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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: 

1. Investigate methods to determine the state of the lower region of 

the core. 

2. Continue assistance in leadscrew examinations and in interpretation 

of Quick Scan results. 

3. Assist in formulating water clean-up and defueling plan and 

strategy. 

4. Continue to provide assistance relat�d 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. 

5. Assist in development of plenum removal plan; resolve items on 

pre-requisite list for plenum removal. 

6. Appraise system for criticality control for reactor disassembly and 

defueling. 

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

for the reactor building. 
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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. 
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I I. 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 ultrasoQic 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-1. 

The conclusion of the effort is that use of the sonar technique i n  

exploring the condition of the TMI-2 core would not produce 

substantive information. 

B. 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. 
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I I I. 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. 

1-Thile 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-TWO), 

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 

r/br. - 4 -





Some effort was spent during the current quarter in attempting to 

resolve this difference. The conclusions of that effort are; 

0 

0 

0 

0 

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 differ�nce 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-lbs torque is permitted by 

the procedure to untorque the bolts. Since there has beert 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-lbs on 

the tools. 
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tV. Water Cleanup and Defueling 

TAAG has review.ed 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 

�m) 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-1 is a side by side comparison of the 

t\ITO approaches. 

The differences between the two systems are the result of different 

approaches to the same problem. The GPU/Bechtel approach seeks to 

develop a full capa bility system independent of defueling constraints; 

whereas the B&R approach seeks to make maximum utilization of existing, 

or out of reactor building e quipment and to develop a defueling strategy 

which fits this system. From these two approaches come the following 

areas of agreement: 

0 

0 

0 

0 

" 

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 t 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 

han dling operations. 
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I T EM 

RV CLEANUP SYS. 

CLEANUP VOLUME 

F IL TRAT I O N  RA T E  

I O N  EXCHANGE R A T E  

L O CA T I O N  

C O NSTRUCTION  

LEAD T IME 

DES IGN L IM I TS 

FUEL POOL/TRA NSF E R  
CANAL CLEANUP SYS. 

CLEANUP VOLUME 

F IL TRA TIO N  RA T E  

lO N EXCHANGE RA T E  

LOCATION 

C O NSTRUC T I O N  

LEAD TIME 

D ESIGN L IM I TS 

TABLE IV-I 

COHPA R IS O N  OF WA T E R  CLEA NUP SYSTEMS 

GPU/B ECH TEL 

78,000 GAL. 

400 GPM 

20-60 GPM 

RB/FRB/AB 

ALL N E W  SYSTEM 
N E W  P O W E R  & C O N TROL 
MOST W O RK I N  RAD AREA 

1 - 2 YEARS 

NOVEL FIL T E R  D ES IGN 
FUEL REMOVAL 

764,000 GAL. 

400 GPM 

20-60 GPM 

FHB/AB 

MODS TO SF SYSTEM 

2 - 3 M O N THS 

DES IGN MODS TO F IL T E RS 
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B&R 

17,000 GAL. 

150 GPM 

20-150 GPM 

FRB/AB 

SLIGH T �ODIFICA TIONS 
EXIST I NG P O W E R  & CONT R OL 
LI TTLE W O RK I N  RAD AREA 

2 - 3 M O NTHS 

LIM I T ED WAT E R  VOL. 

400,000 GAL. 

150/300 GPM 

20-150 GPM 

FHB/AB 

U T ILIZES RV CLEANUP SYS. 

EXISTS 

USES RV CLEANUP EFFLU E N T  





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 clari�y 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 �s the reliance 

on a sintered metal filter as the prime solids removal device. The 

concern is ""tllat such a ftlteT 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 flo\v 

rate. An on-going testing program including an in-reactor test after 

head lift 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 �s 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 �m in s�ze, 

it should be protected by a gravity fall-o�t 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 \vould recommend that 

the following steps be taken: 
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l) 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 debris 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 ait�r plenum 

removal. 

The TAAG conclusion 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 

op�ration 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 is required prior to the development and testing of the 

GPU/Bechtel system, or as an alternative should the GPU/Bechtel system 

development falter. Modifications necessary to the existing systems to 

implement the B&R proposal are not deemed to be difficult. 
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v. Reactor Building Decontamination 

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

The 28 2'6" elevation of the TMl- 2 reactor building is contaminated 

to such an extent 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 b·e 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 ex posures 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. 1 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 CPU/Bechtel in the GPU Nuclear memorandum 

from J. C. Devine, Jr. to B. K. Kanga, No. 4500-83-0 296, date d 

June 9, 1983. 
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The second option, the selected shielding of floor penetrations, 

has been adopted and is essentially completed. Hence, the dose 

rate contribution from the 28 2'6" El. to the 305' and 347'6" Els. 

is believed to be essentially eliminated. 

Airborne contamination generation from the basement is an �ssue 

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-Vl04, located 

1n 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 28 2'6" El. be 

undertaken until after defueling. However, data acquisition 

efforts should proceed. 

Data requirements for the eventual decontamination of the 282'611 

El. are listed below: 

1) Location and distribution of contamination 

2) Chemical and physical form of contamination 

3) Decon tamination techniques 

4) Structural limitations on destructive decontamination 

techniques 

5) End point dose rate. 
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Determining tne location and the distribution of contamination �s 

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 �s dominated by high area dose rates 

ana is 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. 2lj2' 6" oecause, 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 if they were flooded during the accident. Many 

of these will not respond to externally applied decontamination 

techniques 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 oe evaluated, As a first step, core bores of the fill slao 

(painted, 3000 psi concrete), the D-rings (painted 5000 psi 

concrete) and tne impingement. walls (painted and unpainted 5000 psi 

concrete) should be taken and examined. Other core bores should be 

taKen as needed. 

The bottom of the 305' elevation concrete floor, i.e., tne ceiling 

of the 2�2 'b'' elevation should also be surveyed and sampled. 

Experience on 305' elevation suggests that a significant source may 

exist in the overhead. T his source should be quantified by core 

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

Water cooled coring equipment should not be used due to tbe 

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 the 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 oe representative for use on the 

282'6" El. 

Once the core samples and dose rate data are known, decontamination 

techniques must oe evaluated both for effectiveness and for 

compatibility with liquid waste treatment systems available at the 

TMI-2. Destructive techniques, if required, must evaluate the 

impact on the integrity of the affected structures and must limit 

amounts of material removal. 

Other sources identified by radiation surveys must be physical.ly 

sampled to determine the makeup of the contamination. For items 

having commonality with items on the operating elevations, sucn as 

caole, caole trays, the liner, and the ?pen stairway, data from the 

305' El. should be adequate to decide which decontamination 

technique must oe utilized. If the source is specific to the 

basement, samples should be taken to determine the best technique 

for decontaminating eacn source. 

ti. Radiological Engineering Plans 

Comments on this matter were discussed �n tne Fifth TAAG Report of 

April 1, 1��3. Further effort on this matter was not made during 

tne current report period. 
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C. Air Flow and 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 the 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 nave resulted solely tram 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 the 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, which is taken from the "B" D-ring, contaminated air will be 

forced out of tile D-rings on the 347' t>" elevation and will 

contribute to the general airborne contamination problem. If air 

can be prevented from leaving the D-rings to the 34 7' 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 the 

building to enhance tne effectiveness of the purge system. 
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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. 

D. Pathways Approach to Containment Areas and Work Enclosures 

TAAG has proposed that a pathways approach to containment areas and 

work enclosures be considered. This \Wrk 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 encl-osures. 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 \.rere 

subse quently 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. 

T here 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 nave 

- 15 -





a long lead time of about 1- 1 1/2 years. Tnese 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 shoul_d 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 �s therefore questionable that rejection of the 

pathways/work enclosures approach is AL.ARA 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/work enclosures. 
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Tne patnways/work enclosures approach has been proven in shipyard 

practice and will work. The essential point is that it will 

decouple decontamination oi tne containment building from tne 

critical path work of defueling tne plant. 

- 17 -





VI. Plenum Removal 

Prerequisites for Plenum Removal 

Section IV of the fifth 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 

assemoly removal. A representative of TAAG was in attendance at a 

design review meeting whicn was held April 12, 19�3 (Bechtel Conference 

Notes No. 190 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 for 

plenum assembly removal are as follows: 

l. There is a significant difference oetween 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. 
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2. Tne Essential and Non-Essential monitoring requirements should be 

reevaluated to consider plenum assembly failures that could make 

plenum removal more difficult. Tbis is of particular importance 

during tne initial 2- 1/2" jacking operation. Continuous video and 

load cell monitoring snould 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. 
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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 syste� 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 achievea 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. Stratton (SAB), 

Dr. N. Rasmussen (SAH) and R. S. Brodsky (TAAG)]. They concurred with 

tni s cone lusion. 

This GPU action preempted tne need for a separate TAAG rev�ew of this 

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

The purpose of the study of an On-line Gamma Monitoring System is to 

determine if such a system is needed in the TMI- 2 Reactor Building. To 

determine need, a review of regulatory re quirements, license 

requirements, and operational needs were examined. 

Regulatory Requirements/Guidance 

10CFR 19. 1 2  states, "All individuals working in or fre quenting any 

portion of a Restricted Area shall be kept informed of the storage, 

transfer, or use of radioactive materia1 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 b e  present." 

1 0 CFR50, Appendix A, Criterion 61 -· Fuel Storage and Handling and 

Radioactivity Control - The applicability of this criterion is as it 

relates to occupational radiation protection aspects of fuel storage, 

handling, and radioactive waste. 

Criterion 1 3  - 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 

ade quate safety. 

R egulatory 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 - Ra diation Protection Design Features 1.4 - 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 1s 

designed to indicate and record radiation levels throughout the 

unit • • • •  11 Section 12.1.4.1 states, "The detector functions, locations1 

ranges, and set points . • •  were selected to monitor normal plant 

operations, and to monitor and provide additional alarms during and 

fo1lowing abnormal operations or accidents up through and including a 

Maximum Hypo the tical Ace ident. 11 

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 lO CFR20. 

Gene�al Project Design Criteria 13587-2-LOl-100 - The criteria is 

applicable to systems and facilities for TMI-2 recovery. Uesign 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 

a<;ldition, area radiation monitors will be provided in areas to vhich 

personnel normally have access and where there is a potential for 

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

1n excess of 10 C FR20 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 10 CFR20. This capability is particularly 

beneficial for the evol utions in the Reactor Building. Head removal, 

internals removal, and ultimately core removal can �ause 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 

b uilding. 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. 
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TABLE 1 

AREA MONITOR DESCRIPTION 

Channel No. Location 

HP-R-209 F. H. Bridge North 

l:iP-R-210 F. H. Bridge South 

HP-R-211 Personnel Access Match 

HP-R-212 Equipment Hatch 

HP-R-213 lncore Instrm. Panel Area 

HP-R-214 Reactor Building Dome 

Conclusion 

Status 

Disconnected 

Disconnected 

Removed 

Removed and 

Replaced 

Removed and 

Replaced 

Removed 

Further 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 meet ing. (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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Page No. 

4 

5 

11 

11-13 

x. Summary of Recommendations 

Recommendation 

Analysis of leadscrew support tube. 

Limit torque applied to mechanism bolts during Under-Head Exam. 

Sample and inspect plenum deoris to determine if suspendable. 

If suspendaole, clean or fix debris. Use small disposable filter, 

Clean-up system preassembled on skids. 

Consider use of mini-decay heat system if clean-up system becomes 

too costly. 

Decontamination of 2.821b11 level deferred till affer defueling. 

Data from 282 '611 leve 1 

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. 

14 Supports increased air flow efforts and decreasing flow tnrough 

basement. 

15 Use of Pathways concept. 

l� Use actual not design, weight of plenum. 

l� Continuous video ana load cell monitoring during plenum lift. 
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File No.: 

Subject: 

Enclosures: 

GENERAL CYN�MICS 
Electric Boat Division 

Eastern Point Road, P.O. Box 1147 
Groton. Connec'ticut 06340 

Reactor Plant Services • 203 446·430014400 

RPS-1 2242 June 8,  1 983 

Assessment of Ultrasoni c  and Sonar Techni ques 
for TMI-II  Core Examination 

(1) TAAG Presentation of 4/6/83 
(2) Telecon Report of 5/13/83 between 

J. Brown/R. Gri lls and R.  Muenow 
(3) Characterization of TMI Reactor Core 

Material using Acoust i c  Methods 

Mr. W. H. Hamilton 
Post Office Box 61 3 
Ligonier, PA 15658 

Dear Mr. Hamilton: 

General Dynami cs/Electric  Boat D i vision ( GD/EBD i v )  was requested by 
TAAG to examine the possibi lity of usi ng ei ther Ultrasonic or Sonar 
techni ques for exami n i ng the damaged TMI-II core i n  an effort to make 
some projection of damaged core makeup to a i d  i n  tooling desi gn . Experts 
i n  ultrasonics and sonar from the U.S. Naval Underwater Sound Laboratory , 
Raytheon, University of Rhode Island Ocean Engi neering, Muenow and 
Associates and EPRI were also tasked with to verify the conclusions that 
were reached by General Dynami cs/Electric Boat Di vision personnel. 

A preliminary report ( enclosure (1 ) )  \'/as made to TAAG on 4/6/83 
regarding the feasi bility of using both ultrasonics and sonar for probing 
the damaged core i n  order to help ascertain core structure with the 
i ntent of aiding defueli ng tool i ng desi gn. The prelimi nary assessment 
was that the relati vely hi gh frequenci es associated with ultrasonics did 
not have the penetrati ng powers to go through a potenti ally fractured 
mass but that pa rametric sonar techni ques held some promise. At that 
meeti ng, use of UT for fi nd i ng voids i n  concrete was di scussed but 
further i nvesti gation ( enclosure ( 2 ) )  indi cated that i ts applicability to 
the TMI core was negligi ble. 

1\1 11n/\ 
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GENERAL CYN.AMICS 
Electric Boat Division 

REACTOR PlANT SERVICES 

Wi th task funding provided through EG&G, additional i nvestigation 
was undertaken to further define the feasibi l i ty of sonic prob i n g  of the 
core. The resul ts of thi s i nvesti gation are reported i n  enclosure ( 3 ) .  
I n  summary however,  i t  has been determined that the parametric sonar 
scann i ng techni que, although hol d i ng some promi se, i s  hi ghl y dependent on 
reasonably accurate modeling of the core i n  order to obta i n  mean i ngful 
engi neeri ng data. The wide range of potential core cond i ti ons,  
particularly i n  the region below the rubbl e bed , could l ead to a wide 
range of data i nterpretation and consequently i nformati on of questionable 
value. Of parti cul ar concern are aggregate material density , entrapped 
gas pockets, and "l ayeri ng .. which, dependent on assumpti ons,  could lead 
to widel y vary i ng i nterpretation of resul ts.Thi s ,  coupled w i th cost 
esti mates rangi ng from $50,000 for a very simple proof of princi ple test 
to over $200,000 for a test which more accurately reflects reactor 
configurati on , l eads us to the conclusion that i t  shou l d  not be pursued 
further. 

It i s  noted that vi rtually al l the people we di scussed thi s with 
felt that the onl y way to get the type of defi n i tive i nformation we were 
seeki ng on materi al properties and current core configuration was to 
phys i c al l y  penetrate the core. Electric Boat D i vi si on • s  opinion i s  that 
a core base ( o r  dri l l  with materi al col lection coupled w i th baroscope 
exami nati o n )  \'ioul d be the l east expensive and most defi n i ti ve way to 
obta i n  the desired i nformation. We see no reason why thi s coul d not be 
accomplished wi t h  the reactor head i n  pl ace which al lows i t  to be done 
fairly qui.ck l y  s o  that the i nfonnati on obtai ned cou l d  be used i n  the 
early stages of tooling design.  

TAP/pb/00525 

cc: T AAG !�embers 
H .  Burton ( EG&G) 

Very truly yours, 

GENERAL DYNAMICS 
E l ectri c Boat Divi sion 

T. S. Cramer 
688 Program Manager 
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I .  INTRODUCTION 
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III. SONAR PROBING OF CORE 

A .  SYSTEM CONSIDERED - PARAME TRIC TRANSDUCER ARRAY 
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C .  PROJECT SCOPE 
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SUBJECT MATTER (tHCI..uoc AGII£CM£NTa, DEcrsroHs, coM ... ITM!:NTs, Dlrt llCTrvcs, "'"""OVALS, P'OLLow-ur REOVrRED) 

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

BACKGROUND 

Mr. T. Cramer, Dept .  6 8 8 ,  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 

o f  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 o f  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 at tempted to use the UT for QC measurements o f  concrete 

roadbeds and have abandoned this approach. 
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2 .  I also called Mr. Richard Muenow o f  Muenow & Associates, Charlotte, N .  C .  

This firm does extensive work on QC inspection o f  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 A 
Accordingl y ,  access to only one surface is required . Their resolution is 

typically on the order of a 6- to 8-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: al s  

4600 
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CHARACTERI ZATION OF THREE MILE ISLAND REACTOR CORE MATERIAL 
USING ACOUSTIC METHODS 

Acoustic methods of non-i ntrusive examination of the TMI reactor core 
have been considered. These separate �pproaches were evaluated: 
conventional Ultrasonic ( UT ) , conventional SONAR and parametric SONAR. 
Of these, the parametric sonar approach i s  considered the most vi able. 

The parametric array utilizes the nonl i near nature of the working fluid 
(water) to generate two modulation or si deband frequency components from 
the sum and di fference of two primary source frequencies. See fi gure 1 
for an examp l e  o f  reported performance. The parametric array has two 
characteristics which are very useful . When utili z i ng the di fference 
frequency sideband, the si ze of the parametri c transducer compared to 
conventional transducers i s  greatly reduced. Also, the parametric 
transducer can b e  designed to be exceptionally d i rectional . These 
characteristics allow development i n  a confined area and assist i n  
reducing signal returns from unwanted directi ons. 

Even with this h i g h  di recti vity,  the nature and geometry o f  the reactor 
contai nment vessel i s  hi ghl y unfavorable to exact characteri zation. 
There follows a description of a few of the important factors. 

CONTAINED GEOMETRY 

The reactor ' core material resides i n  a regular cyl i ndrical shell. This 
shell will potentially reflect much of the vi brational energy i n  the core 
marerial caus i ng a large number of possible paths ( reverberation)  for 
returned vibrati on energy. See figure 2.  

NON-PARALLEL CORE MATERIAL LAYERS 

Sei smic profil i n g  of ocean bottom sediments takes advantage of a roughly 
parallel and hori zontal l ayeri ng geometry to help i denti fy the i maged 
data. The lack of physical experience wi th reactor fa i l ure material 
behavior restri cts use of this assumpt i on i n  general. It i s  expected, 
because of the symmetry of the contai nment vessel, that the center of the 
region may well have parallel , horizontal layers. 

UNCERTAIN MATERIAL STATE 

The hi ghl y compl ex thermodynamic/fl uid dynamic process whi ch occurred 
during the reactor i nci dent makes estimation of material configuration 
and mixture hi ghl y di fficult. Configurations such as uranium oxi de 
pell ets i n  a alloy flow or i r regul ar si zed aggregates will have hi ghly 
vari able acoustic  sound speed and attenuation. 
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TRADE-OFF BETWEEN MATERIAL PENETRATION AND RESOLUTION 

The cl osest materi al /geometry model for the reactor material examination 
known i s  oceanographic sediment characteri zation. Usi ng the l arge vol ume 
of experimental data publ i shed , estimates may be made of the usabl e 
frequency ranges for acoustic imaging. Figure 3 shows representative 
data for several types of oceanographic measurement pl us  some l ow 
frequency data coll ected on l and. Keeping in mind that approxi mately 
seventeen feet of penetration i s  desired, the data i n  fi gure 3 suggests 
that frequenci e s  i n  the 3 khz to 30 khz range shou l d  be used to i nsure 
sufficient s i gnal return. S i nce the i magi ng process woul d uti l i ze a 
pul sed method, the resol ution poss i bl e i s  control l e d  by two factors. 

Figure 4 depicts the concepts of s i ngl e refl ection resol ution and spacial 
resol ution of a pul sed s i nosoidal acoustic s i gnal for mul tipl e objects. 
Singl e refl ecti on resol ution describes how wel l the d i s tance to a target 
can be defined. General ly, because of pul se al teration during reflection 
and propagati o n ,  measurement accuracy i s  estimated a t  one-hal f 
wavelength. Spacial resol ution i s  depicted i n  fi gure 4b for two pul ses 
with di fferent pul se l engths. 
The accuracy of measurement of an impedence di sconti nui ty i s  at best for 
a hi ghly refl ecti ve target equal to one hal f the wavelength of the pulse 
modu l a ted s i ne wave. 

1 / 2  = 
1 c 
2 f 

For Uranium Oxi de the bulk  compressive sound speed i s  5700 meters per 
second 

5700 
Reflective Resol ution = 

2f 

Assuming 30 khz as  the di fference frequency chosen 

Reflective Resolution = 
5700 

60X1 o3 
= . 095 Meters ( . 31 feet) 

A second consideration i s  the pul se duration of the transmittal s i gnal.  
A reasonabl e range for sati sfac tory parametric array behavior is 50-100 
cycl es of the p r i ma ry source frequency. 
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For the l onger i nci dent pul se,  pulse A ,  no separation between echos i s  
possibl e. For pul se B ,  the pul se l ength i s  suffi ci ently short to al l ow 
two di screte returns. 

I f ,  as i n  fi gure 1 ,  436 khz is the mean source frequency and 50 cycles 
are gated, then the time period of pul se,  T i s :  

50 1 
T = 50 x - = 

436Xl o3 
= 1 . 1 5Xl o-4sec 

f 

At �he di fference frequency of 30 khz 

T( 30K) = 
1 

f 

1 
= = 

30Xlo3 
3 . 33Xlo-5sec 

The number of cyc l e s  of the 30 khz di fference frequency i s  approximately 

T(pulse)  
# of Cyc l es = 

T( 30K) 
= 

1 .  1 5Xl o-4 

3 . 33Xl o-s 
= 3 . 4 5  

To develop suff i c i ent pul se packet energy , roughly twice thi s  number of 
cycles woul d be desi rabl e;  about 

T pulse = 2. 3Xl o-4 seconds 

length of pul se = 5700 m/sec x 2 . 3Xl 0-4sec 
( i n  U02 l = 1 . 31 1  meters 

Thi s means that spacial resolution of 1 . 31 1  meters i s  what i s  practical 
using these numbers. At best assumi ng suffi c i ent si gnal strength can be 
devel oped using only 3 . 45 cycl es. 

Spacial Resol ution 
i n  uo2 

= . 6 6  meters 
(2. 1 5  feet) 

These s i mpl e cal cul ations serve to demonstrate that trade-offs i n  
penetration and resol ution are necessary to obta i n  useful i nformation. 
The spacial resol ution and s i ngle surface reflection resol ution are 
i nsuffi c i ent for t h i s  task. H i gher di fference frequenc i es and l ower 
penetration woul d be required. Tabl e l shows the materi a l  parameters and 
c a l cul ated bul k compres s i onal and shear sound veloci ties of reactor 
materi al s.  Infonnati on  to cal cul ate these val ues was provided by Dave 
Strauson of HPR Associates. 





MULTIPLE SOUND PROPAGATION MECHANISMS 

Encl osure ( 3 )  
Page 4 

The sol i d  materi al s i n  the reactor vessel al l ow shear wave as  wel l as 
compressional wave propagation. Thi s causes s i gni ficant compl i cation i n  
i nterpretation o f  the returned vibrational energy. 

CONCLUSION 

The h i gh l i ghted factors combine to reduce the overal l confidence that the 
acoustic imaging approach can provide the type of deta i l ed engineering 
data desi red to a ss i st i n  materi al removal pl anning. The l ack of 
pre�ious studies on reactor core materi al , uncerta i nty of material 
mixture and configuration demand that experimentation be employed to 
eval uate the l evel of  success achievabl e. 

It  i s  fel t that further study of thi s problem w i l l  be  unproductive 
without coordinated experiment. Benchmark material sound speed 
measurements i n  the overheated material from the fireburst fac i l i ty woul d 
be the closest model known. A simi l ar geometry proof-of-pri nci pal 
experiment using s i m i l ar materi al s i n  a water-fi l l ed acoustic test tank 
to eval uate some of the complicating factors summari zed above wou l d  
assi st i n  better defi n i ng how successful reactor materi al i magi ng might 
be. I t  i s  antici pated that to devel op a workabl e measurement method 
several . i terations of analy s i s  and experiment woul d be required. The 
probabl e success rate estimate at thi s  poi n t  wi thout experimental 
eval uati on must be rated as l ow • .  Cost estimates have been made for such 
a proof-of-pri nci pal experiment. 
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Reflect i o n  Reso l u t ion Equal to One-Ha l f  
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Ultrasonic Testing (UT) of Concrete; Specification ASTHC�S 97-71 

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. M r .  Grills discussed the above with "Dr. Steven Serabi.an 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 material s ,  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 m�thod is a pulse velocity measuring technique which requires 

access for sensors on two surface s .  I t  i s  sometimes difficult to obtain 

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

Some states have a t tempted to use the UT for QC measurements of concrete 

roadbeds and have abandoned this approach. 

Ollt i C::. tN A T OIIIt .S I G NA Y \J ft £  O A T £  A O DfTIO NA I... A l"' ,.fltOYALS A £ 0 Ut..- C: O  OATil IS5 U £ OATt 

- - - -O A T £  
0 NOT R£0 •0 
0 t�t�v ·o ., .,.  

o_.ACLt� 1 

o .. .:v. 
A G I: N C 'Y . Tt'{Lf:. � t GhA f U IIt £  0 ,-t ,.. A t.. 

L-----------------------------------�----�--��·-----------------------�--------����----
O t S T n i(J U l i O N :  � ... . ' f• · - -- · � . ... ... . . ... _ 





·File No . :  

Page Two 

2. I also called Mr. Richard Mueno� of Mueno� & Associat e s ,  Charlotte. N .  C. 

This firm does extensive vork on QC inspection o f  reactor plant materials 

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

Mueno� uses a pulse echo $YStem 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 8-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 o f  the potential problems from reverberation effects. 

J'Brown: als 

4600 
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SUMMARY 

1 1 .  B&R Techn ical Memorandum #TM3 680-7 , Rev . 2 ,  
�Leach Rate of Ac t i v i t y  into Reactor B u i ld ing 
Basement Wate r , "  4/4/8 3 . 

1 2 .  Telecon J . W .  Walcott to C . w .  Hess , "HPD 
Evaporator . "  

a .  

b .  

c .  
d .  
e .  
f .  
g .  
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o .  
p .  

Figure 1 - Defue l i ng/Water Cleanup System 
Schema t i c  
Append ix 1 - Defuel ing/Water Cleanup System 
Design C r i t e r i a  
Figure 2 - Particle D i s t r i b u t ion 
Table 1 - Fuel Debris Terminal Veloc i t ies 
Figure 3 - Defueling Arrangements 
Figure 4 - Typ ical So l ids Handling Eductors 
Figure 5 - Particle Settl ing Canis ter 
Figure 6 - Cyclone Separating Canister 
Table 2 - Reactor Vessel Cleanup Times 
Figure 7 - Defueling System Arrangement 
Figure 8 - Working Group Defuel ing System 
Figure 9 - Cleanup System Flow D i agram 
Table 3 - Water Cleanup System Valve Line Up 
Figure 1 0  - GPUN Cleanup Sys tem 
Figure 1 1  - GPUN Cleanup F i l t e r  
Figure 1 2  - Epicor I I  Flow D i agram 

An unusual aspect of fuel removal from the TMI - 2  reactor w i l l  be 
the large quantity of fuel which i s  rubbl ized or broken into 
small piece s .  3 0 %  to 5 0 %  of the fuel is believed to be rubble 
and w i l l  be most effectively removed hydraul ic a l ly by a " vacuum" 
system. Th i s  solids handling system ' s  design is a potential cri­
t i cal path item for fuel removal . 

A defuel i ng/water treatment strategy is a prerequ i s i te to the 
development of the defue l i ng system design . Th is Technical 
Memorandum proposes such a s trateg y .  

The proposed defuel ing/water treatment strategy can b e  summar i z ed 
as follows : 

1 .  The fuel removal vacuum system w i l l  operate independent of 
cleanup systems . The reactor vessel water w i l l  be separated 
from the fuel transfer canal water by a coll ar-type barrier 
extending from the top of the reactor vessel to the maximum 
el evation of refueling canal wate r .  

2 .  Fue l  debris removed by the vacuum system w i l l  be collected 
in sma l l , disposable debris removal vessels and the s l u 1ce 
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water w i l l  be returned to the lower portions of the reactor 
vessel . 

3 .  The s i z e  of the debris to be removed w i l l  decrease as de­
fuel ing proceed s .  Large fuel debris w i l l  be removed first 
by use of set t l i ng canisters , and , as necessary , smaller 
debris w i l l  be removed by u t i l i z ing cyclone separators or 
f i l ters . 

4 .  Hyd r a u l i c  fuel removal w i l l  not require water c l a r i ty .  The 
vacuum suction noz z l e w i l l  be located " b l i ndl y , "  if  neces­
sary , and moved period ically without concern about visual 
locat ion of suction noz z l e . 

5 .  F i l l e d  debr i s  vessels w i l l  be stored in the fuel transfer 
canal u n t i l  they can be loaded into the fuel shipping con­
t a i ne rs , or transferred to the "A" fuel storage poo l in the 
fai led fuel detection cans to be loaded into the shipping 
containers there . The vacuum system operation could proceed 
before the fuel shipping containers are ava i l ab l e .  

6 .  The reactor vessel water cleanup system w i l l  be u t i l i zed to 
mainta in water clarity of the shield wa t e r .  The system will 
f i lter the water ,  demineral i ze i t ,  and return it to the "A" 
fuel poo l .  Clarif ied and demi neral ized water w i l l  flow back 
to the reactor through the fuel transfer tubes , into the 
fuel transfer canal , and back into the pool/reactor water 
barr ie r to the reactor vessel . 

7 .  The vacuum system can be u t i l ized to augment the water 
c l a r i t y  system to restore water clarity near the rubble bed 
for the post-hydraulic defuel ing activ i t i e s .  

8 .  A disposable zeol ite-based ion exchange system w i l l  be added 
to increase the ion exchange capacity to clean up any radio­
nucl ide spikes generated by defue l i ng a c t iv i t i e s .  This 
system will be available to augment the normal ion exchange 
system ( SDS ) or to replace it on a temporary bas i s .  

9 .  Water used to flood the reactor building basement for 
s h i e l d i ng and to decontam i nate by leaching can be processed 
by the Epicor I I  system. Th i s  system w i l l  not u t i l i ze the 
miscel laneous waste hold up tank { WDL-T- 1 )  so that this pro­
c e s s i ng can proceed independent of the miscel laneous waste 
system. 

1 0 .  The TMI - 2  miscellaneous radwaste liquids system w i l l  be 
avail able to process chemical decontaminat ion waste solu­
t ions . A new radwaste evaporator an� a portable sol idif ica­
t io� system w i l l  be required since TM I - 2  used the TMI - 1  
evaporator and so l id i f ication system which probably cannot 
be made available for this effor t .  
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A proposed Design Criteria for the various systems is g iven in 
Append ix 1 .  A schemat i c  of the p·roposed defuel ing/water cleanup 
system is shown on Figur� 1 .  
RECOMMENDATIONS 

1 .  The reactor vessel water cleanup system should u t i l i z e ,  to 
the maximum extent poss ible , the spent fuel cooling f i l tra­
t ion system mod i f ied as necessary . Reactor water can be 
drawn d i rectly from the hot leg through e x i s t i ng decay heat 
removal piping , into the mini-decay heat removal system, 
then pumped directly to the spent fuel f i l ters w i thout any 
p i ping mod i f i cations . 

M inor mod i f icat ions around the spent fuel f i l ters to facil­
i tate better f i l ter handling and around the spent fuel 
deminerali zer to permit the installation o f  the d isposable 
zeol i te ion exchanger w i l l  enhance the capab i l i t i es of this 
system to permit thi s  duty.  

2 .  The hydra u l i c  defueling system should be des igned to permit 
defue l ing without visual clarity.  "Blind "  defuel ing could 
be accomp l ished e i ther manually or remotely, and would not 
require outages to restore water c l a r i t y .  

3 .  The hydrau l ic defueling system should ut i l i z e  a single 
debris removal vessel at a time which w i l l  remove predomi­
nantly one range of fuel debris s i z e .  Th i s  permits eas ier 
des ign , mock-up testing and defuel i ng due to the simpler 
interface between the various defuel i ng device s .  

4 .  The bottom reactor vessel head ( i . e . ,  beneath the Core 
Support Assembly) should be surveyed visually pr ior to 
defuel ing act i v i t i es in order to determine the amount of 
fuel debr is that has collected there . If the quantity is 
s ig n i f i cant ,  it  should be the first area to be hydraulically 
defue led i n  order to address recri tical i ty concerns . 

5 .  All efforts should be made to minimize the amounts of water 
required for defuel ing . 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 . 

DISCUSS ION 

Strategy 

Remo v i ng the fuel from the TMI-2 reactor is compli cated by the 
large fract ion of fuel debr i s .  As much as fi f t y  percent of the 
core , nearly 6 0  ton s ,  is bel ieved to be rubble . Two methods are 
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avai l able to remove this fuel debr i s : mechanical or hydrau l i c .  
Due t o  the awkwardness of mechanical fuel removal approach , its 
man-REM cost for removing all of the fuel debris is likely to be 
proh i b i t iv e .  TAAG has already recommended the use of a "vacuum" 
system to remove a large portion of the fuel debr i s .  ( Re f .  1 )  
That report recommended an integrated system that would remove 
fue l , package fue l ,  clarify the shield water , and demineral i z e  
a l l  process water to remove f i s s ion prod u c t s ,  especially cesium 
and strontium. Th i s  approach had several advantages : 1 )  it would 
clean up the wat·er near the probable location of contaminant gen­
erat i o n ,  2 )  outbreaks of cesium from d i sturbed rubble beds would 
be prevented from becoming genera l i zed rad iat ion problems , and 
3 )  a s ingl e  system would be ut i l i zed to accomp l i s h  all defueling 
and cleanup act i v i t i es . Bowev e r ,  in order to develop such a 
system, a l l  the system design requirements and interfaces must be 
known . Each portion of the system is dependent on the other por­
t ions . I f  s u i t able redundancy is not availab l e ,  an outage of any 
subsystem w i l l  necessitate the termination ot defue l i ng or 
cleanup act i v i t i e s .  

T h e  actual design d i f f iculties are compounded b y  the lack of 
knowledge about the s i z e  distribution, the dens i ty ,  and the com­
position of the rubble . The determination of the s i z e  distr ibu- l l  tion is a critical path item for the system design . No reactor 
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 charac t e r i z a t ion of 
the f u e l  debr i s ,  is not ava i l a b l e .  I t  i s  questionable whether i t  
is po s s i b l e  to design a system to remove solids without basic 
physical d a t a  about the sol ids . Due to the high spe c i f i c  acti-
vity of fuel debris , installing a comp l i c ated system based on 
assumptions is not acceptab l e .  

I n  order to separate the design problem into discrete subgroups, 
the d e f u e l i ng/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 f i l tration, and water cleanup, 
w i l l  be retained . However , the defuel ing function w i l l  be 
separated from the water cleanup functions . This permits the 
following advant age s :  

1 .  S ince the effluent of the vacuum system is not sent to the 
water cleanup systems, it is not necessary to remove a l l  of 
the fuel debris in the debris vessel . Hence , rapid filter 
clogging result ing in nearly empty debris vessels can be 
avoided . Returning the effluent water to the reactor vessel 
w i l l  keep the fuel in the "pot" until it can be collected . 
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2 .  The early assessment of the fuel debris s i z e  d i s t r i b u t ion i s  
not requi red s i nce the defueling system w i l l  not attempt to 
r emove a l l  debris in one pas s .  

3 .  The water cl eanup subsystems are no longer t i ed t o  the de­
f u e l i ng system. Hence , their flow rates need not be deter­
mined by defueling requ irements , and the i r  ope ration need 
not be constrained by the defue l i ng system ' s  operation. 

4 .  I t  i s  now possible to u t i l i z e  e x i s t ing systems for the water 
cleanup systems since the special requirements of the de­
fuel ing system no longer control the des ign . 

5 .  The water cleanup systems can remain on l ine for the mechan­
i c a l  fuel removal phase of the defuel ing . Thu s ,  mod i f ica­
t ions to the cleanup systems need not be c r i t i ca l  path items 
for later defueling efforts . 

T h i s  proposed defue l i ng/water treatment strategy does have l imi­
t a t ions . The water clarity inside the reactor vessel may not be 
adequate to ma i n t a i n  v i s i b i l i t y  during defueling act i v i t ies , and 
the contamination of the reactor coolant may result in h igh dose 
rates on the defueling work platforms. These l im i t a t ions are 
addressed by the following : 

1 . The placement of the suction noz z l e  w i l l  not require the 
opeiator to see the noz z l e .  

2 .  A reactor vessel/fuel canal barr i e r  w i l l  prevent f i s s ion 
product contam i n a t ion from becoming a gene r a l i z ed effect in 
the fuel transfer area. 

3 .  I f  dose rates are too h ig h ,  the polar crane or other remote 
l i f t ing device can be used to place the suct ion noz z l e .  
Also , the water cleanup system is focused on the s h i eld 
water and w i l l  work to mit igate dose rate spikes . 

Hence , th i s  proposed strategy comm i t s  to "bl ind" suct ion nozzle 
placeme n t .  I t  should be noted that th i s  i s  probably the 
real i s t i c  approach regardless of intent . I f  the cleanup system 
takes suct ion from one of the reactor vessel noz z l e s  and returns 
c l e a n  water to the top of the reactor vesse l  barri e r ,  i t  will be 
ineffect ive in cleaning fuel f ines in the area of the fuel 
debr i s .  ( Se e  Figure 1 . )  I f  a manifold is lowered to the v i c i ­
n i t y  o f  t h e  fuel debris i n  order to m i t i g ate t h i s  probl e m , i t  
could result in inadvertent fuel removal by the water c leanup 
system. Th u s ,  i t  is l i kely that the only system to maintain 
water c l a r i t y  near the fuel w i l l  be the "vacuum" system . 

Add i t ional steps can be taken to reduce the problems of fuel 
f i n es and water clari ty near the fuel . For instance , the veloc-
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i t y  of the f l u id in the suction piping of the vacuum system must 
be kept h igh to assure fuel transport up to the debris fi lter . 
However , the return fluid velocity need not be high . Hence,  by 
d e s ig n ,  the vacuum system could return low veloc i ty water to the 
bottom of the reactor vessel ( i . e . ,  beneath the core basket ) .  
T h i s  would reduce the probab i l i t y  of co lloidal s i zed fuel fines 
becoming widely d istributed by developing a c i rculation cell low 
in the vess e l .  

Fuel Removal System 

General : 

The "vacuum" system i s  a hydraulic dredging system designed 
around the s i z e  and character of uranium d ioxide fuel debr i s .  
The s i z e  range i s  from micron s i zed fines to intact fuels pel­
l e t s .  ( S ee Figure 2 . )  Following standard practice for such 
systems , the inside d i ameter of the piping system should be 2 . 5  
to 3 times the dimension of. the largest solid to be transported . 
( Re f .  3 . )  An intact fuel pe llet ought to represent the largest 

o bject to be handled by the fuel removal system on a routine 
bas i s .  ( R e f .  4 . )  An intact pe llet at TMI-2 is . 7 "  long with a 
d i ameter of . 3 7 "  ( Re f .  4 )  which implies that the fuel removal 
piping system should employ a 1 . 7 5 "  to 2 . 1 "  internal d i ameter.  

Table 1 shows the range of f l u id veloc i t ies required to l i ft 
various s i z e d  fuel debr is ( a s sumed to be spheres ) and pellets . 
It  can be seen that the flow rate required to l i f t  a wide range 
of particle s i zes does not vary widel y .  The fact that the f l u id 
veloci ty required to remove intact pel lets i s  not very d i fferent 
from the velocity required to remove large debris means that it 
w i l l  not be possible to selectively d i s c r iminate against fuel 
pellets by controlling the flow rate.  

The de f u e l i ng system should be located inside of the reactor ves­
sel barr i e r .  S i nce i t  w i l l  be necessary to make and break con­
nect ions to vesse l s ,  pumps , and valve s ,  i t  is log ical to keep all 
of the . resul tant fuel debris releases contained ins ide of the 
contaminated area . In order to u t i l i z e  the reactor internals 
ind e x i ng f i x t u r e ,  a shielded transfer bell should be developed to 
fac i l i t at e  the transfer of the f i l led debr is ves sels out of the 
R . V .  barrier to a designated storage area i n  the fuel transfer 
canal . An internal wash down header should be integrated into 
the transf e r  bell design so as to remove as much contamination as 
pos s ib l e  before transferring the vessels out of the barr i e r .  

P i ping : 

The pip ing system for the fuel removal system w i l l  be exposed to 
a harsh environment .  Of prime concern are the mechanical proper­
t i es of uranium d ioxide (002 )  fuel debr i s .  The fuel used at 
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TMI-2 has a 9 2 . 5 % of theore t ical dens i t y ,  or about 6 3 3  pounds 
per cubic foot ( 1 0 . 1 4  gm/cm3 ) ( Re f .  4 ) ,  and a hardness of 6-7 
Mohs ( Ref . 5 ) . Th i s  is comparable to pump ing s i l i c a  sand with 
the density of lead . Clearly , the piping in contact with the 
fuel debris must be des igned to minimi ze wea r .  Ve lo c i t ies must 
be kept as low as possible and bends should be as gradual as 
prac t ical . The piping must also be abrasion res i s t ant and 
flex i ble . These requirements all support the use of abrasion 
res i s tan t rubber hoses instead of steel or alloy piping with the 
ant i c ipation of routine replacement of hoses to compensate for 
wear . I n  order to keep the f l u i d  ve locities as low as pract ical , 
horizontal runs must be minim i z ed or plugging w i l l  res u l t .  

Pump: 

F i g ure 3 shows s i x  system des ign concepts for the fuel removal 
system. These concepts are variat ions of typical arrangements 
for hyd r a u l i c  dredging systems to reflect the spe c i al needs of 
defu el ing . Concept A is a straightforward system cons i s t ing of 
a suction l ine , a sl urry pump , a sol ids removing dev ice , and a 
d i f fu s ing return l ine . The advantages of th is system are as 
follows : 

1 .  Water flow path minimizes turbulence i n  water above fuel 
debr i s . 

2 .  F u l l  pump pressure i s  ava i l able to drive water through the 
debris vessel . 

3 .  No NPSH problems for the pump. 

Howeve r ,  this arrangement does require the pump to be exposed to 
the fu ll range of fuel deb ris . In view of the wide range of 
debris s i z e  and o f  the abrasiveness of the U0 2 fuel debris , this 
would impose severe res t r ic t ions on the type of pump that could 
be used . 

There are two general approaches to selecting the ma terials for 
such pumps ( Re f .  2 ) :  1 )  sof t - l i ned or elas tomer parts , or 
2 )  hardened abrasion resistant part s .  Sof t  pumps are best su ited 
for slurries with uniform, smal i s i zed part i c les , smaller in s i z e  
than Mesh 7 ( less than . 1 1  inch ) . Large part icles tend to cut 
the elastomer pieces and reduce the useful service l i f e  of the 
pumps. Hardened pumps have practical me tal lurgical limits to the 
hardness they can achieve . S i nce a Mohs index of 7 is approxima­
tely  equal to a B i rnell Hardness Number ( BHN ) of 6 5 0 ,  the 
U02 fuel debris w i l l  be of a hardness equivalent to the max imum 
hardness possible for metals ( M arten i s t i c  White iron such as Ni 
Har d ,  or 1 5/3 alloy ) . Hence , i t  i s  likely that Concept A will 
require a severe service pump which cannot be expected to operate 
rel iably w i thout maintenance . 
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Concept B on Figure 3 is similar to Concept A except that the 
pump is placed downstream of the deb r i s  vesse l .  Th is arrangement 
reduces both the amount of and the s i z e  of the solids which pass 
through the pump. Th is would permit the use of the less expen­
s ive " s oft" pumps or would extend the useful l i f e  of a " hard " 
pump. Unfortunately, many " s o f t "  pumps cannot tolerate low suc­
tion pressures because the l iners separate from the base met al . 
Henc e ,  a pump w i th hard wetted parts ( BHN > 6 5 0 ) would be 
required . A d i s advantage of th is concept is the prac t i cal l im i t  
on the pressure drop through the debri s  vessel device of about 1 0  
psid . Th i s  can be improved somewhat by submerging the pump to 
take advantage of the pressure o f  the shi eld water . Howeve r ,  
that solut ion increases the d i f f iculty o f  performing any required 
maintenance that may be requ ired . 

Concepts C and D on Figure 3 el iminate all  solids requirements 
for centrifugal pump by removing the pump from the slurry flow 
stream . Th i s  is done by the use of a small eductor to pump the 
s lurry. The max imum flow rate required for this system is 
approximately 1 20 gpm which is well within the operating range of 
small ( 2 "  to 4 " ) eductors . The cent ri fugal pump would take suc­
t ion from the shield water so i t  would not need to be a solids­
hand l i ng pump . Also, s i nce the shield water w i l l  not be 
particularly radioact ive , the pump can be located in an eas i ly 
acce s s i b l e  area to faci l i tate operation· and rou t ine ma intenance . 
The d i f ference between Concept C and D ,  the location . of the 
debris vesse l ,  is a function of the spe c i f i c  performance charac­
t e r i s t i c s  of a given eductor. Clearly , placing the eductor 
downstream of the debris vessel w i l l  increase the service l i fe of 
the eductor . This results in the same l im i t a t i on on the debr i s  
vessel a s  does Concept B ,  i . e . ,  maximum pressure d i fferential o f  
� 1 0  p s i d .  Howeve r ,  placing the eductor upstream o f  the debris 
ves se l ,  as in Concept C ,  raises the potential for blockage due to 
the res triction of the d i ffuser portion of the eductor as well as 
rei ntroduces the problems of abrasive slurry hand l ing and shor­
tened operating l i f e .  It also w i l l  reduce the effecti veness of a 
s e t t l i ng cann is ter by increasing the flow rate through the 
ves se l .  

Concept D has an additional advantage i n  the ease w i th which a 
back-wash flow can be estab l i shed. Deadheading an operating 
eductor causes the motive fluid to be diverted backwards down the 
suct ion l i n e .  This reverse flow o f  clean water can be used to 
backflu sh the debris vessel and the suction l ine . No other con­
cept has such a stra ightforward back-wash capab i l i t y .  Concept C 
can eas i l y  back-flush the suct ion l ine but cannot backwash the 
debris vesse l .  

Concept E on F igure 3 shows the use of a solids eductor lowered 
to the rubble or a spe c i a l i zed dredging eductor called a sand and 
mud eductor.  ( See Figure 4 . )  These eductors would be required 
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i f  the pressure drop of solids transport up the l i ne is too great 
to be generated by a pump . A sand and mud eductor is specially 
des igned to remove sil t and sand from rubble bed s .  High velocity 
water j et s  are d i rected at the rubble and the eductor takes suc­
t ion from the resultant cloud of suspended sol ids around the bot­
torn of the eductor . Th i s  prevents clogging of the eductor 
because the suction nozzle does not touch the rubble bed . Also,  
s i nce the fuel fines are so dense , this approach may permit the 
d is c r iminat ion between large dense fuel debri s ,  and f ines or 
other l ightweight fuel debr i s ,  such as z irconium c l add ing . Of 
cours e ,  such a device may result in the suspension of a large 
amount of fuel debris which would decrease vis i b i l i ty around the 
dredging s i t e  more than nece ssary . A sand and mud eductor w i l l  
not be e ffect ive i n  removing e ither coarse f u e l  debris o r  intact 
pe llets . 

Concept F on F igure 3 places the pump down stream of the sol ids 
eductor. Such an arrangement would be able to del iver the 
d i scharge head from the pump to secondary debri s  ves sels 
downstream of the primary debris vessel . Such a setup has advan­
tages if numerous debris vessels are to be used i n  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 debr is vessel with a pressure drop greater than 1 0  psid . 
The centrifugal pump could probably be a " so f t "  type pump due to 
thi s  supplied pressure , thus reducing the cost of the pump. 
Unfortunately,  the pump would be in the debris flow path and w i l l  
need to b e  shielded. 

A d isadvantage of Concepts C ,  O ,  and E on F i g ure 3 is that they 
all set up an undesirable ci rculation path within the reactor 
vessel . Depending on the suct ion l i f t ,  the amount of water 
needed to drive the eductor can be nearly twice the suct ion flow 
r a t e .  Th i s  w i l l  result in a net flow upward from the rubble bed 
which could ca rry fuel fines into the shield water . This effect 
w i l l  be the most prominent with Concept D due to the large suc­
t ion l i f t  requ i rements imposed by the solids removal device . 
Concept E w i l l  minimize this effect because both a smaller hose 
and a lower f l u id velocity are possible because of the smaller 
s i zed fuel  debris . 

Concept D i s  selected as the best concept for use as the coarse 
debris defuel ing system. I t  has no moving parts in the slurry , 
so that wear and maintenance can be mi nimized . The eductor will  
be in a low abrasive environment and need not be speci a l i zed for 
solids-handling service . The eductor is small enough and inex­
pensive enough to permit disposal if it  should f ai l .  Replacement 
eductors could be mai ntained near the defueling oper a t i ng area to 
mi ni mi ze outage time for eductor replacement . The cent ri fugal , 
sel f-priming pump can be an inexpensive unshielded conventional 
pump with a s t andard electrical motor ( no need for submersible 
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motors ) .  I f  desired, its suction point can be high enough to 
clean any floating debris from the shield water . A ful l-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 l imits of suction 
pressure require that the debris vessel be limited in d i fferen­
t i al pressure to about _ j Q  psid.  The upwelling of fuel debris 
from the rubbl e . bed will ha�e 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 debr i s :  1 )  f i l ters,  2 )  set­
t l ing canisters, and 3 )  cyclone separator canisters. 

F ilters are the most commonly used device for removing par­
ticulates from l iquid effluent streams . They are best suited for 
use in streams with low weight percent sol i d s .  Since the fuel 
debris will be transported in high weight percent slurries , 
f i l ters 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 
s ide 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 w i l l  not be very 
high even under the best cond i t ions . This will result in a large 
number of f i l ter vessels being required with all the attendant 
system outage time for replacemen t .  A back-flushable filter,  i f  
i t  is carefully engineered and designed , may reduce this l iabil­
ity but at the cost of lead time and increased cos t .  

Particle settling canisters operate by reducing the fluid veloc­
i ty below the limit required to keep the particles fluidi zed in 
the stream. (See Figure 5 . ) Due to the size limitations 
imposed by the fuel shipping casks, the canisters cannot be much 
larger than 1 2 "  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 1 5 0 gpm. From Table 1 it is clear that such a 
device w i l l  be adequate to remove fuel debris above . 0 1 0 "  in 
nominal diameter. According to Ref .  2 ,  this represents 20-60% of 
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all fuel debris . ( S ee Figure 2 . ) The amount of fuel collected 
i n  the settling canister can be raised by placing a back­
washable filter element on the discharge l i n e .  However, such a 
f il ter element would cause operational problems by requiring fre­
quent backwashing to clear blockages , especially 1f its mesh is 
too smal l .  Due to these limitations, it is probable that the 
f ilter element should be avoided and that the settling cannister 
should be used for large fuel debris only. 

A cyclone separator opera'tes by taking advantage of centrifugal 
separation of denser solid fractions from the transport i ng 
l iquid . ( 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 effici ency. Due to the 
var iabil i ty in the sizes of particles to be handled, cyclone 
separators are not good choices to process the entire defueling 
slurry. E i ther 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 s i z e  is smal l .  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 d ispo­
sable container . The first approach has the advantage of not 
requi r i ng a specialized coupl ing with respect to the other types 
of solids removal devices, hence the cyclones can be inter­
changeable with other devices. The- second approach permits 
t ighter stacking of the canisters i n  the fai led fuel shipping 
containers , hence fewer shipment s .  I n  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 recri t icality. The K effective of the assembled fuel 
shipping containers must be less than . 9 5  by design. Each vessel 
must have dewater'ing capabil ity to reduce radiolytic generation 
of gases as well as to enhance the shippabi l ity of the vesse l .  

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

I t  is clear from the preceding discussion, that no single debris 
vessel design will be adequate for all defueling condi t ions . 
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 s i z e .  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 prop·o!Seq by the debris defueling working group report 
( Re f .  1 0 )  is essentially identical to the approach first recom­
mended by TAAG ( Re f .  1 ) .  I t  cons ists of a series of debris re­
moval devices, each specializing in a· spec i f ic range of particle 
s izes , and incorporates a feed stream to SDS for cleanup. Since 
this approach requires knowledge of the s iz e  and density distri­
butions of the debr i s ,  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 reservat ion , 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  
f i nd ings . 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 bes t ,  . 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 radiat ion areas to remove the debris. 

The working group ' s  system ( see Figure 8 )  includes filtrat ion and 
demineralization. This seems to duplicate the function of the 
cleanup system proposed by GPO Nuclear. Hence, it would seem 
reasonable to mod ify ei ther 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 
d i f ference is that B&R ' s  defueling strategy would use each type 
of debris removal device individually and sequentially rather 
than attempt to operate them in series. 
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Reactor Vessel Cleanup System 

General : 

The major purpose of this system is to provide the capabil i ty 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 i n  the shield water to keep 
dose rates as low as pr:·actical above the vessel . Two approaches 
are poss ible : · t )  . design and construct a new system, or 
2 )  util ize exist.ing systems mod ified to suit the defueling 
requireme n t s .  The second approach is clearly superior if the 
mod ifications 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 requ ired . 
The s trategy 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 b e  processed shall be minimized . Thus, the s i ze of the system 
required by this strategy is smaller than might otherwise be the 
cas e .  

Another design consideration i s  the flow pattern t o  be estab­
lished in the reactor vesse l .  I f  the flow path creates 
s ignificant fluid velocities across . the rubble bed , it may 
fluidize fuel debris and result in rapid loading of the 
f i lters . As already discussed, fil ters 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 
r a t e .  This is the major rationale supporting a "blind" defueling 
strategy. 

Existing System s :  

After a review of the existing systems in communication with the 
reactor coola.nt system, it is clear that the spent fuel cooling 
f i l ters ( SF-F-1A and 1 B )  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 . I t  can be seen 
that 200 gpm is adequate if the water volume can be kept below 
3 5 , 0 0 0  gallons . This is possible if the shield water level is 
kept below EL . 328 ' 6 " .  

The normal flow path to the spent fuel f i l ters 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- 1 A  and 1 B  
through valves DH-V1 06A and 1 0 68. (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 ( 30 0 0  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 DB-V3 ) and discharges 
back to the decay heat removal return line ( upstream of valve 
DB-V4B ) .  Uti l i z ing existing piping and pumps, the mini-decay 
heat removal system could be used to pump 1 30 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 f i t  in the existing MDBR pumps ( 8 ft ) ,  this flow rate can be 
raised to 1 7 0 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 MOHR pump , 1 7 0 gpm for the 
existing configuration and 2 1 0  gpm for the 8 "  impe l l e r .  

The fluid velocity in the 8 "  lines ·at these flow rates will b e  . 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 . 0 7  
fps which means that very few large particles will be ingested. 
Thus, this liability will be minimized. 

An alternative to us ing the mini-decay heat removal system would 
be to install a new system in the fuel hand l i ng building basement 
to t i e  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: 

o Minimize contamination of existing piping systems 
o Shorter piping runs 
o Smaller piping sizes to keep velocities high 
o Control over crud traps 
o Built-in decontamination capab ility 
o Flow rate can be easily varied. 

This approach maintains many of the advantages of the proposed 
concept without the disadvantag e s .  The cost would obviously be 
higher for this alternat ive but it would still represent a signifi­
cant savings over the totally new system in containment approach . 
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I n  addition, most of this construction work would take place in 
low dose rate areas and would represent a minimal man-REM cos t .  

The spent �uel filters are suitable for the reactor vessel clean­
up system as long as the weight percent solids in the slurry and 
the amount of U02 in the solids can be minimized . These condi­
tions can be met by the selection of the suction point and the 
" b l ind" defuel ing approach. Obviously, the shield water cleanup 
is the only important water. body to be kept clean·. The shield 
water cannot be a signif icant source or its purpose is negated . 
Thus , the cleanup system must maintain low levels of solids and 
d issolved radionuclides in order to permit access to the 
defueling platform. S ince the maximum flow rate upward from the 
rubble bed w i l l  be 4 . 0E-3 fps, very few fuel fines should be 
transported into the shield water . Lighter weight fuel debris, 
such as c l adding debris and corrosion products ,  may be 
transported upward but it will not be highly radioact ive . Any 
credible outbreak of soluble radionucl ides , most notably cesium, 
from the disturbed rubble bed ( i . e . , a factor of 1 0  increase in 
the present release rate of 2 . 0  Ci/day) can be easily handled by 
the reactor vessel cleanup system flow rate . 

The instal led spent fuel cooling system demineral izer ( 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 i t  to 
TMI-1 , which is undesirable .  However , ample room exists outside 
of the spent fuel demineralizer cubicle to place a full-flow, 
d i sposable , zeol i t e ,  ion .exchanger for ces ium spikes. The tie­
ins would be such that existing piping and valves could be uti­
l iz e d .  Hence , the temporary , ion exchanger could b e  put o n  line 
from the control room to clean up spikes of act ivity 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 poo l .  F i ltered 
and demineralized flow from this reactor vessel cleanup system 
would be d ischarged into the "A" fuel pool .  It would flow to the 
fuel transfer canal through an open transfer tube , and would be · 
s iphoned back into the reactor vessel over the top of internals 
indexing fixture . Thus, the flow path of the reactor vessel 
c l eanup system would circulate water throughout all of the im­
portant water bodies and would maintain a flow toward the areas 
o f  higher contamination. 

The major advantages of u t i l i z ing the existing plant sys tems 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. Firs t ,  the 
maximum water level in the "A" spent fuel pool and the fuel 
transfer canal is limited to elevation 3 28 '  ( 6 "  of freeboard on 
indexing fixture ) . This means that the plenum assembly w i l l  need 
to be stored in the deep end of the fuel transfer canal to pro­
v ide 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 f i l l ing the canisters. This 
approach means that no defueling can take place unt i l  the fuel 
shipping containers are available .  This is not desirable due to 
the potential delays in design, construction, and/or delivery 
o f  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 effl uent 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 . Howeve r ,  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 ( 40 0 , 00 0  
vs . 1 , 0 50 , 00 0  gallons ) .  Hence, the cleanup rate is actually 
quicker than normal .  In addi t ion, the reactor vessel cleanup 
path can

.
be isolated from the pool/canal cleanup flow path by use 

o f  the canal drain line and the borated water recirculation pump 
( SF-P-2 ) .  This will circulate the total water volume every 3 3  
hours . 

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

GPU site personnel have developed a defueling water cleanup 
system which has many of the same features of the system proposed 
i n  this Technical Memorandum ( Re f .  7 ) . A schematic o f  that 
system is shown on Figure 1 0 .  This design is the result of a 
d if ferent 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 , GPO 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 4 0 0  gpm 
f i l tration 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 , 0 0 0  gallons . Based on 
the calculation performed for this Technical Memorandum ( Re f .  8 ) , 
this value is too large. The reactor vessel with the head o f f ,  the 
upper plenum assembly removed , but with all other internals in 
place holds less than 2 8 , 0 0 0  gallons. A reactor vessel barrier 
with a diam�ter of 1 72 w  ( equal to the internals indexing fixture) 
f illed to elevation 347 ' 6 "  contains only 3 0 , 200 gallons . Bence 
the maximum amount of water in the system is 58 , 2 0 0  gallons . In 
addition, not all of this water will be processed due to the flow 
path established by the cleanup system, which will take suction 
from j us t  above the debris bed, � E 3 0 5 ' .  This results in a 
further reduct ion in the amount of water to be processed of 
approximately 5 , 000 to 1 0 , 0 0 0  gallons. A better more realistic 
e s t imate of the water volume is � s o , o o o  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 
4 0 0  gpm system. 

However ,  even this amount of water is inappropriately large 
because it is unlikely tha� 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 w i l l  be little 
cleanup of the area near the defueling activi ties . 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 
4 0 "  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. Bence , the 
c leanup of the water immed iately above the rubble bed will not be 
accomplished by the R . V .  cleanup system even at 4 0 0  gpm . 
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Al so , 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· tlirough to the drop-out canister ( see Figure 
1 1 ) .  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 
f i l tration; hence, to avoid the need for frequent backwashing , 
large tubes are required . S i z ing the filtration elements wil l  be 
a major design effort requiring mockup testing. In add i t ion , 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 1 2 " ,  the 400 gpm flow rate seems too large to 
accommodate this design and will neces s i tate a multi-unit filter 
train manifolded together. While not unworkabl e ,  such a system 
w i l l  be cumbersome and expens ive, and will require a long lead 
time for design and procurement. 

The size o f  the GPU Nuclear system is compatible with use of 
auxi l iary bui l d ing systems if the hot leg suction path is used . 
However ,  GPU Nuclear does not plan to util ize this approach . 
Instead , large portions of the R . V .  cleanup system are to be 
b u i l t  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 w i l l  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. Howeve r ,  the driving rationale for this decision was 
the fact that zeolite ion exchange media requires a fairly· 
constant influent concentration . I f  the concentrat ion 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· sos 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 C l eanup Systems 

Reactor Building Basement:  

If current radcon engineering studies of the basement lead to the 
conclusion that the bas:ement should be reflooded for shielding as 
well as to remov.e �eachable cesium, a water cleanup system must 
be made available to keep this shield water below l �Ci/ml . At 
the current cesium appearance rate in the basement of 2 5  Ci/day 
( Re ference 1 1 ) ,  only 5 gpm at 1 � Ci/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 capab il ities 
of the Epicor II system. 

Figure 1 2  shows a potential flow path to use Epicor II as the 
demineral izer cleanup system for the basement shield water. This 
system has the following advantages : 

o Extensive use of existing systems 
o Limited electrical requirements 
o Frees the Mi scellaneous Waste Holdup Tank 
o Low cost 
o Low man-REM 
o Does not impact existing systems operabi l ity 

The use of the SDS monitor tanks ( SDS-T- 1 A/ 1 B )  provides both easy 
tie-ins and surge capacity to accommodate the normal Epicor II 
outage rat e .  I t  also separates the miscellaneous waste holdup 
tank (WDL-T- 1 )  from Epicor I I .  Shielding analysis o f  a monitor 
tank filled with l � C i/ml water indicates that the dose rates will 
be on the order of 25 mR/hr ( R e f .  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 mod i f icat ions 
to the Epicor II system would be necessary to restore i t  to its 
original cleanup system configuration. 

Decon Solutions : 

Later in the decontamination effort s ,  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 process ing . 

The normal process path for such wastes at TMI-2 is the mis­
cellaneous radwaste liquids disposal system. This system in­
cludes neutraliz ing capability to handle both caustic and acidic 
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solutions . I t  can collect and process water from most areas of 
the plant . I t  is well shielded and designed for this service. 
Its only disadvantage is that it utilizes the TMI-1 radwas te 
evaporato r .  

A new dedicated radwaste evaporator is necessary to maintain the 
unit 1/unit 2 separation. An HPD crystallizer was purchased by 
GPO in 1 979 , immediately following the accident. This crystal­
l izer is apparently sti.ll at the site ( Re.ference 1 2 )  and could be 
used for this purpos·e .  · 

' ' ' 

A temporary solidification system would be needed to process the 
evaporator bottoms. 
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Defueling Sys tem 

Purpos e :  

Piping S i z e :  

APPENDIX 1 
DEFUELING/WATER CLEANUP SYSTEM 

DESIGN CRITERIA 

Attachment b 

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 veloci ties as low as prac­
tical . 

Piping Material : Piping system shall be fabricated 
from abrasion-res istan t ,  hard rubber 
hose. 

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

Debris Collection Canister : Drop-out canis ters shall be util ized 
for gross debris remova l .  

Cyclone separator canisters shall be 
u t i l i zed for high we ight percent 
solids slurries with un i form par­
ticle size < � 1 -500 microns ) .  

High efficiency filters shall be 
u t i l i zed 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 u t i l i ze the exi s t ing fuel 
transfer mechanisms . 

The K effective of any arrangement 
of debris collection caniste�s in a 
fuel-shipping container shall be 
less than . 9 5 .  
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All canisters shall be provided with 
d ifferential pressure ins trumen­
tation and a thimble location for a 
radiation mon itor . 

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

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

Al l containers shall have dewatering 
capability.  

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

All drop-out canisters shall 
provide: 

o a drop-out plenum with veloci­
· t ies low enough to assure 
removal of all fuel debris 
larger than 1 00 0  microns . 

o a back-washable f i l ter element 
in the 1 0 0-500 micron rang e .  

o a maximum operating di fferen­
t ia l  pressure at design flow 
of less than 1 0  ps i d .  

A l l  cyclone separator canisters 
shall provide : 

o cyclones with involute feeds 

o cyclones with a 9 5 %  removal 
rate for fuel debris down to 
1 0  microns .  

o cyclones with a maximum dif­
ferential pressure drop at 
design flow less than 1 0  psi d .  

o a cyclone feed manifold that 
is resistant to clogg ing . 





Centrifugal Pump: 

Eductor: 

Backwash :  

Attachment b 

All fil ters shall provide : 

o filter media with a high sur­
face area. 

o f i lter med ia compatible with 
high radiation doses. 

o a filtering capabil i ty of 95% 
of all particles down to 
micron in s i z e .  

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 . 0 E+7 rads over 
its service l i f e .  

Eductar shall be able to generate 
the required system design flow rate 
at a suction l i f t  of 25 fee t .  

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 
d iffuser portion of the eductor 
body. 

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





Water Cleanup System 

Purpo s e :  

· ' 

Installed Syste�s Used: 

Mod i fications Required: 

At tachment b 

The water cleanup system shall be 
provided to remove fine debris and 
d issolved rad ionuclides from the 
shield water. It will also be able 
to cleanup the spent fuel pool "A" 
and the fuel transfer cana l .  

o Decay Heat Removal ( D H )  
o Alternated Decay Heat Removal 

(ADH ) 
o M i ni�Decay Heat Removal (MOHR) 
o Spent Fuel Cooling System ( S F )  
o Submerged Deminera l izer System 

( SDS ) 

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

o Modify Spent Fuel Filters ( SF-F-
1 A/ 1 B )  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 
Pressure Rating 
Volume 

2 0 0  gpm 
1 0 0  ps � 
>�' 9 0  ft 

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

Reactor Build ing Basement Water Cleanup System 

Purpose :  

Systems to be Used : 

Modif ications Required: 

Maintain the concentration of cesium 
i n  the reactor build i ng basement 
shield water below 1mC i/ml . 

Remove >�'25 curies of cesium 1 3 7  from 
the basement per day to affect 
decontamination of the basement. 

o Submerged Demineral izer System 
( SDS ) 

o Epicor I I  

o Reroute discharge of SDS-P-2 to 
SDS monitor tanks 
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o Tie SDS monitor tanks 1 discharge 
into Epicor I I  piping 

o Tie discharge of Epicor II into 
monitor tanks 





Attachment c 

Hammer test 

Particles that are of a size equal to or less than Indicated value (wt%) 
INEL·A·16 968 

Figure 2 .  Particle Distribution (Ref. 2 )  
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TABLE 1 

�2 
PARTICLE TERMINAL VELOCITY 

( RE F .  8 )  

P a r t i c le I Termi n a l  I I  Requ i r ed Pump Flow Rate (gpm) 

D i am e t e r  I Veloc i t y  I I  ( @  2 x  T e r m .  Veloc i ty )  
( i n )  ( f t / s e c )  0 • 1  • 0 "  0 • 1 . 2 5 "  Oa 1 • 5 0 "  0• 1 • 7 5 "  0•2 . 0 "  

I I I 
. 0 0 1  • ·3 I I  � 8 3 I 1 • 5 I 2 . 3  I 3 . 3  4 . 5  5 . 9  

I I I 
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I I  I I I 
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I I  I I I 
. O S  2 . 0  I I  5 . 5  I 9 . 8  I 1 5 • 3 I 2 2 . 1  3 0 . 0  3 9 . 2  

I I  I I I 
• 1 0 0 3 . 0  I I  8 . 3  I 1 4 . 7  I 2 3 . 0  I 3 3 • 1 4 5 . 0  5 8 . 8  

' I  I I· 
. 1 5 0 3 . 7  1 0 .  2 1 8 . 0  I 2 8 . 3  I 4 0 . 8  5 5 . 5  7 2 . 5  I I  I I I I 
. 2 0 0  4 . 2  I I  , 1 • 6 2 0 . 6  I 3 2 . 2  I 4 6 . 3  I 6 3 . 0  I 8 2 . 3  

I I f I 
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FIGURE - 3  
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F�gure 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 refuting 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 h�. For per­
formance information, see accompanying Performance 

fig. 20. TYPE 224 
WATER JET SAND 
AND MUD EDUCTOit. 
Standard units are 
.,ade af cast iran with 
bronze prenure noz­
zles. Other ca"aoian• 
retittant .,oterialo are 
available an special 
order. 

AGITADNG Jm. 
stw_.lnr 
··"·' 
fw •tnln•Ml -

OISCHAIIGl PIIUSUIIl 
CONNECTION COIIN£CTION 

\ 

Data. 
· 

Similar units which use steam as the motive power are 
described in Bulletin 2A wtder "Type 225 Syphons." 

lt ._,., .,..,,.,�· FIIJ. 21.  
TYPE 224 EDUCTOR 

TABLE 7. SIZES and DIMENSIONS, TYPE 224 EDUCTORS 

Size Connec:tlons in Inches wet. Dimensions in lnclles 
in In 

Inches Disch. Pressure Lbs. A B 
1Yz l 'h  1 8 9� 4� 
2Yz 2Yz 2 42 16J� 7¥a 
3 3 21h 87 2 1 �  1014 
4 4 3 130 25"/z 1 1  

s· 5 4 301,4 17 %  
6" 6 4 35�. 18 

•n,nged Connection&. 

------------------------------------------------------
·----·----

.-� . -... � 
.._ ,. .. -· ·- ... 

.� � · · -· - .... _
·

· 
.

.. -:: 
�.-- '--;"--.- .. �-·--··-- . - ._ ·- -----J ·- .. ... ., ... _ ..... ... 

- -- .. - � - - - .. 
·� · · . :-. .  ·. _·_.,;.,: _·, 

--;: ···., ��-:- -� ... -:?"'� .-. .. ·:: 
'\.-' • - - '·-·- "" - • • ._ •I ' ,,. 

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 encowtter air pockets. A typical application is 
shown in the application section. 

Nozzles on the periphery of the throat introduce the 
pressure water. The pressure water creates a vacuum which 
draws in and entraitis 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. 

Flg. 22. TYPE 235 AN­

NULAR MULn-NOZZU: 

WATER JET EDUCTOR. 

These eductors are made 
to order from any work· 
able material. Sizes from 
,...., . to e• are east wltn 
flanged suction, dis· 
cnarge and pressure con­
nections, except 2" size 
whlel't has sil·bra.zed 
pressure connection. 
Sizes atJo��e 6" (to 28. 
and up) are generally 
faoric:ated. 

SUCTION 
COfiNlCTlON 

Unite lla .. 
lrom 2 to I 

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

Siz:e 
Connec:tlons in Inches Dimensions in Inches Wet. in Suc:tion in 

A c 
Inches Disch. Pressunt Lbs. 

B 
11h ll h  16 2'l'a 8'1!& 3� 
2 2 l !A  22 3� 11% 3% 
2Yz 2'12 1 '12  27 31A 12�s 4 

4 4 2'12 65 41J8 181Y1a 5\.i! 
5 5 3 100 4� 24li'le 6 

6 6 4 150 51A 30 7·� 

·. 

Fig. 23. TYPE 235 
EDUCTOR (2" size 
with sll-brazed 
connection). 
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Figure 5 Attachment g 
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Figure 6 Attachment h 
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Attachment i 

TABLE 2 

REACTOR VESSEL CLEANUP RATES 

( REF . 8 )  

C o n t a m i n a ted L b s .  o f  I n i t i a �  *Req ' d  Time ( B r  s )  to Reach IPPM 

Volume Gallons S o l id s  P P M  @ 1 0 0 GPM @ 2 0 0  GPM @ 4 0 0  GPM 

Re a c t o r  2 7 , 8 4 2  3 , 2 0 0  1 4 , 2 4 0  4 4  2 2  1 1  

V e s s e l  (RV) . 3 2 0  1 , 4 2 4 3 4  1 7 9 

3 2  1 4 2  2 3  1 2  6 

RV & I n t e r n a l  3 5 , 0 8 3  3 , 2 0 0  1 1 , 3 0 1  5 5  2 7  1 4 

I n d ex i ng 3 2 0  1 , 1 3 0 4 1  2 1  1 0  

F i x t u r e  ( I I F )  3 2  1 1  3 2 8  1 4 7 

RV & Col l a r s  5 5 , 6 0 4  3 , 2 0 0  7 , 1 3 0 8 2  4 1  2 1 

Op To Re f u e l i ng 3 2 0  7 1 3  6 1  3 0  1 5 

C a n a l  3 2  7 1  4 0  2 0  1 0  

GPO Nu c l e a r  7 8 , 0 0 0  3 , 2 0 0  5 , 0 8 2  1 1  1 5 6  2 8  

Volume 3 2 0  5 0 8  8 1  4 1  2 1  

3 2  5 1  4 5  2 3  1 1 

RV Above 1 7 , 5 0 1  3 , 2 0 0  2 2 , 6 5 3  2 9  1 5  7 

N o z z l e s  & I I F  3 2 0  2 , 2 6 5  2 3  1 1  6 

3 2  2 2 7  1 6  8 4 

RV Above 4 5 , 2 6 3  3 , 2 0 0  8 , 7 5 9  6 9  3 4  1 7 

N o z z l e s  & I I F  3 2 0  8 7 6  5 1  2 6  1 3  

& Co l l a r s  Op 3 2  8 8  2 6  1 3 7 

To Re f u e l i ng 
C a n a l  

* time• - I n  IPPM X (Contaminated Vol . )  or PPM @ t so e - (�) t 

In i t i a l  PPM ( GPM ) PPM I n i t i a l  ( g a l )  





Attachment j 
F I G U R E  7 

DE.F U E L l N G  SYSicM ARR AN GEMENT 
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Figure 8 - \�ork Group Defueling System {Ref. 1 0 )  
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Attachment m 

TABLE 3 

WATER CLEANUP SYSTEM VALVE LINE U P  

( R e f .  6 )  

VAL VB OPEN • 0 VALVE 0 I I  VALVE 0 

TAG NO . SBOT • s TAG NO . s I TAG NO . s 
I 

DB-Vl 0 I MDB-V20 I s I SF- V 1 1 3  0 
DB-V2 0 I MDB- V 1 2A I 0 I SP-V20B 0 
DB-V3 ·a; I MDB- V 1 S  I 0 I SF - 1 1 7  s 

ADB-V0 1 0 I MDB- V 1 6  I s I SF- V 1 1 6A 0 
A D B - V 0 3  s I MDH- V 1 8 I 0 I S F - V 1 1 5A s 
MDB-V1 0 I MDB- V 1 9 I 0 I SF-V 1 2 0 A  s 
MDB-V2 0 I ADH-07A I 0 I S F - V 1 2 1 A  0 
MDB-V38 0 I DB- 1 0 8A I 0 I S F- V 1 2 5  0 
MDB-V28 s I DB- 1 0 9 I 0 I SF- V 1 6 1  0 
MDB-V30 0 I DB- 1 1  0 I s I SF-Vl 5 0  s 
MDB-V35 0 I I  DB-48 I s I S P - V 1 5 8  s 
MDB-V36 0 I I  SP-V 1 S S  I 0 I SP-V 1 5 9  s 
MDR-V29 0 I I  SP-V1 0 6  I 0 I SF-V2 4 0  s 
MDB-V32 s I I  SP- V 1 0 5  I s I I  SF- V 1 2 2 s 
MDB-VS 0 I I  SP-Vl 1 SB I 0 I I  SF-V2 1 4  s 
MDB-V6A 0 I I  SF-V2 0 7  I s I I  S F - 1 1 8A s 
MDB-V68 s I I  SF- V 1 2 0 B  I 0 I I  S P - 1 1 9A s 
MDB-V7A 0 I I  SP-V 1 2 1 8  I s I I  S F - 1 1 6 8 s 

I I  I I I  SF-V1 1 2  s 

I I  I 
I I I  





Figure 10 - GPUN Cleanup System 
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Single Porous 
Tube Filter 

Figure 11 - GPUN Cleanup Filter 
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This ., .. n•tdtd to gul4t lattr s...,llng of 

�lft'io4 a::C:=' s�n:i�0:04 �:����,=:� rr.::;: 1.!Y 
- by oltornoto ltel!olquo orter pi- r-vol 

Ttw thrtt loadscrowt •-•4 lo 1982 oro probably 
tdtquatt 

Short uct10011 cut fr .. solecttd sollt-tubts 11 '" 
radlll locations ond 2-l �.tlol loutloos. ThtJI 
\pec:t .. ftl wt11 prowtde an ttrly t.horou� ••optnq ot 
flU lOCI pi"'CCIIc.l pJ&ttoUt Oft plei\IM 
) CCiliiiP1ete 111NibHu f'r• ttftttr, •tdrtd1u1, end 
perlpllorol pO\ItiOAs should bt oblllntd II ttw tl� 
of pi- dlun..Oly 

-A tp1d•.,... conc:efttuhd at th• cor• u,ntf'r 1-rr.d •td ... 
rodlos poiiiiOIIS 

l tu-l les req'd, I fr .. COI'I ptrlphtry 

3 tu.llillbl1H reQ'd• 1 w/o control rodl, l w/cOfttro' 
rods, 1 w/bur,.blt PGhOOI rods 



II 11 11 11 111 11111111111111111 II 

Deacidifled using the Bookkeeper process. 
Neutralizing agent: Magnesium Oxide 
Treatment Date: Feb. 2007 

Preservation Technologies 
A WORLO LEAOER IN PAPER PRESERVATION 

111 Tnamson Pari< Drive 
Cranberry Townshop. PA 16066 
(724) 779·2111 



1AIIlf ). 1"1-l COli£ UMIMIIDII llCOitUOAIIOIIS (COOitlotM) 

Crvu Debrh Spoc , ... , 

loot• Oebrh troa Lower Vcuel 

Core fo�r W'11 

filter Dellrh 

Debrll Sptei•IU fr08 lalWt tf 
hKIOr Coolut S75t• 

wntrtl Doc-nhtiOft of lartt· 
Sule Con41tl0ft of tile a .. ctor 
Venti """ Core 

haalnall.,. PriOf"ltr 
Crltlul 

Crltlul 

v. "'"' 

..._.,. 

Hlgft 

Critical 

flnl• Prodwt 1, T, ' D  h. '· •• • 1 , 
Coelat11t1 o-.,. Procnstf h. c, •• •• ,, c..illl-t l•t:rltl (a, 111 locrltkaliiJ (I -

fhtiM Profucl I, T, ' D  h . •• •  , ., ,, 
CoOtall 11 0-.ge Proctutf 
(1, •• c, •• • , 

Cootll-t lotwtt:t (a, 111 
locrtttulltr Iii 
flnl• PI'IICIIIoct 1, T, ' D  
Ia, '· '• o,) 
(ool•ll•tt/"-tto Procn••• 1•. c, d, •I 
locrttlcalllt (t) 
FlU lOll PrC14uet I, l, ' 0  (t) 
Cooltllflllt/0-.,. Pracenn(t, •1 
C•t•t-t lat.,.._ 

111 (c, dl 
lterlttu I 117 (IJ 

fiUIM ,........, I, J. ' D  (d, f) 

fluiM ,........, I, J, ' D  (a, t
J 

t) eoo' .. ""''"-r rroc.u .. " 
hcrltiCII ll.J (I 

JhtlM ,........, I, f. ' D  
fa. •· c. •· t) 
to0l .. IIIIJ/0Mop ProctsiH (I) 
locrttlcellt.J h) 
ftutOA PI'IICIIIocl I, l, ' D  h, 1, f) 
toolanu7to-.. rrocnsn 
(a, '· •• •• ,, 
C.aut-t l•t:rltJ h. II, c, d) 
locrlllcallt:t (I 

Principal h•tnatl• Ttcllol"'!' 
PIM>t�•huol, othllotr.,..,, 
,....,leal Mat,.h, SEll, ,.,.licit 
lilt, •••oc-IUrJ, ale,.. 
...... ,..,., ... -IJIII, .­
JC .. , Ac14·1Ue ltoclll .. , 
-.u, 

PIM>to-fiiiOII, ottlll ........ r1 
c-tcal .. ,,,.,,, SEll, ,.., o­
c-hl'J, •IUGP<OM, ,_ 
ICIA, surface AUIJIIt 

Pi'Oto-whuol, _,,.,... ,_.,..,, 
attall..,....,r, rldloc-lll'J, 
stll - •lc._.-, ·- Kta, 
aurflct tatlJIII 

,..., .......... ···"--'· 
�teal aatlJih, Ull, portlclo 
alto, r..,loc-llt'J, .,,,... 
....... ,_. tc• •W'fKe 
... ,,.,,, Aclf-tllt lttcloiOf, 
_,,, 
lloull,..-...,,, rldloc._ht.,, 
t.urltce ••'""• ,_. tcta 
$(11, Act ..... ltoclll .. 
""''o-•1"''' wtoll..,..;.,, 
c-lcol aooiJIII, stll, -tlclt 
a Itt, ro41oc-ht'J, ale.,.. 
,.._, ,eoJIICII ,...,.rtiH 

PIM>to-vhuol, wllllegr.,..,, 
c-lul •••IJIII, S(ll, 
portlclo 1111, rldloc._tolrJ 
aiCrot>raM, 11\JIIUI , ....... rtiH 

PIM>to-•huol, clooH ctrcwll TY, 
core ltCIOt'...,J _, .. 

futl .., st<ucturol .. terlal 
rttctiOIII, rtlocot 1011 or cort 
aUtrlth, taltal of fr-­
Ull•, oat"'t tf ealfltloa, 
, ....... fhal .. ,.-odooctl, 
oat..,. ef *"" strot trlcot1011, 
,.,. coro ,_.,,....., to-core 
.. ,,,_, ,_,. 
llolh• •hrhl relacot1011; fwl, 
cOfttrol, ...., ttrwtural .,,.,,., 
rtKll""'i oat..,t of oaldoll•; 
rthl.., flnl011 ptoc�ucts; 
.... tort t-Uurtl; COIIItol 
.. torlol relocat1011 
lllcrounocurt or ,_,. ,, ••• 
1111• '"""· taltAl of oaldo-
11•, rettiiiH flut• ptoclucll, 
rolocotlaa of coro .. ttrlth 

hi Iaiit of tohl """"'"'· 
,arttclo tho dhtrtllvliOII, 
eatf'll'tt ef ON:: ... u ... 411ttw h, 
,. ..... ,.. ..... , ,..,,..,, 

'"'' .. """""' '"'-'· pttlr 
..... • _.. ........ Olltnl of 
...-.u .. 
........ ,. ..... """""''· 
,.rtlclo tho dhtrllluliOftl, fwl 
Uftltol ...... "'· ..... ,, ..... ,.,., 
.. t ... tol rtiCtiOAI, roiOCtlloa 
•f cDr* .. t.•rtah 
.. ,., ... ,. ...... product>, 
,.rttcle tho 411trlllutl•, coro 
.. ttrhh rtact '""'• rolocotl"" 
of cort oottrhh 

Co.-. 4-ot �'"· """' ••td 
tho, tohl •••- .., .. .., or 
Mrls, ''"" IU-IJ tltYIIIOIII, 
ut..,t of llq110focll•, triAtl· 
u .. ·- '""""'""""'· aoJor 
coel .. t -�� 

OMrh bod coolobllllJ -•h, 
flniOft pr""""t tronsport codn, 
cort dtOrh rtlocoltOII -��. 
1011rco ura ,.toral•ot 1011, Nr 
r.:;: !'.!!�!:�1.:�-ur. 
aatiJih, rocrltlcal llJ ••IJIII 

Coro ....,. .. rtlocatiOA -.11. 
fhs tM product trt"sport codf.s, 
dtbrh �d cool .. IIIIJ -h, 
Nr .-ratl ... utt .. tu, ,...,... 
I trw dttrralntltOft, rocrlt lcoiiiJ 
.... ,. .. 
llqold .... , ··"- -··· 
flnl011 product codn, cort 
....,. .. relocotlon -•h. Hl 
-rutoo utt .. tu. recrtll· 
calllr •••llrlh ' 
Co-. dtOrh rolocat1011 -.11. 
ftnlo. eroducl trPsJKWt co�n. 
wtlltl breoc' -h. r.,:rttl· 
callty INIJih, cldlrta k<l. 
cool•llttJ 
filii ... •roduct tr ... tport C•odn, 
rulltl" tout lou -It 

rtnJOft """""' trOMporl COCIII, 
f ... t fu-tottoo -"· core 
r•1oc.attoa ...,h. aourct ttt'W 
flt.,.lnott•, recrltlcalltJ 
..... ,. .. 

rtuton product t••••oort codn, 
con rolocot1011 -��. crhl· 
coltiJ ... ,,.,,, aovru te,. 
dttt:,..tnettoa . ..  u blllltC.t 
··-··•ttoo 
eo.-. relocotloa -·"· rterl· 
t tulltJ anal rail, ccwe coolo-
llllltJ -h . .... ••hnco 
det .... lnatt ... •lton .. tertol 
rolocat1011 -.11, Allure of 
'*" atratlfluiiOII 

••cw I 

c�ntt 
..AO iPKt•nt ot •th. 1'-Ch u fu•1 1nd ct•ddt.-q 
ptr<:H, conlro1 Mh, t.pKer qd41, 'wl rod lprt"CI' 
H�fltf •tt., t8·fort tt'st,.u.nu, ttrvctvr.1 •th 

(fforh •Ill � -• to acquire •- \peel-• In • 
Nnfttf _.tch prntrw" atr•t Ute at ton to tt .. t the 
s�nct of ,.,.,. ewents can be rtc<M��ltNCh-d 

,,Q ll'f'Ct .... or core dtbrh lo wt.lcft ''"'lflcant 
qolfttltiH of -•-lten •aterltl II ,.,..,., 

3 Uut. IU«<IIb1tn, I fro. tM IMll ,.......,. of 
,..,.llolo-burlot ••��trl-111 111Mblln to the cor· 

...S ''""'" ol dtbrh on the •••lout ...,..h011tol 
sut"facH,Niow the cor•, parttc .. hrt.,r the Mttc. 
lleof. S'""lo uh<llon ,.....,ld lit bUtd M CCrY 
,,_,,.., 

..z· OUIKMAto or cull lot> o4Joctnl to 1ft lot act 
...... ,, 

aorers to "'"'"" ot ·-•n ,,.. 111ft,. .,., 
PurtrlcatiOtO Srat• rtlters •lllc� ,1..,.4 wltlo core 
dtlldi ..... "' '"' k<l-t 

OMrh I• flll..-s. t.,.kl, ,,,.,, contot-t •-· 
etc. '"'*" � """"'"'""· Ptrttol •-1 .. •II� f,.l 
"'"""'toll tiltS frw roqualtttutl" 

TUt dote "'" ouht to oiiMI•t ..,.. conductlot 
oil otllor •••l01tlons 
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