rapidly increased at about 150 min, due to cladding
oxidation, and quickly exceeded the zircaloy cladding melting point. The
molten zircaloy dissolved some fuel; this molten U-Zr-0 ternary mixture
flowed down and solidified In the lower, cooler regions of the core
probably at the reactor coolant liquid-vapor interface. At 150 min, the
core liquid level was estimated at approximately 0.7 m, which is consistent
with the lower 1imit of previously molten core materlals in the center of
the core. At this time, the high-temperature zone and most of the core
damage was probably confined to the central region of the core.

By 174 min (just prior to the primary coolant pump transient), some of
the fuel had been dissolved by molten cladding or melted in the central,
highest-temperature regions of the core. This relocation of fuel material
into the lower regions of the core probably resulted in the funnel-shaped,
end-state configuration as determined from the core-boring operation. Fuel
rod remnants composed of oxidized cladding and the undissolved UO2 fuel
remained standing above the solid structure of relocated material.
Relatively undamaged fuel assemblies existed around most of the core
periphery and beneath the bottom crust of ceramic fuel rod matertals. The
funnel-1ike shape of the bottom crust was probably caused by the initial
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blockage of flow In the center of the core and diversion of coolant flow to
the core periphery. This flow diversion enhanced the heat transfer and
prevented the relocating molten core materials from flowing down to the
same elevation as that at the core center.

The primary coolant pump transient at 174 min injected as much as
1000 ft3 coolant in less than 15 s into the core. The oxldized (and
embrittled) fuel rod remnants above the solid structure probably fragmented
by therma) and mechanical shock, due to the Injected water; and the
fragments settled to the top of the core region where flow channels were
f1lled, forming the core cavity and a loose debris bed under the core
cavity floor. The loose debris particles Include agglomerates composed of
oxidized cladding, unrestricted fuel pellet fragments, and previously
molten fuel rod matertals and are well mixed, Indicating that agitation
occurred during and/or after settling to the core cavity floor.

At 200 min, an additional high-pressure Injection system (HPIS) was
turned on; and Increased coolant was Injected In the primary cooling
system. The estimate of the injection rate and the water injected by the
primary cooling pump transients at 174 min, if directed entirely into the
RV, would result 1n a covered core sometime after 200 min to provide
(a) continuous cooling to the surface of the solid structure of relocated
core materials and (b) the coolant, which would eventually quench the
debris bed. Quenching of the debris bed may have been a relatively
long-term and rather violent process, with water gradually penetrating the
Iinterior of the debris bed from the core periphery. The resultant steam
and hydrogen (byproduct of the steam/metal ox\dation process) would rapidly
flow from the core nto the upper plenum. This process of Intermittent
water iIngress followed by the flow of high-velocity gases out the top of
the core could vigorously mix the debris bed as well as bring molten
ceramic material from the top of the solid structure up Into the debris bed
where the agglomerated particles were formed. Cooling at the outside
surface of the solid structure would have been insufficient to prevent
continued heating from decay heat and remelting of ceramic material within

the interior as shown. The high.velocity steam and hydrogen flowing from
the core would cause the melting and oxidation which has been observed on
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the underside of the core upper-grid structure. An alternate explanation
for the end-state conditions observed 1s that the damage to the upper grid
occurred prior to 174 min during core heatup and that the debris bed was

mixed by the primary coolant pump after core cooling was reestablished at
about 16 h into the accident.

Most, if not all, of the core materials found in the lower plenum
probably relocated at approximately 224 min and were molten. The
relocation of molten core materials from the core boundaries occurred
primarily from the southeast quadrant of the core at core positions P5 and
R6 through the baffle plates near the 303-ft elevation. Since there 1s no
voided region in the previously molten core zone, the central portion of
the top crust apparently collapsed as the material flowed into the
compartment between the baffle plates and core barrel and Into the lower
plenum, leaving behind a ridge of material at the core periphery. The top
of this ridge indicates the top of the crust or solid structure prior to
relocation. The volume of this "sinkhole," formed by the existing ridge
and identified from video examinations of the core debris bed periphery and
core boring at assemblies D4 and D8 and the current top of the crust, 1is
approximately 126 ft3. This volume is only a 1ittle larger than the
volume of material estimated to be missing from the core.

The estimated end-state condition of the TMI-2 core immediately
following the accident is shown in Figure 10. This figure was constructed
using the cross sections of the upper debris bed region, molten core region
(agglomerate and previously molten, homogeneous ceramic), and standing fuel
rods for the B through P assembly rows described previously (see
Figure 4). The upper debris bed surface 1s approximated in the cutaway
view in Figure 10; note the low point of the debris bed near the "B outlet"
(east quadrant of the core). The different material structures which
currently exist within the core are 1llustrated approximately to scale.

The estimated volumes and masses of the different types of core materials
are listed in Table 7.
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TABLE 7. ESTIMATED CORE REGION VOLUMES AND MASSES AT TMI-2 ACCIDENT

TERMINATION
Estimated3Volume Estimated Mass
Region (Ft™) (1bm)
Upper core debris 236 66,300
Molten zone 122 55,200
Standing rods 499 114,21
Lower plenum debris 74 34,800

3.1.3 Postaccident Reactor Vessel Internals Events

A series of events, including precursor examinations and disassembly
activities, has been accomplished between the accident-sequence termination
and October 1986 that have affected or determined the condition of the
core-cavity walls and floor. The core components have remained submerged
in an ambient temperature and pressure, treated, water solution with the
following target specifications:

0 ph: 7.5 to 7.2
0 boron: >4350 ppm
0 buffer: NaOH.

No activities or examinations were attempted unti1 personnel access inside
the reactor building was reestablished in 1981. A summary of significant
examination and disassembly events that have occurred follows.

3.1.3.1 Quick-Look Video Surveys. In 1982, control rod leadscrews
from core positions H8, E9, and B8 were removed for possible CCTV access to
the core area. The control-rod spider was stil1l in place at B8, but was

missing at core positions H8 and E9. The CCTV survey discovered a large,
empty region (core cavity) in the upper-core region.
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3.1.3.2 APSR Assqullf-lnsert\on.7 In the first quarter of

CY-1983, an attempt was made to Insert all eight APSR assemblies which, If
successful, would relocate the APSRs 37 in. downward (see Figure 4 for APSR
core positions). Insertions iInto the core cavity depths were as follows:

Insertion th
Core Position (m.)oep
06 0
010 4
Fe 30
Fr12 35
L4 8
Le n
N6 0
N0 N

3.1.3.3 Ultrasonic Scanner Survex.8 On August 31, 1983, an
ultrasonic scanner survey was made to determine the shape and dimensions of

the core cavity. The core topographical features Included the following:

o The cavity extended from the upper grid plate bottom downward to
approximately 7.5 ft above the core bottom and radlally to the
core former wall In some places.

o The core cavity volume was equivalent to approximately 26X of the
original core region.

[} Fuel assembly remnants appeared to encircle the core cavity
completely toward the upper grid plate; the maximum fuel assembly
damage appeared to be on the core east side, and the least fuel
assembly damage on @he core west side.

o The APSRs that had been Inserted projected from the cavity
celling and Interfered with ultrasonic-scanner measurement of
topography in the cavity-upper regions.



3.1.3.4 Reactor Vessel Head Removal,9 In July 1984, the RV head
removal, which included prerequisit; uncoupling of the leadscrews from the
control-rod assemblies and ralsing each leadscrew into the
control-rod-drive mechanism (CRDM), was accomplished. The leadscrew
uncoupling indicated the following:

0 Thirty control-rod spiders were supported by the fuel assembly
upper end fitting.

0 Twenty-three control-rod spiders appeared to be unsupported by
the fuel assembly upper end fitting, or were missing.

0 Four control-rod spiders became supported by the fuel assembly

upper end fitting when lowered a small distance (less than 2 in.).
3.1.3.5 Plenum Assembly Removal.]o']] In May 1985, the plenum
assembly removal, which included prerequisite dislodging of fuel assembly
upper end fittings (see Reference 10), water jet flushing loose debris from
horizontal (upward facing) surfaces (see Reference 11), and visual (CCTV)
examination of the assembly, was accomplished. The dislodging of fuel
assembly upper end f‘lttingsn indicated the following:

0 Four upper end fittings (core positions D5, F3, F13, and K14)
could not be dislodged.

0 Ten upper end fittings (core positions E4, G4, K6, L2, L13, 03,
08, 011, P8, and R6) could only be partially dislodged.

0 A11 other end fittings were missing, dislodged, or attached to
their respective fuel bundles.

The water Jet flushing removed loose debris “ranging in size from very
fine particles to nearly fuel pellet size" from the plenum assembly,
upward-facing, horizontal surfaces. Postflushing CCTV inspection indicated
"some of the debris actually adhered to the plenum and could not be
removed."
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The CCTV examination revealed that a probable thermal excursion
produced damage to the plenum assembly lower surface, as depicted In
Figure 1.

3.1.3.6 Reactor Vessel Lower Head Reglon Video Surveys. In February,
July, and December 1985 and February 1987, the RV lower head region was
partially surveyed (as shown in Figure 12) with a CCTV camera lowered
through the downcomer annulus at 13°, 63°, 115°, 167°, 245°, and 345° (hole
numbers 1, 4, 5, 7. 11, and 14, respectively) az'muthal positions. Samples
of the loose debris deposited on the RV lower head were collected with a
remote manipulator lowered through hole numbers 7 and 11. The surveys
indicated the following:

o Ten to twenty tons of probable core material had collected in the
region between the RV lower head and the flow distributor.

o The core materlal form ranged from particles the size of coffee
grounds to a vertical wall (1ike a curtain) extending toward the
flow distributor below core position H12 that appeared to be
lava-1ike (previously molten).

o Previously molten material was 1n or above the flowholes in the
flow distributor below core positions D13, E2, K14,K3, N3, 05,
and R6 (see Figure 13)

/] Both the guide tube lower end and the nozzle upper end of in-core
instrument number 45 (below core position R7) are partially
ablated.

o Possible "high water® marks and/or surface deposits from
Interaction with molten core material were observed on In-core
instrument guide tube numbers 44, 45, and 47 (below positions PG,
R7. and 010) below the flow distributor.
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3.1.3.7 Fue) Removal. fuel remova) commenced on November 12, 1985,
and has continued through September 1987. In FY-1986, fuel removal was

Vimited to the core cavity walls and floor and consisted of (a) upper end
fittings from fuel, contro) rod, and burnable poison rod assemblies;
partial fuel assemblies; and unsegregated loose debris and (2) a cumulative
total mass of 51,000 b of the 300,000-1b core. The early fuel removal
Included both successful and unsuccessful attempts to topple standing
peripheral fuel assemblies onto the core-cavity floor to provide clearance
for the fuel canisters, occasional unaided toppling of unstable standing
peripheral fuel assemblies onto the core-cavity floor, and shear-tool
sectioning of some partial fuel assemblies 1ying on the floor of the core
cavity. A total of 49 fue) canisters were transferred to the TRl Fuel
Hand1ing Bullding, and 21 fue) canisters were shipped to the INEL (see
Appendix F).

Video surveys of the core cavity walls and floor were made in December
1986 and January and June, 1987. Six fuel rod segments were cut from
standing fuel rods at the core south (core position L1) and southeast (core
positions M2 and N2) sides in December.

The fuel removal activities in FY 1986 made the following changes to
the core cavity:

o The fuel assemblies st11) standing (June 1986) at the core
periphery were reduced to 20; fourteen (A6, A7, AB, A9, A10, B4,
C3, D2, D14, E2, LY, L1S, N14, 013 and 012) with upper end
fittings and six (B12, E2, L1, N2, 03 and R10) without upper end
fittings.

[ Sufficient loose debris had been removed from the core cavity
floor to expose (a) the hard crust near the 70-in. elevation
above the original core bottom and (b) a horseshoe-shaped ring of
agglomerated (cemented-together rod bundle remnants) core
material projecting Inwards from the standing fuel rods above the
hard-crust surface, as shown n Figure 14. The ring extended
from around the 100-1n. elevation above the core bottom to the
hard crust, where 1t receded, creating a cave-like geometry.
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In July and August, fuel canisters D-14) and D-153 were unloaded at
the INEL; and the following samples of distinct core components were
acquired for possible and planned future examinations:

12 fuel assembly upper end fittings

10 control or burnable poison rod assembly upper end fittings
2 burnable poison rod assembly retalners

15  fuel rod upper sections

1 sets of control rod/guide tube upper sections

Table 8 provides a complete 1ist of specific TMI-2 fuel assembly upper end
fittings placed In temporary storage in drums in the TAN 607 Hot Shop.

ODuring FY-1987, fuel removal included most fuel assemblies still
standing at the core periphery, the fused-together core matertal in the
lower core region, and 140 of the fuel assembly lower ends projecting
upwards from the lower grid (Figure 15). In November, the core-boring
equipment was used by GPU‘2 as a milling device to loosen and/or
pulverize the fused-together core material In the core central region by
dri1ling 409 holes with a 3.4-1n.-dVameter, solid-faced bit In the

overlapping location pattern, as shown in Figure 16. Video surveys of
exposed surfaces of the core cavity walls and floor and the lower CSA were

made In all months except January and April.

The video surveys were recorded, and reviews of the tape recordings
provided the following observations:

o There is a large oblong hole In the baffle plate near the 75-in.
elevation above the fuel rod bottoms adjacent to core positions
PS5 and R6 (see Figure 17).

o Solidifled core material from the space between the baffle plates
and core barrel exists between the lower grid and lower grid

distributor plate on the core southwest, west, northwest, north,
and northeast sides (see Figures 17 and 18).



TABLE 8. TMI-2 FUEL ASSEMBLY UPPER END FITTING SAMPLE LIST
Fuel Canister Storage Drum
Item Number Location
Core
Positlon D-141 D-153 Number Basket Description Distinction
88 9 4 ] Control rod fuel assembly Examined leadscrew
upper end fittings position (P6)
B10 13 3 A Control rod fuel assembly Mirror Image to
upper end Fittings canister D-153 item 8
c? 3 2 A Control rod fuel assembly Fuel and CR/GT
upper end fittings rod examination unit
tn 4 2 B Control rod assembly Massive damage to fuel
upper end Fitting assembly upper end fitting
D8 3 4 A Control rod fuel assembly Core bore drill site
upper end fittings
G3 4 4 B Control rod assembly Upper grid damage
upper end fittings region perlphery
L n 1 B Peripheral fuel assembly Core periphery. In
upper end Fitting 12/06/85 video survey
H8 8 1 A Control rod Fuel assembly Core center position.
upper end Fittings Examined leadscrew position
K4 ) 1 A Burnable polson rod Upper grid damage region
assembly retalner
K15 7 1 A Peripheral fuel assembly Near mirror image to
upper end fitting canister D-141 1tem 11 (H1)
L3 6 2 A Burnable poison rod Upper grid damage
assembly retalner region periphery
M9 8 3 A Control rod fuel assembly Adjacent to the
upper end fittings BPR fuel assembly
N9 4 2 A BPR fuel assembly Mating Fuel assembly
upper end fitting upper end fitting
to BPR spider below
N9 5 1 A Burnable polson rod Only PBR assembly
assembly spider 17-4 PH SS parts
010 6 3 8 BPR fuel assembly BPR fuel assembly upper end
upper end flitting fitiing with guide tube
stubs
P6 8 4 A Control rod fuel assembly Core east s\de high damage

upper end Fittlings

zone. Mirror image to
canister D-153 item 13 (810)
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(1] Velns of soll1dified core materia) penetrated downward through the
rod bundle to within 2 in. of the bottom spacer grid at the
Intersection of core positions G8 and F9; within 30 in. of the
fue) rod bottoms at core position H15; and to the lower grid at
core positions L14 and M4,

The FY-1987 tota) cumulative mass of core material removed was
165,000 1b. A total of 172 fuel canisters was transferred to the TMI Ffuel
Hand1ing Bullding, and 77 fuel canisters were shipped to INEL. Appendix F
1ists the contents of the fuel canisters loaded through September 30,
1987. Appendix £ 1ists the coples of recordings of the video surveys made
during the fiscal year.

3.1.3.8 Blological Growth. In January 1986, the RV water turbidity
began Increasing from a blological growth (microorganisms) in the water.
The source of the microorganisms was believed to be the river water, which
became mixed during the accident with reactor coolant in the reactor
building basement and was subsequently introduced into the RCS after the
contaminated basement water had been purified by the TN]-2 watercleanup
system. The growth of the microorganisms was believed to be caused by
(a) spillage of defueling tooling hydraulic fluid Into the RV and (b) other
secondary events, such as Increased 1ighting, aeration, and oxygen

dispersion of the RV water. Both aerobic and anaerobic microorganism types
were ldentified in the colony that evolved.

The water turbidity prevented (a) identification of most material

which was loaded into the fuel canisters after January 1986 and (b) clear
video surveys of surfaces and objects exposed by the loose debris removal.

In April 1986, a blological growth cleanup program commenced
consisting of chemical (hydrogen peroxide) addition to the water to ki
the organisms and water -filtering and feed-and-bleed operation to decrease
the water turbidity. The blological growth condition continued to be a
problem during the remainder of the fiscal year as hydraulic fluid spillage
continued.
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In early FY-1987, the addition to the water filtering system of a
filter-aid feed station, which combined a polymer coagulant with the
diatomaceous earth in a bleed-and-feed mode, successfully decreased the
water turbidity.

3.1.3.9 Core Boring. In July and August 1986, approximately 60 holes
were drilled through and/or into the lower core region.

The July drilling was for the purpose of (a) acquiring lower core and
RV lower head region core material samples in the as-stratified condition
and (b) visual (CCTV) inspection of the exposed lower core and CSA reglons
and lower head region core material upper surface. Holes 3.65 in. In
diameter were drilled through the lower core region at the ten core
positions (D4, D8, G8, G12, K6, K9, N5, N12, 07. and 09) shown in
Figure 19, and 1.26-in.-dlameter holes were drilled into the lower head
core material to 8 in. above the RV lower head below core positions D4, K9,
and N12. The core bores and casings were loaded into TMI-2 fuel canisters
and shipped to INEL in September 1986.

The August drilling consisted of using an approximately
2-in.-dYameter, solid-faced bit at 48 locations within the 6-ft- (73.2 in.)
diameter central core region to make the lower core region fuel removal
easler. Table 9 lists the core locations, dri1l depths achieved, and drill
material left in the lower core region during the drilling campaign.

The core-boring program produced the following information about the
condition of the lower core region, the CSA region, and the core material
deposited on the RV lower head.

0 A region of previously molten, consolidated core materials
estimated to be approximately 122 ft3 (about 10% of the
original core volume) was confirmed to be in the lower, central
region of the core. This consolidated structure Vs approximately
4-ft thick in the center of the core and 1- to 2-ft thick near
the core periphery and s roughly shaped like a bowl extending
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TABLE 9. DRILLING OF TMI-2 LOWER CORE REGION IN AUGUST 1986

Core Location Core Location
Radius Azimuth Depth Radius Azimuth Depth
(in.) (°) (in.) (in.) (°) {(in.)
5.2 35 0.8 30.0 168 34.8
155 2.3
35.8 175 1.4
9.0 30 6.2 189 14.6
210 46.8 203 20.2
270 48.1 217 4.1
3302 39.1 231 1.3
245 18.6
12.0 n 5.3 259 16.9
m 42.3 213 20.4
287 2.8
12.2 12 0.8 301 0
112 40.3 315 2.2
127 40.0 350 26.1
16.25 16 6.3 36.6 182 47.6
46 45.1 196 32.17
284 9.0 210 30.7
316 33 224 3.3
344 5.0 238 22.0
266 25.3
18.5 3.5 37.0 252 5.7
151.5 36.2 322 4.0
271.5 35.7
20.5 14.5 35.8
48.5 183
74.5 42.0
168.5 28.0
228.5 47.9

a. Broke off lower 48-in. section of drill steel.
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down toward the bottom of the core. Intact rod stubs exist from
the bottom of the core up to the consolidated region. Core

position K8 was determined to be a possible location where the
consolidated material might have penetrated to the fuel assembly
lower end fitting.

At severa)l core-bore locations, metallic inclusions appear in the
upper portion of the consolidated region; while iIn others,
metallic Inclustons are observed near the center and/or bottom of
the consolidated region. The shapes of the metallic inclustons
vary widely.

o The primary migration path of the previously molten material into
the lower plenum appears to be located on the east side of the
core near the periphery, primarily at assemblies P-5 and R-6.

o The CSA appears to be undamaged In those areas where previously
molten ceramic materials have frozen In place between CSA
structural members. However, one core Instrument guide tube s
damaged near the lower grid flow distributor; and two others were
missing or covered by solidified materlal below the lower grid.

0 The Fuel debris resting on the bottom vessel head near the center
of the RV appears to be loose and relatively fine as compared
with the large, agglomerated debris existing near the edge of the
RV in the lower plenum. The depth of vessel bottom head fuel
debris was estimated to be as follows:

Depthd
Core Position {in.)
D4 18
K9 30
N12 12

a. Depth measured after boring with possible overlay of boring debris.
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o The core boring produced cutting debris, including sand-11ke
material, shards of fuel rod material, and fuel assembly lower

end fitting plugs, that (a) settled into the standing rod bundles
and onto the horizontal surfaces of the lower CSA and RV lower
head core debris or (b) obstructed holes in the CSA plates.
Future acquisition of core material samples from below the core
must be accomplished carefully to avoid or segregate the core
material which relocated during the core-boring campaign.

3.1.3.10 Core Barrel Assembly Fiber Optic/Video Survey/Probing. In
February 1987, GPU Nuclear surveyed and probed the compartment between the
baffle plates and core barrel using a fiber optic device and
video-recording the fiber optic image. Nine azimuthal locations were

probed and surveyed. (Figure 17 is a map showing the estimated profile of
core debris in the compartment between the baffle plates and the core
barrel.) The video images were inadequate for determining the appearance
of the debris in the compartment.

3.1.3.11 Current State. The state of the TMI-2 RV internals as of
September 30, 1987, is shown in Figure 20. Few regions of the RV remain
unexplored; but important core damage progression data may be obtainable
from some of those unexplored regions, as follows:

0 The east, and southeast sections of the outer two rings of lower
core region fuel assemblies and the baffle plates.

o The lower reglons of the compartment between the baffle plates
and core barrel, for the presence and/or prior presence of core

material and damage to the formers and core barrel.

0 The northeast, east, and southeast sections of the CSA where
escaping molten core material has solidified.

0 The lower region of core material resting on the RV lower head,
where a reglon of nonfuel core material has been predicted to be.
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3.2 .Purpose

In addressing the data requirements recommended in the TMI-2 Accident
Evaluation Program document.2 a scope of work was formulated to support
these data needs while recognizing certain 1imitations in data acquisition
inherent in the TMI-2 defueling environment. As such, the purpose of the

work plan is the acquisition and examination of samples of core and noncore
material from the RV during completion of defueling, along with video

documentation of the conditions of the expanding TMI-2 core void. The
scope of the sample acquisition plan includes obtaining additional samples
of the loose debris from the lower head region below the flow distributor.

The specific RV sample examination objectives include the
determination of the following:

(] Location and physical characteristics of the molten core material
escape paths.

0 Peak temperatures of core and structural materials.

0 The extent of material oxidation and interaction between fuel rod
components and other core and structural components.

0 The extent of control rod matertal relocation and interaction
with fuel material.

(] Spatial distribution and physical and chemical characteristics of
damaged core and structural materials.

0 Distribution and retention of fission products retained in the RV
and in core materials, including their chemical form and the

mechanism of retention.

0 Interaction of burnable poison rod materials with fuel rod
materials and the effect on core heatup.
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o The extent and type of damage to the CSA and iInstrument tube
penetrations and amount of matertal relocation into the lower

plenum.

3.3 Accomplishments

3.3.1 Sample Acquisition

3.3.1.1 Acquisition Equipment. The RV sample acquisition program has

provided the following sample acquisition tooling and examination equipment:

Reference

Description

tGG-TH] -6834

Jensen Dr\lllnggg?.

GG Drawing 41

66 Drawing 419932
EGG Drawing 420120
EGG Drawing 420126
GG Drawing 420155
€GG Drawing 420170
EGG Drawing 420193
EGG Drawing 420234
GG Drawing 420235
GG Drawing 420418
EGG Drawing 420430
GG Drawing 420232
Wi1d-Heerborg

GEND-INF -012

Core-Boring Equipment

Instrumented dr)lling machine

Lead transfer cask

Ori11 indexing platform structure assembly

Lower casing clamp hydraulic assembly

Dri11 indexing roller platform assembly
Underwater structure assembly

Cask roller platform assembly

Underwater structure and tilting platform assembly
Middle clamp and support assembly

Hydraulic control assembly

Underwater structure out-of-tolerance indicator
Underwater cylinder and rod end clevis

REES underwater video camera manipulator assembly
Computer -alded theodolite indexing system

Core Topography Equipment

Black-and-white, closed-circult video system,
Including camera support and articulation tooling

Enhanced st111 image videotape processor, Yncluding
software

Video-recording-to-enhanced-st111-image hard copy
processor, Including software

Multitransducer searchlight-beam ultrasonic scanner
system



Reference Description

ng

EGG-TMI-6531 Loose Debris Collection Tooling

EGG Drawing 417983 Clamshell-type loose debris collection tool
EGG Drawing 417984 Rotating-tube loose debris collection tool
EGG Drawing 418075 Loose-debris sample handling cask

Fuel Canister Unloading Equipment:

EGG Drawing 420596 Transfer table assembly
EGG Drawing 420713 Electrical installation (transfer table control)
EGG Drawing 420535 Examination fixture assembly
EGG Drawing 420429 Sample handling equipment assembly
EGG Drawing 420558 Holddown spring removal press assembly
EGG Drawing 420477 Potting system assembly (core bores)
EGG Drawing 419662 Core barrel disassembly machine (core bores)
EGG Drawing 420387 Laydown and 11fting fixtures
EGG Drawing 420590 Vent and drain assembly (fuel canister)
EGG Drawing 420593 Tools and support assemblies
EGG Drawing 421144 Canister 11ft fixture
EGG Drawing 346945 Three (3) 3 Bechtel side loading debris buckets
EGG Drawing 421446 Special distinct component extraction tools
-- Special hand tools for equipment installation,
operation, and maintenance

N/A Rees Model R-93-CCU CCTV camera and remote control
system and Panasonic Model NV 5410 video monitor
EGG Drawing 420481 Fourteen (14) core bore containers
Distinct component storage drums
Fuel/control rod cut-off band saw

TM1 Spectrometer TMI mobile gamma spectrometer system/scanner (Ffor INEL
Design Data Package core bore and distinct component examination)

by A. E. Procter

and D. W. Akers

3.3.1.2 Samples. The RV sample acquisition program has furnished the
samples listed in Appendix D, Sections C, D, E, F, and G to EG&G for
examination. Samples that were acquired in FY-1987 include the following:

TMI-2 Location Sample Description Date Acquired
Core Position 91 1b of rock-shaped pieces of fused December 1986
M1 together core material ranging in size

from 52 1b to pea-size
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TRl -2 Locatlon Sample Description

Core Position

Core Postition

Fé

Core Position

H9

Date Acquired

up to 4.2 1b 'n size

pleces ranging up to 2.1 1b In size

-K9 pleces ranging up to 0.2 1b in size

13 1b of fused-together core materia)l

13 1b of fused-together core materia)

8 1b of fused-together core material

December 1986

December 1986

March 1987

1n addition, the core material in the fuel canisters listed In
Appendix F 1s avallable for examination.

3.3.2 txamination Reports and Records
The RV sample examination program has produced the following
documentation:
Report Number Title Status
Numerous videotape recordings of CCIV
scans between 1982 and 1986. A
11sting of these tapes is given In
Appendix E.
GEND -INF -0 Preliminary report of TNI-2 iIn-core Issued
Volume 1] instrument damage January 1984
Letter Report The FY 1983 Examination of the Lower Issued
3.175-m Section of the H8 Leadscrew December 1983
from TM] -2 Revised
March 1984
EGG-TH] -6531 -1 TM] -2 Core Debr)s Grab Sample Quick Issued
Revision 1 Look Report March 1984
GEND -INF -044 1M1 -2 Leadscrew Debris Pyrophoricity Issued
Study April 1984
GEND -INF -03) TMI-2 In-Core Instrument Damage--An Issued
Volume 1] Update April 1984




Report Number

Title

Status

GEND-INF-012

RDD:85:5097-01:01

EGG-TMI-6697
Letter Report
Hmb -268 -84
GEND-INF -060
EGG-TMI-6630
(Draft)
GEND-INF -052
EGG-TMI -6685
(Draft)

GEND-INF -067

GEND-INF -075
Parts 1 and 2
EGG-TM] -6853
(Draft)

EGG-TMI -7385
Revision 1

GEND-INF -074

GEND -INF -084

EGG-TMI-7429

GEND-INF -082

Design and Operation of the Core
Topography Data Acquisition System
(initial core cavity topographic
mapping)

TMI-2 HBA Core Debris Sample
Examination Final Report

TMI-2 Core Debris--Cesium/Settling
Test--Draft Report

Analysis of TMI-2 'A' Steam Generator
Hot Leg Resistance Thermal Detector

Preliminary Report: TMI-2 Core
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First Group of Samples

Examination of H8 and B8 Leadscrews
from Three Mile Island Unit 2 (TMI-2)

Examination of the Leadscrew Support
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TMI-2 Core Debris Grab Samples--
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Report Number Title Status

GEND-INF -087 1M1 -2 Standing Fuel Rod Segment Published
Preliminary Examination Report August 1987

GEND -INF -083 TR]1-2 Core Horseshoe Ring Published
tExaminations Oc tober 1987

3.3.3 Reactor Vessel Internals Sample Examinatlon Findings

The results of the sample examinations conducted to date are
summarized in this section.

3.3.3.1 Core Debris Grab Samples. Examination and analysis of the
11 upper core loose debris grab samples and probing the loose debris
provided the following TM]I-2 accident information:

o Some particles exceeded U0
accident.

2 melting (3100 K) during the

o Loose debris extends downward about 2.5 ft to a hard object 6 ft
above the original core bottom and outward to at least the
next-to-outside ring of fuel assemblies (approximately 20% of the
core volume).

0 The hard-object upper surface s relatively flat but irregular
and extends to near the core periphery.

o Significant axlal and radlal mixing of core materlals has
occurred In the loose debris bed.

o The core material distribution ¥n the loose debris Indicates a
depletion of structural and polison materials of lower melting
temperature.



] Fission product retention normalized to the measured uranium
concentration 1s as follows:

Abundance
Isotope (%)
Sr-90 79 to 102
Ru-106 35 to 86
Sb-125 18 to 38
1-129 10 to 28
Cs-137 6 to 32
Cr-144 90 to 130

3.3.3.2 Reactor Vessel Internals Documentation. This examination
task commenced in 1982 and includes periodic surveys with CCTV and sonar
(acoustic topography) devices. The findings to date include the following:

0 The core topography data taken before head removal indicate that
the void in the core region below the upper grid plate occupied
330 ft3 (9.3 m3) and extended radially into the peripheral
row of fuel assemblies. Local varlations in the nominal void
radius ranged from exposed sections of core baffle plate to
apparent standing fuel rods 12 to 14 In. inside the core
boundary. Significant quantities of core materials were
suspended from the underside of the upper core support grid (1982
and 1983).

0 Ablation of the plenum assembly lower grid plate occurred in two
or more mid-radius areas, as shown in Figure 11 (1985).

0 Downcomer and peripheral lower CSA structures appear to be
undamaged (1985).

o Ten to twenty tons of probable core material collected in the
region between the RV lower head and the flow distributor,
ranging in form from coffee-ground-sized particles to a wall like
a vertical curtain appearing 1ike lava rock (1985).
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Previously molten matertal was hanging or attached to the flow
distributor below core positions L2, L14, and N3 (1985).

Regions of flow channel blockage from fuel rod swelling were not
observed \n any regions of the still-standing fuel bundles (1985).

Increased upper end fitting damage had occurred at fuel
assemblies with burnable poison (Alzoa-B‘C) rods (1985).

Stil1-standing fuel rod regions had reglons of zircaloy
Interaction with steam (embrittlement), urantum dioxide
(V'quefaction), and stainless steel and Inconel (eutectics)
(1985).

fuel assemblles were loaded into the TMI-2 core with
Ydentification markings orlented to the south instead of the
north and without orifice rod assemblies in peripheral fuel
assemblies except at startup neutron source sites (core positions
B12 and P4).

Loose debris removal from the core cavity floor exposed a
horseshoe-shaped ring of agglomerated (cemented-together rod
bundle remnants) core materlal projecting Ynwards from the
standing fuel rods above the hard-crust surface, as shown in
Figure 14. The ring extends from around the 100-in. elevation
above the core bottom to the hard crust, where 1t recedes,
creating a cave-like geometry (1986).

A reglon of previously molten core materials estimated to be
approximately 122 ft3 (about 10X of the original core volume)

was confirmed to be In the lower, central region of the core.
This solid structure is approximately 4-ft thick in the center of
the core, 1- to 2-ft thick near the core periphery, and s
roughly shaped 1ike a bowl extending down toward the bottom of
the core. Intact rod stubs exist from the bottom of the core up



to the previously molten ceramic material. At several core-bore
locations, metallic inclusions appear in the upper portion of the
solid, previously molten material; while in others, metallic
Inclusions are observed near the center and/or bottom of the
previously molten regions. The shapes of the metallic inclusions
vary widely (1986).

The primary migration path of the previously molten material into
the lower plenum appears to be through the baffle plates on the
east side of the core at assemblies P-5 and R-6, around and
through the compartment between the baffle plates and core
barrel, through the flow holes in the lower grid below the core
barrel assembly compartment (CBAC), at several locations, and
through the CSA, primarily below core positions P5 and R6 (1986,
1987).

The CSA appears to be undamaged 1n those areas where previously
molten ceramic materials have frozen In place between the CSA
structural members. However, one core instrument guide tube 1s
damaged near the lower flow distributor plate, two others are
missing or covered by solidified core material below the lower
grid, the lower end of the guide tube below core position R7 is
ablated, and the gulde tubes below core positions R7, P6, and 010
have possible "high-water" marks and/or surface deposits from
interaction with molten core material underneath the flow
distributor (1986 and 1987).

The fuel debris resting on the bottom vessel head near the center
of the RV appears to be loose and relatively fine as compared
with the larger agglomerated debris existing near the edge of the
RV in the lower plenum. The depth of bottom vessel head fuel
debris was estimated (1986) to be as follows:
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Depthd

Core Position {in.)
D4 18
K9 30
N12 12

a. Depth measured after boring with possible overlay of boring debris.

/] Velns of solidified core matera) have penetrated downward
through the rod bundle to within 2 In. from the bottom spacer
grid at the Intersection of core positions GB and F9, within
30 in. of the fuel rod bottoms at core position H15, and to the
Tower grid at core positions L14 and M14 (1987).

o Spacer grid elevations are locations for increased damage to the
rod bundles and Interaction with the baffle plates (1985).

o Solidifled core mater1al occurs between the baffle plates and
lower grid at core positions L15, K15, and H15, but not at core
positions G15 and F15. This iIndicates the possibility of
(a) east-to-west flow of molten core material In the CBAC north
area, and (b) complete east-to-west crossflow In the CBAC north
area above one of the former plate partitions, since solidified
core material has been observed underneath the CBAC below the
intersection of core positions C13 and D14,

o The location of Interfaces of solidified core material reglons
with the rod bundles and baffle plates at core position M14
Indicates that molten core material may have penetrated into the
rod bundle from the baffle plate.

0 The average length of the lower ends (stubs) of K8 and K9 Is
equivalent to the lower end fitting length.




The K8 lower end fitting has an off-center hole through 1t that
is approximately 4 in. diameter, with some possible previously

molten core material around the upper edge of the hole.

Many of the full-length fuel rods do not appear to have ruptured
or swollen cladding, indicating that the zircaloy cladding
swelling and rupture event from internal gas pressure that 1s
normally assocliated with loss-of-coolant accident events was
delayed or suppressed in the TMI-2 accident. The delay may have
been sufficient to cause cladding perforation to occur by spacer
grid (Inconel) and cladding (zircaloy) interaction.

3.3.3.3 Control Rod Leadscrew and Leadscrew Support Tube
Examinations. The principal findings of the leadscrew and leadscrew

support tube examinations were:

Less than 2X of any core radionuclide or material was deposited
on metal surfaces in the plenum assembly, with the deposited core
material depleted of control rod poison material.

Upper plenum metal temperatures did not exceed the melting point
(1700 K).

Upper plenum metal temperatures ranged from 1255 K at the upper
plenum inlet (center) to 755 K near the outlet.

Surface deposits on the leadscrew support tube consist of a
highly adherent inner layer and loosely adherent outer layer with
a concentration of control rod poison material deposited on the
highly adherent inner layer.

3.3.3.4 Reactor Vessel Lower Head Loose Debris. The principal
findings of the RV lower head loose debris preliminary examinations are as

follows:
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o The material Vs inhomogeneous, porous, and cracked, with an
average density of 7.2 g/cua.

° Elemental composition Includes uranium (.7), zirconium (.2),
iron, aluminum, chromium, nickel, and s)licon.

o Iron, aluminum, chromium, and nickel Inclustons occur at grain
boundarles.

0 Radioactivity concentrations occur at pore locations.

[\ Fisslon product retention normalized to the measured uranium
concentration 1s as follows:

Abundance
Isotope — (%)
Cs-137 9 to 22
1-129 0.6 to 8
Sb-125 Jto 10
Ru-106 4 to 9
Ce-144 106 to 124

3.3.3.5 Core Distinct Component Examination. The examination of the
TR1-2 core distinct components was completed in FY-1987 and iIncluded
segments of fuel rods, control rod guide tubes, and fuel assembly upper end
fittings (upper end boxes, spiders and BPR retalners). Preliminary
findings Include the following:

0 A large temperature gradient existed at the core top.

0 Fuel assemblies were loaded nto the TMI-2 core with
identification markings oriented to the south instead of north.

() Orifice rod assemblies were not loaded into the TMI-2 periphera)
fuel assemblies except at start-up neutron source sites (core
positions P4 and B13).




o Fuel rod upper plenums include spacer sleeves between the spring
and pellet stack (instead of Zr0, washers) and the spring and

fuel rod upper end cap.

2

0 Silver-indium-cadmium poison material relocated upwards inside
the control rods into the holddown spring region while molten,
indicating possible control rod cladding collapse and core exit
peak temperatures during the core heatup phase.

0 The silver-indium-cadmium poison material, although previously
molten (above the cadmium atmospheric pressure boiling point),
retained its original elemental composition.

o Insignificant quantities of fission products or core materials
were permanently adhered to the surfaces of fuel rods, control
rods, or guilde tubes

3.3.3.6 Core Bore Examinations. The examination of the core bores
commenced in September 1986, and preliminary findings are as follows:

0 A1l four small-diameter (1.45 in.), lower-plenum core bore tubes
were empty, providing additional indication that the RV lower

head core debris is 11ke loose rock in form where the core boring
penetrated.

1] The core region core boring partilally recovered core material, as
summar ized in Table 10. Table 10 also includes the core material
stratification estimates derived from the core-boring parameters
and the video survey records. At most core positions, the boring
was sufficlently offset from the fuel assembly centerline to
capture samples of the control or burnable poison rods in the
2.4-in. diameter bore. The loss of core material from the core
bores provides an indication that the ceramic and agglomerated
core material regions are frangible by mi11ing-type tools.
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The average density for 34 of the rocks was 7.7 g/cms. with

density extremes of 5.4 and 9.4 g/cms. compared with the eight
2.4-in.-diameter cores that have an average density of

1.9 g/cma. with density extremes of 6.8 and 9.7 g/cms. The
higher density, previously molten core material appears to
correlate to regions where undissolved fuel pellets are cemented

together by previously molten core material which is frequently
metallic appearing.

Upper crust:

- The crust consists of previously molten ceramics (U.Zr)O2
and metallics (silver, indium iron, chromium, nickel, and

tin) and solid U0, particles

2

- Metallics contain much silver and indium; cadmium was not
detected.

- Peak temperature of previously molten ceramic was at least
2800 K.

- Ruthenium and antimony were retained in metallics.

- Ruthenium and technetium were assoclated with metallic
nickel and tin.

Ceramic:

- Ceramic material containing fuel appears to have similar
composition and structure throughout the consolidated region.

- Elemental composition of a representative sample of the
consolidated region of ceramic material s as follows:
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t lement Wt.%

Uranium 56
Iirconium 21
Iron 1
Chromium ]
Nickel 1
Oxygen 20
Cadmium not detected

- Inclustons of oxidized structural matertals and aluminum are
contatned n previously molten ceramic.

- Inclusion of sVlver and Indium occur 'n a matrix of iron and
nickel.

- Peak temperature was at least 2800 K.

Lower crust (transition region):

- Crust consisted of Uo2 pellets and small, solid 002
particles surrounded by previously molten structural
cladding and control materials.

- Cadmium was detected in the metallics.

- Peak temperature of material was between 1400 and 2200 K.

- Fission products were retained primarily in the fuel pellets.

- Ruthenium and technetium were assoclated with metallic
nickel and tin.

Rod bundle region:

- Peak temperature was below 1100 K.
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- There were no significant material interactions.

- Solidifled core material was discovered in the
instrumentation tube from core position G8 at 2 in. from the

lower end, indicating a possible escape path for molten core
material.

3.3.3.7 Miscellaneous Core Material Sample Examinations. Samples
were sorted, weighed, photographed, and characterized for density. The
sample collection included the following:

0 1 rock-size sample retrieved from the RV lower plenum in December
1985.

o 28 rock-size samples retrieved from near core positions F6, H8,
and M11 in January 1987 (after overlapping hole drilling).

0 20 rock-size samples retrieved from near core positions H9 and K9
in March 1987.

Preliminary results of the density measurements are as follows:

Density
(g/cc)

Sample Description Average High Low
Fused-together core material from core 7.63 8.44 7.28
position M11 (large rock material)

Fused-together core materlal from core 7.45 172 1.27
position F6 (fuel canister D-174)

Fused-together core material from core 1.47 8.53 6.51
position F6 and H8 (fuel canister D-174

Fused-together core material from core 7.63 8.09 1.00

position H9/K9 (CNS 1-13C cask)
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Density

{g/¢cc)
Sample Description Average High Low
Rock (K9-P4-A) section from core position 1.13 NA NA
K9 core bore
Core debris (3 particles) from lower vessel 1.72 8.05 7.43

(originally one plece)

The density measurements are similar to the density of samples retrieved
previously from the core and lower RV.

Preliminary examination of the enlarged photographs Indicates that
most of the samples are specimens of ceramic-appearing corium with no
evidence of undissolved fuel pellets or veins of metallic matertal. This
observation 1s also true for the pleces from the large rock from the lower
basket of fuel canister D-174.

3.3.3.8 Core Sample Examination Support. The initia) work In this
task during FY-1987 produced the following preliminary findings:

(1] Fisslon gas retention In the previously molten region of the core
was much lower than In the fuel pellets that remained in the
standing rod bundle regions.

o The potentiometric titration method for measuring oxygen
abundance was developed and calibrated with nonradloactive uranla
and zirconta standards.

o The automated gamma tomography measurement equipment was
produced, assembled, and calibrated using small cobalt-emitter
wires.



3.4 Detailed Work Plan

The RV SA&E work plan details for FY-1988 are contained in the
following work packages:

Work Package
Number Work Package Title

751421300 RCS Equipment/Building Characterization
155420600 Core Stratification Sample Examination
755421600 TMI -2 Lower Vessel Debris Examination
155422100 Core Sample Examination Support

Table 11 summarizes the in situ measurements and sample examinations
that are involved in this work plan. The Table includes the AEP-designated
sample priority (1-20), the quantity of in situ measurements or samples,
the TMI-2 accident information expected from the examinations, and the
examination techniques, which will be used to obtain the information.

As the TMI-2 defueling program progresses, 1t 1s expected that
*samples of opportunity” will present themselves. Acquisition of these
serendipitous samples and occurrence of unexpected observations during
sample examination may modify the currently planned work scope documented
herein. The work package format used in the work plan will accommodate
such modifications as they occur.

Also included in this work plan are four tasks for improved
examination methods development, as follows:

Task Title Purpose

ORIGEN benchmarking Confirm accuracy of ORIGEN prediction of uranium
utilization and conversion by comparing measured
TMI-2 fuel values to code predictions.
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TABLE M.

(conlinued)

Priority values 1 through 20 are listed in Table 3.

Examination methods:

WD~ EWIN -

Video surveys with electronically enhanced st11 image production
lon-chamber gamma detection

Color and/or black and white photography

Steving

Balance weighing

Immersion density

Gamma spectrometry scanning

Neutron radlography

Autoradiography

Metallography with scanning electron microscopy or Auger spectromelry
Rockwell hardness

Compression strength

Microgamma scanning

Inductively coupled plasma emission spectromeiry
Spark source mass spectrometry

Delayed neutron radiochemistry

Bulk oxygen analysis

Gamma spectrometry

1-129 radtlochemistry

Sr-90 radlochemistry

Kr -85 radiochemistry




Task Title

Purpose

Bulk oxygen content

Fission gas analysis

Gamma spectrometry

oo

Develop a potentiometric titration method for

measur ing the oxygen abundance 'n metal-bearing
samples for Improved determination of the core

metals chemical forms.

Develop INEL capability for measuring Kr-85

abundance in ceramic core matertals using a known

method.

Develop INEL capability for measuring gamma ray

microscanner emitter distribution on a microscale for comparison
to SEM measurements of core metal distribution and
possible clues to fission product chemical form.
J.4.1 Product

The product of the RV SA&E work plan in FY-1988 and beyond s as

follows:

Target
Work Package Completion
Number Product Item Date
751421300 Lower CSA samples September 1988
RV lower head loose debris samples September 1988
155420600 Core bore gamma scanning draft report December 1987
Core bore sample examination report: draft August 1988
final 1989
155422100 ORIGEN2 code assessment report January 1988

Revised subsurface debris bed sample
examination report

Sample oxidatton state analysis report

Sample microgamma scanning analysis report

February 1988

September 1988
September 1988




3.5 Synopsis

The exploration of the RV internals was almost completed in FY-1987.
The core apparently reconfigured into four zones; the original
rod-bundle-and-end-fitting geometry (42% by weight); a large (26% by
volume) cavity in the upper core region; loose debris (unmelted and
previously molten core material) mixture (23% by weight); and previously
molten core material (35% by weight). An estimated 46% of the previously
molten core material relocated from the core boundaries into the RV lower
plenum.

The few RV regions not yet explored may contain important core damage
progression data, such as:

0 The locations of all actual escape pathways of the molten core
material from the core region.

o The condition of previously molten core material solidified in
the core barrel assembly and lower CSA before reaching the RV
lower head region.

0 The condition of previously molten core material now solidified
underneath the fFlow distributor on the RV lower head.

0 The dimensions and composition of solid, possibly nonfuel, core
material predicted to be resting on the RV lower head central

region.

The AEP-requested (see Table 3) SA&E tasks that cannot be satisfied
for elther physical or budgetary reasons include the following:
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AtP

Priority Task Reasons

2 Central core bore between the CSA and Unfused matertal could

lower head not be collected with
the core bore

8 Intact, part-length (upper end) burnable Identification nark\n?
polson rod assembly removed during defueling

13 Samples of the Interaction zone between Insufficient budget
core materlals and the lower (SA

15 Samples of the iInteraction zone betwcen Insufficient budget
the RV lower head surface and the
core materials

16 Samples of the Interaction zone between Insufficlent budget
core matertals and the baffle plates

17 Fission products retained on upper Insufficient budget
plenum surfaces

18 Control rod leadscrews from the upper Insufficient budget
plenum region

19 Fuel assembly upper end fitting Insufficient budget

examinations

The current strategy concerning the unsatisfied items above Vs to take

special actions, as necessary, to acquire the samples that might be
destroyed or altered by the TMI-2 defueling activities.

The SA&t plan described herein is Intended to provide sufficient data

to adequately describe the TM]-2 accident scenarto.

In addition, special

efforts are being made to determine the fission product chemical form by
developing improved techniques for measuring bulk oxygen abundance and
microdistribution of gamma emitters.



4. REACTOR COOLANT SYSTEM SAMPLE ACQUISITION AND EXAMINATION WORK PLAN

4.1 Introduction

The TMI-2 RCS piping and components are shown in Figure 21 and include
the following:

]

A RV containing the uranium fueled core. This 1s covered by a
separate SA&E work plan described in Section 3.

Dual reactor cooling loops (A and B), consisting of the

candy -cane-shaped hot legs from the RV upper plenum to the steam
generator tops, two single-pass type steam generators

(Figure 22), and dual (four total) cold legs from the steam
generator bottom back to the RV via the four reactor coolant
pumps.

A pressurizer (Figure 23) connected to the cooling loops by a
surge line from the A-loop hot leg to the pressurizer bottom and
a spray line from the A-loop cold leg (downstream of pump
RC-P-2A) to the pressurizer top.

Dual core flooded tanks connected to the RV.

During and after the TMI-2 accident sequence that lasted until natural

circulation cooling commenced (approximately 30 days after accident
initiation), many events occurred that affected the character and

distribution of core materials and fission products that escaped from the
RV to the RCS. The most significant events include the following:

Fisston product and a small uranium fraction release began in the
RV at approximately 138 min after acclident initiation when fuel
rod rupture commenced. Reactor coolant pump operation had
ceased, and the available escape paths were:
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Figure 21. TMI-2 reactor coolant system piping and components.
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- Through the A-loop hot leg, the surge 1ine, and the
pressurizer because the pilot operated relief valve (PORV)
was stuck open, releasing reactor coolant to the reactor
basement through the reactor coolant drain tank, and

- Through the A-loop cold leg to the letdown 1ine (upstream of
reactor coolant pump RCP-P-1A).

RCS temperatures exceeded the coolant saturation temperature from
136 min to approximately 16 h after accident initiation in the
hot legs and occasionally In the cold legs. Measured coolant
temperatures did not exceed 725 K.

The PORV/pressurizer escape path was closed at 142 min after
accident initiation.

Zircaloy-steam reaction became significant at 144 min, releasing
hydrogen and other chemical reaction products into the coolant in
the RV. Core material temperatures continued to rise and reached
temperatures exceeding 3100 K, which could (a) generate aerosols
from low-volatility materials and chemical reactions, and

(b) accelerate the escape of fission products from the uranium
dioxide.

A reactor coolant sample taken at 163 min contained 140 uCi/mbL
gross activity.

Reactor coolant pump RC-P-2B was energized from 174 to 192 min
after accident initiation. This event is believed to have
reflooded the overheated core region, fragmenting most of the
standing fuel in the upper core region and creating the upper
core region cavity, and causing circulation of core material
particles and fission products throughout the B-loop components.

The PORV/pressurizer escape path was reopened from 192 to 197 min
and from 220 to 318 min.
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At 227 min, a significant relocation of core materlal from the
core region into the flooded RV lower plenum reglon occurred,
which would likely Increase the escape of core material and
fisslon products to the letdown system escape path.

A sustained high-pressure Injection period commenced at 267 min
and continued to 544 min.

A reactor coolant sample taken at 283 min contained
>500 wCi/ml gross activity.

The PORV/pressurizer escape path was cycled open repeatedly
during the 340-to -458-min period to prevent RCS
overpressurization and was also opened from 458 to 550, 565 to
589, 600 to 668, 756 to 767, and 772 to 780 min to depressurize
the RCS for core flood Injection.

Core flood tank Injection probably occurred from 511 to 550 min
after accident initiation. This event is belleved to have caused
a back flow leak path to develop from the RCS to flood tank B due
to Incomplete check valve reseating.

A RCS pressurization in the 840-to-900-min period probably forced
coolant and core material aerosols and volatile fission products
from the RV iInto flood tank B.

forced circulation cooling of the reactor was resumed at 949 min
(15 h 49 min) through the A-loop with reactor coolant

pump RC-P-1A.

Letdown flow was lost from 18 h 34 min to 26 h 30 min.

A reactor coolant sample taken at 36 h 15 min measured
>1000 R/h on contact.
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0 Natural circulation cooling of the reactor commenced 30 days and
10 h after accident initiation.

0 Reactor coolant water cleanup using the SDS/EPICOR-II system
commenced 2 years and 106 days (7/12/81) after the accident.

The RCS 1s currently 1iquid-filled to the 327-ft elevation, which
leaves the pressurizer and steam generator upper regions exposed to air.
Prior to the 1iquid drawdown for defueling, inadvertent injection of water
with colloidal suspensions of ferrous oxide, high pH, and river water
pollutants introduced additional contamination into the RCS and probably
caused increased bulldup of surface and loose deposits inside the RCS.
During FY-1986, spillage of hydraulic fluid into the RV provided sufficient
nourishment to establish a microorganism community in the RCS, which
increased water turbidity to eliminate observation of submerged objects and
created concerns for microbiologically influenced corrosion. Since
April 1986, periodic treatment of the RCS water with hydrogen peroxide to
k111 the microorganisms and water solution filtering and replacement has
occurred to control the microorganism community.

During FY-1987, video surveys were made in the following RCS regions:

0 The four (1A, 1B, 2A, and 2B) cold legs between the RV and the
45-degree (upwards) pipe run to the pumps.

0 The B-Toop hot leg between the RV and vertical (upwards) pipe run
to the steam generator.

(] The vertical decay heat 1ine between the B-loop hot leg and the
loose debris fi11ing the pipe (approximately 17 ft).

Observations included:

0 The cold leg loose debris Includes s11t and flake-1ike particles.
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[} The hot leg loose debris Includes si1t and possibly some short
rod or tube sections and pea-size particles.

4.2 Purpose

The purpose of the RCS SAME work Vs to retrieve and examine RCS
adherent -surface and loose deposit samples. The examination objectives are
to determine the abundance, distribution, chemical form, and bonding
characteristics of fission products and core matertals deposited in the RCS
and the extent to which the RCS can be decontaminated.

4.3 Accomplishments

4.3.1 Acquisition

4.3.1.1 Tooling. The RCS sample acquisition program has produced the
following equipment:

Drawing/Report
Number Description/Title Status

18D Germanium-crystal gamma spectrometer system, Complete
including computer software and point, pipe, and
plane calibration sources (C. V. McIsaac, Three
Mile Island Nuclear Station Unit-2 Operating
Procedure for the EG&G Mob)le Gamma Ray
Spectrometer System -Draft)

18D Sodium-todide-crystal portable gamma spectrometer Complete

system, Including a Davidson Model 4106
mult)-channel analyzer and excluding the crystal
detector proper
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4.3.1.2 Samples. The RCS sample acquisition program has furnished
the samples 1isted in Appendix D, Section B. Samples that were received at
the INEL in FY-1987 include the following:

TMI-2 Location Sample Description Date Acquired

Steam generator Stainless steel handhole cover 1iner with March 1986
A upper head 6-in.-dYameter exposed surface area

Two particles (8.0 and 0.6 g) from the top March 1986
of the tube sheet

4.3.1.3 CCTV Survey Recordings. The following videocassette
recordings of RCS internal CCTV surveys have been acquired from GPU Nuclear:

Data
Tape Duration
Date Object Surveyed (Tape Title) Number _(min)
12/17/85 Pressurizer Heater Bundles Upper Bundle Grit 117 5
Pressurizer Characterization--Entry 763 Tape 1 18 62
Pressurizer Characterization--Entry 763 Tape 2 19 39
03/XX/86 1M1 0TSG Examinations 13 10
02/17/87 Reactor Coolant System Cold Leg 1B--Tape 1 of 11 210 60
02/17/81 Reactor Coolant System Cold Leg 2A--Tape 3 of 11 212 61
02/18/81 Reactor Coolant System Cold Leg 2A--Tape 5 of 11 214 46
02/18/87 Reactor Coolant System Cold Leg 1A--Tape 7 of 11 218 60
02/18/87 Reactor Coolant System Cold Leg 1A--Tape 8 of 11 217 45
02/18/87 Reactor Coolant System Cold Legs 1A and 2B -- 219 62
Tape 10 of 11
02/18/81 Reactor Coolant System Cold Leg 2B --Tape 11 of 11 220 61
02/19/87 Reactor Coolant System B-Loop Hot Leg and 23 62

Decay Heat Line--Tape 1 of 3
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Data
Tape Duration

_Date Object Surveyed (Tape Title) Number (min)

02/19/81 Reactor Coolant System B-Loop Hot Leg and 232 62
Decay Heat Line--Tape 2 of 3

02/19/87 Reactor Coolant System B-Loop Hot Leg - 233 38
Tape 3 of 3

4.3.2 Examination

The RCS examination program has produced the following reports:

Report Number Title Status

S-S

H. N. Burton 1tr Transmitta) of Draft Report Analysis Transmitted
to 6. R. Eidam of TRI-2 'A’ Steam Generator Hot Leg November 1984

Hmb -268 -84 Resistance Thermal Detector

tG&GC Reactor TRl Gamma Spectral Data From Primary Completed

Physics Branch System Scanning Measurements September 1985

1tr SCT-08-85

GEND - INF -080 TA1-2 RCS Manway Cover Backing. Completed
Plates Surface Deposit Examinations September 1987

B. F. Saffell Nondestructive Examination of Transmitted

(BCD) letter to Handhole Cover Liner August 1987

M. L. Russell

RCS examination activities performed by others have produced many
other reports, which are 1isted in Appendix A.

4.3.3 Findings

4.3.3.1 Video Surveys. The video surveys, \n combination with
borescope examinations, loose deposit sample collection, and sample
examinations, have resulted In the following estimate of the types and
amounts of loose deposits In the RCS:
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A loop:

- Hot leg --not surveyed

- Steam generator --0.5 to 1.0 L of solids on the upper tube
sheet, including some pieces longer than 2 cm with Tow
(Sg/cma) density. Ten 11ters of si1t in the lower head.

- Cold legs and pumps --60 L of s1l1t (<5 uym particle size)
and flake-1ike particles.

B loop:

- Hot leg--25.2 L of si11t (<5 um particle size) and small
core material fragments, including 3-in.-long rods or tubes.

- Steam generator --1 to 4 L of si11t and solids on upper tube
sheet. Solids are less than 0.5-in.-diameter pleces of core
material (predominantly uranium), including core material
reaction products.

Lower head -10 to 20 L of si1t and solids.

- Cold legs and pump--60 L of s11t (<5 um particle size)
and flake-1ike particles.

Pressurizer:

- Ten liters of si1t and flake-1lke particles. S11t particle
sizes are 37%-->50 p; 43%--20-50 p; 19%--5 to 20 y;
and 1%--<5 p. 1Iron 1is the principal metallic element
and is three times greater than the uranium abundance.
Metallic elements are only 21% of the sample, with the

balance possibly being organics, volatile complex compounds,
and/or sodium.

106



0 Decay heat line:

- 37.6 L of core material fragments and s1l1t (<5 ym
particle size).

4.3.3.2 Surface Deposit Sample Examination Findings. The examination
of surface deposits on the RTD thermowell from the A-loop hot leg, manway
cover backing plates from the upper head regions of the two steam
generators and the pressurizer, and the handhole (inspection port) cover
backing plate from the upper head region of the A-loop steam generator has

produced the following findings:

(/] Surface deposit appearance:

- RTD thermowell from A-loop hot leg --dull yellow.
Backing plates from A-loop steam generator upper
head -low-luster, tarnished surface with regions of brownish

crud.

- Backing plate from B-loop steam generator upper head
region -low-luster, tarnished surface.

- Backing plate from pressurizer upper head reglon--dull, dark
grey, adherent surface deposit.

0 fFisston product retention:

- Insignificant (<1% of any fission product retalned).

0 Radloactive surface deggs\t\on (gross):

- RTD thermowel) From A-1oop hot leg -30.3 uCi/cme.

- Backing plate from A-loop steam generator upper head
region--7.2 uC\/cnz.
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- Backing plate from B-laop steam generator upper head
region--2.1 uCi/cm .

- Backing plate from pressurizer upper head
region--0.48 uc1/cm2.

] Decontamination:

- Surface deposit removal will require repeated application of
decontamination solutions.

4.3.3.3 Loose Deposit Sample Examination Findings. The examination

of loose debris from the upper tube sheets of the A and B loop steam
generators (S-G) has produced the following preliminary findings:

0 Large particle density:

Density g/cc

Material Type Quantity Average Low High

B S-G fuel pellet fragment 1 10.4 -- .-

B S-G oxidized zircaloy cladding 1 6.0 -- -

B S-G poison (Ag-In-Cd) material 2 9.2 9.0 9.9

B S-G core material reaction 6 1.6 5.6 8.7
products

A S-G particles 2 5.3 4.9 5.3

0 Elemental Composition:

- Reaction product particles from the B-loop steam generator
are principally uranium, zirconium, and oxygen.

- The elemental composition of two of the particles is close

to the composition of the core bore samples from the
consolidated region of ceramic material.

108



Bulk sample from the B-loop steam generator 1s predominantly
(57%) uranium.

o Radloactivity:

- On April 1, 1987, the B steam generator loose debris
radioactive contamination was 5.4 mCi/g.

The B steam generator loose debris is of special interest because "t
represents a sample of core materia) collected from the core reglon during
the core damage sequence (174 min after accident iInitiation) when the
8 loop primary coolant pump was activated.

4.4 Detadled Work Plan

The RCS SAME work plan detalls for FY-1988 and beyond are contained in
Work Package 755421000, RCS Fission Product Inventory Sample Examination.

Table 12 summarizes the sample (RCS adherent surface and loose
deposits) acquisition and examinations which are included In this work
plan. The Table includes the AtP-designated sample priority (1-20), the
quantity of samples, the TMI-2 accident information expected from the
examination, and the examination techniques that will be used to obtain the
information.

The product of the RCS SA&t work plan consists of technical reports of
sample examinations, as follows:

Target
Completion
Reports Date

1. RCS surface deposits examinations final report: draft December 1987
final April 1, 1988
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TABLE V2.

RCS SAMPLE ACQUISITION AND EXAMINATION PLAN SUMMARY

Measurement/Sample Description

1.

RCS adherent surface deposits

a. A-loop steam generator manway cover
backing plate

b. B-loop steam generator manway cover
backing plate

c. Pressurizer manway cover backing plate

RCS sediment:

a. Pressurizer lower head loose debris¢
b. Steam 'generator upper tube sheet
loose debris

A loop steam generator handhole cover
backing plate

priority?
12

12

Sample
Quantity

~N -

TM] -2 Accident Information

A
Color, surface texture
Tota) radtoactivity and distribution

Fisston product abundance and distribution:
Mn-54, Co-60, Ru-106, Ag-110, sb-125, Cs-134/137,
Ce-144, Eu-154/155
1-129
Sr-90
Te
Core materia)l abundance and distribution:
Ir, Fe, NV, Ag, In, Cd, Cr, Sn, A1, Mn,
sy, Cu, Gd, Mg, Mo, Nb, B
U (includes U-235)

0
Most abundant core material chemical form
Decontaminatability

A
Volume/weight
particle size (transportabiiity)
Color, surface texture, shape
Yotal radioactivity
Fission product abundance and distribution:
Mn-58, Co-60, Ru-106, Ag-110, $b-125,
Cs-134/137, Ce-144, Eu-154/155
1-129
Sr-90
Te
Color and surface texture
RadYoactivity leve) and distribution

Examination Methods®

e —

-

5. 12

n

6,7, 8, 12
6, 8,9, 12

~
-
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-

-
-
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-
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amt 2.

(cont inued)

L mesyerement/Sample Besription __ Priecity’ Questity

Samp le

a Prierity values | hrough 20 are listed in Tadle 3.

b. (zamination mriheds:

U X EVN NV W VY Ve

mu.uu‘

Balance weighing

Steving

lon chamber gamms deteclion (including scans)
Germantum-<crysta) gammd specirometry

Inductiively coupled plasms emission spectrometry
Spark source mass speciremetry

Scanning eleciron microscopy with energy dispersive 1.rdy
Delayed nevutron radiochemistry

1-129 radlochemistry

$r .90 radlochemistry

Reta) lography

Retallography with Avger spectrometry

Acid solution decontamination tlests

R.-ray égiffraction

lamersion density

¢. Sample examinalion Deing performed Dy Mestinghouse and GPU Nucledr.

M) -2 AMgigen) [ntormties

Core materta) abundance and @1siribution:
Tr, fe, MY, Ag, In, C6, Cr, Sn, A}, Mn,
$Y, Cu, Ga, Rg, Mo, ®
U (Vncludes U-25)

0
Rost sbundance core materia) chemica) fore

Laemingtion Artness®
6, 2,80, M2

6, 0.9, 12
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Target

Completion
Reports Date
2. RCS loose deposits examinations report draft January 1988

final

3. A steam generator upper tube sheet
loose particles assay report

4. B steam generator upper tube sheet
loose debris U-235 enrichment analysis

July 1988
January 1988

December 1987

Additional reporting will be done by means of the fission product inventory
program updates to be prepared by the Examination Requirements and Systems

Evaluation Group.

4.5 Synopslis

RCS exploration during FY-1987 provided more detalled Information to
estimate the amount of core materials deposited in the vessels and piping.
The RCS SA&E plan is expected to satisfactorily characterize the abundance,
distribution, and form of the radionuclides {fission products) and core
materials deposited in the RCS and the extent to which the RCS can be

decontaminated.
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5. EX-REACTOR COOLANT SYSTEM SAMPLE ACQUISITION AND EXAMINATION WORK PLAN
5.1 Introduction

The ex-RCS fisston product Inventory SA&E work plan includes the
bulldings and equipment outside the TMI-2 RCS that are belleved to be
elther migration paths or destinations of core fission products or
materials during and after the TMI-2 accident sequence. Figures 24 and 25
show the TM] -2 nuclear power plant site at Three Mile Island on the
Susquehanna River In Middletown, Pennsylvania, with its older sister plant,
TRI-1. The following site features are of speclal interest to the ex-RCS
Fisston product Inventory SA&E program:

[ Reactor Butlding (see Figure 26). The reactor bullding consists
of a steel-plate-lined, reinforced concrete, cylindrically shaped
vesse)l designed to contaln the consequences of a large-break,
loss-of -coolant accident, Including Internal pressure of 60 psig
at 286°F. The reactor bullding contalins the RCS and other
auxillary equipment and extends from the 282-ft (above sea level)
elevation at the basement floor to the 473-ft elevation at the

dome top. The site grade level is 304 ft, and the normal
Susquehanna River level s 290 Ft.

o Auxiliary and Fuel Handling Bulldings (AFHB). A plan view of the
Interconnected, concrete-walled butldings is shown in Figure 27.
The buildings are designed for radlation emission control because
their functions Include reactor coolant purification and
degasification and spent fuel storage. The basement floor of
both buildings s at the 280-ft elevation, with the auxillary
building penthouse roof at the 376-ft eleSation and the fue)
handling bullding roof top at the 400-ft elevation.

o Vent Stack. The steel pipe vent stack, also shown in Figure 26,
extends from the 331-ft elevation to 463 ft, where gas/vapor
effluent from the THI buildings, including the reactor bullding
and AFHB, can be released to the atmosphere.
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Figure 27. TMI-2 aux)liary and fue) handling bulldings.




0 TMI-2 Control and Services Building. This building is connected
to the AFHB by floor (1iquid) drains and to the main steam system
by sampling lines and extends from the 280-ft basement floor
elevation to the 376-ft elevation roof top. Also, outside air 1s
drawn in during circulation-mode ventilation of the control room.

0 TMI-1 Control and Services Building. This building s connected
to the TMI-2 RCS through both reactor coolant and main steam
system sampling lines. Also, outside air 1s drawn in during
recirculation-mode ventilation of the control room.

0 Turbine Building. This building is connected to the reactor
building and RCS by the main steam system and to both TMI-1 and

TMI -2 control and services building by main steam system sampling
Tines.

o TMI Industrial Waste Treatment System. This system filters and
discharges waste water to the Susquehanna River.

TMI -2 accident studies have concluded that the fission product escape
paths from the RCS during the accident sequence were as follows, In
descending order of importance to the offsite radiation hazard:

1. Through the letdown system to the makeup and purification system
radwaste disposal 1iquid system, radwaste disposal gas vent and
relief systems, AFHB free volume and air exhaust system, and the
vent stack to the atmosphere. Contaminated air could then be
drawn into the control rooms through the HVAC and could
contaminate the control room atmosphere.

2. Through the PORV/RCDT rupture disk route to the reactor building
basement floor and free volume.

3. Through the PORV/RCDT gas rellef valve route to the radwaste
disposal gas vent system, AFHB free volume and air exhaust
system, and the vent stack to the atmosphere.
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4.  Through the RCS water sample 1ine into the TMI-1 control and
service building free volume and 1iquid drains and industrial
waste treatment system to the Susquehanna River (belleved to be
very minor).

S.  Through B-loop steam generator tube leaks to (a) the atmosphere,
via the main condenser, condenser vacuum system, the auxiliary
building air exhaust discharge, and the vent stack; and (b) the
Susquehanna River, via the main steam system sampling Vines, both
control and service bulldings drains, and the Industrial waste
treatment system (belleved to be very minor).

The reactor vessel bottom and core instrument cable chase reglions have
not been sufficliently explored to determine whether or not an escape path
from the RCS to the reactor bullding free volume developed through the core
Instrument train tubes beneath the reactor vessel. Fission products did
not escape to the auxillary building by reactor building sump pump action
because the escape path was closed prior to fuel rod rupture.

After the accldent sequence concluded with commencement of core
cooling by natural clirculation (April 27, 1979), all fission product escape
paths were controlled, Including (a) the venting of reactor bullding
radloactive gases through filters and the vent stack to the atmosphere and
(b) the transport to offsite repositories of filters and Yon exchange resin
from the water treatment/cleaning system cleanup and decontamination of the
TH] -2 1iquid that became contaminated during the accident sequence. The
water cleanup systems iIncluded the following:

o The already installed EPICOR-] system at TMI-) for water with
less than 1 pCi/ml of contamination.

o The EPICOR-I] system, which was speclally installed for TM]-2
accident cleanup of water with 1 to 100 uCi/mL of contamination.
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o

The SDS, which was specially installed in the TMI-2 AFHB spent
fuel storage pool for TMI-2 accident cleanup of water with

greater than 100 uyCi/mL contamination.

During and after the TMI-2 accident sequence, which lasted unti)
natural circulation cooling commenced (30 days after accident initiation),
many events occurred that affected the character and distribution of
fission products and core materials that escaped from the RCS. The most
significant events include the following:

0

Fission product and a small uranium fraction release began in the
RV at approximately 138 min after accident initiation, when fuel
rod rupture commenced. Reactor coolant circulation had ceased,
and the available escape paths from the RCS were through:

(a) the stuck-open PORV to the RCDT, where 1iquid could escape to
the reactor building basement floor through the rupture disk and
vapor could escape through vent lines to the radwaste disposal
vent gas system in the auxiliary bullding; and (b) the letdown
Tine upstream of reactor coolant pump RCP-P-1A that led to elther
the makeup/purification or radwaste disposal systems in the
auxililary building.

The PORV to RCDT escape path was closed 142 min after accident
initiation.

Zircaloy-steam reaction became significant at about 150 min,
releasing hydrogen and other chemical reaction products into the
RCS. Core material temperatures eventually reached or exceeded
3100 K, which could (a) generate aerosols from low-volatility
materials and chemical reactions and (b) accelerate the escape of
fission products from the uranium dioxide. Sufficient damage to
the core instrument string calibration tubes probably occurred,
allowing coolant to enter the calibration tubes, which extend to
a “"seal table® at the reactor bullding 347-ft elevation.
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A TN1-2 reactor coolant sample (140 uCi/ml gross activity) was
taken (163 min) at the TMI-) control and service bullding
sampling statlon, Introducing contaminated 1iquid into the 11quid
drains.

Reactor coolant pump RC-P-2B was energized from 174 to 192 min
after accident Initiation; this event s believed to have
reflooded the overheated core region, fragmented most of the
standing fuel In the upper core reglon, and caused circulation of
core materta) particles and fission products throughout the RCS.

The B-loop main steam 1solation valves were opened for 7 s at
176 min, which allowed secondary coolant contaminated by primary
coolant leakage through suspected B-loop steam generator tube
cracks to migrate to the condenser.

The PORV to RCDT escape path was reopened from 192 to 197 min and
220 to 318 min.

A significant relocation of core material from the core regton to
the flooded RV lower reglon occurred at 227 min, which likely
Increased the escape of core materlal and fission products to the
letdown system.

At 234 min plus, a B-loop steam generator secondary side water
sample was drawn at the TM]-2 control and services bullding
sampling station, Introducing contaminated 11quid to the bullding
sump, from where 1t later migrated to the Susquehanna River
through the Industrial waste treatment system.

The radioactive gas escape path to the radwaste disposal gas vent

system through the RCDT vent was closed at 236 min during reactor
butlding Ysolation.
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Overpressure in the reactor coolant makeup tank 11fted the
80-psi-setpoint 1iquid relief valve at 266 min and discharged
contaminated RCS 1iquid to the reactor coolant bleed holdup tanks
(RCBHTs), which also overflowed and overpressured. The RCBHT
overpressure lifted the 20-psi-setpoint relief valves and allowed
unfiltered vapor to escape to the atmosphere, via the radwaste
disposal gas relief header and the vent stack. It is also
believed that 11quid entered the radwaste disposal gas vent

header, where 1t would be separated and drained to the auxiliary
building sump.

A sustained high-pressure injection period commenced at 267 min
and continued to 544 min.

A TMI-2 reactor coolant sample (>500 pCi/mL gross activity)
was taken at 283 min from the TMI-1 sampling station, introducing
contaminated 1iquid into the 1iquid drains.

The PORV to RCDT escape path was reopened repeatedly from 340 to
458 min to prevent RCS overpressurization and opened from 458 to
550, 565 to 589, 600 to 668, 756 to 767, and 772 to 780 min to
depressurize the RCS for core flood injection.

TMI-2 control room air became contaminated (both particulate and
noble gas channel alarms) at 370 min, requiring the use of
personnel face masks and particulate filters until 670 min.

A hydrogen burn occurred in the reactor building at 590 min,
causing a 28-psig peak pressure and actuating the reactor
building spray, which injected chemically treated (boron and
sodium hydroxide) water into the reactor building for 6 min. A
coincident interruption of power to the auxiliary building
radiation monitor strip charts HP-UR-1901 and HP-UR-1902 is
suspected. The HP-UR-1901 strip chart plotted the output of the
RB purge unit area radiation monitor HP-R-3236, which was used to
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estimate the TM]l-2 accident offsite release on 4-28. The power
Interruption duration 1s estimated to be 2 h.

Forced circulation cooling of the reactor was resumed at 949 min

(15 h 49 min) through the A-loop with reactor coolant pump
RC-P-1A.

Letdown flow was lost from 18 h 34 min to 26 h 30 min.

Overpressure In the letdown system 11fted the 130-psi-setpoint
rellef valve MU-R-3 around midnight (20 h and 30 min), allowing
reactor coolant escape to the RCBHT. The RCBHT rellef valves are
believed to have also 1ifted, allowing unfiltered vapor to escape
to the atmosphere, and probably allowing 1iquid to enter the
auxillary bullding sump through the radwaste disposal gas vent
header. This condition lasted longer than 40 min.

TH] -2 control room alr became contaminated (particulate channel
alarm) at 22 h 11 min, requiring use of personnel face masks and
particulate fFilters for 64 min.

An escape path was created at 24 h 35 min by opening the makeup
tank vent valve MU-V-13 to the radwaste disposal gas vent
header. This pathway was reopened perlodically for the next
several days.

A helicopter measured 3 R/h beta-gamma and 410 mR/h gamma at
15 ft above the TM]-2 vent stack at 34 h 10 min after accldent
Inttiation.

A 100-mL TMI-2 reactor coolant sample was taken (36 h 15 min) at
the TMI-1 control and services butlding sampling station,
Introducing contaminated 1iquid Into the 1iquid drains. The
sample radlation emission was >100 R/h at contact.
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(] Natural circulation cooling of the reactor commenced 30 days and
10 h (April 27, 1979) after accident initiation.

0 Auxiliary building decontamination commenced 30 days (April 27,
1979) after accident initiation.

0 Supplemental filters for auxiliary building venting commenced
operation on May 1, 1979.

0 The vent stack was capped on May 20, 1979.

0 EPICOR-II cleanup of medium-contamination water commenced
October 1979.

o Reactor building gas cleanup and venting commenced July 28, 1980,
and included reopening of the vent stack.

0 SDS/EPICOR-II cleanup of the high-contamination water commenced
July 12, 1981. Reactor building basement water cleanup was
completed In May 1982.

(] Reactor bullding decontamination commenced in March 1982.

An estimated 643,000 gal of contaminated water collected in the

reactor building basement between accident initiation and September 1981,
when SDS cleanup of the water commenced. The steadily Increasing depth of

water in the basement at key accident-sequence events was as follows:

Time After Basement
Accident Initiation Event Water Depth?
227 min Major core material relocation to reactor 10 in.

vessel lower plenum region

15 h 40 min Commence sustained forced-circulation 2 ft 8 in.
cooling of core
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Time After Basement

a
Accident Initiation Event Water Depth
30 days 10 h Commence natural circulation cooling of 4 ft 3 in.
core
910 days (09/23/81) Commence SDS cleanup of RB Basement 8 FL 6 In.

a. Assumes linear relationship of gallons of water to water depth;
643,000 gal equals 8 Ft 6 'n. water depth.

The basement water s belleved to have been composed of the following
sources on 09/23/81 (see Reference 1):

Water Source Percent
RCS: First 72 h of accident 4
Next 907 days 28
Reactor bullding spray system K)
Susquehanna River 28

The spray system water contained boron and sodium hydroxide chemicals, and
the river water (from leaks in the river water cooling system) s1l1t was
composed of the following major elements in order of concentration: 1ron,
silicon, manganese, lead, calclum, potassium, sulfur, aluminum, barlum,
sodium, and titanium.

The event sequence shows a chronological separation of core damage
events and the offsite radlation release. The core damage probably ended
about 4 h and 30 min after accident Initiation, when the high-pressure
injection ref11] of the RCS commenced. The probable 'nitlation of the
offsite radiation hazard coincident with the measurement of TMI-2 control
room air contamination was 6 h and 10 min after accident initlation. The
contro) room air s belleved to have been contaminated by the outside air.
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The offsite radiation release continued for several days until the makeup
tank venting through valve MU-V-13 was no longer necessary.

The measurements of the offsite radiation source characteristics
showed that noble gases were the dominating contributor to the offsite
source term and that cesium and lodine contributions were negligible. This
observation indicates that effectively all of the nongaseous fission
product (cesium, iodine, strontium, etc.) Inventory was retained by the

TMI-2 buildings and equipment during the TMI-2 accident sequence.

The TMI-2 ex-RCS buildings and equipment are st11] being
decontaminated. The decontamination process commenced April 27, 1979,
30 days after accident initiation. A1) fluid systems have been flushed,
fluid and gas filters have been removed, fluid treatment resin beds have
been removed or decontaminated, and TMI-2 accident 1iquid effluent
decontamination was begun. The decontamination has not yet reduced
radiation to personnel-entry levels in the following areas:

0 The reactor building basement, which includes the letdown
coolers, the RCDT, sediment containing fission products and core
matertals, and concrete, which has absorbed fission-product
contaminated 1iquid.

0 The reactor building D-ring compartment, which contains the RCS
B-loop.

0 The fuel handling building makeup and purification valve room,
which contains the letdown system block orifice and piping.

The above conditions create a condition where (a) samples that are
representative of, or traceable to, conditions which existed during the
accident are no longer numerous and (b) sample acquisition from
contaminated personnel exclusion areas 1s limited to what can be obtained
with remote-operated hand tools and robots.
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5.2 Purpose

The purpose of the ex-RCS SA&E program Vs the retrieval and
examination of reactor bullding basement sediment and absorber (concrete)
samples. The examination objectives are to complete the ex-RCS search
program for fission products and core materials which escaped from the RCS
during and following the TMI-2 accident. The specific examination
objectives are to determine the following:

o Abundance and distribution of fission products and core materlals
In ex-RCS buildings and equipment that are Judged to be

inadequately surveyed.

] Current condition of the fission products and core materlals that
are found.

5.3 Accomplishments

5.3.1 Introduction

The ex-RCS search program for escaped radionuclides (fission products)
and core materials has been a continuous effort since and Including the day
(Rarch 28, 1979) of the accident. The expansion of the TMI-2 Core
Examination Plan to a TM]-2 AEP has resulted in resumption of an ex-RCS
SASt work (search program) plan. The approach to developing a productive
search program was to evaluate the current completeness of the search
program by locating bulldings and equipment which had not yet, or had only
partially been, inventoried for fission products. The evaluation developed
the following:

0 A preliminary map (f\guré 28), showing schematically the

equipment, bulldings, and areas where fission products may be
present.

0 A preliminary matrix chart (Table 13), showing the extent of the
already completed TN -2 accident fission product search program.
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TABLE 13. {continued)

Radlochemical osition Examination: hemical 1tion Examination
Area Radlation
Emssion Rapping Solids Solids
and Surface and Surface
Location and y_specira Liguid Gas Sedlment _ Deposit Absorber  _liguld  __ Gas  _Sediment = _Deposit . Absorber Niscellaneous Informatlon

PSS PPAY Postflush  Postflush X WA - - WA X NA .- -- (1) ¢
'ﬁ seal return filter X X - M- - NA - NA v % NA €

(F-3)
Pump sea) return coolers X X - NA - - NA - NA . - NA <
Pump seal Injection filters X . - [TY § = NA - NA X -- L £

{f -4a and &)
Pump seal PPOV .- e NA  -- - NA e NA % - NA -
React bullding sump . . - P - - .- - - -- - Prerod burst

filters(8A and 88) contaminatton
RCS 1iquid wasie PPRYV:

1. Reacter bullding - B - ws omm .- NA - « -- i - &

2. Asxillary building - .- - o - NA s - z= - -- - .
RCS blced holdup tanks

1. WOL-T-1A X H X 12719 -~ X - NA X (partial) -- X -- NA 8/720/81, starl

FlushingC

2. WOL-1-18 X - X 1/80 - X - (1) X (partVal) .- X - NA £

3. WOL-T-IC H X X 2/80 P - L7} X (parttal) -- X - NA N
Auxiliary buetlding sump . - . - - .- - - -~ - Post core damage

filters (3A and 38) contamination
Auxillary bullding susp X <= X 2/80 - - - A X 2/80 = -- - L] Post core damage

tank contaminationt
Miscellaneoss wasie holdup X -- X w Ee _— NA X -- - - nA Post core damage

Lanks contamination®
Neutralizer tanks - -- s we e .- -- - -- - -- Post core damage

contaminatton®

Neuiralizer Filter 9.-25-81 - X - e . - -- - - .- Post core damage

(42 and 4B) contamination
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TABLE 13. (continued)

Radiochemical 1tion Examinaiions hemical [ T314] mination
Area Radlation
fm)ssion Mapping Solids Solids
and Surface and Surface
Location yand B y spectra Liguid Gas Sediment _ Deposit Absorber _Liguid Gas Sediment __Deposit  Absorber Miscellaneous lnformation

fuel handlg building free - -- X - - - P X - a@ s A -

volume
Process gas separator tamk - .- - B - NA - - - .- NA 7 NUREG-0600, p. 11-3-11

- w NA X - - -- L] - -- -- -- Ca $/20/19 through

Vent stack free volume M%
Auxillary bullding . .- NA B = -- 1 NA - - 7 - $/1/19 through 6/28/80

supplemental Filters
Contaminated drain tank X -- X [T S = NA X NA - w5 NA 4
Contaminated drain tank - = 35 . 5% . - -- - - - .-

filters
Contrel and service - - . - o oo o -- - -- .- Jos -m

butldings radwaste

disposal system PPOV
Reaclor coolant sample line -- .- X - - - - = - -- - -- Unttl 6/17/80

and valves “
TR1-V contaminated drain - - -- e - - w® -- -- .- - =

tank
TAl-1 contro) and services  -- .- .- - .- - - ## .- - - - aa

bullding free volume
M1-1 miscellaneous . - .- o e &= - g - -- - - e

holdup tanks
Industrial wste .- = .- o . P so = i - - . -

treatment filters
Industrial wasie .- -- X P .- i o : .- - - =

treatment PPRV
[PICOR 1 prefilter - - - - . = - L mie -- - - £
[PICOR ] demineralizers - - - - - . - - .- -- - - .
EPICOR |1 PPAY . -- - .- - w - - - - v .

fPICOR 1] demineralizer A - - -- - .- s - -- - - a .. -
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0 Knowledge that many other organizations have participated 1n the
planning and performance of the ex-RCS fission product inventory
program and that most building areas and equipment have been
decontaminated so that samples that are representative of or

traceable to conditions that existed during the accident are no
longer numerous.

5.3.2 Acquisition

5.3.2.1 Tooling. The ex-RCS sample acquisition program has developed
and provided the following sample acquisition tooling:

Drawing/Report
Number Description/Title Status
18D Electrically operated, vacuum-actuated, Complete

remote-operated 1iquid/sediment sampler

The gamma spectrometer equipment listed in Subsection 4.3.1 was also used
In the ex-RCS fission product inventory program.

5.3.2.2 Samples. The ex-RCS sample acquisition program has furnished
to EG&G for examination the fission product inventory samples listed iIn
Appendix D, Section A. Samples that were recelved at the INEL in FY 1987
include the following:

TMI-2 Location Sample Type Quantity Date Acquired
RB basement D-ring Fragmented 5000-ps?
wall concrete cores:
INT-80 <15¢g July 1986
C-54 <15g July 1986
RB basement Fragmented concrete
block wall block cores: (C3-3 <15¢ July 1986
uB-6 <15g July 1986
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Table 13 identifies the locatlons of many other In situ measurements
and sample acquisitions and examinations which have been accomplished since

4:00 a.m. on March 28, 1979, to locate and characterize the fisslon
products that escaped from the RCS during the accident.

5.3.3 Examination

The EG&G-controlled fission product inventory support program has
produced the following reports:

_ Report Number Title Status

GEND -INF -0 First Results of the TM]-2 Sump Complete
Samples Analyses Entry 10 July 1981

GEND -INF -0M) Reactor Bullding Basement Complete

Volume 1] Radlonuclide Distribution Studies October 1982

GEND -INF -0 Reactor Bullding Basement Complete

Volume 111 Radionuclide and Source Distribution October 1982
Studies

Gt ND -INF -039 Final Analysis on TM] -2 Reactor Issued
Coolant System and Reactor Coolant June 1983
Bleed Tank Samples

GEND -042 TMI-2 Reactor Building Source Term Complete
Measuremerits: Surface and Basement October 1984
Water and Sediment

EG6-1M] -618) Interim Report on the TM] -2 Complete
Purificatton Filter Examination February 1983

EGG-TM] -6580 TM] Particle Characterization Draft Complete

GEND-INF -041

GEND - INF -054

Determined from Filter Examinations

Radionuclide Mass Balance for the TM]
Accident: Datad Through 1979 and
Preliminary Assessment of
Uncertainties

Results of Analyses Performed on
Concrete Cores Removed from Floors
and D-Ring Walls of the TM]-2 Reactor
Bullding
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Report Number Title Status
H. M. Burton Purification Demineralizer Resin Issued

(EG&G) letter to Samples
B. K. Kanga (GPU)

Hmb -207-83

K. L. Wright Radioanalytical Report (reactor
(SAI) letter to building basement sediment sample
E. R. Eidam examination)

(GPU Nuclear)

GEND-057 Fission Product Inventory Program
FY 1985 Status Report

GEND -INF -081 Examination of Concrete Samples from
the TMI-2 Reactor Building Basement

EGG-TM] -7851 TMI-2 Fission Product Inventory
Estimates (draft)

June 22, 1983

Issued
August 11, 1986

Issued
November 1986

Published
February 1987

Published
September 1987

Reports by others which describe and/or evaluate the ex-RCS fission
product inventory investigation program are 1isted in Appendix A.

It appears that the greatest offsite radlation release occurred during

the following periods:

0 20 to 92 h after accident initiation, due to probable
noble-gas-dominated fisslon product escape from the vent stack
via the letdown and radwaste disposal gas vent and rellef systems.

o 6 to 11 h after accident initiation, due to probable

noble-gas-dominated fission product escape from the vent stack
via the letdown and/or radwaste disposal gas vent and relief

systems.

Other findings include the following:
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0 The reactor bullding sump to auxillary bullding 1i1quid escape
path was closed prior to Fission product escape from the fuel

rods.

o Most TMI-2 ex-RCS bulldings and equipment have bcen completely or

partially decontaminated by flushing, water treatment,

contaminated filter removal, and water treatment resin removal.

Examination and testing of reactor building basement sediment and
concrete bore samples and thermoluminscent detector mapping of basement

radlation Indicates the following:

o Radloactivity:

- The radtation sources In the reactor building basement are

as follows:
2 b
Material Type pCi/cm Jotal (CY)
Concrete block (V.e., stairwells) 1200 to 12,900 18,000
3000 -ps) concrete walls 38 to 12,200 6,500
3000 -psV concrete floor 18 to 161 1,500
5000 -ps) concrete walls 7.2 to 365 900
Steel wall liner 1 to 70 40
Floor sediment .- 700

a. Surface activity; measurement dates vary from early 1986 to early 1987.

b. Estimated by GPU Nuclear iIn early 1987.

- Concrete wall contamination In the reactor bullding basement
(a) penetrates Into concrete about 1/74 In. \n painted and
unpainted high-density walls (not Including steel plate
1ined walls) and throughout the block walls and (b) s
concentrated near the high-water mark (5.5 to 8.5 ft above

the floor).
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- The sediment sample that was collected by robot 1n
September 1985 produced 44.8 uCi/q in mid-1986.

] Sediment quantity.-1.5 x ]04 kg estimated by GPU Nuclear,
Including 1.7 to 3.2 kg of uoz.
0 Elemental composition--The metallic element composition
(preliminary) of samples collected in September 1985 1s

principally copper, sodium, nickel, aluminum, and iron.
Zirconium and silver were undetectable.

o Decontamination--It may be possible to remove most of the

radioactivity from the concrete by leaching in a borated water
solution.

5.4 Detailed Work Plan

The ex-RCS SA&E program work was concluded in FY-1986. The planned
examination in FY-1987 of concrete samples from the reactor bullding
basement was cancelled because sufficient characterization was accomplished
by the REP program.

Other ex-RCS fisslion product sample examinations that had been
constdered include the following:

AEP Sample
_ Sample Description Priority Quantity
1. Reactor building basement sediment from the elevator 10 2 1-kg
and sump well floor depressions samples
2. Reactor building basement wall 1iner adherent Low 2
surface deposit
3. Equipment internal deposits: Low
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AEP Sample

- - Sample Description Priority Quantity
4. Reactor coolant drain tank
0 Sediment (only 9 mg had been collected and 1
examined)
0 Adherent surface deposit 1
b. Lletdown coolers:
0 Sediment 2
0 Adherent surface deposits 2
c. leldown block orifice: Entire
0 Sediment orifice

0 Adherent surface deposits

The 'mpact of not examining these samples is judged to be minimal for
the following reasons:

° The other reactor bullding basement floor sediment samples have
provided sufficient data to assess the abundance of fission
products and core matertals In the basement sediment.

(/] The basement floor sump well was already sampled by collecting a
11quid/suspended-solids sample during sump -pump-recirculation
agitation of the sump contents, and only small quantities of
fisslon products and core materlals were found In the samples.

o A prior reactor coolant drain tank sediment sample collectlon
with remote-operated hand tools iIndicated that the RCDT contains
very 11ttle sediment, fission products, or core materlals.

0 The letdown 1ine sediment and adherent deposits are belleved to
be small due to contlinual. fFlushing action during the accident
sequence. If suspected plugging of one letdown cooler }s
confirmed, the Importance of letdown cooler sediment samples will
be reconsidered. A pin-hole-type gamma camera survey of the
block orifice indicated the block orifice does not contaln as
much fisston product contamination as the nearby bypass 1ine
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plumbing, which is inconsistent with the suspicion of block
orifice plugging that had been the basis for considering

acquisition and examination of the block orifice.

0 The TMI-2 accident sequence history information is not obtainable
from the letdown system retained fission product and core
material characterization because of postaccident flushing and
the inability to segregate the sediment chronologically. The
solids, which became suspended by the forced circulation of
reaclor coolant through the RCS which commenced about 16 h after
accident initiation, would dominate the deposits in the letdown
system and would not be traceable to chronological details of the
accident sequence of events.

o The location and abundance of fission products and uranium in the
letdown system and RCDT plumbing can be determined adequately
using pin-hole-type gamma camera surveys, thermoluminescent
detector strings, and portable gamma-spectrometer detectors.

5.5 Synopsis

The additional in situ (gamma detector and thermoluminescent detector
strings) measurements and sample (sediment and concrete bore) acquisition
and examinations accomplished by GPU Nuclear in FY-1986 significantly
improved the exploration and characterization of the reactor building
basement for core fission products and materials. Figure 29 is a map of

the basement with symbols showing locations of in situ measurements and
sample acquisitions made since the accident.

During 1987, DOE concurred with the EG& recommendation to stop
examination of samples from ex-RCS buildings and equipment so that the
remaining TMI-2 AEP resources could be devoted to the region of higher
interest in the RV. The ex-RCS buildings and equipment are judged to be
adequately searched for fission products. Additional sample examinations
would be unlikely to produce significant information about the fission
products that escaped from the RCS during the accident sequence.
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Figure 29. TMI-2 reactor building basement --fission product \nventory
sample locations.
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6. SAMPLE ACQUISITION AND EXAMINATION PROJECT
MANAGEMENT SUPPORT WORK PLAN

6.1 Purpose

The TMI AEP SA&E project management support provides the following:

o Recruitment, maintenance, and supervision of a clerical and
technical support staff.

0 Planning, technical direction, control, and documentation for the
TMI-2 Accident Evaluation Program in situ measurements and SA&Es.

(1} Planning, technical direction, control, documentation, and

maintenance of some related support equipment (both hardware and
software).

0 Hand1ing, packaging, storage, and disposal of samples.
The documentation support includes perlodic (weekly, monthly, annual)
report contributions and formal status and technical presentations to EG&G,

DOE, and special review and technical society groups.

6.2 Accomplishments

Visible products of the management support include: the periodic
status reports that have emanated from the project since the creation
(1981) of the EG&G-operated TMI Unit 2 Technical Information and

Examination Program, special reports, and master task subcontracts with
private laboratories for TMI-2 sample examination support.
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Special reports which have been published are as follows:

__Report Number Description/Title Status

EGG-TMI -6169 TM]-2 Core Examination Plan Revised July 1984

PF -NMt -84 -005 Participating Laboratories Survey Completed

September 1984

J. L. Rayberry Core Sample Acquisition and Draft lssued

letter to txamination Work Plan January 1984

distribution for iInternal

JUN-1-85 review

R. C. Schmitt 1M1 -2 Core Examination Plan Draft Yssued

letter to tEvaluation January 1985

distridbutton for Internal

RCS-1-85 review

EGG-TAI-7132 TM] -2 Accident Evaluation Program Issued
Sample Acquisition and Examination January 1986
Plan

EGG-TNI -1 Y TM] -2 Accident Evaluation Program Issued
Sample Acquisition and Examination January 1986
Plan --Executive Summary

M. L. Russell 1M1 -2 Accident Reference Document Issued

letter to Listing June 1986

distribution

MLR-7-86

R. K. McCardell Draft TM] -2 Sample Examination Plan Issued

letter to (For CSN] Members) June 6, 1986

J. Royen

RKN-18-86

EGG-TN] -752) TM] -2 Accident Evaluation Program I1ssued

J. M. Broughton
Jetter to

M. R. Young,
JNB -64 -87

Sample Acquisition and Examination
Plan for FY 1987 and Beyond

TM] -2 Accident Evaluation Program
Sample Collection Disposition

February 1987

Issued
September 15, 1987
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Master task subcontracts which have. been placed with private
laboratories for TMI-2 sample examination support include the following:

Subcontract
Number Title Status

C86-130969 Master Task Subcontract Between EG&G Idaho, Distributed
Inc. and Battelle Columbus Division April 1986

C86-130970 Master Task Subcontract Betwcen EG&G Idaho, Distributed
Inc. and General Electric Company April 1986

€86-130971 Master Task Subcontract Between EG&G Idaho, Distributed
Inc. and Babcock & Wilcox May 1986

The current clerical and technical staff organization, shown In
Figure 30, includes senlor technical personnel with severe core damage
accident and/or experiment and postaccident/experiment SA&E experience.
The organization arrangement identifies the individual acquisition and
examination project responsibilities and is intended to also:

0 ldentify one individual to function as a coordinator and

spokesperson for each of the four areas of TMI-2 SA&E
responsibilities at INEL.

o Sustain continuity of individual examination task responsibility.

0 Distribute the staff support among all four INEL work assignment
categories.

6.3 Detalled Work Plans

The management support work plan details are contained in the
following work packages:
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TMI-2 Accident Evaluation Program
Sample Acquisition and Examination Program

R. K. McCardell
1
1 1 1 1 1
Reactor Vessel RCS FP ExRCS FP1 Sampie Acquisition Miscellaneous Proj.
Examination Examinations Examinations and Handling (TI0) Support
R X McCardel! M L Russell (inactive) C.8 Leek R K McCardell
M. L. Russell
Oedns Bed Adherent Surtace Technical and
Examination by Deposit Exam e S@MDie Disposition
D. W Akers M L Russell Mf“nm,
Reector Vesse! Loose Deposit Core Sample
intern Document L] Examinations | Examination
| Support
M L Russelt Mi L ‘Rsaen ! D.W. Akers
| = i s
Sample Exams ) Equipment |
! L
M L Russelt L J W McConnell J
Core Distinct
Comgponent Exam
M L Russelt
Lower Vesse!
Debris Exam
D. W Akers
[ 2 124
Figure 30. TMI-2 AEP SA&Et project organization chart.
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Work Package
Number Work Package Title

15542PM00 Sample Acquisition, Handling, and Examination Project

Management

155422900 TMI-2 Sample Disposition

The deliverable products of the management support work plan are as

follows:

Product

Target
Completion
Date

a. TMI-2 Accident Evaluation Program Sample
Acquisition and Examination Plan for FY 1988

and Beyond (annual update)

b. A revised TMI-2 sample 1ist

c. “Archive," Korea, JAER] and CSNI-Europe samples in INEL
quick-access storage facilities

d. Other samples in retrievable (TMI-2 fuel canister)
storage at TAN Hot Shop pool

February 1988
December 1987
February 1987

February 1987
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7. SUMMARY

The materlal presented iIn the previous sections s intended to
accomplish the following:

o Explain the development of the examination plan for the severe
core damage accident Yssues set forth in the TMI-2 Accident
Evaluation Program document from sample selection to final
reporting of the sample examination results.

o Provide a perspective of the status of the TMI-2 accident
Investigation by identifying the examination program
accomplishments in prior years.

o Be flexible to accommodate new findings, Information, and
knowledge that may become avallable from elther this examination
plan, the GPU Nuclear defueling program, or any SCD research
program.

0 Develop a TMI-2 accident examination program manual which can be
(a) revised annually as new findings cause redirection and
(b) used for reference by the analysts performing the studles
needed to develop the understanding of the TM]-2 accident
sequence and its radiological consequences.

The proposed financlal plan for the SA&E Plan is shown in Table 14,
and the companion schedule of activities s shown in Table 15. The 1ist of
work package numbers and titles on Table 14 \dentifles the entire work
breakdown structure for the SA&t plan. In brief, the SA&E plan work
breakdown structure provides the following:

o Acquisition of the samples 1isted 'n Table 5 In the Future
Additional Samples column. For FY-1988, this Includes two
large-volume samples of core debris from the RV lower head region
and possible peripheral fuel assembly lower sections at
molten-core-material escape path locations.
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TABLE 14. TWMI-2 AEP SAMPLE ACQUISITION AND EXAMINATION WORK BREAKDOWN STRUCTURE AND FUNDING PLAN

Cost by FY-BO (in 000)

Work Package FY-1985 FY-1986

Task —Number _ _Actua)  _Actual  FY-1987  FY-1988  FYv-19689 _TYotal

Sample Acquisition:

Jechnica) coordination Complete s 1 s o 0o 3 0 s 0 % 7
Project management Complete kY 0 0 0 0 7
RV internals Complete 52 36 0 0 0 88
R10 thermowells Complete 7 0 0 0 0 7
In-core instruments Complete 70 0 0 0 0 10
Fuel rod segments Complete 107 83 0 0 0 190
Core bores Complete 1,679 1,753 12 0 0 3.444
Leadscrews Complete 16 (5) 0 0 0 n
RCS characterization Complete 97 27 0 0 0 124
Discrete core components Complete 18 k] 0 0 0 52
RCS equipment/building characterization 751421300 0 26 7 66 0 99
AEP reserve 751421000 0 0 2 126 0 128
Acquisition Total N/A $ 2,090 $ 1,954 $ 2 $ 192 3 0 $ 4,257
Sample Examipation:

Project management 75542PR00 $ N4 $ 495 $ 501 $ 452 $ 0 $ 1,562
Debris bed samples Complete am 139 1n3 0 0 663
RV internals documentation Suspended 52 L)) 45 0 0 n
Ex-RCS FP inventory? Complete 8 49 3 0 0 60
Lower vessel debris Complete 3 0 0 0 0 1
Fuel rod segments Complete 7 0 0 0 0 7
Core bores 755420600 8 353 2,215 492 0 3,128
Leadscrews Complete 153 6 0 0 0 159
Leadscrew support tube Complete 62 0 0 0 0 62
RCS FP iInventory 755421000 19 59 213 148 0 439
Discrete core components Complete 8 894 300 0 0 1,202
Lower vessel debris 755421600 0 196 75 326 0 597
Core former wall Deleted 0 0 0 0 0 0
Core support assembly Deleted 0 0 0 0 0 0
Core sample examination support 155422100 0 0 210 138 0 348
RV instrument penetration Deleted 0 0 0 0 0 0
RV lower head Deleted 0 0 0 0 0 0
CSN] samples Complete 0 5 29 0 0 k1)
TA] -2 sample disposition 755422900 0 0 0 144 0 144
Examination Totad N/A $ 843 $ 2,30 $ 3,764 31,700 b3 0 $ 8,10
Acquisition and Examination Total N/A $ 2,933 $ 4,290 $.3,184 $1,892 ) 0 $12,994
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TABLE V4.  (continued)

Cost by V.80 (1n 000)

Task

Related Capital fquipment:

Stratification sample acquisition equipment
Core cantster/sample handling equipment
lmage processing and documentation

Core topography

Total RCE
Other DOt Labs
Costs Prior to 1985

a. FY-1985 work was RTD thermowells.

Work Package
—Number

r

Complete
Complete
Complete

Complete

fY-1985  £Y.1986

Actua) Actes)  EY-1987  FY-1988  £Y-1989  _Tota)

$110 3 27 3 0 3 0 $ 0 $1,0%
458 o3 0 0 0 1,092
259 0 0 0 0 259
m 174 0 0 9 55

£2.00 3 8® 3 0 3 __ 0 § 0 3360

$ M 3+ 0 s 0 s 0 % O 3 O

$ 0 % 0 3 0 3 0 §$ 0 31,98
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TABLE 15. TMI-2 AEP SAMPLE ACQUISITION AND EXAMINATION PLAN --

SCHEDULE SUMMARY

Activity Description

RCS equipment and
building characterization
(sample acquisition)

AEP reserve

SA&E program management

Subsurface debris bed sample
examination

Core bore sample examination

RCS Fission product inventory
sample examination

Lower vessel debris examination

Core sample examination support

Schedule

FY-1988

XXXXXXXXXXXX

XXXXXXXXXXXX
XXXXXXXXXXXX
XXX

XXXXXXXXXXXX
XXXXXXXXXX

XXXXXXXXXXXX
XXXXXXXXXX

FY-1989

XXXX

XXXXXX
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o Examination of the samples listed in the Proposed Future Exams
column of Table 5. For FY-1988, this Includes completing the
examination of nine core bores, Including fourteen fuel rod
segments, four burnable poison rod/guide tube segments, and nine
contro) rod/guide tube segments; two large samples of core cavity
floor loose debris; a B-loop steam generator tube sheet top loose
sediment sample; and other RCS loose sediment.

o The TMI-2 AEP pursued other resources to examine all the samples
Tisted 'n the Future Additional Samples column of Table 5. The

OECDICSII‘ wil) examine the samples listed in Appendix B,
Table B-1.

A cost breakdown showing the proposed (1985) proportions of
examination activities to the INEL, private laboratories, and other DOt
laboratories 1s shown in Table 16.

Further subdivision of the WBS occurs during the process of
authorizing the performance of work. INEL staff support and equipment and
facilities operations are authorized, using a system of work releases, for
nonunion-supported activities, and site work releases for unlon-supported
activities. Work release documents Include the WBS account number,
detatled work scopes, schedules, and cost estimates. Site work release
operations Include step-by-step work procedures and quality assurance and
operatio<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>