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Sixth Report of TAAG

I. Introduction

Pursuant to a letter from B. K. Kanga, Director, TMI-2, to

W. H. Hamilton, Chairman, TAAG, dated April 11, 1982, the following

technical matters were addressed by TAAG during the period from April 1,
1983 to August 1, 1983:

l.

Investigate methods to determine the state of the lower region of

the core.

Continue assistance in leadscrew examinations and in interpretation

of Quick Scan results.

Assist in formulating water clean—up and defueling plan and

strategy.

Continue to provide assistance related to the TAAG recommendations

regarding reactor building decontamination and characterization:

a. Plans for cleaning 282' level.

b. Preparation of Radiological Engineering Plans.
c. Increase air flow and filtration.

d. Use of tunnel concept.

e. Appraisal of shielding effects from water in 282' level.

Assist in development of plenum removal plan; resolve items on

pre-requisite list for plenum removal.

Appraise system for criticality control for reactor disassembly and

defueling.

Examine design of and need for an on-line gamma monitoring system

for the reactor building.






8. Review the EG&G core examination plan and matrix, regarding the

utility of the plan in benefiting or impacting core defueling.

This report is organized to report progress on each of these items as a
separate section of the report. Recommendations are included in each

section of the report where the investigatory work has been completed.






II.

Lower Region of the Core

TAAG evaluations of methods to determine the state of the lower region

of the core covered (1) an assessment of ultrasonic and sonar techniques

for such examination and (2) TV examinations of the lower core region.

In summary:

A.

Sonar Techniques

There has been some experience in using sonar pulsing techniques to
determine the nature and extent of river sludge and other

surfaces. With this experience in mind, the Electric Boat member
of TAAG discussed the technique with several people and
organizations experienced in the technique to determine if it would
be useful in exploring the TMI-2 rubble bed. The scope and results

of these efforts are discussed in Appendix II-1l.
The conclusion of the effort is that use of the sonar technique in
exploring the condition of the TMI-2 core would not produce

substantive information.

TV Examinations of the Lower Core Region

A preliminary evaluation summarized in the Fifth TAAG report
indicated that it should be possible to lower a TV camera down the
annulus between the core barrel and the reactor vessel., This would
permit visual inspection of the region of the lower reactor vessel
head, as well as the inspection of various core support assembly

bolted connections.

Funding to proceed with more detailed evaluations was received near
the end of the current quarter, and the evaluations were

initiated. Results of these evaluations will be discussed in the
Seventh TAAG Report.






III. Lead Screw Examinations and Quick Scan Results

A, Lead Screw Examinations

A section of H-8 lead screw was sent by GPU to B&W Lynchburg
Research Lab for investigation of any particulate and cesium
deposits on the sample. The significant finding is that the cesium
present on the sample is in a tightly adherent film on the metal,
removable with nitric hydroflouric acid rinse but not with water.
While further specimens will be examined, this result will mean
that the underhead flushing program may only remove loosely

adherent material but not the cesium bearing film.

The other section was sent to PNL for determining the presence of
pyrophoric material, Initial results indicate that such material

is not present.

Further evaluations from specimens from H-8 and other lead screws
are being considered. TAAG recommends, however, that the section
of lead screw support tube; which is removed during preparation for

the Under-Head Exam program, be examined carefully.

B Quick Scan Results

TAAG evaluations of the Quick Scan experiment performed in
December, 1982 were included in the Fifth TAAG report. Assistance
will be provided once the Quick Scan 2 experiment is performed.
This experiment is currently scheduled to take place in September
1983,

As discussed in the Fifth TAAG Report (see Attachment VIII-TWOQ),
one discrepancy between the TAAG evaluations and the GPUN
evaluations of the Quick Scan I results is the predicted dose rate
at the “"planning basis"” location. This location is at a distance
four feet beyond the periphery of the reactor vessel inside
diameter, and five feet above the vessel flange. The dose rate
predicted by TAAG at this location once the reactor vessel head is
removed is 40 r/hr, while the GPUN predicted dose rate is about 20

LTy
r/hr G






Some effort was spent during the current quarter in attempting to

resolve this difference. The conclusions of that effort are:

There is a difference of approximately two between the amounts
of surface contamination estimated to be present on plenum

components, based on the measured Quick Scan dose rates.

This difference is due to a value for a constant employed in
the evaluations called the "buildup factor", where TAAG and
GPUN employed different data sources. This difference is not

readily resolved.

For conservatism, the high predicted dose rate should be

employed where needed for planning purposes.

The results of the Quick Scan 11 experiments should resolve

any differences.

Under-Head Examination Program

The present GPU plan and procedure for mechanism removal calls for
untorquing the 8 bolts which fasten to the mechanism to the closure
head mechanism flange. Up to 2500 ft-1bs torque is permitted by
the procedure to untorque the bolts. Since there has been a
history of these bolts sticking and stripping threads on other
plants, there is a liklihood some of the TMI-2 bolts will stick.
But in the TMI case it is planned to re-use the female threaded
piece for installing a cap on the flange. Hence, it is important
not to strip the threads by over-torquing. Hence, it is
recommended that untorquing be limited to use of 400-500 ft-1bs on
the tools.






[V. Water Cleanup and Defueling

TAAG has reviewed the GPU/Bechtel approach to the Defueling Water
Cleanup System presented in Planning Study TPO/TMI-046, Rev. 0, April
1983 and Technical Plan TPO/TMI-047, Rev. 0, April 1983. The
GPU/Bechtel water cleanup system is designed to restore water clarity
after 20 hours following a sudden release of 300 lbs. of fine (< 40
um) particles. Also reviewed was an alternate proposal prepared for
TAAG by Burns & Roe and presented in B&R Technical Memorandum TM3680-9,
Rev, 1, June 20, 1983, Table IV~l is a side by side comparison of the

two approaches,

The differences between the two systems are the result of dif ferent
approaches to the same problem. The GPU/Bechtel approach seeks to
develop a full capability system independent of defueling constraints;
whereas the B&R approach seeks to make maximum utilization of existing,
or out of reactor building equipment and to develop a defueling strategy
which fits this system. From these two approaches come the following

areas of agreement:

the need for filtration and ion exchange capabilities for the
Reactor Vessel and for the fuel pools independent of the defueling

system.

the need for surge capability for feed to the ion-exchange system,

which will remove spikes of dissolved radionuclides.

the need for water clarity during mechanical defueling operations,

i.e., all defueling operations other than hydraulic fuel removal.

the need for a rapid (" 24 hours) recovery from outbreaks of

activity during defueling operations.

the need for rapid (* 24 hours) turn over of fuel pool water
inventory to recover from outbreaks of activity during fuel

handling operations.






ITEM

TABLE IV-1

COMPARISON OF WATER CLEANUP SYSTEMS

GPU/BECHTEL

B&R

RV CLEANUP SYS.

CLEANUP VOLUME
FILTRATION RATE
ION EXCHANGE RATE
LOCATION

CONSTR UCT ION

LEAD TIME

DESIGN LIMITS

FUEL POOL/TRANSFER

CANAL CLEANUP SYS.

CLEANUP VOLUME

FILTRATION RATE

ION EXCHANGE RATE

LOCAT ION

CONSTRUCTION

LEAD TIME

DESIGN LIMITS

78,000 GAL.
400 GPM
20-60 GPM
RB/FHB/AB
ALL NEW SYSTEM
NEW POWER & CONTROL
MOST WORK IN RAD AREA

1 - 2 YEARS

NOVEL FILTER DESIGN
FUEL REMOVAL

764,000 GAL.
400 GPM
20-60 GPM
FHB/AB
MODS TO SF SYSTEM
2 - 3 MONTHS

DESIGN MODS TO FILTERS

17,000 GAL.

150 GPM
20-150 GPM
FHB/AB
SLIGHT MODIFICAT IONS
EXISTING POWER & CONTROL
LITTLE WORK IN RAD AREA
2 - 3 MONTHS

LIMITED WATER VOL.

400,000 GAL.

150/300 GPM

20- 150 GPM

FHB/AB

UTILIZES RV CLEANUP SYS.
EXISTS

USES RV CLEANUP EFFLUENT






Also, an area of lesser agreement is the acceptibility of "blind
defueling" for hydraulic fuel removal effort. It is the position of
several members of TAAG that such an approach will work and will permit
expeditious removal of rubblized fuel debris. GPU/Bechtel considers
water clarity a prerequisite for all defueling operations but would not
require it for the hydraulic defueling operation if it proves to be an

operational liability.

A serious concern TAAG has with the GPU/Bechtel system is the reliance
on a sintered metal filter as the prime solids removal device. The
conce;;_E;“EHET“EHBH‘H_TTTter design could lead to operational problems,
should plugging occur before the vessel is loaded or should frequent
back-flushing be required, which could seriously reduce the design flow
rate. An on-going testing program including an in-reactor test after
head 1lift would be the most definitive preoperational determination of
the solution. Should the proposed filter design not prove acceptable,
suggested alternate filter designs include deep bed type filters. One
good possibility 1s zeolite beds as a combined filter/ion exchange

column.

A problem with both approaches is the possibility that of floating
debris might obscure the view of the rubble bed. The downward flow
established by either system will not be adequate to remove lighter
debris. It may become necessary to introduce a skimmer, or some other
suction point high in the reactor vessel in order to remove material

floating or suspended near the surface.

Also, since the GPU/Bechtel cleanup system filter is designed to handle
the relatively small quantity of fuel that is less than 40 ym in size,
it should be protected by a gravity fall-out tank to prevent inadvertent

loading with larger size fuel particles.

There was concern by TAAG that the water cleanup system is a
prerequisite for plenum removal and, as such, could place an R&D program
on the critical path for plenum removal. Due to the complexity of the
design effort for the water cleanup system, TAAG would recommend that

the following steps be taken:






1) Sample and inspect the plenum debris to determine if it will become

suspended during plenum removal.

2) If tne debris is suspendable, take steps to clean the plenum or to

fix tne depris to tne plenum.

3) A small disposable filtration system may be acceptable to monitor

water clarity around the plenum for this evolution.

4) Steps should be taken to make tne cleanup system pre-assembled on
skids witn no need for construction in the canal atter plenum

removal.

The TAAG counclusion is that the GPU/Bechtel approach is sound, although
very conservative. Tne system design should proceed with the
expectation tnat alternate filter designs can be substituted should
operation witn the Mott sintered metal filters identify some unexpected
deficiency. Tne B&R proposal can be viewed as a low cost alternate
approach which can be implemented expeditiously at any time a cleanup
system 1s require& prior to the development and testing of the
GPU/Bechtel system, or as an alternative saould the GPU/Bechtel system
development falter. Modifications necessary to the existing systems to

implement the B&R proposal are not deemed to be difficult.






V. Reactor Building Decontamination

A,

Data Requirements for the Decontamination of the 282'6'" Elevation

The 282'6" elevation of the TMI-2 reactor building is contaminated
to such an extert that conventional decontamination techniques and
procedures would be extremely costly in terms of exposures, of
effort and of resources. Before such a campaign is mounted, both
the decision for the timing of the effort and the data required for

the effort must be obtained.

TAAG sees no compelling reason to divert resources away from
defueling activities to decontaminate the reactor building
basement. No major defueling activities are necessary in the
basement and, with few exceptions, the dose rates on the 305' and
the 347'6" elevations is believed to be due to contamination on

those elevations.

The exceptions are near the large penetrations through the 305' El.
floor which permit direct shine from the basement. There are two
approaches to shielding this source: 1) reflood the basement with
"clean" water, or 2) place temporary shielding over all major floor

penetrations on elevation 305'.

Reflooding the basement has the potential advantage of
decontaminating with minimum personnel exposures or effort by
leading activity off of and out of structures into solution but at
a high waste disposal and processing cost. The floor of the
basement will be covered with several inches of water which will
provide some decontamination. This water will be processed
periodically. B&R Technical Memorandum TM 3680-9, Rev. 1l shows a
method of introducing this reflood water into the reactor building
as well as a method of maintaining that shield water at a low
concentration without effecting other decontamination or defueling
activities. However, the reflood of the basement has been
specifically rejected by GPU/Bechtel in the GPU Nuclear memorandum
from J. C. Devine, Jr. to B. K. Kanga, No. 4500-83-0296, dated
June 9, 1983.

— .18 1%






The second option, the selected shielding of floor penetrations,
has been adopted and is essentially completed. Hence, the dose
rate contribution from the 282'6" El. to the 305' and 347'6" Els.

is believed to be essentially eliminated.

Airborne contamination generation from the basement is an issue
separate from dose rates. This phenomenon does not impact dose
rates on the operating elevations but does increase the airborne
and smearable contamination on these elevations. This effect can
be reduced or eliminated by isolating air flow from the basement to
the upper elevations., Efforts along this line are under

consideration by GPU/Bechtel and TAAG supports these efforts.

The only identifiable operation for defueling that requires access
to the basement is the opening of isolation valve SF-V104, located
in the Northeast quadrant of the reactor building basement
approximately 13 feet above the floor. This operation is necessary
to permit the use of existing systems to fill and to process the
water in the fuel transfer canal to support defueling. Robotic
approaches to this problem or alternative approaches to the canal
fill and processing are more cost effective than decontamination to

support a manned entry.

Hence, TAAG recommends that no decontamination of the 282'6'" El. be
undertaken until after defueling. However, data acquisition

efforts should proceed.

Data requirements for the eventual decontamination of the 282'6"

El. are listed below:

1) Location and distribution of contamination

2) Chemical and physical form of contamination

3) Decontamination techniques

4) Structural limitations on destructive decontamination
techniques

5) End point dose rate.






Determining tne location and the distribution of contamination 1is
necessary for the planning of any decontamination effort.
Experience on elevations 305’ and 347'6" indicates that simple
decontamination procedures, such as nydrolasing, will not be
effective on concrete surfaces. In order to develop effective
tecnniques, data must be obtained to fully describe tne
contamination in the basement. Radiation surveys to date have been
performed primarily witn TLD strings lowered down from El. 305'.
While informative, such data is dominated by high area dose rates
and 1s open to interpretation. Directional surveys must be taken
with columnated deteccors to specifically identify tne large
contributors to the dose rates. This will be especially important
on El. 282'5" pecause, for the first time in the reactor building
entry program, piping, valves and components containing significant
quantities of contamination will be encountered. Even normally
non-radioactive components such as motors, and cabinents will oe
significant sources 1f they were flooded during the accident. Many
of these will not respond to externally applied decontamination

tecnniques and will need to be identified and shielded.

The major source in the basement is likely to be the concrete
structures. Tne amount and distribution of tnat contamination need
to be determined for each type of concrete in the building; hollow
blocks, solid blocks, 3000 psi poured concrete, and 5000 psi poured
concrete., The effect of paint on this internal contamination will
need to pe evaluated. As a first step, core bores of tne fill slao
(painted, 3000 psi concrete), the D-rings (painted 5000 psi
concrete) and tae impingement walls (painted and unpainted 5000 psi
concrete) should be taken and examined. Other core bores should be

taken as needed.

The vbottom of the 305' elevation concrete floor, i.e., tne ceiling
of the 232'6" elevation should also be surveyed and sampled.
Experience on 305' elevation suggests that a significant source may
exist in tne overhead. This source should be quantified by core

borings from the 305' El. care must be taken witn these core






samples to preserve the data. The diameter of the core should be
from 1 1/2" to 2" to preserve the surface finish of the sample.
Water cooled coring equipment should not be used due to the

leachability of cesium out of concrete.

Core samples should be analyzed to determine the depth and the
concetration profile of the contamination within them.
Spectrographic analysis should be used to determine the isotopic
makeup of the contamination. Chemical analyses should be performed
to identify the chemical makeup of tne contamination. Due to the
solubility of cesium, leach rate tests should be performed to
determine if the dose rates from concrete can be significantly
reduced by keeping the surfaces wet for long periods of time.
Leach rate testing must be performed through the exposed surface,
painted or unpainted, in order to be representative for use on the
282's" El.

Once the core samples and dose rate data are known, decontamination
techniques must be evaluated both for effectiveness and for
compatibility with liquid waste treatment systems available at tne
TMI-2. Destructive techniques, if required, must evaluate the
impact on the integrity of the affected structures and must limit

amounts ot material removal.

Other sources identified by radiation surveys must be physically
sampled to determine the makeup of the contamination. For items
flaving commonality with items on the operating elevations, sucn as
cable, canle trays, the liner, and the Open stairway, data from the
305" El. should be adequate to decide which decontamination
technique must be utilized. If the source is specific to the

basement, samples should be taken to determine the best technique

for decontaminating eacn source.

Radiological Engineering Plans

Comments on this matter were discussed in tne Fifth TAAG Report of

April 1, 1Y383. Furtner effort on this matter was not made during

tne current report period.






Alr Flow ana Filtration

A long standing recommendation of TAAG has been to increase the air
flow ana filtration in the reactor building in order to reduce
airborne contamination. The Fifth TAAG report recommended that the
second train of tne reactor building purge and purification system
be turned on in the purification mode and that suitable baseline
data be taken to identify and to quantify the results. This was
done in early June 1983 and resulted in an order of magnitude
decrease in the airborne contamination as measured by continuous

air monitor.

An order of magnitude reduction in the airborne contamination could
not anave resultea solely from the increase flow rate. Doubling the
air flow and filtration rate should result in a factor of two
reduction in the airborne contamination. Other factors must have

contributed to the initial decrease in concentration.

The most likely factor is the concurrent reduction in tne airborne
generation rate. The likely cause of this reduction is the
reduction of tne amount of air supplied to the D-rings by the
reactor building air cooling units. The air supplied to the
D-rings from the cooling units exhausts in the lower elevations of
tne D-rings. If this air flow rate is greater than the purge flow
rate, wnicn is taken from the "B" D-ring, contaminated air will be
forced out of the D-rings on the 347'b" elevation and will
contribute to the general airbornme contamination problem. It air
can be prevented from leaving the D-rings to the 347'6'" elevation,

the general contamination rates could be reduced significantly.

Currently, efforts are on-going to isolate all forced air flow into
the D-rings which will prevent air being forced out of the

D-rings. TAAG supports this effort. Once air supply dampers to
the D-rings are closed, the reactor building air cooling unit fans
should be put back on line to increase air mixing inside tne

building to ennance tne effectiveness ot the purge system.






It remains to be demonstrated that efforts to minimize airborne
contamination by realignment of the air handling systems will
result in the elimination of the need for respirators. Currently,
BZA airborne concentrations are approximately 40 times greater than
the constant airborne concentrations and have not been affected by
the air handling system realignment. Eliminating the redeposition
rate by isolating air flow into the basement may eventually result
in lower BZA concentrations. TAAG supports efforts in this

direction.

Pathways Approach to Containment Areas and Work Enclosures

TAAG has proposed that a pathways approach to containment areas and
work enclosures be considered. This work has been done comparing
the advantages of the pathways/work enclosures concept, considering
the work effort and radiation exposure required for setting up and
dismantling the pathways/work enclosures. TAAG has reviewed
GPU/Bechtel comments on the pathways/work enclosures in GPU Nuclear
letter serial 4300-83/U-324 dated June 3, 1983, which were
subsequently reviewed in a meeting with GPU/Bechtel on June 15,
1983. Agreement could not be reached at the meeting on the use of

the pathways/work enclosures approach.

The overriding differences between GPU/Bechtel and TAAG seems to be
that the pathways/work enclosures may have serious effects on the
work in containment outside the pathways/work enclosures - which
are mainly defueling support, decontamination, dose reduction,

plant maintenance and plant surveillance activities.

There was an important area of agreement. TAAG had suggested air
conditioning of the enclosures for reduction of heat stress to
personnel working in the pathways/work enclosures. GPU/Bechtel has
suggested that chillers be installed outside of the Reactor
Building to chill the water to the Reactor Building Air Coolers
which in turn would cool the entire building. TAAG is in complete
agreement on this point. Chillers are conveniently available and
can be installed in a non-radioactive environment for the overall

benefit of the TMI-2 recovery program. However, such chillers have
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a long lead time of about 1-1 1/2 years. These chillers must be
procured on an expedited basis in order to be available for next

summer.,

With regard to the pathways/work enclosures approval, TAAG notes
that gross overall decontamination efforts to date have not reduced
the airborne contamination, surface radioactive contamination, or
general area radiation dose rates to the point that work can be
performed inside containment without the full extent of health
physics control, including full anti-contamination clothing and
respirators. This drastically reduces the rate of progress toward
the main objective of defueling the reactor plant, and degrades the
efficiency of personnel working in containment by several orders of
magnitude. The pathways/work enclosure concept does include lead
curtains along the pathways/work enclosure to reduce the general

area radiation dose rates.

It is the TAAG position that decontamination efforts may never be
effective enough to improve this situation substantially.
Furthermore, it is the TAAG position that the pathways/work
enclosures approach is practical and will substantially improve
this situation for critical path work. It remains the TAAG
position that the pathways/work enclosures should be installed now
and work should proceed based on use of this concept. If gross
decontamination efforts inside containment should eventually prove
so successful that the pathways/work enclosures are no longer
needed, they can be removed. The relatively small costs and
radiation exposure would be offset by expedited work on the

critical path of defueling the plant.

With regard to ALARA considerations, TAAG points out that the
radiation exposure involved in decontaminating the containment
building was not included in the determinations of personnel
exposure. It is therefore questionable that rejection of the
pathways/work enclosures approach is ALARA at present because the
very feasibility of decontaminating the building is in question.
Furthermore, the radiation exposure in setting up the pathways/work
enclosures is offset to a substantial degree by improved efficiency

of personnel working within the pathways/wérk enc losures.

O = e






The pathways/work enclosures approach has been proven in shipyard
practice and will work, The essential point is that it will
decouple decontamination of tme containment building from the

critical path work of defueling the plant.






VI'

Plenum Removal

Prerequisites for Plenum Removal

Section IV of the fiftn TAAG Report provided a suggested listing of
prerequisites which are considered unique to making preparations for
successful plenum removal. As a follow up to this submittal,
conversations between TAAG members and the Task Leader for Reactor
Disassembly and Defueling indicates that the recommendations are being

adequately factored into the reactor disassembly and defueling plan.

Review of Plenum Assembly Removal (PAR) Preliminary Engineering

TAAG has continued to review the preliminary engineering for plenum
assembly removal. A representative of TAAG was in attendance at a
design review meeting whicn was held April 12, 1983 (Bechtel Conference
Notes No. 19U documented proceedings) and provided comments relative to
the preliminary engineering completed to date and the committed system

design concept for tne PAR system.

TAAG observations regarding preliminary engineering preparations tor

plenum assembly removal are as follows:

1. There is a significant difference petween the design weight of the
plenum and tne expected actual weight. The actual weight was
unknown at tne time of the conference. Since the actual plenum
weight will make a difference in the interpretation of tne plenum
lifting data obtained during head removal, as well as affect the
interpretation of load cell readings during initial jacking, it is
vital that the actual weight of the plenum be more accurately
determined. Design Engineering agreed to initiate a search for the
site operational records which may provide the actual plenum
assembly weight, as weighed by the TMI-2 polar crane during

installation of the plenum during plant construction.






Tne Essential and Non-Essential monitoring requirements should be
reevaluated to consider plenum assembly failures that could make
plenum removal more difficult. This is of particular importance
during tne initial 2-1/2" jacking operation. Continuous video and
load cell monitoring should be employed during jacking operations
with procedural requirements restricting continued operations if
certain pre-determined acceptable weight and motion changes do not

occur/exist as jacking progresses.






VII. Criticality Control

TAAG was requested to evaluate the various methods proposed to assure
tnat criticality did not occur during tne head, plenum, and core fuel
removal operations. These methods all used soluble poison as means to
assure shutdown. They differed in the method to be used to monitor the
snutdown. The purpose of the TAAG review was to evaluate the advantages
of each system and recommend the system best suited to the TMI core 2

evolutions.

During this reporting period a series of meetings were held. At these
meetings, GPUN personnel addressed the subject of criticality control
and monitoring of core snutdown. As a result of these meetings GPUN
concluded tnat reactor shutdown monitoring would be achieved by
monitoring the boron concentration in the reactor pressure vessel.
Mempers of tne Safety Advisory Board and TAAG participated in the
meeting where tnis discussion was reached [Dr. W. R. Strattom (SAB),
Dr. N. Rasmussen (SAB) and R. S. Brodsky (TAAG)]. They concurred with

tnls conclusion.

This GPU action preempted tne need for a separate TAAG review of this

issue. TAAG concurs with tne results of the GPU actioans.
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VIII. Gamma Monitoring System

The purpose of the study of an On-line Gamma Monitoring System is to
determine 1f such a system is needed in the TMI-2 Reactor Building. To
determine need, a review of regulatory requirements, license

requirements, and operational needs were examined.

Regulatory Requirements/Guidance

10CFR19.12 states, "All individuals working in or frequenting any
portion of a Restricted Area shall be kept informed of the storage,

transfer, or use of radioactive material or of radiation in such

portions of the Restricted Area.”

10CFR20.20(b) states, "Each licensee shall make or cause to be made such
surveys as (1) may be necessary for the licensee to comply with the
regulations in this part, or (2) are reasonable under the circumstances

to evaluate the extent of radiation hazards that may be present.”

10CFR50, Appendix A, Criterion 61 — Fuel Storage and Handling and
Radioactivity Control - The applicability of this criterion 1is as it
relates to occupational radiation protection aspects of fuel storage,

handling, and radioactive waste.

Criterion 13 - Instrumentation and Control - Instrumentation shall
be provided to monitor variables and systems over their anticipated
ranges for normal operation, for anticipated operational
occurrences, and for accident conditions as appropriate to ensure

adequate safety.

Regulatory Guide 8.8, C.2.g - On-Line Radiation Monitoring Systems

reduce exposure of personnel who would have to enter area for survey if

system not provided and system provides timely information regarding

changes in dose rate in an area.
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NUREG 0800, U. S. Nuclear Regulatory Commission Standard Review Plan,
Chapter 12.3-12.4 - Radiation Protection Design Features I.4 - Requires

description of system, criteria for placement, and location of monitors.

License Requirements/Basis

FSAR, Chapter 12.1.4 states, ''The fixed Radiation Monitoring System is
designed to indicate and record radiation levels throughout the
unit...." Section 12.1.4.1 states, ''The detector functions, locations,
ranges, and set points... were selected to monitor normal plant
operations, and to monitor and provide additional alarms during and
following abnormal operations or accidents up through and including a

Maximum Hypothetical Accident."

Technical Specifications - The fixed Radiation Monitoring System is not
covered by Tech. Specs. Tech. Specs. do require the conduct of the

Radiation Protection Program in accordance with lQOCFR20.

General Project Design Criteria 13587-2-L01-100 - The criteria is
applicable to systemé and facilities for TMI-2 recovery. Design is

influenced by concern for public and occupational health and safety.

Clarifications are provided for referenced Regulatory Guides.
Regulatory Guide 8.8, paragraph C.2.g clarification states, "In
addition, area radiation monitors will be provided in areas to which

personnel normally have access and where there is a potential for

personnel unknowingly receiving high levels of radiation exposure (e.g.,

1n excess of 10CFR20 limits) in a short period of time because of system

failure or improper personnel action."

Operational Requirements

An On-Line Gamma Monitoring System is one method to provide a real time
assessment of radiological conditions. An On-Line System can provide
continuous gamma radiation monitoring, which informs plant personnel
immediately when predetermined exposure rates are exceeded in various
areas of tne Reactor Building so appropriate action can be taken. An

On-Line Gamma Monitoring System can provide indication of changing plant
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conditions, trend analyses, and detect areas of high exposure rate to
prevent exceeding limits of 10CFR20. This capability is particularly
beneficial for the evolutions in the Reactor Building. Head removal,
internals removal, and ultimately core removal can cause quickly
changing radiological conditions which need to be detected in a timely

manner to prevent unnecessary and high radiation exposures.,

Present System Description

The On-Line Gamma Monitoring System presently in TMI-2 Reactor Building
consists of six (6) detectors. They are located throughout the
building. At present, the system is inoperative with exception of
HPR-213. TABLE 1 provides a description, location, and status of each
monitor. The FSAR states the locations were chosen to monitor normal
plant operations and provides additional alarms during and following

abnormal operations or accidents.






TABLE 1
AREA MONITOR DESCRIPTION

Cnannel No. Location Status
HP-R-209 F. H. Bridge North Disconnected
HP-R-210 F. H. Bridge South Disconnected
HP-R-211 Personnel Access Hatch Removed
HP-R-212 Equipment Hatch Removed and

Replaced
HP-R-213 Incore Instrm. Panel Area Removed and

Replaced
HP-R-214 Reactor Building Dome Removed
Conclusion

Furtner information/evaluations regarding the need for an on-line gamma

monitoring system will be developed during the next report period.
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IX. Core Examination Program

TAAG was requested to review the Core Examination Program prepared by
the Department of Energy in conjunction with its Technical Evaluation
Groups. It was reviewed in a TAAG meeting. (See Appendix IX-1). It is
the intent of TAAG to keep this program of acquiring data for future
core designs and analyses in mind as various defueling efforts are

planned.
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X. Summary of Recommendations

Page No. Recommendation

4 Analysis ot leadscrew support tube.
5 Limit torque applied to mechanism bolts during Under~Head Exam.
Y Sample and inspect plenum debris to determine if suspendable.

1f suspendable, clean or fix debris. Use small disposable filter,

Clean-up system preassembled on skids.

Y Consider use of mini-decay heat system 1f clean-up system becomes

too costly.

Ll Deconramination of 282'6" level deferred till after defueling.

1i-13 Data from 282'6" level
Directional surveys
Core bores of fill slab, D-rings and impingement walls.
Bottom of 305' floor - survey and core bores.
Core bores analyzed for depth and concentration, chemical
compounds and leachibility.

Based on core bore samples determine decon technique.

la Supports increased air flow efforts and decreasing flow tnrough

basement.

15 Use of Pathways concept.
1y Use actual not design, weight of plenum.
i9 Continuous video ana load cell monitoring during plenum lift.
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GENERAL DYNAMICS
Electric Boat Division

Eastern Point Road, P.O. Box 1147
Groton. Connecticut 06340
Reactor Plant Services o 203 446-4300/4400

File No.: RPS-12242 June 8, 1983

Subject: Assessment of Ultrasonic and Sonar Techniques
for TMI-11 Core Examination

Enclosures: {1) TAAG Presentation of 4/6/83
(2) Telecon Report of 5/13/83 between
J. Brown/R. Grills and R. Muenow
(3) Characterization of TMI Reactor Core
Material using Acoustic Methods

Mr. W. H. Hamilton
Post Office Box 613
Ligonier, PA 15658

Dear Mr. Hamilton:

General Dynamics/Electric Boat Division (GD/EBDiv) was requested by
TAAG to examine the possibility of using either Ultrasonic or Sonar
techniques for examining the damaged TMI-II core in an effort to make
some projection of damaged core makeup to aid in tooling design. Experts
in ultrasonics and sonar from the U.S. Naval Underwater Sound Laboratory,
Raytheon, University of Rhode Island Ocean Engineering, Muenow and
Associates and EPRI were also tasked with to verify the conclusions that
were reached by General Dynamics/Electric Boat Division personnel.

A preliminary report (enclosure (1)) was made to TAAG on 4/6/83
regarding the feasibility of using both ultrasonics and sonar for probing
the damaged core in order to help ascertain core structure with the
intent of aiding defueling tooling design. The preliminary assessment
was that the relatively high frequencies associated with ultrasonics did
not have the penetrating powers to go through a potentially fractured
mass but that parametric sonar techniques held some promise. At that
meeting, use of UT for finding voids in concrete was discussed but
further investigation (enclosure (2)) indicated that its applicability to
the TMI core was negligible.
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GENERAL DYNAMICS

Electric Boat Division
REACTOR PLANT SERVICES

File No.: RPS-12242
Page 2

With task funding provided through EG&G, additional investigation
was undertaken to further define the feasibility of sonic probing of the
core. The results of this investigation are reported in enclosure (3).
In summary however, it has been determined that the parametric sonar
scanning technique, although holding some promise, is highly dependent on
reasonably accurate modeling of the core in order to obtain meaningful
engineering data. The wide range of potential core conditions,
particularly in the region below the rubble bed, could lead to a wide
range of data interpretation and consequently information of questionable
value. Of particular concern are aggregate material density, entrapped
gas pockets, and "layering" which, dependent on assumptions, could lead
to widely varying interpretation of results.This, coupled with cost
estimates ranging from $50,000 for a very simple proof of principle test
to over $200,000 for a test which more accurately reflects reactor
configuration, leads us to the conclusion that it should not be pursued
further.

It is noted that virtually all the people we discussed this with
felt that the only way to get the type of definitive information we were
seeking on material properties and current core configuration was to
physically penetrate the core. Electric Boat Division's opinion is that
a core base (or drill with material collection coupled with boroscope
examination) would be the least expensive and most definitive way to
obtain the desired information. We see no reason why this could not be
accomplished with the reactor head in place which allows it to be done
fairly quickly so that the information obtained could be used in the
early stages of tooling design.

Very truly yours,

GENERAL DYNAMICS
Electric Boat Division

Al

T. S. Cramer
688 Program Manager

TAP/pb/0052S

cc: TAAG Members
H. Burton (EG&G)
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Enclosure (1)

SONIC PROBING OF TMI-II CORE

INTRODUCTION
A. PURPOSE
B. MODEL USED

ULTRASONIC PROBING OF CORE
A. SYSTEM CONSIDERED
B. CONCLUSIONS

SONAR PROBING OF CORE
A. SYSTEM CONSIDERED
B. EXPECTED RESULTS
C. PROJECT SCOPE






I. INTRODUCTION

A. PURPOSE - TO INVESTIGATE VARIOUS SONIC METHODS FOR
PROBING THE TMI-II coORE.

- DETERMINE THICKNESS AND DENSITY OF VARIOUS
LAYERS.

B. MODEL USED
0 BASED UPON "QUICK LOOK™ RESULTS

=5} ET, o? WATER BELOW PLENUM
- 14" oF "LOOSE™ MATERIAL

0 3700 pPM BORON IN WATER

0 CHARACTERIZATION OF SOLID

0 HOMOGENEOUS vS. HON HOMOGENEOUS
COMCRETE LIKE TO HOMOGENEOUS CERAMIC/METAL

0 DENSITY RANGE - 3 - 11 GM/ccC
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I13. ULTRASONIC PROBING OF CORE

A.  SYSTEM CONSIDERED
0 SIMPLE THICKNESS MEASURING SYSTEM
200K Hz 10 500K

0
(0] 1" DIA. MULTIPLE TRANSDUCERS
0

SYSTEM CosT - LESS THAN $10,000

B. CONCLUSIONS

0 LOW DENSITY. NON-HOMOGENEOUS MATERIAL WILL
ATTENUATE/SCATTER SIGNAL.

0 RELATIVELY LOW COST

- $10,000 FOR EQUIPMENT

- 3-4 MAN DAYS FOR PROOF-OF-PRINCIPLE
0 LESS THAN 25% CHANCE OF SUCCESS |

- EBD1v. & EPRI CONCUR






LOOSE DEBRIS

POSSIBLE NON-OMOGENE

'¢|‘

—POSSIBLE HOMOGENEOUS







I11. SONAR PROBING OF CORE

SYSTEM CONSIDERED - PARAMETRIC TRANSDUCER ARRAY

0] 5K Hz 70 25K HZ DIFFERENCE FREQUENCY
0 WATTS EFFECTIVE POWER

(0] FAR FIELD CONFIGURATION

EXPECTED RESULTS

0] WITHOUT FURTHER WORK. 60% SUCCESS PROBABLE

0 THICKNESS RESOLUTION 1-2 INCHES DEPENDING ON
DENSITY ACCURACY '

PROJECT SCOPE

(0] PRELIMINARY ENGINEERING

0 PrRoOOF OF PRINCIPLE TEST

0 ACTUAL






PARAMETRIC SORAR PROBING
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[SENERAL DYNAMICS e —

Electric Bost Division TELECON/CONFERENCE REPORT 1

DAt & TIME OF MTG/TELE

se-si-nins wEV, W/g1  wRE. oF Aot (JCcONFERENCE [JTELECON 5/13/83
PERSON INITIATING DQSCU_IIII;N i ACTIVITY /[DEPT [CODE _LOZATION/ADOQIIS TELEPHONE Nt
J. Brown EBDiv., Dept. 443 Groton, CT (203)446-4600
ABOM CALLED ACTI'ITV!O‘PY{CQD: LOCATION/ADORCERS TELEFHONE MNC
R. Grills EBDiv., Dept. 732 ~__Groton, CT (203)4646-2620
OTHER FARTICIFANTS ACTIVITY /DEPT/CODKE LOCATION/ADDAERS TELEFHONE NC
Richard Muenow Muenow & Associates Charlotte, NC (704)377-4041

POA CONFERENCE, TDENTIFY LOCATION

IF MTG/TELECON WAS WITH GOV'T AGENCY ' OsupsHiP namE(s) om nEAsON FOR A “NO™
WAS LOCAL REP. NOTIFIED?

NRRO
Ono  [OnNoT arPLIC. (JYES |D

1 O

SUBJECT MATTER [INCLUOS AGREEMENTS, DECISIONS, COMMITMENTS, DIRECTIVES, APFROVALS, FOLLOW-UP REQUIRED)

Ultrasonic Testing (UT) of Concrete; Specification ASTMC-597-71
BACKGROUND

Mr. T. Cramer, Dept. 688, requested that the subject UT test methods used for QC of
concrete be examined for potential use at the Three Mile Island Power Plant. It
was thought that this UT method may be used to gain information on the character

of the reactor vessel contents.

TELECON

1. Mr. Grills discussed the above with Dr. Steven Serabian at the Lowell
Technical Institute. Dr. Serabian has extensive experience with UT test

methods.

Given that the vessel contents are largely unknown with regard to stratification
and density of materials, Dr. Serabian stated that there is a low probability‘
that the low frequency UT (10 to 100 KHz) could be used successfully. Further,
the ASTMC method is a pulse velocity measuring technique which requires

access for sensors on two surfaces. It is sometimes difficult to obtain

useful data on concrete where the material composition is generally known.

Some states have attempted to use the UT for QC measurements of concrete

toadbeds and have abandoned this approach.

ORIGINATOR SIGHNATURE CATE ADOITIONAL AFPFROVALS REQUIRED CATE [FoLLOwW-UF ISSUE DaT
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File No.:
Page Two

2. I also called Mr. Richard Muenow of Muenow & Associates, Charlotte, N. C.
This firm does extensive work on QC inspection of reactor plant materials
especially of concrete. Unlike the ASTMC pulse velocity measuring system,
Muenow uses a pulse echo system operating on frequencies between 10 and 150 KHz.
Accordingly, access to only one surface is required. Their resolution is
typically on the order of a 6~ to B8-inch sphere in a depth of 6 to 12 feet
of concrete. They have not operated in an environment such as inside of a
vessel where reverberation could be a complication and, therefore, are not

certain of the potential problems from reverberation effects.

JBrown:als
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CHARACTERIZATION OF THREE MILE ISLAND REACTOR CORE MATERIAL
USING ACOUSTIC METHODS

Acoustic methods of non-intrusive examination of the TMI reactor core
have been considered. These separate approaches were evaluated:

conventional Ultrasonic (UT), conventional SONAR and parametric SONAR.
Of these, the parametric sonar approach is considered the most viable.

The parametric array utilizes the nonlinear nature of the working fluid
(water) to generate two modulation or sideband frequency components from
the sum and difference of two primary source frequencies. See figure 1
for an example of reported performance. The parametric array has two
characteristics which are very useful. When utilizing the difference
frequency sideband, the size of the parametric transducer compared to
conventional transducers is greatly reduced. Also, the parametric
transducer can be designed to be exceptionally directional. These
characteristics allow development in a confined area and assist in
reducing signal returns from unwanted directions.

Even with this high directivity, the nature and geometry of the reactor
containment vessel is highly unfavorable to exact characterization.
There follows a description of a few of the important factors.

CONTAINED GEOMETRY

The reactor core material resides in a regular cylindrical shell. This
shell will potentially reflect much of the vibrational energy in the core
marerial causing a large number of possible paths (reverberation) for
returned vibration energy. See figure 2.

NON-PARALLEL CORE MATERIAL LAYERS

Seismic profiling of ocean bottom sediments takes advantage of a roughly
parallel and horizontal layering geometry to help identify the imaged
data. The lack of physical experience with reactor failure material
behavior restricts use of this assumption in general. It is expected,
because of the symmetry of the containment vessel, that the center of the
region may well have parallel, horizontal layers.

UNCERTAIN MATERIAL STATE

The highly complex thermodynamic/fluid dynamic process which occurred
during the reactor incident makes estimation of material configuration
and mixture highly difficult. Configurations such as uranium oxide
pellets in a alloy flow or irregular sized aggregates will have highly
variable acoustic sound speed and attenuation.
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TRADE-OFF BETWEEN MATERIAL PENETRATION AND RESOLUTION

The closest material/geometry model for the reactor material examination
known is oceanographic sediment characterization. Using the large volume
of experimental data published, estimates may be made of the usable
frequency ranges for acoustic imaging. Figure 3 shows representative
data for several types of oceanographic measurement plus some 1ow
frequency data collected on 1and. Keeping in mind that approximately
seventeen feet of penetration is desired, the data in figure 3 suggests
that frequencies in the 3 khz to 30 khz range should be used to insure
sufficient signal return. Since the imaging process would utilize a
pulsed method, the resolution possible is controlled by two factors.

Figure 4 depicts the concepts of single reflection resolution and spacial
resolution of a pulsed sinosoidal acoustic signal for multiple objects.
Single reflection resolution describes how well the distance to a target
can be defined. Generally, because of pulse alteration during reflection
and propagation, measurement accuracy is estimated at one-half
wavelength. Spacial resolution is depicted in figure 4b for two pulses
with different pulse lengths.

The accuracy of measurement of an impedence discontinuity is at best for
a highly reflective target equal to one half the wavelength of the pulse
modulated sine wave.

1c
V2 =
2 f

For Uranium Oxide the bulk compressive sound speed is 5700 meters per
second

5700

Reflective Resolution =
2f

Assuming 30 khz as the difference frequency chosen

5700
Reflective Resolution = = .095 Meters (.31 feet)
60x103 '

A second consideration is the pulse duration of the transmittal signal.
A reasonable range for satisfactory parametric array behavior is 50-100
cycles of the primary source frequency.
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For the longer incident pulse, pulse A, no separation between echos is
possible. For pulse B, the pulse length is sufficiently short to allow

two discrete returns.

If, as in figure 1, 436 khz is the mean source frequency and 50 cycles
are gated, then the time period of pulse, T is:

1 50
T 80 I = = 1.15X10-%sec
f 436X103

At the difference frequency of 30 khz
1 1

—

T(30K) = = = 3.33X10-5sec
f 30x103

The number of cycles of the 30 khz difference frequency is approximately
T(pulse)  1.15X10-4
T(30K) 3.33X10-°

# of Cycles = = 3.45

To develop sufficient pulse packet energy, roughly twice this number of
cycles would be desirable; about

T pulse s 2.3X10-4 seconds

Length of pulse = 5700 m/sec x 2.3X10-%sec
(in UO2) = 1.311 meters

This means that spacial resolution of 1.311 meters is what is practical
using these numbers. At best assuming sufficient signal strength can be
developed using only 3.45 cycles.

Spacial Resolution = .66 meters
in UD2 (2.15 feet)

These simple calculations serve to demonstrate that trade-offs in
penetration and resolution are necessary to obtain useful information.
The spacial resolution and single surface reflection resolution are
insufficient for this task. Higher difference frequencies and lower
penetration would be required. Table 1 shows the material parameters and
calculated bulk compressional and shear sound velocities of reactor
materials. Information to calculate these values was provided by Dave
Strauson of MPR Associates.
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MULTIPLE SOUND PROPAGATION MECHANISMS

The solid materials in the reactor vessel allow shear wave as well as
compressional wave propagation. This causes significant complication in
interpretation of the returned vibrational energy.

CONCLUSION

The highlighted factors combine to reduce the overall confidence that the
acoustic imaging approach can provide the type of detailed engineering
data desired to assist in material removal planning. The lack of
previous studies on reactor core material, uncertainty of material
mixture and configuration demand that experimentation be employed to
evaluate the level of success achievable.

It is felt that further study of this problem will be unproductive
without coordinated experiment. Benchmark material sound speed
measurements in the overheated material from the fireburst facility would
be the closest model known. A similar geometry proof-of-principal
experiment using similar materials in a water-filled acoustic test tank
to evaluate some of the complicating factors summarized above would
assist in better defining how successful reactor material imaging might
be. It is anticipated that to develop a2 workable measurement method
several iterations of analysis and experiment would be required. The
probable success rate estimate at this point without experimental
evaluation must be rated as low. . Cost estimates have been made for such
a proof-of-principal experiment.
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FIGURE 3 Ocean Bottom and Land Sediment
Attenuation Data
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MATERIAL PARAMETERS OF TM| CORE CONSTITUENTS

| Shear Polsson's| Bulk Compress.| . Shear
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. k | - |
Uraniun Oikde 1ox1o3—% 23.xxo'°—”7 8.7t|xlo'°l2 316 | 2.08%10''|5700= |2960t— | s5.7x107
ey H2 seC

Zhnconlun 6.5X10° 9.3x10'° 3.5%10'0 - 329 | 9.06x10'% 4600 2320 2.99x10’

Zr :

Zirconium Oxide | 5.0X10° P - -

sTives, dnd, 10.2X10° 7.8x10'° 2.8x10'° sa5 1.00x10' [ 3670 1660 3.74x10/

Cad ;

(el 718 8.2X10° 19.9x10'° 7.7%10'° 292 | 1.59x10" | 5650 3060 L. 6hx10’

Sta io1Bek 7.8X10° 19.3x10'0 7.6x10'° .262 © | 1.35x10' | 5510 3120 L.29x107

Steel 304 L

Ceramic 3.‘15)(103 ﬁh.SXIO‘O - - -

B4C
3
w
(1)
\D

9.nso|oug






LZENERAL DYNAMICS T

FAGH

1.

Electric Bost Division TELECON/CONFERENCE REPORT

[DATE & TIME OF MTG/TELE!

P4-91-1108 WEV. 11/81 REr. 8P 1.9 DCONFERENCE DTELECON 5/13/83
PERSOM IMITIATING DISCUSEION ACTIVIY"’DIFT,\‘CQDI LOCATION /ADDACES 3 TELEFHONE NC
J. Brown : EBDiv., Dept. 443 Groton, CT (203)446-4600
:m30ON CALLED ACTIVITY /JOEPFTY /CcODE LOCATION/ADORENS TELEPHOMNE MO
R. Grills EBDiv., Dept. 732 Groton, CT (203)446-2620
OTHER PARTICIFPANTS ACTIVITY [DEPT[cODKE LOCATION/ARCONESRS TELEPHONE NO
Richard Muenow Muenow & Associates Charlotte, NC (704)377-4041

FOR CONFERENCE, IDENTIFY LOCATION

IF MTG/TELECON WAS WITH GOV'T AGENCY : OsvursHip name(s) on meason Fon A “no™

WAS LOCAL REP. NOTIFIED?
| OnNrro

Ono [OnNeoT arPLIC. [JYES ID

SUBJECT MATTER (INCLUOE AGREEMENTS, CECISIONS, COMMITMENTS, DISECTIVES, APAROVALS, POLLOW-UP REQUIRED)

Ultrasonic Testing (UT) of Concrete; Specification ASTMC-597-71

BACKGROUND

of the reactor vessel contents.

TELECON

1. Mr. Grills discussed the above with Dr. Steven Serabian at the Lowell
Technical Institute. Dr. Serabian has extensive experience with UT test

mgthods.

the ASTMC method is a pulse velocity measuring technique which requires

access for sensors on two surfaces. It is sometimes difficult to obtain

Some states have attempted to use the UT for QC measurements of concrete

roadbeds and have abandoned this approach.

concrete be examined for potential use at the Three Mile Island Power Plant. It

Mr. T. Cramer, Dept. 688, requested that the subject UT test methods used for QC of

was thought that this UT method may be used to gain information on the character

Given that the vessel contents are largely uﬁknown with regard to stratification
and density of materials, Dr. Serabian stated that there is a low probability
that the low frequency UT (10 to 100 KHz) could be used successfully. Further,

useful data on concrete where the material composition is generally known.

AGEMNCY, TITLE, SIGRATURE

CRIGINATON SIGNATURE DATE | ADDITIONAL AFPPFROVALS REQUIRED DATE FOLLOwW-UPF [ 1SsuE CAT!
O ~or rec’o [Jeacrie
DIVISION AFFROVAL DATE D sEu'o ey Dntv
Drnnn!.

DISTRIGUTION! e R R e — w_ ~ - — -






‘File No.:
Page Two

2. I also called Mr. Richard Muenow of Muenow § Associates, Charlotte, N. C.

This firm does extensive work on QC inspection of reactor plant materials

especially of concrete. Unlike the ASTMC pulse velocity measuring system,

Muenow uses a pulse echo system operating on frequencies between 10 and 150 KHz.

Accordingly, access to only one surface is required. Their resolution is

typically on the order of a 6- to B-inch sphere in a depth of 6 to 12 feet
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SUMMARY

An unusual aspect of fuel removal from the TMI-2 reactor will be
the large gquantity of fuel which is rubblized or broken into
small pieces. 30% to 50% of the fuel is believed to be rubble
and will be most effectively removed hydraulically by a "vacuum"
system. This solids handling system's design is a potential cri-
tical path item for fuel removal.

A defueling/water treatment strategy is a prerequisite to the
development of the defueling system design. This Technical
Memorandum proposes such a strategy.

The proposed defueling/water treatment strategy can be summarized
as follows:

1. The fuel removal vacuum system will operate independent of
cleanup systems. The reactor vessel water will be separated
from the fuel transfer canal water by a collar-type barrier
extending from the top of the reactor vessel to the maximum
elevation of refueling canal water.

2% Fuel debris removed by the vacuum system will be collected
in small, disposable debris removal vessels and the sluice
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10.

water will be returned to the lower portions of the reactor
vessel.

The size of the debris to be removed will decrease as de-
fueling proceeds. Large fuel debris will be removed first
by use of settling canisters, and, as necessary, smaller
debris will be removed by utilizing cyclone separators or
filters.

Hydraulic fuel removal will not require water clarity. The
vacuum suction nozzle will be located "blindly," if neces-
sary, and moved periodically without concern about visual
location of suction nozzle.

Filled debris vessels will be stored in the fuel transfer
canal until they can be loaded into the fuel shipping con-
tainers, or transferred to the "A" fuel storage pool in the
failed fuel detection cans to be loaded into the shipping
containers there. The vacuum system operation could proceed
before the fuel shipping containers are available.

The reactor vessel water cleanup system will be utilized to
maintain water clarity of the shield water. The system will
filter the water, demineralize it, and return it to the "A"
fuel pool. Clarified and demineralized water will flow back
to the reactor through the fuel transfer tubes, into the
fuel transfer canal, and back into the pool/reactor water
barrier to the reactor vessel.

The vacuum system can be utilized to augment the water
clarity system to restore water clarity near the rubble bed
for the post-hydraulic defueling activities.

A disposable zeolite-based ion exchange system will be added
to increase the ion exchange capacity to clean up any radio-
nuclide spikes generated by defueling activities. This
system will be available to augment the normal ion exchange
system (SDS) or to replace it on a temporary basis.

Water used to flood the reactor building basement for
shielding and to decontaminate by leaching can be processed
by the Epicor II system. This system will not utilize the
miscellaneous waste hold up tank (WDL-T-1) so that this pro-
cessing can proceed independent of the miscellaneous waste
system.

The TMI-2 miscellaneous radwaste liquids system will be
available to process chemical decontamination waste solu-
tions. A new radwaste evaporator and a portable solidifica-
tion system will be required since TMI-2 used the TMI-1
evaporator and solidification system which probably cannot
be made available for this effort.

-3-
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A proposed Design Criteria for the various systems is given in
Appendix 1. A schematic of the proposed defueling/water cleanup
system is shown on Figure 1.

RECOMMENDATIONS

1. The reactor vessel water cleanup system should utilize, to
the maximum extent possible, the spent fuel cooling filtra-
tion system modified as necessary. Reactor water can be
drawn directly from the hot leg through existing decay heat
removal piping, into the mini-decay heat removal system,
then pumped directly to the spent fuel filters without any
piping modifications.

Minor modifications around the spent fuel filters to facil-
itate better filter handling and around the spent fuel
demineralizer to permit the installation of the disposable
zeolite ion exchanger will enhance the capabilities of this
system to permit this duty.

2. The hydraulic defueling system should be designed to permit
defueling without visual clarity. "Blind" defueling could
be accomplished either manually or remotely, and would not
require outages to restore water clarity.

a5 The hydraulic defueling system should utilize a single
debris removal vessel at a time which will remove predomi-
nantly one range of fuel debris size. This permits easier
design, mock-up testing and defueling due to the simpler
interface between the various defueling devices.

4. The bottom reactor vessel head (i.e., beneath the Core
Support Assembly) should be surveyed visually prior to
defueling activities in order to determine the amount of
fuel debris that has collected there. 1If the quantity is
significant, it should be the first area to be hydraulically
defueled in order to address recriticality concerns.

- All efforts should be made to minimize the amounts of water
required for defueling. The water levels in the fuel
transfer canal, the "A" fuel storage pool, and the reactor
vessel barrier should be kept as low as possible to achieve
the necessary shielding.

DISCUSSION

Strategx

Removing the fuel from the TMI-2 reactor is complicated by the
large fraction of fuel debris. As much as fifty percent of the
core, nearly 60 tons, is believed to be rubble. Two methods are
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available to remove this fuel debris: mechanical or hydraulic.
Due to the awkwardness of mechanical fuel removal approach, its
man-REM cost for removing all of the fuel debris is likely to be
prohibitive. TAAG has already recommended the use of a "vacuum"
system to remove a large portion of the fuel debris. (Ref. 1)

That report recommended an integrated system that would remove
fuel, package fuel, clarify the shield water, and demineralize
all process water to remove fission products, especially cesium
and strontium. This approach had several advantages: 1) it would
clean up the water near the probable location of contaminant gen-
eration, 2) outbreaks of cesium from disturbed rubble beds would
be prevented from becoming generalized radiation problems, and

3) a single system would be utilized to accomplish all defueling
and cleanup activities. However, in order to develop such a
system, all the system design requirements and interfaces must be
known. Each portion of the system is dependent on the other por-
tions. If suitable redundancy is not available, an outage of any
subsystem will necessitate the termination of defueling or
cleanup activities.

The actual design difficulties are compounded by the lack of
knowledge about the size distribution, the density, and the com-
position of the rubble. The determination of the size distribu-
tion is a critical path item for the system design. No reactor 1
vessel fuel debris samples have been taken and there is no
assurance that any sample contemplated would be representative.
Hence, the most important design data, the characterization of
the fuel debris, is not available. It is questionable whether it
is possible to design a system to remove solids without basic
physical data about the solids. Due to the high specific acti-
vity of fuel debris, installing a complicated system based on
assumptions is not acceptable.

In order to separate the design problem into discrete subgroups,
the defueling/water treatment strategy proposed in Ref. 1 must be
revised. The three major aspects of the previous approach, i.e.,
fuel removal, reactor vessel water filtration, and water cleanup,
will be retained. However, the defueling function will be
separated from the water cleanup functions. This permits the
following advantages:

1. Since the effluent of the vacuum system is not sent to the
water cleanup systems, it is not necessary to remove all of
the fuel debris in the debris vessel. Hence, rapid filter
clogging resulting in nearly empty debris vessels can be
avoided. Returning the effluent water to the reactor vessel
will keep the fuel in the "pot" until it can be collected.






TECHNICAL MEMORANDUM - TM3680-9, Rev. 1

2. The early assessment of the fuel debris size distribution is
not required since the defueling system will not attempt to
remove all debris in one pass.

3. The water cleanup subsystems are no longer tied to the de-
fueling system. Hence, their flow rates need not be deter-
mined by defueling requirements, and their operation need
not be constrained by the defueling system's operation.

4. It is now possible to utilize existing systems for the water
cleanup systems since the special requirements of the de-
fueling system no longer control the design.

5. The water cleanup systems can remain on line for the mechan-
ical fuel removal phase of the defueling. Thus, modifica-
tions to the cleanup systems need not be critical path items
for later defueling efforts.

This proposed defueling/water treatment strategy does have limi-
tations. The water clarity inside the reactor vessel may not be
adequate to maintain visibility during defueling activities, and
the contamination of the reactor coolant may result in high dose
rates on the defueling work platforms. These limitations are
addressed by the following:

L <R The placement of the suction nozzle will not require the
operator to see the nozzle.

2. A reactor vessel/fuel canal barrier will prevent fission
product contamination from becoming a generalized effect in
the fuel transfer area.

r If dose rates are too high, the polar crane or other remote
lifting device can be used to place the suction nozzle.
Also, the water cleanup system is focused on the shield
water and will work to mitigate dose rate spikes.

Hence, this proposed strategy commits to "blind"™ suction nozzle
placement. It should be noted that this is probably the
realistic approach regardless of intent. If the cleanup system
takes suction from one of the reactor vessel nozzles and returns
clean water to the top of the reactor vessel barrier, it will be
ineffective in cleaning fuel fines in the area of the fuel
debris. (See Figure 1.) If a manifold is lowered to the vici-
nity of the fuel debris in order to mitigate this problem, it
could result in inadvertent fuel removal by the water cleanup
system. Thus, it is likely that the only system to maintain
water clarity near the fuel will be the "vacuum" system.

Additional steps can be taken to reduce the problems of fuel
fines and water clarity near the fuel. For instance, the veloc-
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ity of the fluid in the suction piping of the vacuum system must
be kept high to assure fuel transport up to the debris filter.
However, the return fluid velocity need not be high. Hence, by
design, the vacuum system could return low velocity water to the
bottom of the reactor vessel (i.e., beneath the core basket).
This would reduce the probability of colloidal sized fuel fines
becoming widely distributed by developing a circulation cell low
in the vessel.

Fuel Removal System

General:

The "vacuum" system is a hydraulic dredging system designed
around the size and character of uranium dioxide fuel debris.
The size range is from micron sized fines to intact fuels pel-
lets. (See Figure 2.} Following standard practice for such
systems, the inside diameter of the piping system should be 2.5
to 3 times the dimension of. the largest solid to be transported.
(Ref. 3.) An intact fuel pellet ought to represent the largest
object to be handled by the fuel removal system on a routine
basis. (Ref. 4.) An intact pellet at TMI-2 is .7" long with a
diameter of .37" (Ref. 4) which implies that the fuel removal
piping system should employ a 1.75" to 2.1" internal diameter.

Table 1 shows the range of fluid velocities required to lift
various sized fuel debris (assumed to be spheres) and pellets.
It can be seen that the flow rate required to lift a wide range
of particle sizes does not vary widely. The fact that the fluid
velocity required to remove intact pellets is not very different
from the velocity required to remove large debris means that it
will not be possible to selectively discriminate against fuel
pellets by controlling the flow rate.

The defueling system should be located inside of the reactor ves-
sel barrier. Since it will be necessary to make and break con-
nections to vessels, pumps, and valves, it is logical to keep all
of the .resultant fuel debris releases contained inside of the
contaminated area. 1In order to utilize the reactor internals
indexing fixture, a shielded transfer bell should be developed to
facilitate the transfer of the filled debris vessels out of the
R.V. barrier to a designated storage area in the fuel transfer
canal. An internal wash down header should be integrated into
the transfer bell design so as to remove as much contamination as
possible before transferring the vessels out of the barrier.

Piping:
The piping system for the fuel removal system will be exposed to

a harsh environment. Of prime concern are the mechanical proper-
ties of uranium dioxide (UO2) fuel debris. The fuel used at
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TMI-2 has a 92.5% of theoretical density, or about 633 pounds
per cubic foot (10.14 gm/cm3) (Ref. 4), and a hardness of 6-7
Mohs (Ref. 5). This is comparable to pumping silica sand with
the density of lead. Clearly, the piping in contact with the
fuel debris must be designed to minimize wear. Velocities must
be kept as low as possible and bends should be as gradual as
practical. The piping must also be abrasion resistant and
flexible. These requirements all support the use of abrasion
resistant rubber hoses instead of steel or alloy piping with the
anticipation of routine replacement of hoses to compensate for
wear. In order to keep the fluid velocities as low as practical,
horizontal runs must be minimized or plugging will result.

Pump:

Figure 3 shows six system design concepts for the fuel removal
system. These concepts are variations of typical arrangements
for hydraulic dredging systems to reflect the special needs of
defueling. Concept A is a straightforward system consisting of
a suction line, a slurry pump, a solids removing device, and a
diffusing return line. The advantages of this system are as
follows:

L Water flow path minimizes turbulence in water above fuel
debris.

& Full pump pressure is available to drive water through the
debris vessel.

3 No NPSH problems for the pump.

However, this arrangement does require the pump to be exposed to
the full range of fuel debris. 1In view of the wide range of
debris size and of the abrasiveness of the UO; fuel debris, this
would impose severe restrictions on the type of pump that could
be used.

There are two general approaches to selecting the materials for
such pumps (Ref. 2): 1) soft-lined or elastomer parts, or

2) hardened abrasion resistant parts. Soft pumps are best suited
for slurries with uniform, small sized particles, smaller in size
than Mesh 7 (less than .11 inch). Large particles tend to cut
the elastomer pieces and reduce the useful service life of the
pumps. Hardened pumps have practical metallurgical limits to the
hardness they can achieve. Since a Mohs index of 7 is approxima-
tely equal to a Birnell Hardness Number (BHN) of 650, the

UO; fuel debris will be of a hardness equivalent to the maximum
hardness possible for metals (Martenistic White iron such as Ni
Hard, or 15/3 alloy). Hence, it is likely that Concept A will
require a severe service pump which cannot be expected to operate
reliably without maintenance.
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Concept B on Figure 3 is similar to Concept A except that the
pump is placed downstream of the debris vessel. This arrangement
reduces both the amount of and the size of the solids which pass
through the pump. This would permit the use of the less expen-
sive "soft™ pumps or would extend the useful life of a "hard"
pump. Unfortunately, many "soft" pumps cannot tolerate low suc-
tion pressures because the liners separate from the base metal.
Hence, a pump with hard wetted parts (BHN >650) would be
required. A disadvantage of this concept is the practical limit
on the pressure drop through the debris vessel device of about 10
psid. This can be improved somewhat by submerging the pump to
take advantage of the pressure of the shield water. However,
that solution increases the difficulty of performing any required
maintenance that may be regquired.

Concepts C and D on Figure 3 eliminate all solids requirements
for centrifugal pump by removing the pump from the slurry flow
stream. This is done by the use of a small eductor to pump the
slurry. The maximum flow rate required for this system is
approximately 120 gpm which is well within the operating range of
small (2" to 4") eductors. The centrifugal pump would take suc-
tion from the shield water so it would not need to be a solids-
handling pump. Also, since the shield water will not be
particularly radioactive, the pump can be located in an easily
accessible area to facilitate operation and routine maintenance.
The difference between Concept C and D, the location of the
debris vessel, is a function of the specific performance charac-
teristics of a given eductor. Clearly, placing the eductor
downstream of the debris vessel will increase the service life of
the eductor. This results in the same limitation on the debris
vessel as does Concept B, i.e., maximum pressure differential of
~ 10 psid. However, placing the eductor upstream of the debris
vessel, as in Concept C, raises the potential for blockage due to
the restriction of the diffuser portion of the eductor as well as
reintroduces the problems of abrasive slurry handling and shor-
tened operating life. It also will reduce the effectiveness of a
settling cannister by increasing the flow rate through the
vessel.

Concept D has an additional advantage in the ease with which a
back-wash flow can be established. Deadheading an operating
eductor causes the motive fluid to be diverted backwards down the
suction line. This reverse flow of clean water can be used to
backflush the debris vessel and the suction line. No other con-
cept has such a straightforward back-wash capability. Concept C
can easily back-flush the suction line but cannot backwash the
debris vessel.

Concept E on Figure 3 shows the use of a solids eductor lowered
to the rubble or a specialized dredging eductor called a sand and
mud eductor. (See Figure 4.) These eductors would be required
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if the pressure drop of solids transport up the line is too great
to be generated by a pump. A sand and mud eductor is specially
designed to remove silt and sand from rubble beds. High velocity
water jets are directed at the rubble and the eductor takes suc-
tion from the resultant cloud of suspended solids around the bot-
tom of the eductor. This prevents clogging of the eductor
because the suction nozzle does not touch the rubble bed. Also,
since the fuel fines are so dense, this approach may permit the
discrimination between large dense fuel debris, and fines or
other lightweight fuel debris, such as zirconium cladding. Of
course, such a device may result in the suspension of a large
amount of fuel debris which would decrease visibility around the
dredging site more than necessary. A sand and mud eductor will
not be effective in removing either coarse fuel debris or intact
pellets.

Concept F on Figure 3 places the pump downstream of the solids
eductor. Such an arrangement would be able to deliver the
discharge head from the pump to secondary debris vessels
downstream of the primary debris vessel. Such a setup has advan-
tages if numerous debris vessels are to be used in series. The
use of the solids eductor near the rubble bed provides enough
pressure to the suction of the pump to permit the use of a pri-
mary debris vessel with a pressure drop greater than 10 psid.

The centrifugal pump could probably be a "soft" type pump due to
this supplied pressure, thus reducing the cost of the pump.
Unfortunately, the pump would be in the debris flow path and will
need to be shielded.

A disadvantage of Concepts C, D, and E on Figure 3 is that they
all set up an undesirable circulation path within the reactor
vessel. Depending on the suction lift, the amount of water
needed to drive the eductor can be nearly twice the suction flow
rate. This will result in a net flow upward from the rubble bed
which could carry fuel fines into the shield water. This effect
will be the most prominent with Concept D due to the large suc-
tion lift requirements imposed by the solids removal device.
Concept E will minimize this effect because both a smaller hose
and a lower fluid velocity are possible because of the smaller
sized fuel debris.

Concept D is selected as the best concept for use as the coarse
debris defueling system. It has no moving parts in the slurry,
so that wear and maintenance can be minimized. The eductor will
be in a low abrasive environment and need not be specialized for
solids-handling service. The eductor is small enough and inex-
pensive enough to permit disposal if it should fail. Replacement
eductors could be maintained near the defueling operating area to
minimize outage time for eductor replacement. The centrifugal,
self-priming pump can be an inexpensive unshielded conventional
pump with a standard electrical motor (no need for submersible

<10~
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motors). If desired, its suction point can be high enough to
clean any floating debris from the shield water. A full-ported,
ball valve can be installed downstream of the eductor to provide
back-wash capability.

The choice of Concept D impacts both the debris vessel and the
water cleanup system design. The practical limits of suction
pressure require that the debris vessel be limited in differen-
tial pressure to about .10 psid. The upwelling of fuel debris
from the rubble.bed will have to be intercepted and removed by
the water cleanup system in order to maintain a water quality of
the shield water.

Once the coarse material is removed, Concept C or E might be
required to drive the water through devices with larger pressure
drops such as cyclone separators or filters. However, both of
these systems are simple rearrangements of Concept D and will not
take much time or effort to put on line.

Debris Vessel:

There are three (3) general types of non-active devices which
could be used to collect the fuel debris: 1) filters, 2) set-
tling canisters, and 3) cyclone separator canisters.

Filters are the most commonly used device for removing par-
ticulates from liquid effluent streams. They are best suited for
use in streams with low weight percent solids. Since the fuel
debris will be transported in high weight percent slurries,
filters are not suited for use as the primary solids removal
device. A filter may be used downstream of another debris
collection vessels to prevent fines from being returned to the
reactor vessel. Such a filter would need to be on the discharge
side of the pump (either centrifugal or eductor) due to the high
pressure drops associated with small, micron-sized filters. The
loading efficiency of a disposable micron filter will not be very
high even under the best conditions. This will result in a large
number of filter vessels being required with all the attendant
system outage time for replacement. A back-flushable filter, if
it is carefully engineered and designed, may reduce this liabil-
ity but at the cost of lead time and increased cost.

Particle settling canisters operate by reducing the fluid veloc-
ity below the limit required to keep the particles fluidized in
the stream. (See Figure 5.) Due to the size limitations

imposed by the fuel shipping casks, the canisters cannot be much
larger than 12" OD. This means that the maximum reduction fluid
velocity is about a factor of ten, i.e., from about 10 fps to
less than 1 fps at 150 gpm. From Table 1 it is clear that such a
device will be adequate to remove fuel debris above .010" in
nominal diameter. According to Ref. 2, this represents 20-60% of

-11~
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all fuel debris. (See Figure 2.) The amount of fuel collected
in the settling canister can be raised by placing a back-
washable filter element on the discharge line. However, such a
filter element would cause operational problems by requiring fre-
guent backwashing to clear blockages, especially if its mesh is
too small. Due to these limitations, it is probable that the
filter element should be avoided and that the settling cannister
should be used for large fuel debris only.

A cyclone separator operates by taking advantage of centrifugal
separation of densér solid fractions from the transporting
liquid. (See Figure 6.) In general, small cyclones work best
to remove small particles, but, obviously, cannot handle large
particles. Large cyclones can handle large particles but do not
remove small particles with the required efficiency. Due to the
variability in the sizes of particles to be handled, cyclone
separators are not good choices to process the entire defueling
slurry. Either some other device which will eliminate all debris
above a given size (say 500 microns) must be placed upstream of
the cyclone, or the cyclone can only be used when the expected
fuel debris size is small. The cyclone can either be an integral
part of the canister, and therefore disposable, or the cyclone
could be a major piece of equipment which empties into a dispo-
sable container. The first approach has the advantage of not
requiring a specialized coupling with respect to the other types
of solids removal devices, hence the cyclones can be inter-
changeable with other devices. The second approach permits
tighter stacking of the canisters in the failed fuel shipping
containers, hence fewer shipments. In order to reduce wear, the
cyclones should have an involuted feed rather than the- usual
tangential feed.

Whichever debris vessel design is used, care must be taken to
prevent recriticality. The K effective of the assembled fuel
shipping containers must be less than .95 by design. Each vessel
must have dewatering capability to reduce radiolytic generation
of gases as well as to enhance the shippability of the vessel.

It is recommended that each solids removal vessel be short, three
to four feet in length, to avoid the need for deep water shields.
This will also permit the use of an inexpensive, shielded
transfer bell to be used to transfer the canisters to the deep
end of the refueling canal for storage or for transfer to the "A"
storage pool. Reducing the shield water depth requirements will
minimize the amount of water required in the refueling canal
which will improve the cleanup rate for the canal water.

It is clear from the preceding discussion, that no single debris
vessel design will be adequate for all defueling conditions.
Settling canisters are best with a wide range of large solids.
Cyclones are best with a low weight percent solids slurry of
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small particle size. Filters are best for cleanup systems and
for final debris removal.

The layout of the proposed defueling strategy (showing pump con-
cept D from Figure 3, with a single defueling vessel) is shown in
Figure 7.

Debris Defueling Working Group Proposal:

The system proposed by the debris defueling working group report
(Ref. 10) is essentially identical to the approach first recom-
mended by TAAG (Ref. 1}). It consists of a series of debris re-
moval devices, each specializing in a specific range of particle
sizes, and incorporates a feed stream to SDS for cleanup. Since
this approach requires knowledge of the size and density distri-
butions of the debris, the working group spent a great deal of
effort trying to define these parameters. While the results are
illuminating, there is no indication that their assumed debris
characteristics are representative of the TMI-2 rubble. Thus,
the reservation, stated previously in this Technical Memorandum,
that a realistic system cannot be designed on assumed debris
characteristics, has not been changed by the working group's
findings. This is especially true because the working group did
not consider data being obtained from the Power Burst Facility
failed fuel experiments about the nature and character of fuel
debris. Thus, it still seems expedient to attack the debris
removal phase piecewise, removing one type of debris at a time
and returning the other debris back to the reactor vessel.

The working group assumed that water clarity was needed for
hydraulic defueling and recommended steps be taken to minimize
turbidity near the rubble bed. If adhered to, such an approach
would require termination of the defueling effort each time the
water clarity degraded. Thus, much time which could be used to
defuel the reactor would be wasted trying to restore water
clarity which is, at best, a secondary goal. It is important to
design the hydraulic defueling system to operate without the need
for water clarity in order to minimize the amount of time and
effort spent in high radiation areas to remove the debris.

The working group's system (see Figure 8) includes filtration and
demineralization. This seems to duplicate the function of the
cleanup system proposed by GPU Nuclear. Hence, it would seem
reasonable to modify either the water cleanup system or the
Working Group's system to remove this redundancy.

The working group's hardware recommendations are useful and com-
patible with the strategy proposed in this memorandum. The only
difference is that B&R's defueling strategy would use each type
of debris removal device individually and sequentially rather
than attempt io operate them in series.

13-
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Reactor Vessel Cleanup System

General:

The major purpose of this system is to provide the capability to
maintain the water clarity of the shield water in the reactor
vessel. A secondary purpose will be to control the cesium and
other radionuclide concentrations in the shield water to keep
dose rates as low as practical above the vessel. Two approaches
are possible: 1) design and construct a new system, or

2) utilize existing systems modified to suit the defueling
requirements. The second approach is clearly superior if the
modifications required are limited and result in a functional
system.

The major parameters required to size a cleanup system are the
quantity of water to be processed and the cleanness required.

The strategy proposed by this Technical Memorandum does not
require water cleanup during much of the defueling activities
because of the "blind"™ defueling approach. Also, water volumes
to be processed shall be minimized. Thus, the size of the system
required by this strategy is smaller than might otherwise be the
case.

Another design consideration is the flow pattern to be estab-
lished in the reactor vessel. If the flow path creates
significant fluid velocities across: the rubble bed, it may
fluidize fuel debris and result in rapid loading of the

filters. As already discussed, filters are not ideally suited
for high weight percent solids slurries. Hence, such a flow pat-
tern should be avoided. This means that the fluid flow path of
the cleanup system should not impinge on the rubble bed. Since
no cleanup flow will exist near the rubble bed, defueling suction
nozzle will likely be obscured regardless of the cleanup flow
rate. This is the major rationale supporting a "blind" defueling
strategy.

Existing Systems:

After a review of the existing systems in communication with the
reactor coolant system, it is clear that the spent fuel cooling
filters (SF=F-1A and 1B) could serve as the cleanup filters if
the flow rate of the cleanup system can be kept below 200 gpm.
Table 2 shows the sorts of cleanup times required for a range of
water volumes at a range of process flow rates. It can be seen
that 200 gpm is adequate if the water volume can be kept below
35,000 gallons. This is possible if the shield water 1level is
kept below EL. 328'6".

The normal flow path to the spent fuel filters from the reactor
coolant system is established by the operation of the decay heat
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removal system. This flow comes from the decay heat removal
system piping downstream of the heat exchangers DH-C-1A and 1B
through valves DH-V106A and 106B. (See Figure 9.) This reactor
coolant flow can be directed through either of the spent fuel
filters or through the spent fuel demineralizer and returned to
either the spent fuel pools or to the reactor coolant system
directly. Although this process path is ideal, the flow rate of
the decay heat removal pumps (3000 gpm) is too large to be prac-
tical. Also, this arrangement would place the entire decay heat
removal system in the process path which is not desirable.

The mini-decay heat removal system was installed after the acci-
dent and is in parallel with the existing decay heat removal
system. This small system takes suction from the decay heat
removal letdown line (downstream of valve DH-V3) and discharges
back to the decay heat removal return line (upstream of valve
DH-V4B). Utilizing existing piping and pumps, the mini-decay
heat removal system could be used to pump 130 gpm of water
through the spent fuel filters. (Reference 6.) Table 3 is a
valve lineup for this flow path which bypasses the mini-decay
heat removal heat exchangers. Using the largest impeller which
can fit in the existing MDHR pumps (87"), this flow rate can be
raised to 170 gpm. Utilizing the borated water recirc. pump
(SF-P-2) as a booster pump, the flow from the combined system is
limited to runout flow rate of the MDHR pump, 170 gpm for the
existing configuration and 210 gpm for the 8" impeller.

The fluid velocity in the 8" lines ‘at these flow rates will be .8
to 1.4 fps. This is not adequate to keep large particles sus-
pended in the slurry. However, the approach velocity to the hot
leg, from which this system takes suction, will be less than .07
fps which means that very few large particles will be ingested.
Thus, this liability will be minimized.

An alternative to using the mini-decay heat removal system would
be to install a new system in the fuel handling building basement
to tie together the decay heat removal system and the spent fuel
cooling system. Such a system would have numerous advantages
over the use of the mini-decay heat removal system:

Minimize contamination of existing piping systems
Shorter piping runs

Smaller piping sizes to keep velocities high
Control over crud traps

Built-in decontamination capability

Flow rate can be easily varied.

0000O0O

This approach maintains many of the advantages of the proposed
concept without the disadvantages. The cost would obviously be
higher for this alternative but it would still represent a signifi-
cant savings over the totally new system in containment approach.
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In addition, most of this construction work would take place in
low dose rate areas and would represent a minimal man~REM cost.

The spent fuel filters are suitable for the reactor vessel clean-
up system as long as the weight percent solids in the slurry and

the amount of U0 in the solids can be minimized. These condi-
tions can be met by the selection of the suction point and the

"blind" defueling approach. Obviously, the shield water cleanup
is the only important water body to be kept clean. The shield
water cannot be a significant source or its purpose is negated.
Thus, the cleanup system must maintain low levels of solids and
dissolved radionuclides in order to permit access to the
defueling platform. Since the maximum flow rate upward from the
rubble bed will be 4.0E-3 fps, very few fuel fines should be
transported into the shield water. Lighter weight fuel debris,
such as cladding debris and corrosion products, may be
transported upward but it will not be highly radioactive. Any
credible outbreak of soluble radionuclides, most notably cesium,
from the disturbed rubble bed (i.e., a factor of 10 increase in
the present release rate of 2.0 Ci/day) can be easily handled by
the reactor vessel cleanup system flow rate.

The installed spent fuel cooling system demineralizer (SF-K-1) is
not adequate for use as reactor vessel cleanup system demineral-
izer mainly because it is based on organic ion exchange resins.
Also, the resin transfer system sluices spent resin from it to
TMI-1, which is undesirable. However, ample room exists outside
of the spent fuel demineralizer cubicle to place a full-flow,
disposable, zeolite, ion exchanger for cesium spikes. The tie-
ins would be such that existing piping and valves could be uti-
lized. Hence, the temporary ion exchanger could be put on line
from the control room to clean up spikes of activity or to
quickly demineralize the spent fuel pool and fuel transfer canal.

Normal demineralizing could be accomplished by the submerged de-
mineralizer system (SDS) located in the "B" fuel pool. Filtered
and demineralized flow from this reactor vessel cleanup system
would be discharged into the "A" fuel pool. It would flow to the
fuel transfer canal through an open transfer tube, and would be.
siphoned back into the reactor vessel over the top of internals
indexing fixture. Thus, the flow path of the reactor vessel
cleanup system would circulate water throughout all of the im-
portant water bodies and would maintain a flow toward the areas
of higher contamination.

The major advantages of utilizing the existing plant systems for
the reactor vessel cleanup system are:

o Low cost

o Operated from control room
o No man-Rem associated with construction
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o Low man-Rem associated with start-up/mods
o No adverse impact on schedule

There are, of course, disadvantages to this approach. First, the
maximum water level in the "A" spent fuel pool and the fuel
transfer canal is limited to elevation 328' (6" of freeboard on
indexing fixture). This means that the plenum assembly will need
to be stored in the deep end of the fuel transfer canal to pro-
vide the necessary shielding. This is possible but it does elim-
inate much of the useful storage area for filled defueling can-
isters. This may force the transfer of defueling canisters into
fuel shipping containers soon after filling the canisters. This
approach means that no defueling can take place until the fuel
shipping containers are available. This is not desirable due to
the potential delays in design, construction, and/or delivery

of the shipping containers. If a solution to the fuel shipping
containers is not forthcoming, the defueling canisters can be
either transferred to the "A" fuel storage pool by use of a tem-
porary transfer rack where they would be eventually transferred
into shipping containers or the defueling reactor vessel barrier
can be extended upward to permit more shield water and the
storage of the defueling canisters in the fuel transfer canal
until the shipping containers.

Another disadvantage of this approach is the coupling of the
reactor vessel and the spent fuel pool/fuel transfer canal clean-
up systems. The only cleanup flow for the "A" spent fuel pool
and for the fuel transfer canal is the effluent water from the
reactor vessel cleanup system. The reactor vessel cleanup system
flow rate is not large enough to effect rapid cleanup of the
large water volumes involved. Also, since effluent water is
used, any breakdown in the system will spread contamination into
clean areas. However, it should be noted that the reactor vessel
cleanup system's flow rate is about the same as the normal spent
fuel cleanup system flow rate and that the volume of water to be
cleaned is only 38% of the normal defueling water volume (400,000
vs. 1,050,000 gallons). Hence, the cleanup rate is actually
quicker than normal. 1In addition, the reactor vessel cleanup
path can be isolated from the pool/canal cleanup flow path by use
of the canal drain line and the borated water recirculation pump
(SF=-P-2). This will circulate the total water volume every 33
hours.

Other disadvantages, such as low water level, reducing shielding,
and the lack of fuel pool cooling systems, are generic to most
approaches and mitigated by the relatively low activity and heat
generation rate for this fuel debris.
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GPU Nuclear Proposal:

GPU site personnel have developed a defueling water cleanup
system which has many of the same features of the system proposed
in this Technical Memorandum (Ref. 7). A schematic of that
system is shown on Figure 10. This design is the result of a
different approach to the problem from the one taken by this
Technical Memorandum. Whereas this Technical Memorandum began
with existing systems and devised a strategy based on their per-
formance, GPU Nuclear began with the maximum volumes of water
that might need to be processed and designed systems based on
postulated events during defueling.

The GPU Nuclear reactor vessel cleanup system is a 400 gpm
filtration system with a 20-60 gpm zeolite ion exchange cleanup
stream. The size of these streams was based largely on the
amount of water assumed to be present, 78,000 gallons. Based on
the calculation performed for this Technical Memorandum (Ref. 8),
this value is too large. The reactor vessel with the head off, the
upper plenum assembly removed, but with all other internals in
place holds less than 28,000 gallons. A reactor vessel barrier
with a diameter of 172" (equal to the internals indexing fixture)
filled to elevation 347'6" contains only 30,200 gallons. Hence
the maximum amount of water in the system is 58,200 gallons. 1In
addition, not all of this water will be processed due to the flow
path established by the cleanup system, which will take suctlon
from just above the debris bed, #E30S'. This results in a
further reduction in the amount of water to be processed of
approximately 5,000 to 10,000 gallons. A better more realistic
estimate of the water volume is »50,000 gallons which is 36% less
than GPU used. For equal concentrations of contamination, this
would permit the use of a 300 gpm system in place of the proposed
400 gpm system.

However, even this amount of water is inappropriately large
because it is unlikely that good water clarity will result
because of the unwieldy flow path. Unless a suction nozzle is
lowered to the vicinity of the rubble bed, there will be little
cleanup of the area near the defueling activities. Since 400 gpm
is four times the flow required to remove the fuel debris, care
must be taken to prevent gross fuel removal. In order to prevent
the water cleanup system from acting as a defueling system, the
water velocity must be less than +.1 fps, or the suction nozzle
must be some distance removed from the rubble bed. At 400 gpm, a
40" ID nozzle is required to keep the fluid velocity below .1
fps. Alternatively, a manifold of nozzles could be used but
would be an unwieldy device. This means that the suction nozzle
for the R.V. cleanup system must be removed from the area of the
rubble bed in order to prevent gross defueling. Hence, the
cleanup of the water immediately above the rubble bed will not be
accomplished by the R.V. cleanup system even at 400 gpm.
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Also, the flow path will do little to remove floating debris from
the top of the shield water. It is credible that there could be

finely divided particles which will float or remain suspended in

the water near the top of the defueling barrier. It is unlikely

that returning filtered water to the top of the barrier will suc-
cessfully remove this floating debris.

The proposed filter design for the R.V. cleanup system is a
porous metal tube bundle with a drop-out canister. The flow is
through the tubes, inside to outside, with any large debris
passing straight thHrough to the drop-out canister (see Figure
11). Such a design must of necessity utilize very large tube
surface areas. The velocity of approach must be low to permit
the majority of the solids to carry through the tubes to the
canister below. For the smaller debris, the major phenomenon is
filtration; hence, to avoid the need for frequent backwashing,
large tubes are required. Sizing the filtration elements will be
a major design effort requiring mockup testing. 1In addition, the
system will not back flush effectively. Since the drop-out
canister has no flow, the back washed solids will be flushed back
into the reactor vessel. With the maximum canister diameter
being held to 12", the 400 gpm flow rate seems too large to
accommodate this design and will necessitate a multi-unit filter
train manifolded together. While not unworkable, such a system
will be cumbersome and expensive, and will require a long lead
time for design and procurement.

The size of the GPU Nuclear system is compatible with use of
auxiliary building systems if the hot leg suction path is used.
However, GPU Nuclear does not plan to utilize this approach.
Instead, large portions of the R.V. cleanup system are to be
built and installed in the reactor building. The man-REM cost of
such an approach is certain to be high. There are very few reac-
tor building penetrations available for use by this system so
that it will either be built entirely inside containment or that
costly piping system designs will be necessary.

The GPU Nuclear system does have separate systems for R.V.
cleanup and for fuel pool and transfer canal cleanup. This has
some advantages over the method proposed by this Technical
Memorandum. However, the driving rationale for this decision was
the fact that zeolite ion exchange media requires a fairly
constant influent concentration. If the concentration drops
dramatically, as would be the case if the same ion exchanger was
switched from reactor coolant chemistry to spent fuel pool che-
mistry water, the low concentration water will elute ions off of
the zeolites resulting in increased contamination of the water.
However, such a concern could be addressed by the use of two
separate ion exchange systems, one for normal cleanup duty, and
one for spikes or surges. The approach taken by this Technical
Memorandum is to utilize SDS for the normal cleanup demineralizer
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system and a new temporary ion exchanger replacing SF-K~1 for the
transient loads.

Other Waste Cleanup Systems

Reactor Building Basement:

If current radcon engineering studies of the basement lead to the
conclusion that the basement should be reflooded for shielding as
well as to remove leachable cesium, a water cleanup system must
be made available to keep this shield water below 1uCi/ml. At
the current cesium appearance rate in the basement of 25 Ci/day
(Reference 11), only 5 gpm at 1uCi/ml is required to maintain the
equilibrium. Thus, this cleanup can be accomplished with a rela-
tively low flow rate system and is well within the capabilities
of the Epicor II system.

Figure 12 shows a potential flow path to use Epicor II as the
demineralizer cleanup system for the basement shield water. This
system has the following advantages:

Extensive use of existing systems

Limited electrical requirements

Frees the Miscellaneous Waste Holdup Tank
Low cost

Low man-REM

Does not impact existing systems operability

0000O0OO

The use of the SDS monitor tanks (SDS-T-1A/1B) provides both easy
tie-ins and surge capacity to accommodate the normal Epicor II
outage rate. It also separates the miscellaneous waste holdup
tank (WDL-T-1) from Epicor II. Shielding analysis of a monitor
tank filled with 1uCi/ml water indicates that the dose rates will
be on the order of 25 mR/hr (Ref. 9). Hence, dose rates near the
tanks need not be a major concern.

The Epicor II resins will need to be changed to optimize the
system's characteristics for this service. Other modifications
to the Epicor II system would be necessary to restore it to its
original cleanup system configuration.

Decon Solutions:

Later in the decontamination efforts, harsh chemicals may be re-
quired. Such chemicals are not compatible with ion exchangers
for cleanup. A radwaste evaporator will be necessary to reduce
the volume of this waste for disposal processing.

The normal process path for such wastes at TMI-2 is the mis-

cellaneous radwaste liquids disposal system. This system in-
cludes neutralizing capability to handle both caustic and acidic
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solutions. It can collect and process water from most areas of
the plant. It is well shielded and designed for this service.
Its only disadvantage is that it utilizes the TMI-1 radwaste
evaporator.

A new dedicated radwaste evaporator is necessary to maintain the
unit 1/unit 2 separation. An HPD crystallizer was purchased by
GPU in 1979, immediately following the accident. This crystal-
lizer is apparently still at the site (Reference 12) and could be
used for this purpose.

A temporary solidification system would be needed to process the
evaporator bottoms.
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APPENDIX 1

DEFUELING/WATER CLEANUP SYSTEM
DESIGN CRITERIA

Defueling System

Purpose:

Piping Size:

Piping Material:

Flow Rate:

Debris Collection Canister:

The defueling system shall be used
to remove all fuel debris which can
be fluidized hydraulically from the
reactor vessel.

Piping inside diameter shall be
2.5-3 times the largest dimension of
fuel debris to be routinely handled.

The return line to the reactor
vessel shall be sized to keep the
fluid velocities as low as prac-
tical.

Piping system shall be fabricated
from abrasion-resistant, hard rubber
hose.

Flow rate shall be adequate to
establish a fluid velocity in the
slurry piping two times larger than
the fuel debris settling velocity.

Drop-out canisters shall be utilized
for gross debris removal.

Cyclone separator canisters shall be

utilized for high weight percent
solids slurries with uniform par-
ticle size (~1-500 microns).

High efficiency filters shall be
utilized for low weight percent
solids slurries with uniform par-
ticle size (+»1-500 microns)

All canisters shall be compatible
with the fuel shipping containers
which must utilize the existing fuel
transfer mechanisms.

The K effective of any arrangement
of debris collection canisters in a
fuel-shipping container shall be
less than .95.
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All canisters shall be provided with
differential pressure instrumen-~-

tation and a thimble location for a
radiation monitor.

All canisters shall be provided with
ball check quick disconnect fittings
compatible with remote operation.

All canister materials of construc-
tion shall be compatible with the
water chemistry in the fuel pool and
in the reactor vessel, and with the
DOE imposed requirements for taking
possession of the fuel.

All containers shall have dewatering
capability.

All canisters shall be no more than
four feet in overall length.

All drop-out canisters shall
provide:

0 a drop-out plenum with veloci-
‘ties low enough to assure
removal of all fuel debris
larger than 1000 microns.

O a back-washable filter element
in the 100-500 micron range.

O a maximum operating differen-
tial pressure at design flow
of less than 10 psid.

All cyclone separator canisters
shall provide:

o cyclones with involute feeds

O cyclones with a 95% removal
rate for fuel debris down to
10 microns.

O cyclones with a maximum dif-
ferential pressure drop at
design flow less than 10 psid.

o0 a cyclone feed manifold that
is resistant to clogging.






Centrifugal Pump:

Eductor:

Backwash:
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All filters shall provide:

o filter media with a high sur-
face area.

o filter media compatible with
high radiation doses.

o a filtering capability of 95%
of all particles down to 1
micron in size.

The centrifugal pump shall be a
self-priming pump compatible with
motive fluid pressure and flow
requirements of the defueling
eductor.

Pump materials shall be compatible
with the water chemistry of the
reactor coolant system.

Pump shall be able to withstand an
integrated dose of 1.0E+7 rads over
its service life.

Eductor shall be able to generate
the required system design flow rate
at a suction lift of 25 feet.

Eductor shall be able to develop a
minimum discharge head of 25 feet at
the system design flow rate while
generating the maximum design suc-
tion lift.

Eductor shall be constructed of
materials compatible with the water
chemistry of the reactor coolant
system.

Eductor shall be able to withstand
the water hammer forces resulting
from dead-heading the eductor
discharge during operation.

Eductor shall be capable of passing
an intact fuel pellet through the
diffuser portion of the eductor
body.

The defueling system shall be
capable of clearing its suction path
by backflushing.






Water Cleanup System

Purpose:

Installed Systems Used:

Modifications Required:
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The water cleanup system shall be
provided to remove fine debris and
dissolved radionuclides from the
shield water. It will also be able
to cleanup the spent fuel pool "A"
and the fuel transfer canal.

o Decay Heat Removal (DH)

O Alternated Decay Heat Removal
(ADH)

0 Mini-Decay Heat Removal (MDHR)

o Spent Fuel Cooling System (SF)

O Submerged Demineralizer System
(SDS)

o 1Install new temporary zeolite ion
exchanger to replace the Spent
Fuel Demineralizer (SF-K-1)

o Modify Spent Fuel Filters (SF-F-
1A/1B) handling area to be com-
patible with higher source terms

o Make tie-in from spent fuel pool
return piping to inlet of SDS.

Temporary Zeolite Ion Exchanger

Design:

Purpose:

Flow Rate 200 gpm
Pressure Rating 100 ps§
Volume +90 ft

To remove radionuclides from process
water whenever there is a change in
concentration.

Reactor Building Basement Water Cleanup System

Purpose:

Systems to be Used:

Modifications Required:

Maintain the concentration of cesium
in the reactor building basement
shield water below 1mCi/ml.

Remove «#25 curies of cesium 137 from
the basement per day to affect
decontamination of the basement.

o0 Submerged Demineralizer System
(SDS)
o Epicor II

o Reroute discharge of SDS-P-2 to
SDS monitor tanks
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Tie SDS monitor tanks' discharge
into Epicor II piping

Tie discharge of Epicor II into
monitor tanks
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TABLE 1
00, PARTICLE TERMINAL VELOCITY
~ (REF. 8)
Particle | Terminal || Required Pump Flow Rate (gpm)
Diameter Velocity | _ (@ 2x Term. Velocity)

(in) (ft/sec) || D=.75" | D=1.0" | D=1.25" | D=1.50" | D=1.75" | D=2.0"
| I

.001 .3 I .83 1.5 | 2.3 | 3.3 | 4.5 | 5.9
| [ | | | I

.005 3 | 1 G S S R ' TR sl B ol 10.5 13.7
I | | I I

.010 .95 || 2.6 | 4.7 | 7.3 | 0.5 | 14.3 18.6
| I | I |

-05 2.0 Il a8l 9.8 k- 19y 22.1 | 30.0 | 39.2
| | | | I |

.100 3.0 /| 8.3 | 14.7 | 23.0 | 33.1 | 4s5.0 | 58.8
I | f I |

-150 357 :l 10.2 18.0 | 28.3 | 40.8 | 55.5 | 72.5
{ | I | |

.200 4.2 Il 11.6 | 20.6 | 32.2 | 46.3 | 63.0 | 82.3
| | | | | |

.250 | 4.7 || 13.0 23.0 | 36.0 | 51.8 | 70.5 | 92.1
I | | I |

.300 5.2 [ 14.3 25.5 | 40.0 | 57.3 | 78.0 | 101.9
I n /] I I I

.350 5.6 [ - | 27.5 | 42.9 | 61.8 | 84.1 [ 109.8
I | | | I |

.363 5.7 || - 27.9 | 43.6 | '62.9 .| '85.6 | 111.7

- | | I | |

-4 6.0 [ - | 29.4 | 46.0 | 66.2 | 90.1 | 117.6
[ | I | | |

Intact Pellet 5.6 [ - - - - | 84.1 | 109.78.

| | I I
[ I I I
| I I |
I | I |
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Figure 4 - Typical Solids Handling Eductors
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Type 224 Eductors are used in pumping out wells, pits,
tanks or sumps where there is an accumulation of sand,
mud, or other material not easily handled by the standard
eductor. They are ideal for handling the heavy sludge
residue from refining operations. A typical application of
a Type 224 Eductor is shown in the application section.

These eductors have an open suction and are designed
to be submerged in the material being handled. The pres-
sure liquid, passing through the nozzle, produces a high
velocity jet which entrains the sludge or mud. This mixture
is then discharged through a vertical pipe or hosge. For per-
formance information, see accompanying Performance
Data. :

Similar units which use steam as the motive power are
described in Bulletin 2A under “Type 225 Syphons.”

TABLE 7. SIZES and DIMENSIONS, TYPE 224 EDUCTORS

DISCHARGE

CONNECTION CONNECTION

Fig. 20. TYPE 224
WATER JET SAND
AND MUD EDUCTOR.
Standard units are
made af cas! iron with
branze Ppressure naz-
zles. Cther corrasian-
rasistant materials are
available an special
ordaer,

SUCTION FLOW

AGITATING IETS.
StirzcTounding
materin

for entraloment
ot eaction opening.

—_—

ot

Attachment £

PRESSURE

Fig. 21.
TYPE 224 EDUCTOR

1 3 i
Si:‘u Connectians in Inches W{tt. Dimensions in Inches L.._.. )
n
Inches Disctr. Pressure Lbs. A B z

Le L 1 8 3% an
2% 2% 2 22 TN T
L 3 2% 87 21% 10% 5 | A
A 4 3 130 25% 11
ge S 4 301, 7%
e c 4 35K 18

*Flanged Cannedtions. i
i 3t et Foad - ”-- T PRESSURE CONNECTION

CANTT AT B FRATIAS. e

Type 235 Eductors are designed to handle solids and semi-
solids. They operate at highest efficiency in large sizes and
at low discharge heads. Because these eductors have high
air handling capacities, they are particularly well suited
for priming large pumps such as dredging pumps which
frequently encounter air pockets. A typical application is
shown in the application section.

Nozzles on the periphery of the throat introduce the
pressure water. The pressure watercreates a vacuum which
draws in and entrains the material being handled and all
flow discharges through the discharge connection. All suc-
tion flow is in a straight line through the eductor. For
performance information, see accompanying Performance
Data

TABLE 8. SIZES and DIMENSIONS of ANNULAR MULTI-NOZZLE WATER JET EDUCTORS, TYPE 235

Fig. 22, TYPE 235 AN-
NULAR MU\TL.NOZZLE
WATER JET EDUCTOR.
These eductors are made
to order from any work-
able materlal- Sizes from
1% to 6 are cast with
flanged suction, dis-
charge and pressure con-
nections, except 2° size
which has sil.brazed
pressure connection.
Sizes above 6° (to 28~
and up) are generally
faoricated.

Fig. 23, TYPE 235
EDUCTOR (2" si2e
with sli-<braasd
connection).

e
L :::::ecnnns in Inches Wb Dimensions in Inches s

¢ a8 4
Inc“:us Disch. Pressure Ll:s. A B c

Lia 1% 1 16 2% e 3%

2 2 1% 22 3l 117% 3% 8

2% 2% 1% 27 3 12%s 4

4 4 2'A 65 44 18ty 54

S =) 3 100 4% 24718 =]

6 6 a 150 51 30 7k N







: Attachment g
Figure 5

PARTICLE SETTLING CANISTER

.A
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Figure 6 Attachment h

CYCLONE SEPARATING CANISTER
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Contaminated
Volume

Reactor
Vessel (RV)

RV & Internal
Indexing
Fixture (IIF)

RV & Collars
Up To Refueling
Canal

GPU Nuclear
Volume

RV Above
Nozzles & IIP

RV Above
Nozzles & IIF
& Collars Up
To Refueling
Canal

* time= ~In (

REACTOR VESSEL CLEANUP RATES

TABLE 2

Attachment i

(REF. 8)

Lbs., of Initial *Reg'd Time (Hrs) to Reach IPPM

Gallons Solids PPM 100 GPM @ 200 GPM @ 400 GPM
27,842 3,200 14,240 44 22 11
320 1,424 34 17 9
32 142 23 12 6
35,083 3,200 11,301 SS 27 14
320 1,130 41 21 10
32 113 28 14 7
55,604 3,200 7,130 82 41 241
320 713 61 30 15
32 P& 40 20 10
78,000 3,200 5,082 111 S6 28
320 508 81 41 21
32 51 45 23 1
17,501 3,200 22,653 29 15 7
320 2,265 23 1 6
32 227 16 8 4
45,263 3,200 8,759 69 34 )l
320 876 S1 26 13
32 88 26 13 7
IPPM ) x (Contaminated Vol.) or _ PPM @ t = Jol DIERY)
) ( GPM PPM Initial (gal)

( Initial PPM

t






FIGURE 7

Attachment j

DEFUELING SYSTEM ARRANGEMENT
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16 GPM
HYDROCLONES VENT X
FILTER
BACK FLUSH

-—@ CONTROL 16 GPM
13 GPM ;; GPM <m
75 GPM

i \

®
160 GPM Q X |
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SEC
li P1 160 GPM [
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2" PIPE X
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Figure 8 - Work Group Defueling System (Ref. 10)
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Attachment m

TABLE 3

WATER CLEANUP SYSTEM VALVE LINE OP

(Ref. 6)
VALVE OPEN = 0 || VALVE | 0 Nl VALVE | 0
TAG NO. SEUT = S TAG NO, S =| TAG NO. = S
I

DE-V1 o} I MDE-V20 | S | SF-v113 | o
DE-V2 o] | MDE-v12A | o] | | SP-v20B | o]
DE-V3 Q | MDE-V 15 | o] | SF-117 | S
ADE-VO01 | o | MDR-V16 | ] |1 sP=v11é6A | o
ADH-VO03 [ | MDH-V18 | o] I SF-vi115a | S
MDHE-V1 o | MDE-V19 | o} || SF-V120A | S
MDE-V2 o] | ADH-07A | o] |1 SF=vt21A | o
MDHE-V3B o} | DE-108A | o] | | SF-vi125 | o}
MDH-V28 [ I DE-109 | o] || SF=-V161 | o]
MDE-V30 (o] || DE-110 | ] || SF~vi50 | ]
MDHE-V35 0 | DH-4B | s || sP-viss | s
MDE-V36 0 b SP-V155 | o) [{ sp-vis9 | s
MDR-V29 | o] N SP-Vv106 | o] |1 SF-v240 | S
MDHE-V32 | S N SP-v105 | ] || SF-v122 | S
MDE-V5 | o il SP-V115B | o] || SsF-v214 | ]
MDHE-V6A o || SF-v207 | s Il sF=118A | s
MDH-V6B ] || SF-V120B | o] || SP-119a | ]
MDH-V7A | o} [ SP-V121B | s || sp-1168 | s
|| | N SF-vil12 | ]

I | I |

b ! | |






Pigure 10 - GPUN Cleanup System
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Figure 1l - GPUN Cleanup Filter Attachment o
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Figure 12 - Epicor II Flow Diagram
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TABIE 3.

THI-2 CORE EXARMINAIION RECOMMENDATIONS

Paae Y or 2

Reactor Component or Sgg'.e‘

Lesdscrew Gulde Sleeves from the
Reactor ¥Yesiel Dome

Plenus Cover Oearts

Pienun Cover Specimens

Radlation Kapping of Pienua

Control Rod Lesdscrevs

Split-tube Sections

Controf Aod Guide Tude Assemblies

Contro) Rod Spiders

Fuel Assesbly End Fittings

Intact Fuel Assemblles

Dameged fuel Assesblles

€raminal lon wi-rnrlljrh

Safety Issue 1o be Addressed®

Principal €xamination Techn iques

HoGerate

Low

Low

Holerate

¥. flgh

¥, High

Kigh

Hign

High

Righ

Critica)

Fisslon Product R, 1, & O
{b, c, d, 1)

Fisslos Product R, ), B 0 1a, 0, ¢
Coolability/Demege Processes (o, e

Flsston Product R, T,

Fissfon Product A, T, & I (1}

Fission Product R, T,
{6y €y 4 1)

‘0

Fissfon Product R, T, 3 0

{, c, d, 1}

Fisston Product R, T, & O

b, c, d, 1}

Flsaton Product R, T, & 0 (4. ()

f13slon Product &, T, £ 0 (6, ()

Fission Preduct R, T, 8 D (s, b, d
Coolability/Bensge Processes {c, I
Recritical ity (o
Appendixn K (3, b

Fission Product &, V. 8 0
la, b, ¢, 6. €
Coolabi)ity/Dsmage Processes
(a. c. d e 1)

Containaent Integrity {a. b)
Recriticality [.T

Appendis K {a, b

|

80 (b, 4. 1)

Gamma scan. radlochemistry,
surface analysis, metallogrephy,
SEM/microprabe, Acid-Base
lesching

Cremical analysis, SEN/micro-
probe, redlocheaistry, particle
stze surface anaiysis, gamss
1can

Radlochemistry, sorface analysis,
melallography, gamms scon, SEM,
Acid-Base Jeaching

Gemmmy scan

6ernw scan, surface snalysis,
radiochmmistry, setaitography.
SEN/STEM/@icroprobe

Surface aralysis, gamascan,
vadlochewistry, metalicgreshy,
SE#/microprobe, Acla.fase
leaching

Photo-visual, gaema scan, surfare
snalysts, radiochemistry, SEM,
setailojraphy, Acld-Sese lesching

Photo-visual, surfsce analysis,
setallogrephy, rastochesistry,
SEM, gasma scen, Acid-0ise
leaching

Photo-visuai, surfece anslysis,

fata Obtained

Principal Nats Uses

Comments

Flsston product olsteout, metsl
temperatures, estent of
oxidetion

Rebris composition end oerticie
size. fissian product content
of debdris

Fission product plateout, setal
1emperaturas

Isotopic radiation (even a1 3
function of position In tne
plenus

Fisston oroduct pleteout,
romponent tesperdtures, estent
of oxidation

Fisston product olateovt,
component temperatures, extent
of oxl¢ation

Ftsslon product ofeteout, oeak
tesperature estimates, ertent
of compoment deformat fon and
welting

Component temperatures, eatent
of cxldation, Fissdon product
plateout

Fission product plateout,

wetallography, radi
SEM, gamma scan, Acld-Dase
leaching

Photo-v 1sual, gasms scan,
eetallogrephy, radiochemistry,
surface analysis, SEW, acld-
bese leaching, burnup snaiysis

Photo-visval, neutron
tomography, metallodrephy,
chealdca) analysis, SEM,
parttcle size, radiochenistry,
nicroprobe, gsmms scan, surface
analysis

a, Listed by phystcel ¥0carion within the reactor vessel, proceeding from the top of Lhe vessel down.

b. ik eremication priorities for eacn type of redactor cofPonent or saepte are o medsure of the 1Mpact of the eaamination détas on
ine codinid nuclesr sefety (ssues cdescridbed in ladle 2.

C. Lower case lellers refer to spec(fic datd needs listed in Tabdle 2,

t tewperatures, extent
of osicstion

Cledding, fuel ond control rod
tesperatures, oxide distribuiion,
cladiing deformation, flow
blockeges, fission osoducts
retained In the fuel, Flssion
ortduct olateout

CYaodlog, fuel and cantral rod
tesperatures, extent of
os{datton, extent of eutectic
eeiting end ruel liquefaction,
fiom blochage, fuel rod
fregmenistion and relocation,
402 osldeticn, f1ssion product
velease from fuel, relocatlor

of rontro) watertals

Fission product transport codes,
aource tera determination,

core irnternals tewoerature
estimites

Core debris relocetiion wodels,
fission product transport codes,

tource term detereination

Fisston product transport codes,
core temperature codes, plenum
tesperature estimstes

Fisston product transpart codes

Fission praduct trarsdort codes,
plenum tosperature esttmstes,
core exlt stesn tesperature
calculations

Fisston aroduct transoort codes,
elewn tesperature estimites,
source term deterwination

Fisston product transport codes,
socurce tere deterainalion, core
and plenum tesperaturs codes

Core temperature codes, W2
generstion esttmates, fission
product transport codes

Fisston oroduct transport codes,
squrce terw deteratnation, core
eait stezm tesperature
calcolations, Hp generation
estinstes

Appendlx K {ssues (zlrcaloy
oxidstion end embrittiesent,
hriro?en aeneration, and 2irceloy
cladding hallconlng end fiow
blockage); (isstoo oroduct
retentlon; flssion prodvct
plateout, source Lera determina-
tton

Core temperature codes, Core
debris relocation md:‘i.ﬂz
ganeratton ei:timstes, £3ssion
oroduct transport codes, Source
terw calculations, recriticelity
analysis, flow blockage sodels,
Vquid materis| sovesent andels

3 guide sleeves required from ceater, midradivy,
ond perfokery. This paem will cowlenent messurements
asde by EPR] for resctor vessel head requelificatiso,

1 sample redvired If there s slanificent
acusulstion observed by CETV¥ {nspection

A5 specimens required {punchings or cuttings)--
locations besed cn visual essmination

This esam needed to gquide later sa®dlta of

‘Iu... ecammrnd e pefforwed Slter Nesd removel Dy
Hfeing ong gamms sconning +}) lesdicrews. Could B¢

done by elternate Lechnigque efter plecnus removal

The three fesdscrews removed In 1982 ere probably
sdequate

$hort tections cut from selecled solit-tubes at «ii
radial locattons and 2-3 axlal locations. Tnese
speciment will provide an esrly ihoroudh msoping of
fiss lon product Plateout on plenvs

3 comlete assesdltes from center, midradlus, and
periphersl pasitions should be oblatned ot the timr
of plenvs dissstesdly

5 ¢plders Concentrated at the core center o.nd mid-
vadlos positions

«5 end fIttings from same locations as spiders

3 assemdl fes req’d, | from core periphery

) ssseablies req'd, 1 w/o control rods, ) w/control
rods, 1 w/burnsbie poison rods
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1A8LE 3,

141.2 CORE EXANIAATION AECOOENDATIONS (Coatinued)

Pace ¢

Reactor Component or Sample

Loose Debris Specimens

Cryst Debris Specieens

Fuel Stub Assemblies

loose Debris from Lover Yessel

Core Focwmer Walt

Filter Oadris

Oebris Specimens from Balance of
kesctor Coolant Stem

Genergl Dacumentation of large-
Scale Condition of the Reactor
Yessel and Core

faamsination Priority Safety lssue to be Addressed

Criticot

Critiesl

V. Wigh

Moderate

Moderate

High

Ceiticel

Fission Product 2, 1, & O
ot
L“'“‘ lu}o-isl Processos
., €

u]:-l Inurlu {a, B)

Recriticolity (

Iluln Prodcy A, 7, & 0
b,

(2]
nnltr)omqe Processos
(s, O, ¢,

Cumm( [ll ity (o, »)
Recriticaliey IT

Fission Product R, ¥, & D

!u. b f. L]
oolabi)ity/Damage Processes

(o c, @, ¢)

Recriticatity {s)

Fiaslon Procuce A, T, & 0 (e)
Cooled t111y/0amage Processes(s, b}

Contalnment I'lcr") {c. &)
Secriticality (a

Flasion Product 8, 7. & D (4, ()

Fiaaton Product a, 7, 6 U {0, 0, ¢)
Cooladility/Danege Processes lu’
Recriticality (a"

Flsston huM! e, 1.80

‘(-“ b cy @
ltNlIter'

Recriticality (a

Processes {a)

Fission Product N, T, 6 0 (o, o, )
Cooladilit y/0amege Procesares

rity (a, b, ¢, 9)

Recriticolity (o

Principal Exasination Techniques

Photo-visual, astallogrephy,
cheoical enalysls, SEx, porlicle
slze, rediochesistry, micre-
piobe, swrfoce 8A8!ysis, qamme
scen, Acid-Base leschleyg,

deng ity

Photo-visual, eetdtiography,
chesical eoalysis. SEM. redio-
chenistry, alcroprode, famms
Bcod, surfice analysis

Photo-wisual, eeutron tomograghy,
leu"wnnﬁv. cadlochenistry,
SN end micropeode, yams scan,
surface amslysis

fhato-visus), metatloarspdy,
chesical saslysls, SEW, particle
size, ru‘liulnlstrr. micro-
probe, an surface
uulnu. Acid-Base leaching,
density

nullegvnhy. radiochemistry,
surfece y3is, gema 3CON
SEN, Actd-Sete leatding

Poto-slsusl, metaliogreshy.
chesicel an'ﬁll. SEN, particle
1ize, radlochenistry, mal¢ro-
orode, physical progerties

Phato-visusl, metaliography,
chesicel dnalysis, $Enm,
particle ¢$24, redlocheststry
aicroprode, physica) properties

Phote-visual. closed clrcelt TV,
core topography mapping

Data Obtained

Principal Data Uses

Comments

fuel ond structural eaterial
reactions, relocelion of core
asfortels, eatent of fregeen-
totion, eitent of eal stion,
retained flssion products

nature of dedris 'llu!ﬂlnuon.
peat cora tesperatures, lo-core
fnstnment damage

Wolten material colocation; fual,
control), and structural sstertal
resclions; estent of oatdalion;
retalndd flssion products;

peal rore tewperatures; ¢tontrol
asterlal relocation

Nlcrosirucure of damage trane
sition zomes, extent of oslda-
tioa, retelned fliatoa products,
relocatiod of core materlsls

Estimate of total Quastity,
particie size disiributioa,
extent of once-moiten debris,
fissfon product content

Fissios product platecut, pesh
setal Lemerature, extent of
aidatiee

Refoined f1a3iom products,
particle size distributions, fuat
control eater 13, and stracturet
asterial resctions, relocetion
af cora st erlels

Retained {tsslom products,
particle size distribution, core
saterisis reactions, relocation
of core miterisls

Core domice symmetry, core vnid
tize, tolsl volume ond mass of
Gedriy, stub asseadly etevsllons,
extent of Viquefactiona, traas)-
tion zons configurations, major
coolent edenagts

Debris bad cooladllity aodels,
flssion product transport codes,
core debris relocalion wodels,
0urce 1evm detersination, Ny
runllu ot lagtes, lnore
nsirneeet |U'vluili“1
analysts, cecrttical ity amalysils

Core dedris relocation sndeln,
fission product transport codes,
debris bed coolebility aodels,
#2 eoncration estiastes, yource
terw detrrmingticn, recriticallly
enalysls

11quid Veve] bot1down models,
fisslon product codes, core
dedrts relocation models, K2
Qeneration estimstes. recrit)-
cality analysis

Core debrls relocation models,
fisslon producl transport codes,
vesse! bresch andels, recriti-
callty anslysis, Sedris Ded
cooladifity

Flsston product transpors codes,
radiative heat lovs eodels

Ftssion product transporl codes,
fuel fragmentation wodels. core
relocation wodels, source tevre
deterslnation, recriticality
aaalysis

Ftssion product iransoort codes,
core relocation sodels, critt-
caitty analysis, sourcs ters
determination, aata balence
detersinetion

Core relocation madels, recri-
Licality anulysis, core coola-
BIlIty andels, @ass Dalance
detevuination, «liten aateriol
relocation aodels, sature of
debris stratificetion

~0 specimens of ails. tuch #s fuel and cladding
rl!tﬂ control etls, spicer aridy, fuvel rod springs
fquef led mth., la.core Instruments, structucal atis
Efforts will be ade to acquire 1one speclmens in &
manner ohich preserves stralitication so that the
tequence of damsge events can be recosstructed

10 speciaens of corez debris s which st¢nificant
quentities of ence-moiten waceriel 15 preseat

3 stud ssseadlies, 1 from the smsll numder of
gacolinia.bearing eaperiaental assemblles la the cor-

<5 3ptes of debris on the virious horizontal
surfaces below the core, particularly the bottos
head, Semple selectlon shoutd be based on CCTY
fospection

~2Z ounchings or cuttings adjiscen! (o an Intact
assend iy

Aerers t0 analysis of sampies fros Wietup ond
Purification System fllters which PIngged =Ith core
dede i dov 109 Bhe acclident

Debris s fillers, tanks, 9lp¢.. containment 3
etc. should Be Quantificd. Jertial nvaslep with tpll
respongibiiities foe requalification

This data will assist (n olanning and condvciing
all other eaaminations
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