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SECTION 1 . 0 

INTRODUCTION 

In a letter dated February 2, 1984, Mr. 8. K. Kanga, Director. Three Mile 

Island Unit 2 <TM!-2) , requested that the Technical Assistance and Advisory 

Group <TAAG> address the following matters for the period ending April 1. 1984: 

1. Assess the technical plans being developed by GPUN, underwritten by 

EPRI, to decontaminate piping systems. 

2. Assess the plans for use of the robot to be delivered in 1 984 for 

use on the 282' level. 

3. Keep current on Westinghouse defuel ing plans and provide technical 

comments as specific proposals are made. Research what experience 

there is in reprocessing and other facilities with cutting up of 

fuel assemblies. 

4. As a carryover from the last period of TAAG activities, evaluate 

the data required before and after plenum l ift. Include in the 

evaluation identified uses of the data, concepts for acquiring the 

data and methods for eval uation. 

5. Perform a review of the NRC supplement to the PEIS and provide 

comments. 

- 1 - 0030a 



6. Review the design and testing of filters for the canal water 

clean-up system. 

1 . 1 SCOPE AND APPROACH 

This report responds to these work items. One section of the report addresses 

each of the six work items. The recommendations are summarized below. 

In the last section of this report the GPU Nuclear responses to the Sixth and 

Seventh TAAG Report recommendation� are tabulated. 

1 . 2  SUMMARY OF RECOMMENDATIONS FROM THE EIGHTH TAAG REPORT 

1. System Decontamination 

TAAG recommends: 1) that work on a decontamlnation skid be 

terminated and an experienced subcontractor be used, 2> that CADD 

decontamination-related work be terminated, 3> that priority for 

AFHB work be re-determined, and 4) that procedural documents be 

prepared with users in mind. 

2.  Use of the Robot 

The use of the EPRI-sponsored robot in containmen t was 

investigated. It is concl uded that there are several tasks that 

can be performed on Els. 282' and 305'. These are presented in 

Section 3. 0, along with suggested enhancements to the robot. 
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3. Oefueiing Plans 

A defueling concept that incorporates a dry transfer from the 

reactor vessel to the deep end of the transfer canal is 

recommended. This concept allows the use of long handled tools and 

requires a minimum of development. Refer to Section 4.0. 

4. Data Acquisition Before and After Plenum Removal 

The data needs have been grouped into five categories. Seventeen 

individual data-collection tasks have been placed into these 

categories. Details are presented in Section 5. 0. 

5. Programmatic Environmental Impact Statement <PEIS> Suppl ement 

TAAG recommends that the PEIS s upplement include comparisons of the 

exposure in the TMI-2 cleanup to other cases of radiation exposure 

to put the TMI-2 recovery program in a more real istic pers pective. 

6. Cleanup System Filters 

TAAG makes no recommendations. since the filter test has not yet 

been completed. 
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SECTION 2.0 

SYSTEM DECONTAMINATION 

2. 1 ASSESSMENT OF TECHNICAL PLANS TO DECONTAMINATE PIPING SYSTEMS 

TAAG was requested to review and to assess the technical plans being developed 

by GPU Nuclear, underwritten by EPRI. to decontaminate piping systems. The 

specifics of the technical plans have been made availabl e in the form of 

presentations to TAAG and planning studies prepared on the topic. 

In general. TAAG finds that the program to date is technically sound. It is 

well thought out, thorough, and comprehensive. TAAG finds the efforts to 

identify acceptable decontamination solutions for the TMI-2 types of 

contamination especially well done and informative. However, there are some 

aspects of the approach that TAAG believes are in need of modification. 

2.2 DECONTAMINATION SKID 

An integral part of the current program is the engineering, design, 

construction, and development of a decontamination skid to be used in the 

plant. This effort is not necessary. It is possible to contract with an 

outside firm for decontamination services. as a number of suppliers already 

have mobile decontamination systems. Not only wil l this eliminate another 

research, design, and development <RD&D) program, it wi 11 yiel d a more usable 

product for EPRI. This would give EPRI controlled data about the operation 

and performance of a commercially availabl e system. GPU Nuclear would save 

the RD&D, construction. testing, �nd training costs associated with developing 

a decontamination system for this project. 
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TAAG recommends that all �ark on the decontamination skid be terminated and 
I 

that the actual decontamination of the Auxiliary and Fuel Handling Buildings 

(AFHB> be performed by one or more contractors who specialize in providing 

this service. 

· 2. 3 CADO 

Several presentations to TAAG mentioned the use of a computer-aided design and 

drafting CCADD> system as a tool to support the characterization and 

decontamination efforts. 

The analytical functions of a CADD model are not necessary. First. the 

complexity and precision of the proposed calculations Cpipe volume/unit 

length, flow rate required to achieve a target fluid velocity, and the time 

required to flush a target volume of water through the line> do not demand 

computer assistance. To achieve the accuracy required for the proposed 

calculations. tables showing the relationships between line size and flow 

rate, and between line size and water volume per unit length of pipe would 

enable an engineer equipped with piping drawings to generate the required data 

quickly. Second. developing. debugging, and utilizing the software required 

to perform these analyses are time-consuming and costly tasks. The software 

associated with 3-D CADD modeling is not readily amenable to add-on analytical 

programs. 

TAAG recommends that CADD work planned in association with decontamination of 

piping systems be terminated. 
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,z . 4 PRIORITY 

Based on the recent effort to develop a coherent plan for the TMI-2 Recovery 

Project, it is not clear that the decontamination of AFHB systems should be 

given high priority at this time. Technical Plan TPO/TMI-115, TMI-2 Program 

Strategy, clearl y identifies three phases of the project. It is not cl ear 

that very much effort should be expended in the AFHB until Phase III 

''Cleanup", or possibly in "Future Work''. The priority for the AFHB 

decontamination effort should be re-determined based on this overall strategy 

for the project. EPRI's interest in the decontamination project was In the 

data acquisition potential of a carefully designed decontamination effort. It 

is possible that this can be achieved without complete decontamination of the 

AFHB. 

2. 5 CHARACTERIZATION 

The approach to characterization of the AFHB is needlessly complicated by the 

use of arbitrary designations for cubicles. For instance, instead of 

referring to the "A" Makeup Pump cubicle, the cubicle is referred to as 

AX007. While this approach may have advantages for data processing, it has 

practical limitations as far as implementation is concerned. The operations 

personnel at the site are used to referring to cubicles by their function or 

by the equipment housed within them. Redesignating cubicles with arbitrary 

alphanumeric label s is certain to add a layer of confusion to an already 

elaborate task. When this approach was first presented to TAAG <Planning 

Study TPO/TMI-032, AFHB Cubicle/System Characterization> , it seemed reasonable 

in the context of that study. However, that methodology is now being carried 

forward into the decontamination phase of the effort. 
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In addition to redesignating the cubicles, at least one drawing has been 

prepared with renumbered column lines. This ls certain to cause confusion. 

and all drawings prepared for this effort should use existing column line 

designations. 

TAAG believes that al 1 documents prepared for this effort should be "user 

friendly .. by utilizing existing terminology for plant features. 

- 7 - 0030a 



SECTION 3. 0 

USE OF THE ROBOT� 

TAAG was requested to assess the plans for the use of the robot<s> on El. 

282'6" of the reactor building. Three robots have been purchased. The first 

of the robots is currently undergoing proof of principle testing on site. The 

TAAG review of the use of the robot was assis ted by presentations to TAAG by 

site personnel, who described the physical characteristics and capabilities of 

the robots. Actual plans for the use of the robot have not been formalized by 

GPU Nuclear. So, TAAG developed an independent review of the uses of the 

robot. 

The TAAG review began with an evaluation of the areas of the reactor building 

basement that are acces sible to the robot. The robot has 120 feet of power 

and control cable. If the robot is lowered into the basement via the access 

hatch, as currently planned, this cable will permit the robot to access most 

of the basement. However, the length of the cable is not the 1 imiting factor 

as far as access is concerned. Three areas were identified that wi 11 prohibit 

the movement of the robot. 

The first is in the southwest quadrant of the bui !ding near the l eakage 

transfer pumps <WDL-P-9A&98). The shield wall separating these pumps from the 

l eakage coolers <WDL-C-1A&1B> comes within 31" of the reactor building 

l iner. 

*Note: This section is excerpted from TPO/TMI- 134. Readers are urged to 

review that TAAG Planning Study in detail for further information 

on this topic. 
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Due to the shaoe of the reactor building at rhat elevation. the actual floor 

space is only 19". Since the robot is 30" 1tJide, it is impos sible for the 

robot to get past this area in the building. 

The s econd area that will restrict access of the robot is located in the 

northeast quadrant of the reactor building near the steam generator hot drain 

cooler <SV-C-1). This area houses three pumps and their associated piping and 

conduit, which present an impenetrable barrier to the robot. The overhead in 

this area is also congested by a number of large bore lines that penetrate the 

reactor bu i 1 ding wa 11 . 

The third area that will limit the access of the robot is located to the 

southwest of the building center. The doorways to the reactor coolant drain 

tank <WDC-T-3) cubicle and through the secondary shield wall both have locked 

security doors. The first stage of the robot development program does not 

include robotic arms or manipulators to open doors. Hence, the robot will not 

be able to access these areas until a manipulator can be developed to open 

these doors. 

If a manipul ator to open the security doors is developed for the robot, and if 

the doors s till function after 3 years of immersion in water. the robot can 

enter the reactor coolant drain tank cubicle and the secondary shield wal 1 .  

However, secondary obstructions res trict access in these areas. 

If the robot ' s  tires are changed to permit it to climb and to descend stairs, 

the robot can utilize the installed platform inside the secondary shield walls 

to gain access to the 118'' steam generator. If the robot could climb and 

descend stairs, it woul d offer another way for the robot to gain access to the 

- 9 - 0030a 



basement. It would then be possible to drive the robot down the open stairway 
I 

into the west quadrant of the building. Although this approach would use 

approximately 60' of cable instead of the 20' of cabl e necessary to lower the 

robot through the hatch, the cable length is still not limiting. 

Independent of the considerations of movement restrictions. a list of tasks to 

be performed by the robot was developed. In the basement. four general types 

of efforts were identified: visual data acquisition, radiological 

examinations, decontamination data acquisition, and special tasks. 

TAAG has suggested that significant amounts of decontamination could be 

achieved by leaching cesium from the concrete by keeping the s urfac� wet with 

clean water. One of the ways to achieve this is to install a set of spray 

nozzles directed at the surface. The robot enables this experiment to be 

performed inside the impingement s hield walls, which would isolate the test 

area from other radiation s ources. 
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SECTION 4. 0 

DEFUELI NG PLANS 

TAAG reviewed two issues related to TMI-2 defueling. The first is an 

assessment of shredding machines. The second is an evaluation of an alternate 

approach to defueling. Each issue is discussed below. 

4. 1 CURRENT CONSIDERATIONS AND RELATED BACKGROUND ON SHREDDING MACHINES 

In January, the Westinghouse candidate plans for defuel ing were presented to 

TAAG. The review of these plans by GPUN/Bechtel during the next two months 

was fo 11 owed as \ve 11 . 

TAAG members were asked to investigate any previous experience in spent fuel 

reprocessing with the use of shredding machines and/or other devices for 

disintegration of fuel rods. Concerns of interest were: (1) feasibility for 

use at TMI-2, <2> potentials for fuel/fission product release and pyrophoric 

reactions, and <3> potential particl e size generation. 

TAAG obtained the following information: 

(1) The predominant type of machine used to disintegrate the fuel 

rods/assemblies in preparation for leaching of the oxide fuel from 

the cladding hulls into nitric acid solutions is a shearing device 

which is operated in an air atmosphere. These machines are 

generally too large and too complicated for adaptation to use at 

TMI-2. 
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<2) Comparatively little experience has been obtained with a shredding 

machine, and only then with mock-up fuel rods rather than real 

irradiated fuel. <Shredders have been used more extensively for 

volume reduction of contaminated wastes. > These operations have 

also been done in an air atmosphere. and varying degrees of success 

have been obtained toward preparing debris that is satisfactory for 

leaching. However, from all indications. disintegration into 

particle sizes that are adequate for slurry transfer can be 

achieved. In the trials, some evidence of difficulty was 

encountered in feeding whole assemblies or other large pieces into 

the shredding machine. Also, indications of pyrophoric reactions 

<sparks, etc. ) were observed. 

(3) Particle size distribution from shearing light water reactor <LWR) 

fuel rod assemblies was reported in NUREG/CR-0866, prepared by 

Davis, West, and Stacy at Oak Ridge National Laboratory. Of 

particular interest in that report is the table <shown herein as 

Table \) that indicates that the portion of particles which are <10 

�m in size <those that would settle slowly if suspended in water> 

ranged from 0.056 to 3.71% <wt. ) .  Thus, if� of the TMI-2 core 

<-120,000 kg> is disintegrated, one might expect from -70 to 

-4500 kg of slowly settling solids to be produced. 

(4) With regard to fission gases, releases of 0. 05% of the tritium, 

1. 0% of the krypton-85, and 32% of the carbon-14 were measured 

while shearing Saxton Reactor fuel rods at the Savannah River 

Laboratory <SRL Report No. OPST-AFCT-77-1-2). 
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(5) Potential Increases in dissolved activity were measured In a series 

of experiments In which fully irradiated fuel fragments <two 

different size fractions - one in which the particles were 1000 

�m or larger and one in which the particles were 300 �m or 

larger) were leached with water containing 3270 ppm of boron and 

1050 ppm sodium (pH= 8.0). This work was done by Mitchel 1, Goode, 

and Vaughen at Oak Ridge National Laboratory and was reported-in 

ORNL/TM-7546. Estimates of the percentage of fuel and fission 

product inventory. were tabulated <these data are shown herein as 

Table 2). Of particular interest was that <0.5% of the radiocesium 

and <0.022% of the transuranics were dissolved. 

In their defueling plans. Westinghouse proposed that remotely operated 

tools with a wide variety of "end-effectors" <shovels. scoops, saws. 

etc. ) would potentially be needed, and that they favored a cl amshel 1 

device to pickup and place the core material into the shredder. 

However, appropriate tooling cannot be accurately specified and designed 

until the character and configuration of the material underneath the 

rubble bed is determined. A number of data acquisition methods 

(probing, sampling, Instrumental mapping, etc. ) have been considered. 
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Particle 
sieve size 

<�m> 

2 

4 

6 

8 

10 

15 

20 

30 

40 

50 

60 

80 

100 

120 

Table 1. Ranges of mass distribution by particle size for irradiated fuels 

Weight in sizes less than Particle Weight in sizes less than 
the indicated value <04> sieve size the indicated value <%> 
Minimum Maximum <�m) Minimum Maximum 

0.000038 0. 12 140 7.56 36.2 

0.00045 0.39 160 8.30 39.3 

0.0042 1. 12 180 8.99 42. I 

0.014 1 . 96 200 9.65 44.7 

0.031 2.83 250 11.2 50.2 

0.056 3.71 300 12.5 54.7 

0. 15 5.88 350 13.7 58.5 

0.30 7.95 400 14.9 61.7 

0.71 11.7 450 15.9 64.5 

1. 26 15. 1 500 16.9 66.9 

1. 90 18. 1 600 18.7 70.9 

2.61 20.8 700 20.3 7 4. 1 

4. I 8 25.6 800 21 . 7 76.7 

5.87 29.6 900 23.0 78.9 

6. 77 33.2 1000 24.2 80.7 

Source: Table II, NUREG/CR-0866 
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Substance 

Uranium 

Gross 

lH 
9asr 

'o s Ru 

12sSb 

IZ9I 

, 3 4Cs 

, 3 1 Cs 

144Ce 

154Eu 

alpha a 

�Plutonium. 

Table 2. Estimated percentage of fuel inventory 
from the fuel over time 

Time < v) 
2 3 

0. 009-0. 087 0. 10-0.11 0. 011-0. 13 

0. 004-0.022 0. 005-0. 026 0. 005-0.030 

0. 13-0.64 0. 18-0. 70 0. 2 1-0. 74 

0. 066-0.12 0.072-0.15 0. 076-0.16 

0.016-0. 093 0. 017-0. 10 0. 0 1 8-0. 01 1 

0. 30-1 . 2 0. 32-1. 5 0.33-1. 6 

5. 6-7. 4 5. 7-7.5 5.7-7.6 

0. 29-0.41 0. 30-0. 46 0.31-0. 49 

0. 28-0. 46 0. 30-0. 51 0.30-0. 55 

0.012-0. 066 0. 013-0. 074 0.013-0. 079 

0. 012-0.063 0.014-0.073 0. 015-0.080 

Source: Table 4, ORNL/TM-7546 
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4 

0.011-0. 14 

0.005-0.036 

0.24-0.76 

0. 079-0.18 

0. 018-0.11 

0. 34-1 . 8 

5.8-7. 6 

0.32-0.52 

0.31-0.57 

0.014-0.083 

0.016-0. 086 
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.4. 2 TMI-2 DEFUELING CONCEPT WHICH ALLOWS THE USE OF LONG HANDLED OEFUELING 

TOOLS 

TAAG reviewed the various plans being considered for defueling the reactor 

once the head and plenum were removed. These plans included a concept for 

using robot-l ike equipment with various end-effectors to break up and remove 

fuel material. Also included were schemes for shredding the fuel material and 

then slurrying the material into canisters. fhe concepts were used in 

conjunction with the canal full of water. 

While these plans •.vere al l being considered, a "dry'' defueling concept was 

conceived wherein the fuel transfer from the vessel would be done in a 

shielded cask, with the canal dry. The concept features long handled tool s. a 

transfer cask for 130" fuel canisters, a shield platform above the reactor 

vessel, an essentially dry transfer canal, and a lowered l evel in spent fuel 

pool A. 

Advantages of this concept include avoidance of major development projects, 

depth of water amenable to manual operation of tools, reduced volume of water 

to be processed, and lower ambient radiation fields where personnel wi l 1 be 

working. 

This concept has been publ ished as a s eparate TAAG Planning Study* and is an 

Attachment to this report. 

*TAAG. June 1984. TMI-2 defueling concept which allows the use of long 

handled tools. TAAG Planning Study TPO/TMI-135. Middletown, PA: GPU Nuclear. 
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After weighing the various concepts. TAAG has concluded that the "dry" 

defueling has many advantages. as noted in TPO/TMI-135, and recommends that 

the "dry" defueling concept be adopted for planning the detailed defueling 

procedures and equipment. 

- 17 - 0030a 



SECTION 5.0 

DATA ACQUISITION BEFORE AND AFTER PLENUM REMOVAL 

In a letter dated September 20. 1983, from B. Kanga, Director, TMI -2. TAAG was 

requested to provide an assessment of data acquisition needs before and after 

plenum removal. The assessment was to identify the uses for the data, 

concepts for acquiring data. and methods for evaluation. In addition, to the 

extent practical, TAAG was to provide estimates of what the data might show 

and of the impact it would have on fuel removal equipment and fuel removal 

methods. 

The following discussion summarizes the results of TAAG's assessment. The 

information used for this assessment includes GPU Nuclear's studies and 

meetings conducted prior to March 1984. The format of this report is to 

individually list and discuss each item of data. The order of these items as 

they appear on the list is not significant and does not reflect on the 

relative importance of the individual item. The testing outlined in this 

report is that considered necessary to support defueling of the reactor ana 

does not include taking data in order to better understand the engineering or 

scientific aspects of the accident. 

The data needs have been grouped into five categories: 

1. Data to support mechanical disassembly before defueling operations 

begin. 
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2. Data to be used for selecting the reactor defueling method. 

3. Data to support development of the specific procedures for the 

defueling operation. 

4. Data to support development of the tools and fixtures needed for 

defueling. 

5. Data to support post-defueling operations, such as shipping. 

Recognizing the large number of variables that affect the test schedule at 

TMI-2, no attempt is made in this report to identify a specific schedule for 

the tests discussed. Experience has shown that almost all data obtained to 

date have had a significant impact on the defueling plans. This past 

experience emphasizes the advantage of obtaining this data as early as 

possible. 

5.1 DATA TO SUPPORT MECHANICAL DISASSEMBLY 

1. DATA: Determine if the head bolts are free. 

METHOD: Partially de-torque the head bolts. 

IMPACT: If bolts are frozen, special procedures and tools wi 11 

have to be developed to permit their removal. <This effort is 

complete. ) 
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2. DATA: Measure the clearance between the pl enum and the pressure 

vessel wall. 

METHOD: Manual remote probing under video observation. 

IMPACT: If it is determined that adequate clearance does not 

exist, it may be necessary to devel op special tools and procedures 

for the removal of the plenum. 

3. DATA: Determine the positions of the vent valves. 

METHOD: Remote visual observation. 

IMPACT: If the valves are open, they could  interfere with the 

withdrawal of the plenum. If this is the case, it will be 

necessary to develop tools and proceoures to correct the 

interference. 

4. DATA: Determine if debris has accumulated between the plenum and 

the core support assembly. 

METHOD: Remote visual observation. 

IMPACT: If debris has accumulated between the assembly and the 

plenum, the debris could interfere with the lift of the plenum. If 

there is a significant accumulation, it may be necessary to remove 

the debris prior to plenum removal. 
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5.2 DATA TO SUPPORT SELECTION OF DEFUELING METHOD 

1. DATA: Determine the visibility that will exist during the 

defueling operations. 

METHOD: A. Stir the debris bed with a reach rod while observing 

turbidity and settling rates with a TV monitor. 

B. Measure the particle size distribution of debris 

samples from the core. 

C. Make observations during the proof testing of the 

''shredder11• 

D. Measure turbidity and settling rates of debris 

generated during the proof testing of tools to be used to 

disassemble the core. 

I MPACT: The degree of visibility will influence selection of the 

defueling procedures and the defueling sequence. It is likely that 

the data from these tests will emphasize the need to initially 

vacuum the core region. In addition, the results may indicate that 

defueling must be performed in small increments, followed by 

cleanups. 

2. DATA: Evaluate the cesium release that will accompany defuel ing 

operations. 

METHOD: Perform release rate tests of shredded core samples taken 

from various regions of the core. 

IMPACT: The results of these tests will provide information 

required to confirm design and operational planning. 
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3. DATA: Determine the distribution of 2.96% enriched uranium within 

the rubble bed. 

METHOD: Measure the enrichment of fuel particles contained in the 

core debris samples that have been obtained for other purposes. 

IMPACT: These measurements can be used to support the conservatism 

in the boron concentration specified for reactivity control. 

5. 3 DATA TO SUPPORT PROCEDURE DEVELOPMENT 

1. DATA: Determine the extent of damage to the l ower core support 

structure and the amount of material located in the lower inlet 

plenum. 

METHOD: A. Insert a remote TV camera between the core barrel 

and the pressure vessel wall. and into the lower 

plenum volume. 

B. Monitor for the presence of fuel material in the 

lower pressure vessel volume by taking radiation 

measurements outside the pressure vessel (gamma 

monitoring or neutron track counting> . 

C. Evaluate existing neutron track data. 

IMPACT: The results of these measurements/observations will 

provide advance indication of the extent of damage in the lower 

core/core structure. This, in turn. will provide a basis to 

develop tools and establish defueling sequences. 
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2. DATA: Generate a detailed core map to determine fuel removal 

sequepces and to determine the e�tent of core change after specif,c 

defueling operations. such as vacuuming. 

METHOD: Remote TV should be used to map all accessible areas of 

the core. This effort is underway. 

IMPACT: This core map will be necessary to evaluate the 

effectiveness of the defueling operations. It will be necessary to 

update the map periodically during the defueling operations. 

3. DATA: Determine the amount of debris on the upper surface of the 

plenum's lower plate. 

METHOD: Remote TV inspections at one location. 

IMPACT: These data can be used to confirm predictions of the 

radiation exposure associated with removal and storage of the 

plenum. Although unlikely, the data would indicate if the plenum 

has to be flushed prior to removal. 

5.4 DATA TO SUPPORT TOOL DESIGN 

1. DATA: Confirm, with real istic proof tests using unirradiated fuel, 

the predicted performance of essential elements of the defueling 

hardware. Evaluate the performance of proposed tooling in a 

prototypical environment under expected conditions. These tests 

shoul d include measurements to evaluate the effect of wear on the 

reliability and maintainability of tools and transfer systems. 
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METHOD: A. Evaluate the performances of the defueling tools in a 

realistic defueling environment. 

B. Confirm performance predictions for the defueling 

water cleanup system CDWCS> canister filters using 

effluent from the above tests. 

IMPACT: These tests are expected to uncover deficiencies that 

will have to be corrected by equipment modifications or procedural 

changes. 

2. DATA: Determine the material properties of the fuel to be removed. 

METHOD: A. Probe the rubble bed with probes, long drill bits, 

and samplers, at various depths and radial locations, to 

obtain the properties of the rubble bed Calso map its 

perimeter) . 

IMPACT: 

B. Using a remote grapple, remove a section of fuel. rod 

currently on the top of the debris bed. 

These tests provide a basis for tool development. Based 

upon experience to date, it is likely the results of these tests 

will have a significant impact on tool design and procedure 

development. 
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3. DATA: Determine the effort required to separate the upper end 

fittings from the plenum. 

METHOD: A reach rod should be inserted into a leadscrew guide 

tube, possibly before the head is removed. This tool should have a 

manual impact hammer at its upper end. Tests should be made to 

determine if this tool can dislodge upper end fittings. 

IMPACT: These tests are expected to show that the upper end 

fittings can be remove� remotely with a relatively simple tool. If 

this is not the case, it may be necessary to remove the plenum with 

the upper end fittings attached. In this case, special shielding 

may be required for the transfer operations and around the storage 

stand. 

5. 5 DATA TO SUPPORT POST-DEFUELING OPERATIONS 

1. DATA: Evaluate the likelihood that pockets of hydrogen gas have, 

or could, accumulated in the core volume. 

METHOD: Observe (by TV) the surface of the debris bed for the 

release of gas bubbles while tests that disturb the bed are 

performed. 

IMPACT: It is anticipated that gas pockets wi 11 not be found and 

that it will not be necessary to take any special precautions to 

prevent hydrogen burning during defueling. <Pyrophoric reactions 

of metal fines under water are believed to be a result of the 

accumulation of hydrogen gas within the material bed.> 
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2. DATA: Determine the anticipated hydrogen generation rate inside 

loaded fuel canisters. 

METHOD: Measure gas generation rates in fuel samples. 

IMPACT: These data are necessary to jetermine if there is a need 

to provide special features in the container to protect against a 

hydrogen burn. 

3. DATA: Determine the distribution of fuel in the primary system 

outside the pressure vessel. 

METHOD: Radiation monitoring using neutron track devices or 

collimated gamma detectors. 

IMPACT: The data will provide an early indication of the extent of 

fuel redistribution and the cleanup effort that wil 1 be required. 

It is anticipated it will be shown that fuel is distributed 

throughout the primary system. 

5. DATA: Determine the magnitude and decay of the radiation field 

associated with core debris samples. 

METHOD: Collect laboratory measurements. 

IMPACT: These data will predict shielding requirements and waste 

management impacts. 
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SECTION 6.0 

REVIEW OF PElS SUPPLEMENT 

The attached letter was sent to NRC to comment on the supplement to the PElS. 

The intent of this comment was to put in perspective that the TMI-2 clean-up 

exposure compares favorably with other personnel exposures in typical living 

conditions. 
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February 27, 1984 

Or. Bernard J: Snyder, Program Director 
Three Mile Island Program Office 
Office of Nuclear Reactor Regulation 
U.S. Nuclear Regulatory Commission 
Washington, 0. C. 20555 

Dear Or. Snyder: 

The Technical Advisory Group has reviewed the Nuclear Reg�1atory 
Commission's draft Supplement 1 to NUREG-0683, Progr�atic Environmental 
Impact Statement (PEIS) on the Three Mile Island cleanup activities. 

Our concerns are centered on the Section 3/3 discussion of health 
effects. We consider the draft section somewhat misleading and recommend 
th�oecific changes discussed below to provide a more realistic and 
comprehendible focus: 

1. NRC's estimate for cumulative occupational radi�tion doses associated 
with the Current Cleanup Plan is 13,000 to 46,000 person-rem (Table 3.1). 

To provide some perspective on this cleanup dose. which is expected to 
occur over a five to ten year period, we recommend that the text include 
a comparison with several examples of common radiation �leases in the 
area. For instance, (1) persons living in the vicinity of TMI receive 
approximately 24,000 person-rem each year of additional exposure through 
the use of natural gas 1n their Planes {Reference 1); and (2) the total 
exposure to area residents due to potassium-40 in the blood and tissues 
of their bodies is approximately 43,000 person-rem/year (References 2 
through 6). These doses assume a population of approximately 2.16 million 
within a 50 mile radius of the site. Hence, the annual exposure due to 
th� cleanup will be about an order of magnitude less than the local 
radiation exposure due to these common sources. 

2. In Section 3.3, the fourth paragraph states: 

u •.• • For the minimum-collective-dose ease (13,000 person-rem) it 
is expected that 2 additional fatal cancers would be caused. For the 
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Or. Bernard J. Snyder, Program Director 
Three Mi.1e Island Program Office 

February 27, 1�84 
Page 2 

maximum-dose case (46,000 person-rem), 6 additional cancer fataliti�s 
would result. Although it is possible to compute a range of prob4bilities 
for ean�er induction among average individual workers based on the above 
figures, the results of such a calculation �Y not bear a close relation
ship to actual risks since the work force size and collective dose 
associated with the various -tasks can differ by large factors. rendering 
inapplicable the concept of an average individual worker ... 

These mortality figures were derived based on a factor of 131 fatal cancers 
in the exposed workers per one million person-rem. 

We recommend the deletion of this discussion. Without considering such 
factors as the work force size and the collective dose associated with 
individual tasks, statements such as •s additional cancer deaths would 
result11 are meaningless. Discussions of licensee administrative controls 
and the risks to individuals associated with the maximum allowable doses 
during given time periods (as·provided in subsequent paragraphs) present 
a much clearer picture. 

3. In the last paragraph of Section 3.3, the probability of genetic effects 
among the offspring of the work force should be expressed in terms of 
increased risk to the individual worker, rather than as a flat number 
based on 260 genetic effects per one million person-rem. 

We appreciate this opportunity to review on the draft Supplement to the 
PEI�and trust that our comments will be properly considered in the final 
doci.MTlent. 

WHH/ep 

cc: Mr. Bahman K. Kanga, Director 

Sincerely. 

/:�(.a.� /f. #���� ·� 
William H. Hamilton 
Chairman 
Technical Assistance and Advisory Grou 

General Public Utilities Nuclear/Bechtel TMI-2 

Mr. Harold M. Burton, Manager 
EG&G Idaho, Inc. 

Mr. Adrian Roberts 
Electric Power Research Institute 
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References: �i� 
( 3 ) 

14) 
(5) 

(6) 

EPA Report EPA-520/1/73-004, pages 29 through 31. 
Page 57 of •The Fight over Nuclear Power•• by Drs. Bodansky 
and Serm1 dt. 
EPA 520/1�77-009, Pages 29 and 34. 
Or. Edward Teller, Wall Street Journal, July 31, 1979. 
J. M. Smith, Jr., GE, •Natural Background Radiation and 
the S1gn11'1eanee of Radiation Exposure". . 
National Council on·Radiation Protection and Measurement 
Report Nos. 45 and 56. 



SECTION 7.0 

CLEANUP SYSTEM F ILTERS 

The filters in the canal water cleanup system are crucial to the ability of 

the system to meet the water cl arity requirements. Currently, a s intered 

metal filter has been selected for use i n  this application. TAAG has been 

concerned about the ability of these filters to meet the requirements and has 

been anxious to review the test results. The test data have not yet been 

obtained due to equipment trouble with the test loop. TAAG wil 1 evaluate the 

test data during the next period. 
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SECTION 8.0 

D ISPOSITION OF RECOMMENDATIONS IN SIXTH AND SEVENTH TAAG REPORTS 

The dispositions of recommendations in the Sixth and Seventh TAAG Reports are 

summarized in the tables that follow. 
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RECOMMENDATION 

DISPOSITION OF TAAG RECOMMENDATIONS: REPORT # 6 

I.O.  STATEMENT DISPOSITION BY GPU 

III.A The section of the leadscrew support tube shoul d be 
carefully examined. 

Exami nation i s  being implemented. 

III.C It i s  recommended that torque be limi ted to use of 
400-500 ft-lbs to remove CRDM to cl osure head bolts. 

The bas i s  for the recommendation i s  
consi dered i ncorrect. If threads are 
stripped, they can be replaced. 

IV. 1) Sample and i nspect the plenum debri s to determi ne 
i f  i t  wi l l  become suspended during plenum removal. 

Debri s will be suspended to some extent. 

V . A  

V . A  

V . A  

V.C 

V . D  

VI . A  1 

VI . A  2 

2 )  If the debri s  can be suspended, take steps to clean 
the plenum or to f i x  the debris to the plenum. 

3 )  A small , di sposable fil tration system may be accep
table to monitor water clarity around the plenum for 
this evol ution. 

4) Steps shou l d  be taken to pre-assemble the cleanup 
system on skids. eliminating the need for construction 
i n  the canal after plenum removal . 

Debr i s  wi l l  be contai ned. 

Current plans require that the DWCS be 
ava i l abl e prior to defuel i ng .  A separate 
filtration system i s  not envisi oned. 

System wi l l  be pre-as sembled to the extent 
practicable. 

Defer El . 282'611 decontami nation until after defuel i ng .  Thi s  i s  now i ncl uded i n  the TMI-2 Strategy 
Plan. 

Consi der reflood of the basement. Current position i s  to not reflood. 

Shiel d floor penetrati ons. Has been impl emented. 

Isol ate El. 282'611 to reduce ai rborne contamination. Air flow has been changed for this purpos� 

Pathways approach. Thi s  has been parti ally  i mpl emented. 

Use actual weight of plenum. W i l l  use design weight. 

Include vi deo and l oad cel l monitoring during pl enum Included. 
l i ft .  



RECOMMENDATION 
I .  D. 

I I .  

I I .  

I I .  

I I I .  

I l l .  

I I I .  

I I I .  

DISPOSITION OF TAAG RECOMMENDATIONS: REPORT # 7 

STATEMENT 

Permanently i nstal led gamma monitoring equi pment i s  
not requi red i n  the TMI-2 reactor bui l di ng. 

The program for the mai ntenance, cal i bration. and 
use of personnel dosimeters shoul d be reviewed to 
assure that there are no deficiencies that wou l d  reduce 
the effectiveness of thi s  protection. 

Safety evaluations for operations such as head and 
pl enum l i ft,  defuel i ng .  etc . , shou l d  i nclude an 
evaluation of what, i f  any, special radiation 
mon i toring equi pment i s  requi red. 

Further analysi s of the SSTR data shou l d  be pursued 
to a scerta i n  i f  the l imi tations of the experiment can 
be overcome analytically to yield more concl usive 
i nformation about the l ocation of the neutron source. 

The col l imated spectrometer used to survey the "A" 
purifi cation demi neral i zer shoul d be used to survey 
the same locations a s  the SSTR measurements i n  order 
to compl ement the SSTR data. Thi s  examination must be 
performed before March 1 984. 

The use of miniature i oni zation chambers i nserted i nto 
i ncore i nstrument cal i bration tubes should be pursued 
provided that a complete safety evaluation of the 
consequences of a l oss of cool ant can be performed. 

The v i deo examination of the l ower regi ons of the 
reactor vessel should be perforn1ed as soon a s  
practical after head removal . 

') II  

DI SPOSITION BY GPU 

Concur. 

Exi sting program i s  effective and i s  
monitored to ensure level o f  performance. 

Concur-. 

HEDL has action. 

Was not accompl i shed prior to 
i nstallation of the canal seal plate 
due to schedu l i ng difficulties.  

Concur. Safety evaluation may rely 
on the low risk posed by thi s  
operation. 

Thi s i s  not i n  current plans. TAAG consi dc 
thi s  to be an open i tem rema i n i ng to be 
resolved. 



RECOMMENDATION 
I .  D .  

I I I .  

I I I .  

v .  

VI I .  

V I  I .  

VI I .  

VI  I .  

VI I. 

DISPOSITION OF TAAG RECOMMENDATIONS : REPORT # 7 

STATEMENT 

The metal disi ntegration machine ( MOM) should be 
purchased and a mockup for training shou l d  be 
fabricated. 

The inspection crew to be used for thi s  exami nation 
should be the same i n spection crew that was used i n  the 
original "Quick-Look" i nspection i n  July 1 982. 

The measurements confirm that current plans for dry 
head removal fol l owed by the instal l ation of the 
i nternal s indexing fixture to shi el d the plenum are 
appropriate and shou l d  not be changed due to underhead 
dose rates. 

A flat, non-ribbed gasket shoul d be used to seal the 
i nternals indexing fi xture to the reactor vessel flange. 

Adhesive shou l d  not be used across the entire face of 
the gasket. 

The l ower support ring of the i nternal s i ndexing 
fixture and the reactor vessel fl ange shoul d be 
examined to determine the i r  condition. The reactor 
vessel fl ange should be c l eaned prior to pl acement 
of the IIF. 

The i nterna l s  i ndexing fi xture shou l d  be structurally 
evaluated to determine i f  the loads , such as the 
work platform, wi l l  affect the seal . 

A smal l pump shoul d be consi dered as a backup shou l d  
the i nternal s .i ndexing fi xture seal l eak. 
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This i s  not i n  current plans. 

Thi s i s  not in current plans. TAAG consi ders 
thi s  to be an open i tem remai ni ng to be 
resolved. 

Concur. 

Accepted. 

Under evaluation. TAAG considers thi s to be 
an open i tem rema i ning to be resol ved. 

Concur. 

Eval uation has concluded that the seal wi l l  
not be affected. 

Not i n  current planning. 



RECOMMENDATION 
I. D.  

VII I .  

VIII. 

I X .  

I X .  

IX. 

I X .  

DISPOSITION OF TAAG RECOMMENDATIONS: REPORT # 7 

STATEMENT 

Present plans do not preclude repl acing the reactor 
vessel head on the reactor vessel . However. TAAG cou l d  
not i denti fy any compel ling technical reason w �  the 
head shoul d  be replaced. 

If the head i s  to be put back on the reactor vessel , 
elastomer gaskets wou l d  not be advisable. 
TAAG recommends that soft metal "0" rings be used. The 
most strai ghtforward approach might be to use new "0" 
rings of the ori g i nal design and to retension the 
reactor head studs to their design value. 

DI SPOSITION BY GPU 

Concur. 

If a need to replace the head ari ses , 
0-rings will  be consi dered. 

Licensing and a l l  other paperwork processing acti vities Evaluated on a case-by-case bas i s .  
shou l d  proceed because these tasks control the schedules 
for head and plenum removal . These paperwork tasks 
shoul d continue even i n  a period of reduced funding. 

The development program for the fuel transfer canal 
water fil tration system should continue a s  a priority 
task si nce this task i s  the critical path for plenum 
removal . 

A number of improvements i n  the presentation of the 
infonmation i n  the schedules should be made to assi st 
management understanding of the project schedule. 

Concur. 

Concur. 

TAAG recommends that thi s effort be continued over Was not i ncl uded i n  next peri od acti vities. 
the next period in order to evaluate finali zed schedules. 
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RECOMMENDATION 
I .  D .  

X .  

X .  

X .  

X .  

X I .  

DISPOSITION OF TAAG RECOMMENDATIONS: REPORT # 7 

STATEMENT 

A number of improvements i n  the admi ni stration of 
technical planning documents should be made to reduce 
document pro l i feration and to spec i fical ly i dentify 
revi sions. The "primer" type of document shou l d  be 
el imi nated. 

A water management group shou l d  be formed to a i d  i n  
the management of water to as sure separation o f  various 
borated and non-borated water streams. 

TAAG had specific  comments on 21 tec hnical pl anning 
documents. Two of these documents, TPO/TMI-058, 
Sol i d  Waste Handl i ng and Packaging Fac i l i ty, and 
TPO/TMI-066, Interim On-Site Storage Faci l i tl , 
contained serious technical deficiencies tha need 
to be addressed prior to further consideration. 

TAAG i s  concerned with the possi bi l i ty of boron 
dil ution using the sump suction pump method 
described i n  TPO/TMI-063, for accommodating 1 eaki ng 
i n-core i nstrument p i pes. TAAG considers th1 s to be 
an open item. 

TAAG recommends that the exami nations recommended i n  
Section 3 of thi s report ( # 7 )  be p rerequ i s i tes for any 
CSA removal technical planning. If those exami nations 
are expedited, tec hnical pl anning for CSA removal can 
begin i n  the fourth quarter of 1 984. 
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TAAG review i s  acknowl edged. I n  some cases 
primer type documents, i . e . ,  technology 
assessments, are useful . 

Water management i s  joi ntly conducted by 
technical planni ng and plant operations. 
A reorganization i s  not requ i red. 

Comments are acknowledged. A l ong-range 
sol i d  waste management plan i s  currently 
scheduJed that will recons i der the two 
referenced studies. Reexamination i ndicates 
that the basic need sti l l  exists for a 
packag i ng and handl i ng fac i l i ty and for an 
i nterim storage fac i l i ty to avoid 
i nterruption of recovery activities. 
Therefore, the basic concl usions of these 
two studies prevai l .  

The sump i s  not pumped to the reactor until 
a sufficient i nventory of water i s  i n  the 
buil ding to ensure proper boron 
concentration. Therefore, GPU bel i eves 
that the TAAG concern i s  resolved. 

Some of the exami nations wi l l  be conducted. 
Refer to comments above. The start of 
planning acti vities cannot wait for the 
resul ts of these examinations. When 
examinations are conducted, the results 
wi l l  be used to refine the plans. 
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TMI-2 DEFUELING CONCEPT WHICH ALLOWS 
THE USE OF LONG HANDLED DEFUELING TOOLS 

I .  Introduction and Background 

The present defueling concept being considered for 

TMI- 2  basically involves f i lling the entire reactor 

c a v i ty with water (very simi lar to a normal defueling 

ope r a t ion) and us ing automated/remote tools to grapple 

and g r i nd the remains of the core . The ground up fue l 

debris is then to be slur r i ed into can i s te r s .  With 

this concep t ,  the working water depth to the top of the 

loose core debris is approximately 3 9  fee t .  The 

wor k ing water depth to the lower g r i d  plate is approxi

mately 48 feet . With these working water depths , use 

of long handled tools is imprac tical and ine f f i c ient 

except for very isolated and spec i f ic types of 

functions . 

A concern has been ra ised about the present defuel ing 

concept and the fact that the water depth is beyond the 

prac t i cal limits for u s i ng long handled tools . 

Fur the r , there is concern that the present contemplated 

system is almost totally dependent on the use of 

automated/remote tools and the fuel g r i nd ing/slurry ing 

approach with which there is no signi f i cant expe r i 

e nce . Long handled tools have been proven to be very 

e f f e c t i ve in dealing w i th unplanned and unforeseen 

evolutions which invariably occur in this type of 

de fuel ing operation. According l y ,  the ques tion has 

been r a i sed whether there is a pr actical concept for 

defue l i ng TMI-2 which would allow the use of long 
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handled to0ls and , thus, not be totally dependent on 

automated/remote defuel ing tools . 

Exper ience has shown that there are two practical 

requirements that have to be achieved to make the use 

of long handled tools viable . Spec i f ically : 

0 

0 

The f i r s t  requi r ement is that the wor k i ng water 

depth for the long handled tools neeas to be in 

the range of 15-25 feet� If the depth of water 

goes beyond 25 f e e t ,  the degree of d i f f iculty in 

e f fectively using long handled tools increases 

very rapidly w i th small i ncreases in depth . 

Wor k ing water depths of 40 feet and greater are 

not practical except for isolated and spec i f i c  

types o f  functions . According l y ,  i t  is desi rable 

to de termine i f  there is a defueling concept for 

TMI - 2  which would allow the water to be in the 

1 5 - 2 5  feet depth range for the areas where the 

bulk of the wor k  has to take place . 

The second requi rement is that the rad iation level 

for people using the long handled tools mu s t  be 

kept down in the 10-50 mr/hr range w h i le wor k ing 

over the p i t .  Such exposures would be in the 

range of that experienced in normal r e f u e ling 
ope r a t ions . 

Accord ing l y ,  TAAG under took a b r i e f  inve s t i g a t ion to 

determine i f  there is such a defueling concept that 

would meet the above requ i r ements so that long handled 

tools could effectively be used . Obvious ly , if there 

are automated tools that ar e well-proven and e f fect ive, 
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the concept should not pr eclude the use of such tools; 

however, the concept must not be dependent on their 

s a t i s f actory ope r ation . 

I I .  Desc r ipt ion of Defue l i ng Concept Using Long Handled 

Tools 

A.  Features to Ach ieve a 15-25 Foot Wor k i ng Water 

Qepth For Long Handled Tools 

1 .  Gene ral Desc r iption of the Concept 

The basic approach in th is concept is to 

retain the water w i thin the reactor vessel 

and to use a rotating sh ielded deck on top of 

the reactor vessel from which people using 

the long handled tools could operate . This 

deck would provide the sh ield ing so that the 

contaminated water in the reactor vessel 

would not be a major exposure source for per

sonnel wor king the tools . Th is sh ielded 

platform is installed 1 to 2 feet above the 

reactor ves s e l  flange by having a cylindrical 

dutchman between it and the vessel ( see 

Figures 1 and 2 ) . The various lines for 

water treatment and for a i r  ventilat ion to 

control any off-gass ing would be run into the 

reactor ve ssel through the dutchman and would 

not impact operation of the rotating shielded 

platform. 
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The s h i e lded platform has about a 2-foot wide 

slot in i t  through which the long handled 

tools would be operated . This tool wor k ing 

slot width and the platform shi eld ing should 

limit the radiation f i e lds to the order of 

10-50 mr/hr while operating the long handled 

too l s .  The wor king slot on the s h i e lded 

platform is covered by h i nged doors or plugs 

of about 2-inch thick steel or pos s ibly lead 

glass ( w i th a protective cove r )  to increase 

v i s i b i l i t y .  These doors can b e  opened to 

gain access to the reactor vessel and perm i t  

lateral movement o f  the long handled tools to 

deposit a canister in the transfer boo t .  

Various concepts for the slot conf igurat ion 

and slot covers can be seen on Figure 4 .  

By taking advantage of the shield ing prov ided 

by the reactor p i t  cavity walls and the clean 

s t a inless steel liner of the p i t  c a v i ty , 

exposure due to other rad i a t ion sources such 

as the painted surfaces elsewhere in the 

building are avoided . Thu s ,  general back

ground radiation levels can be very low for 

the defuelers down in the reactor cavity 

( e . g .  even in i t s  present undecontaminated 

state , parts of reactor cavity currently read 

as low as 20 mr/hr ) .  

To transfer can i s ters loaded w i th fuel d e b r i s  

from the reactor vessel ,  a s h i e lded transfer 

boot and a very s imple transfer cask would be 

involved ( se e  Figure 2)  . The s h i e lded tr ans-

- 4 -



fer boot allows passage of the rad ioactive 

canister out of the water and into the 

cas k .  This simple cask would weigh about 15 

tons . A s imilar s h i e lded transfer boot is 

located over the fuel transfer device in the 

deep end of the p i t .  

To provide adequate water shielding for the 

operations that take place in the deep end of 

the reactor cavity p i t  and in the spent fuel 

poo l ,  it would appear that a 4 to 6 foot gate 

needs to be installed to allow the water 

level in the deep end of the reactor cavity 

and tbe spent fuel p i t  to be raised above the 

elevation of the reactor vessel flang e .  Once 

the fue.l can ister is tran s f e r r ed out of the 

reactor building and into the spent fuel 

building , it is removed from the plant ' s  

e x i s t ing hor i zontal fuel transfer sys tem by 

means of a transfer boot and simple cask to 

deposit the can ister in an appropr iate 

storage rack locat ion . The overall layout of 

this concept and key features are shown in 
Figures 1 and 2 .  

2 .  Water Level in the Reactor Ve ssel 

a .  Work ing Water Depth 

By using a s h i e lded work platform on top 

of the reactor vesse l ,  the water level 

can basically remain at the reactor 

vessel flange or at least no more than a 
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foot or so above the flang e .  As can be 

seen i n  Figure 2 ,  with the s h i e lded wo r k  

platform approac h ,  the wor k ing water 

depth to the top of the e x i s t i ng loose 

core debr is pile is approximately 16 

feet and the wor k i ng depth a l l  the way 

to the lower g r i d  plate is only about 2 6  

feet . Accord ing l y ,  this approach 

results in working water depths that are 

very practical for long handled tool 

defueling oper a t ions . 

b .  Shielded Wor k  Platform 

The s h i e lded wor k  platform is approxi

mately 1 2 "  thick and is assumed to have. 

no more than 3 "  of lead sh ield ing ( see 

Figures 2 and 3 ) . The platform also 

includes a transfer boot as shown in 

Figure 2 .  The transfer boot has prov i

sions for a lateral s ide gate wh ich 

would a llow long handled tools to move 

can i s t e r s  or other objects between the 

slotted work area of the s h i e lded plat

form and the center of the transfer boot 

w i thout requ i r ing l i f ting the canister 

out of the water . Li kewise , the t r ans

fer boot a t  the "up-end e r " would be 

sim i l ar ly designed with a s i de opening 

gate . This concept of u s i ng transfer 

boots to move fuel between water and a 

transfer cask has been used extens i v e ly 
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at ETR and ATR and i n  other non-commer

cial applications for over 2 0  years . 

c .  Water Proc e s s i ng and Ven t i la t ion 

Features 

The shielded wor k ing plat form is pos i 

tioned on a n  approximate 2 foot high 

dutchman that fastens d ir ec tly to the 

reactor vessel flange ( s e e  Figure 2 ) . 

This du tchman keeps the wo r k ing water 

depth low , y e t  allows the necessary 

water pur i f icat ion system to draw water 

out and r e turn the water to the reactor 

vesse l .  Likewise , this du tchman also 

allows an a i r  sweep sys tem to collect 

any gases that may evolve o f f  dur ing the 

defueling ope r a t ions to be d r awn o f f  

from the under s ide o f  the s h i e ld pla t 

form s o  a s  to minimize any a i r borne 

ac t ivity problems that may occur . This 

approach of a i r  and water processing 

through the du tchman would not requ i r e  

activation o f  any o f  the systems 

currently attached to the reactor 

coolant system ( e . g .  decay heat removal , 

min i-decay heat remova l ,  e t c . ) ,  and 

therefore , may possibly help e liminate 

such systems from the plant ' s  Tech . 

Specs . A conceptual layout o f  the 

du tchman is shown in Figure 1 2 .  
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d .  Water Depths for Hand l i ng and Load ing 

Can i s ters 

The water depths avai l able in the reac

tor vessel when manually p i c k ing up and 

loading core debris objects ( e . g .  f u e l  

rod s , end- f i ttings) i n t o  can i s te r s  a r e  

shown in Figure s .  This f i g u r e  i s  based 

on the assumption that the loose core 

debris has already been vacuumed into 

can i s ters . 

As can be seen in Figure 5 ,  a 6 - foot 

long object can be loaded into a 

canister and there will s t i l l  be 3 ' - 8 "  

of water available for shi elding . Th i s  

depth o f  water i s  mor e  than adequate to 

make the dose to wor k e r s  on the s h i e lded 

platform very low. The rad i a t ion levels 

resul ting from rais ing var ious objects 

near the water sur face are d i scussed in 

Section II . C  below . 

3 .  Features and Operat ions in the Deep End of 

the Reactor Cavity Pit and Spen t  Fuel Pools 

a .  As can be seen i n  Figure 2 ,  there i s  a 

gate approximately 6 f e e t  high installed 

between the reactor vessel and the deep 

end of the reactor c a v i ty p i t .  The 

or iginal plant cons truction included the 

necessary prov i s ions in the cavity walls 

and floor for a gate slot at this loca-
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tion . Accordingly , only the gate i tself 

needs to be provided . The water level 

behind this gate is bas i cally set by the 

water level over the spent fuel racks in 

the aux i l iary fuel handling building 

(see Figure 1 )  • Since the deep end of 

the reactor cavity and the spent fuel 

pool are connected by the_ transfer 

tubes , tbe water levels in these two 

pools will be a t  the same leve l .  The 

water level shown in Figures 1 and 2 

also provides adequate shi e ld i ng for the 

storage of the upper plenum as sembly and 

provides s u f f i c i ent water over the "up

ender s "  to allow the transfer and han

dling of can i s ters . A detailed analysis 

of the concept may allow further reduc

tion of this water level by a foot or 

so , bu t at this poi n t ,  it is not desir

able to reduce the marg in in this 

ar ea . In any cas e , th is gate s i ze and 

water depth appear to be reasonable . 

b.  The handling of cani s te r s  in the deep 

end of the reactor cav ity also involves 

the use of a transfer boot ( e . g .  mounted 

on a stand) over the "up-end e r "  of the 

fuel transfer mechan ism.  With this 

arrangemen t ,  the transfer cask moves 

back and forth between the reactor 

vessel transfer boot and the "up-ende r "  

transfer boot ( se e  Figure 2 )  . Con

ceptually , this is not too d i f ferent 
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from the fuel transfer oper a t ions that 

normally occur with the fuel handling 

manipulator that moves fuel between the 

reactor vessel and the n up-ender n dur ing 

refueling operations in a nuclear power 

plan t .  To fac i l i tate this transfer 

ope rat ion at TMI - 2 ,  the or ientat ion of 

the rotating shi elded platform ' s  trans

fer boot and the nup-ender n transfer 

boot could be set so that the polar 

crane bridge is in a f i xed pos i tion and 

only the polar cr ane trolley has to move 

back and forth between these two trans

fer po ints . Thus , canister transfers 

would not require the movement of the 

main f r ame of the polar crane . Th is 

should greatly fac il i tate the speed a t  

which the transfer c a s k  can b e  handled . 

c .  A transfer boot is also located in the 

spent fuel poo l .  This transfer boot 

could e i ther be fastened to a cask which 

is handled by the spent fuel b u i ld ing 

crane or the cask and a transfer boot 

could be suspended from the e x i s t ing 

spent fuel handling br idge . In e i ther 

of these arr angements , the boot and c a s k  

could move back and f o r t h  from the spent 

fuel pool nup-ender n and to the var ious 

spent fuel storage racks wher e  the 

canisters are to be s tored . 
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B .  Separation o f  High Act i v i ty Water from Low 

Ac t i v i ty Water and the Bene f i c i a l  Impa c t  on Water 

Cleanup and Processed Fac ilities 

1.  To provide shielding over the water through 

which the long handled tools are being used , 

a rotat ing shielded platform is provided as 

d i scussed prev iously . Second ly , by separa

ting the mor e  highly contaminated wa ter in 

the reactor vessel from the relatively cl_ean 

water in the deep end of the reac tor cavity 

pit and in the spent fuel p i t  a r e a s , the 

water in these later two pits does not become 

a major rad iation source . Th is would no t be 

the case if the entire water p i t  was con

nected d irec tly to the reactor vessel water . 

2 .  Another advantage o f  sepa r a t i ng the reactor 

vessel water from the pit water is that the 

volume o f  water remaining i n  the reactor 

vessel is relat ively small and , therefor e ,  i t  

should greatly reduce the to tal volume o f  

water that has to be processed through the 

Reactor Vessel Portion of the defuel ing wa t e r  

cleanup (DWC) system . Th is reduced pro

cess ing volume should result in a reduc t ion 

in the number of f i lters and ion exchang e r s  

that will have to be used , handled , and 

shipped o f f  s i te for waste d i sposa l .  In 

add i t ion , th is long handled tool defueling 

concept will also reduce the volume o f  water 

in the deep end of the reactor cav i ty and in 

the spent fuel p i t .  Th is in turn w i ll reduce 
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�he total volume of water that has to be pro

cessed through the Fuel Pool Por t ion of the 

defueling water cleanup (DWC} system . Thus , 

by separating reactor cav i ty deep end and 

spent fuel pools from the reactor vesse l ,  the 

water activity should be lower in the pools 

and the reduced proces s i ng volume will also 

result in fewer f ilters and ion exchangers 

that will have to be used , handled and d i s 

posed o f  in cleaning up the water in these 

pools . 

C .  Rad iat ion Levels Dur ing Long Handled Tool Opera

tions 

1 .  As indicated i n  the gene ral description 

section above , the long handled tools are 

operated through a slotted section in the 

rotating sh ielded platform . Figures 2 and 4 
show the workup slot to be about 2 feet wide 

and covered w i th hinged shield doors or block 

sect ions w i th access holes for the long 

handled tools . An assessment was made of the 

worker rad i a t ion exposure levels as a func

tion of various working hole s i zes as suming 

that the water has an activity of 1 �c i/cc .  

These are tabulated in Figure 5 .  A 2-foot 

d i ameter working hole results in exposure of 

about 3 5  mr/hr on the shi elded platform . A 

1-foot d iameter working hole results in about 

10 mr/hr . 
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2 .  An assessment was made o f  the radiation level 

gene rated by a canister that was fully loaded 

with maximum a c t i v i ty debris ( see Figure 6 ) . 

As can be seen in this f igure , even if such a 

very highly and fully loaded canis ter was 

brought to within 3 feet of the water 

sur fac e ,  the radiat ion level at 2 feet above 

the shielded pla�form, assuming a 2-foot 

opening , would be about 380 mr/hr and about 

40 mr/hr if the water depth is ma intained at 

4 fee t .  According l y ,  about 4 feet of water 

shielding should be quite adequate to permit 

handling of a canister . 

3 .  An assessment was also made o f  the radiation 

level result ing from handling a maximum burn

up fuel rod assuming no leaching or loss of 

f i s s ion products (see Figure. 7 ) . As can be 

seen in th is figur e ,  such a rod , i f  raised to 

1 foot of the water sur face , would result in 

a radiation level of about 3 7 0  mrjhr at work 

elevation and about SO mr/hr if 2 feet of 

water is maintained . Based on the depth of 

water available in this concept ,  suffic ient 

water depth should be available to permi t 

handling of fue l pins , debris and canisters 

to s t il l  ma intain low radiat ion levels in the 

work areas . 
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D .  Concept of a Vacuum System to Remove Loose Core 

Deb r i s  in the Long Handled Tool De fueling Ar range 

ment 

Presently the r e  is about 3 feet of r e l at ively 

loose and small s i ze debris r e s t ing on the TMI-2 

cor e .  It is proposed that one of the f i r s t  

actions a f ter the plenum has been removed is to 

vacuum up th is loose debr i s .  Figure 9 shows con

ceptually how such a vacuuming system can be 

installed and used with a long handled tool 

d e fueling concep t .  In this concept a long handled 

tool ( w i th vacuum suction hose , TV, and lights 

mounted on the end of the tool) can be manually 

manipulated through a working slot to vacuum the 

debr is . S u f f ic ient d i r ect v i s i b i l ity w i ll most 

l i k e ly be available for this type of ope ration 

since water is relat ively shallow and fine tool 

po s i t ioning is not requ i r ed . I f  d ir e c t  v i s i b i l i ty 

should be a problem, the TV camera should .provide 

adequate v iewing . The vacuum system pump un i t  and 

bracket as sembly to support the c a n i s t e r s  a r e  

pos i t ioned in the reactor vessel by suspending 

them in an access port of the s h i e lded wor k  pla t 

form . The canisters are pos it ioned i n  the access 

port adjacent to the working slo t .  Thus , by us ing 

an off-set hand tool in the working s lo t ,  can i s 

ters can be installed and moved to the transfer 

boot for removal from the reactor vesse l .  
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E .  Uses of Automated/Remote Tools in the Long Handled 

Tool Defue l i ng Concept 

The present reference TMI-2 defuel ing concept uses 

automated/remote tooling . The tooling is pos i 

tioned in the reactor vessel flange under about 

23/24 feet of wate r .  The refer ence tooling con

cept is shown on Figure l O A .  

As ind ica ted previously , i t  i s  des ired that the 

long handled tool de fueling concept should not 

preclude the use of automated/remote tooling if i t  

is reliable ; however , th i s  defueling concept 

should not be dependent on i t .  Figure lOB shows 

conceptually how automated/remote tools can be 

used in conjunction w i th the s h i e lded work plat

form of the long handled tool defueling concep t .  

In this regard it should be noted that d r i ve 

mechanism por t ions of the automated/r emo te tools 

are above water, d i rectly acces s i ble for manual 

ma intenance and adjustment instead of be ing 23/2 4 

feet under water as in the pr esent re ference con

cept . Also , with the plenum stored in i t s  normal 

pos i tion in the deep end of the reactor cav ity , 

the south end of the cav i ty with i t s  low rad i at ion 

levels is available for the control units assoc i

ated with such automated/remote equipmen t ,  as well 

as for a superv isor and worker s taging area . 
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I I I . Use of the- Reactor Cav itY to Reduce Rad i a t ion Levels 

The existing floors and walls of the normal r e f u e l i ng 

work area ( i . e . ,  3 4 7 ' elevation) are bas ically 

painted . These painted floors and the walls are a 

signifi cant source of radiation to wor ke r s .  The r e for e ,  

i f  defueling operations take place a t  that present 

elevation ( elev . 3 4 7 ' ) , the nominal exposure j u s t  from 

activity entrapped in the paint and concrete of the 

floors and wal�s is unders tood to be in the order of 

about 100 mr/hr , even after numerous decontamination 

e fforts have been made . However , the reactor cav i ty 

pit which is approximately 25 feet deep is s tainless 

steel lined rather than painted . The bottom of the 

reactor cav i ty has some of the lowes t  readings in the 

TMI-2 containment build ing , even w i thout any sign i f i 

cant decontamination ( e . g .  some ar eas o f  the cav i ty are 

as low as 20 mr/hr at present - see Figure 13) . 

Accord ing ly , it is considered that the long handled 

tool defueling concept can take advantage of the fact 

that the reactor cav i ty stainless s t e e l  walls and floor 

are not a source of tr apped contaminat ion . W i th 

further simple cleaning of the stainless s te e l  line r , 

surface contamination as a radiation source in this 

area should , for all prac tical purpose s ,  be 

e l iminated . Since the reactor cav ity walls are in 

essence shield walls , they are used in this concept to 

protect per sonnel wor k ing on top of the s h i e lded plat

form on the reactor vessel from other build ing 

rad i ation sources . Assuming that further cleaning can 

get the rad iat ion down in the cav i ty to near normal 

backg round , the only radiation that would have to be 

contended w i th is that coming from the wor k ing slot o f  
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the s h i e lded platform on the reactor vesse l .  I f  there 

is radiat ion shine from the cont a i nment dome area back 

down into the reactor cav i t y ,  as some have speculated , 

i t  should be relatively easy to install add i t ional 

beams across the pit and provide a temporary sh ield and 

hercu l i te cover to prevent any o f  the dust from the 

other par t s  o f  the build ing from a ffecting the work ing 

level down at the bot tom o f  the reactor cav i ty . 

In essence , i t  appears very p�ac t i ca l  in this concept 

to separate the reactor cav i ty work area from the 

remainder of the build ing and the r e fore drastically 

reduce the general background rad i a t ion in the cav i ty 

to a leve l experienced in current nuclear plants during 

r e f u e l i ng . Fur ther , i t  also offers the potential of 

isolat i ng the cavity wor k ing area from the rest of the 

containment which is a source of a ir borne a c t i v i ty 

problems . I t  thus offers the potential o f  e l iminating 

the need for respi rators for work in the reactor 

cav i t y .  

IV .  Dry Hand ling o f  the Uppe r Plenum Assembly 

Presently many o f  the OTSG nuclear plants move the 

upper plenum assembly from the reactor vessel to the 

deep end o f  the reactor cav i ty w i th j u s t  the deep end 

o f  the cavity flooded w i th water ( e . g .  this is commonly 

re fer r ed to as a dry transfer ) .  The plants have found 

th is approach very e f£ective from ALARA po i n t  o f  v iew 

and th is allows various wo r k  tasks to proceed at the 

reactor flange area w i thout having to go through a 

ma j o r  decontami nation effort o f  the s t a inless steel 
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c av i ty l i ne r  since the cavity above the reactor vessel 

d id not have to be f looded ( i . e .  decontamination o f  the 

cavity after flooding is normally a maj o r  and time

consuming e ffort)  . Th is dry transfer has been found to 

be ALARA e ff e c t i ve even though the upper internals 

assembly in these plants have seen many years o f  opera

tion and thus have s i g n i f icant activity in the lower 

por t ion of the assembly . 

An assessment was made using the dry transfer technique· 

for handling the upper plenum assembly at the TMI - 2 . 

While TMI-2 ' s  upper plenum is not as h i ghly activated 

as those in other power plants , it has very sign i f icant 

s u r f ace contamination ( e . g .  1300 uc i/cm2 ) .  Figure 11 

shows the est imated radiation levels at the south end 

of the TMI-2 reactor cavity during dry plenum transfer , 

assuming the plenum has the maximum sur face a c t i v i ty 

which has been measured ( 13 0 0  u ci/cm2 ) and assuming 

that there are no shield walls at the end o f  the 

cav ity . The rad iation leve ls , even w i th these con

servative assumptions , are 2 r/hr at the very edge o f  

the cav i t y .  Normally , crane ope rators stand behind the 

" D "  ring wall or back against containment walls for 

tr ansfer ope ration and as a result the exposure dose is 

very sma l l . I f  problems develop dur ing such transfer 

at TMI-2 , the reactor cavity could then be flooded . 

Accordingly , a dry transfer of the upper plenum a t  

TMI-2 appears very prac tical and qu i t e  attrac t i ve , 

regardless o f  the defueling concept used . 
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v .  Summary of. Features For De fueling Concept 

A. There is separation between h igh ac t iv i t y  water 

and low activity water ( i . e .  h igh a c t i v ity water 

is reta ined in the reactor ve s se l ) . The impac t of 

t h i s  mos t  impor tant feature i s  summa r i zed below : 

1 .  I t  limits the volume and surface area of high 

act i v ity water to j u s t  that in the reactor 

vessel ( some 30 , 00 0  gallons ) .  In contras t ,  

the present refuel ing concept requ i r e s  

flooding t h e  e n t i r e  reactor c a v i ty which con

tains some 3 0 0 , 0 0 0 - 4 0 0 , 0 00 gallons of water . 

2 .  By reducing the area o f  h ighly contaminated 

water and s h i e ld ing that area ( i . e .  the 

s h i e lded wor k  platform ) , it should grea tly 

reduce the r a d i a t ion source caused by the 

high ac t i v ity water and thus reduce exposure 

to defueling wor ker s .  

B .  The reduction o f  the h i gh ac t i v i t y  water volume 

and the separation feature d i scussed in I I . B .  

above should reduce the total volume of water 

processed by both the reactor vessel por t ion and 

the spent fuel pool portion o f  the defuel ing water 

cleanup ( DWC) system . Th i s  reduced volume of 

water that has to be processed should in turn 

s i g n i f icantly reduce the number of f il te r s  and ion 

exchange r s  that w i ll have to be used , changed and 

d isposed of as was t e . 
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C .  The water level i s  near the reactor v e s s e l  flange 

and a shielded work platform over the reactor 

vessel serves as a defueling w o r k  ar e a . The 

advantages of these features a r e  a s  follows : 

1 .  The defueling working water depth i s  i n  the 

range o f  16-27 fee t ,  thus allowing the use o f  

manual long handled defue l i ng tools . Th i s  

a r rangement does not pr eclude the use of 

automated/remote tools, b u t  the concept i s  

not dependent on them. 

2 .  The reactor vessel cav i ty walls and floor s ,  

since they are not painted s u r faces l i k e  the 

3 4 7 '  leve l s ,  should not be a rad i a t ion 

sourc e . In essence , the reactor v e s s e l  

cav i ty ac t s  a s  a s h ielded cubicle t o  m i n i m i z e  

exposu r e  to defueling personnel wo r k ing o n  

t h e  s h i e lded platform. The s o u t h  area o f  the 

reactor ve ssel cav ity is a good s t ag ing area 

for defueling equipment and prov ides a low 

rad i a t ion area for other poten t i a l  uses s i nc e  

the upper plenum assembly i s  s tored in the 

deep end of the reactor ve s s e l  cavity ( e . g .  

i ts normal s torage loca tion ) .  

D .  The tooling and equipment requ iremen t s  a r e  

s t r ai g h t forward and mechanically simple . They are 

non-deve lopmen t a l  and no research e f f o r t  is 

requ ired . Th i s  basic defueling concept has been 

successfully used for many years in t e s t  reactors 

and c e r tain other non-comme r c i a l  power applica

tions . 

- 20 -



V I .  General Assessment o f  the Concept 

There have been numerous questions and issues r a ised 

concerning the present defuel ing concept and how this 

new concept addresses those i s s ue s .  Comments as to how 

the long handled tool defuel ing concept answers these 

var i ou s  ques t ions are summa r i zed in Table 1 .  

- 2 1  -



Table 1 
Lony Hana lea Tool Oetuel i ng Scheme 

Concern 

1 .  Some of the schemes current l y  being d i scussed 1 .  
i nv o l vea developmental equ i pment such as remote l y  
operated arms , shredders , etc .  

2 .  Long hana led too l s  would not be prac t i cal because 2 .  
the water work i ng aepth wou ld exceed the maximum 
prac t i c a l  length of about 25 teet . 

3 .  Rad i at i on exposure to workers wou ld be exces s i ve ,  3 .  
thus requi r i ng the use o f  the automated/remote 
defue l i n g  concept .  

4 .  Oefue l i ng operations wi l l  require v i s i b i l i ty ,  hence, 4 .  
the devel opment of a h i gh capacity Oefue 1 i ng Water 
C l eanup System (OWCS) i s  a prerequ i s i te for aefue l i n g .  

How 1\ddressea i n  Long Handlea Tool Uefue l i ng Scheme 

Uetue l i ny can oe done ent i r e l y  with long handled too l s ,  
al though the use of uore developmental equi pment i s  not 
prec l uded . 

A l l  oper a t i ons can be done with long hand led too l s .  The . 
water working depth aoes not exceed 26 feet in length i f  
s h i e l dea work p l atform 1 s  mountea on tha reactor vessel 
and the reactor cav i ty i s  ory except for the aeep-end 
which i s  f l ooded . 

A l l defue l ing work would be done i n  the reactor cav i ty 
area, wh i ch i s  one of the lowest radiation areas i n  con
tai nment - now 20 to 30 mRem/hour . T h i s  dose can pro
bab l y  be reduced by decontillni nat i on s i nce the S . S .  l i ner 
should be r e l a t i v e l y  easy to c l e an .  A sh i e l ded work 
p l atform wi l l  control the dose rate from the oefuel i ng 
operations i n  the reactor vess e l . 

I t  may not be true that a l l  defue l i ng act i v i t i e s  . 
requ ire v i s i bi l i ty .  The vacuum defue l i ng evo l u t i ons 
can a ls o ,  in al l l i k e l i hood, be performed b l i n d ,  or wi th 
very l i mi tea v i s i bi l i ty .  later grapp l i ng operations wi l l  
require a aegree of v i s i b i l i ty ,  but complete water 
c l ar i t y  may not be a requi rement even then. 
Spec i f i ca l l y ,  s i nce the Long Hanalea Tool Uefue l i ng 
approach reouced the water work i ng depth, the water 
c l ar i ty requi rements to obtai n suf f i c i ent v i s i b i l i ty are 
l i kewi se reducea . Accord i n g l y ,  i t  does not appear that 
the UwCS i s  a prerequ i s i te for the i n i t i al vacuuming of 
the loose core deor i s .  A l s o ,  the level of water 
c l ar i ty/f i l tr a t i on required ( e . g .  the ppm required) in 
the UWCS eff l uent for l ater oefuel i ng oper ations wi l l  be 
somewhat reduced due to the shal lower water depths wi th 
t h i s  aefuel i ng approach . 

burns & Roe . I�c . 



5 .  Developmental programs to ut i l i z e  automated/remote ly 
operated defue l ipg equi pment and Matt Si ntered Meta 1 
owes f i l ters control tne start of defue l i ng opera
t l ons . 

6 .  Ces i um r e l eased dur i ng defue l i ng wi l l  contaminate 
water i n  the refue l i n g  canal , and increase radioac
t i ve exposure to worker s . 

5 .  · Remotely operatea tlefuel i n g  equipment and the UwCS 
f i lters are not �rerequi s i ts for i n i t i a l  defue l i ny (e . g .  
remov a l  of the loose core aenr i s ) .  Ini t i al defue l i ng 
can be accom!J l i shed 11l> l i nd11 w l th s i mp l e  hand tool s  anti a 
r ud i mentary dredginy/vacuuming system . 

I f  the devel opment l)rogr ams for automated/remote equ i p �  
ment experience major d e l ays , manual too l s  can be used to 
defuel the reactor. L i kewi se,  i f  problems d�velop with 
the f i lters for the owes, th i s  detue l i ng concept may 
a l low rel axation of the 1 ppm suspenaed so l i a  requi rement 
( e . y .  for v i s i bi l i ty) for the eff l uent from the f i l ters 
due to the shal low water depths .  

The Long Hand l ed Tool Uefue l i ng scheme has 'large liody of 
experience and i s  simi l ar to one useo for more than 25 
years at the E J �  & ATH test reactors and other non
commerc i a l  app l i cations.  

The Long Hand led Oefue l i ng Concept does not preclude the 
use of automated/remote tool i ng i f  they are proven and 
r e l i ab l e .  

6 .  A 1 1  o f  the cesium rel eased our i ng def ue l i ng would ue 
conf i ned i n  the reactor vesse l . Workers wou ld be pro
tecteo from the resultant rad i at i on by the shi e l ded work 
!J l atfonu. Hence, the rad i ation hazard from any ces i um 
spi k e  wou l d  not become a general area problem, and woulo 
not affect oefue l i n g .  In add i t i on ,  with the reduced 
v o l ume of the reactor vessel water anti the comp lete 
separation of the water in the fuel transfer ana spent 
fuel �ool areas from the reactor vesse l ,  the reactor 
vessel port\on of the Owes shoula oe aole to more effec
t i vely and quickly nana l e  any ces i um release i f  i t  shoulo 
occur . 



• Rad iolyt ic gasses (hydrogen and oxygen ) ,  krypton. 
and t r i t ium may be rel eased tlur ing defuel ing and 
may be a hazard to workers . 

Water c l ar ity w i l l  be a problem dur ing defuel i ng 
even i f  telev i s ion cameras are p l aced In tne reactor 
vesse 1.  

1 .  The Long Hand led Tool Oefue l ing scheme Involves too 
many handl ing steps when the can isters are trans
ferred from the s h i e l ded deck to the upenders .  

0 .  The Long Handl ed Tool Oefue l l ng scheme could not be 
deve 1 oped and put in p 1 ace oy Apr i 1  1 ,  1985. 

1 .  The Long Handled Tool Oefuel i ng scheme wou ld requ ire 
the open ing of the R . B .  Equ i pment Hatch. 

. 2 .  The reactor cav i ty w i l l  need to be f i l l ed w i th 
water to perm i t  the transfer of the p l enum. 

. 3. The reactor cav ity w i l l  need to be f i l led w i th water 
or a spec i a l  sh i e l d  box w i l l  need to be constructed. 
in order to sh i e l d  the workers from the p l enum stored 
In the south end of reactor cav ity.  

7 .  The area beneath the sn ielded work pl atform Is vented to 
the reactor bu i ld i ng purge system and woul d  not be a 
hazard t o  the workers . 

8.  The problem wou l d  be m i n i m i zed by attach ing a TV camer a 
and a 1 i ght source near the operat lng end of the long 
handled too l s .  Further, the reduced water work ing tlepth 
I n  the long handled tools concept (17 t o  26 feet ) greatly 
reduces c l ar i ty requ i rements for v i sual ooservat iQns. 

9. The number of steps to transfer the fuel are s im i l ar to 
the number of steps requ i red In a normal defuel ing 
operat ion.  The steps are s imp l e  and stra i ght forward . 

10. The scheme Is  the least develop�nental of any being con
s i dered and therefore could be ready before any of the 
others . lts equ i pment Is mechan i c a l l y  stra i ght forward 
and s imp l e .  

' 

1 1 .  The scheme does not requ i re the open ing of the Equ i pment 
hatch; although, open ing tne hatch wou l d  ass i s t  tne 
I nsta 11 at ion and checkout of the defue l ing equ ipment 
regard l ess of the scheme used l 

ll.  The dose rates assoc i ated w i t h  a dry · plenum l if t  are not 
so h igh as to requ ire the ent ire reactory cav ity to 
be f looded . A dry plenum l i ft is feas i b l e  prov i d i ng the 
capab i l ity to flood the reactor cav ity Is prov i aed 
I n  case of emergency, (e.g • •  a f a i lure of the polar 

crane dur i ng the l i f t )  • 

13. The plenum can be stored in the deep end of tne reactor 
cav ity In i t s  normal locat ion. The sh i e l d  water prov ided 
in the d�ep end for fuel canister upend ing and transfer 
I s  also adequate to s h i e l d  the pl enum and to protect the 

workers . 



1 4 .  The plenum must be stored in the sha l l ow end ( i e the 
south end) of the reactor cav ity to perm i t  the use 
of the deep end for stor i ng a large number of fuel 
can isters.  

15. The vacuum system w i l l  requ ire a l arge number of 
can isters to be staged in the deep end of the reactor 
cav ity due to the need to operate var i ous types of 
sol ids remov a l  dev ices In ser ies to effect defue l i ng.  

1 4 .  The tue l can i sters should oe transferred to the �A" Fu�l 
Pool as soon as they are loaded into one of two the trans
fer mechan isms. The plenum can be stored in its normal 
locat ion in the deep end of the poo l .  A few extra 
storaye spaces for cann i sters (e . g .  H) can be prov ided i n  
the deep end even w i th the pl enum stored there . 

1 5 .  The vacuum system devel oped for the in i t i a l  rubble re
moval should be des igned to use one sort of sol ids .remo
v a l  dev ice at a t ime. Knock-out drums should be ab l e  to 
remove the major ity of al l fuel debr i s .  The f i nes c�n 
oe returned to reactor ves's e  l to be removed at a l ater 
t ime. Such a vacuum system can be con t a i ned w i t h i n  reac
tor vessel . 

Shredder/vacuum system �evel oped shou l d  be s i zed to be 
located in the reactor vesse l .  Th i s  w i l l  el i m inate the 
need for comp lex encasement systems and for bre�K ing 
connec t ions of the �ebr i s  transfer system in the clean 
water In the deep end of the reactor cav ity.  
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