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For: 

From: 

Subject: 

Purpose: 

Discussion: 

The Commissioners 

James H. Taylor 
Executive Director for Operations 

STATUS OF AND REMAINING ACTIONS FOR CLEANUP OF THREE MILE ISLAND 
NUCLEAR STATION, UNIT 2 (THI-2) 

To provide the Commission with an update on the status of the 
THI-2 cleanup and the remaining staff actions. Additionally, to 
request Commission approval of the staff's proposal to offer an 
opportunity for a prior hearing on a license amendment request 
that would allow for long term storage of the facility (Post
Defueling Monitored Storage or PDHS). 

Status 

On January 30, 1990, almost 11 years after the THI accident, 
GPU Nuclear Corporation (the licensee or GPUN) completed defuel-
1ng of THI-2. A detailed account of the current status of the 
cleanup is provided in Enclosure 1. 

The licensee has determined that more than 99 percent of the 
core debris has been removed from the reactor vessel. The 
vessel has received a final flushing and brush-down, and the 
licensee has removed all remaining accessible fuel. On 
April 12, 1990, the licensee estimated that less than 850 kg of 
fuel remains at the facility. The licensee has completed an 
extensive video examination of the vessel and access1ble areas 
of th~ reactor coolant system documenting the extent of fuel 
removal. Ex-vessel defueling has been completed. Decontamina
tion efforts over the past year have been limited to maintaining 
the radiological conditions at the facility and minimizing 
occupational exposure. 

Completion of Current Cleanup Effort 

On Februa~ 22, 1990, the licensee submitted revision 5 to the 
Defueling Completion Report providing documentation of the 
completion of cleanup. The staff conducted a review to 
determine if the facility was sufficiently defueled. The staff 
evaluated the licensee's position that the facility was 
defueled to the extent that is reasonably achievable and that a 
criticality event is precluded. ~ 
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The results of the staff's review is contained in Enclosure 2. 
On April 26, 1990, the staff notified the licensee that it had 
satisfied the conditions for the cessation of defue1ing 
activities. This determination allowed the licensee to 
transition from Mode 1 through Mode 2 to Mode 3. Since the 
accident the staff and licensee have amended the TMI-2 technical 
specifications (TS) to reflect the safety significance of the 
facility as the cleanup progressed. Once the licensee 
demonstrated that defueling was completed and the possibility of 
a criticality was precluded the facility entered Mode 2 on 
April 26, 1990. 

Upon transition to Mode 2 there was a substantial reduction 
in TS requirements, including the deletion of the requirement 
to man the control room with licensed operators. 

Transition to Mode 3 occurred on April 27, 1990 after the staff 
verified that the licensee had shipped all fuel removed from 
the facility from the THI-2 site. 

Once defueling was complete, the licensee began the final phase 
of the current cleanup--readying the facility for long-term 
storage. Work scheduled for 1990 includes residual fuel 
measurements, preparation for and removal of water from the 
reactor coolant system and reactor vessel, and evaporation of 
accident generated water (AGW). Work will continue through 1991 
on additional decontamination to meet target goals and removal of 
low-level wastes. The licensee plans to have the facility ready 
for PDHS by December 1992. A schedule for remaining activities 
is provided in Enclosure 3. 

Post-Oefueling Monitored Storage (PDMS) 

On August 16, 1988, the licensee submitted a request for a 
license amendment that would allow for long-term storage of the 
facility (termed Post-Defueling Monitored Storage or PDMS by the 
licensee) once the plant reached a safe and stable condition. 
Although the licensee proposed that the amended facility license 
be a •possession only• license, the licensee has not expressly 
stated its intention to permanently cease operation or to decom
mission the plant. It is GPUH's position that, since it has not 
declared the permanent cessation of operations at THI-2, the reg
ulations pertaining to decommissioning are not applicable at this 
time. However, the licensee was required to submit a decommis
sioning funding plan as required by 50.75{b) and 50.33(k)(2). 

The August 16, 1988 amendment request would further reduce the 
TS requirements consistent with the requirements for long-term 
storage. Enclosure 4 provides additional information on the 
licensee's proposal and the staff actions necessary to respond 
to the licensee's request. 
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The licensee plans to place the facility in PDHS until THI-1 
is ready for decommissioning. At that time, the licensee plans 
to decommission both Unit 1 and ~nit 2 simultaneously. 

In August 1989, the staff issued Final Supplement 3 to the 
Programmatic Environmental Impact Statement (PElS) evaluating 
the impact of POMS. The staff is currently preparing a safety 
evaluation report (SER) on PDHS. PElS Supplement 3 and the 
staff's SER will form .the basis of the staff's position on the 
acceptability of PDMS. 

The staff proposes that an opportunity for a prior hearing 
should be offered on the licensee's PDHS license amendment 
request. The POMS license amendment review is a detailed 
technical review principally involving the assessment of plant 
operating systems that will be necessary for the storage period. 
Much of the review is being performed under contract with 
Pacific Northwest laboratories. The Commission held a prior 
hearing on the licensee's proposal to dispose of the accident 
generated water by evaporation. There was considerable public 
interest and involvement in the hearing. The licensee's current 
proposal to suspend further cleanup of the facility is considered 
by the public as a much bigger issue. Furthermore the Common
wealth of rennsylvania is taking a much more active role in the 
PDHS review than it did in the accident generated water disposal 
issue. 

Although no formal vote has been taken by the citizens Advisory 
Panel for the Decontamination of THI-2, informal discussions 
with a number of members has revealed an expectation that a 
prior hearing would be held. If the staff announced that a 
hearing would not be offered prior to issuance of the PDHS 
amendment the Panel would likely vote overwhelmingly in favor of 
a prior hearing and insist that the Commission order a hearing 
prior to the staff's actions. 

The licensee fully expects a prior hearing on this issue. The 
licensee has scheduled the remainder of the cleanup to coincide 
with a hypothetical schedule of a prior hearing. There would be 
little economic or schedular penalty to the licensee of a prior 
hearing versus a post issuance hearing. The THI-2 Technical 
SpP.cifications have been extensively modified since the accident 
to closely approximate those requested by the licensee for POHS. 

Based on the co~plexity of the technical issues associated with 
long term storage, the level of public and Co~nwealth of 
Pennsylvania interest, and the lack of significant economic or 
schedular hardship on the licensee the staff recommends that an 
the opportunity for a prior hearing be offered on the POHS 
license amendment request. If a hearing is required on this 
issue, it is estimated that the proceeding will take approximately 
24 months. An Atomic Safety and licensing Board Panel decision 
on PDHS would not be expected until late 1992. 
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ihe staff finds the licensee's application sufficiently complete 
at this time to go fonward with issuance of the notice and the 
SER in the next couple of months. 

Financial Information 

As of the end of 1989, the licensee had spent $966 million on 
the cleanup. The licensee's budget for calendar year (CY) 1990 
is $16 .8 million. After the plant enters PDHS, the licensee 
expects to spend approximately $3 million to $5 million per 
year. 

The licensee has stated that it will probably decommission 
TMI-2 along with TMI-1 when 1HI-1's operating license expires. 
Under the current decommissioning rule, as long as the licensee 
maintains TMI-2 in a safe, stable configuration, additional 
cleanup before actual physical decommissioning would not be 
required. Therefore, additional cleanup at the conclusion of 
PDHS and before decommissioning would probably not occur unless 
it could be demonstrated that there is some health or safety 
reason requiring the additional decontamination that would 
offset the exposure necessary to accomplish the decontamination. 

On July 26, 1990, the licensee submitted its decommissioning 
funding plan. According to this plan, the licensee will escrow 
$196 million for TMI-2 radiological decontamination. The 
licensee plans to have the full amount a~sembled at ~he ttme the 
THI-1 license expires (April 19, 2014). The basts for the 
licensee's position is that it has not declared the permanent 
cessation of operations at THI-2. The licensee asserts that 
such a declaration is a necessary prerequisite for the submittal 
of decommissioning plans and the need to fully fund its decommis
sioning fund account before the expiration date of its operating 
license {November 4, 2009). In its July 26, 1990 submittal, 
the licensee stated that it did not require an exem~tion to be 
allowed until the end of the THI-1 operation to assemble the 
required funds because of the unique post-accident circumstances 
at THI-2. Notwithstanding the licensee's proposal, the staff 
has developed an alternative position on the issue of when funds 
must be available for decommissioning for facilities that 
prematurely cease operation. This position will be fonwarded 
to the Commission in a forthco~ing Commission Paper. 
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THI-2 Advisory Panel 

The Advisory Panel for the Decontamination of THI-2 last met on 
March 14, 1990. The panel discussed several topics including 
whether it is necessary to continue meeting now that defueling 
is completed. Several panel members expressed interest in 
continuing to meet, although less frequently and perhaps with 
fewer panel members. 

At the March 14, 1990 meeting, the panel decided to meet again 
in the fall and continue discussions on the cont inuance 
of the panel. Other topics planned for discussion at the proposed 
October 1990 meeting are disposal of the AGW (evaporator operat
ing experience), the licensee's decommissioning funding plan, the 
staff's POMS SER, and the future role of the Advisory Panel. 

The staff recommends that the Advisory Panel meet with the 
Commission sometime this fall to discuss the panel's activities 
since the last meeting with the Commission on October 25, 1988, 
and to discuss the future of the panel . 

Disposal Of Accident-Generated Water 

On September 11, 1989, th~ staff granted an amendment to the 
THI-2 license removing the prohibition to evaporate the accident
generated water (AGW} . This amendment was issued after a 
lengthy hearing proceeding. On January 19, 1990. the Atomic 
Safety and lice~sing Appeal Board affirmed the Atomic Safety and 
Licensing Board's decision. The licensee has installed the 
evaporator on ~ite and has begun surrogate testing with water 
containing boron and sodium to test the complete performance of 
the system from the evaporation process through the processing 
of the concentrate and solids. There have been a number of 
equipment breakdowns during testing. resulting in repairs and 
several minor design modifications. These breakdowns have 
delayed surrogate testing and caused significant delays in 
readying the evaporator for operation. Intervenors have also 
challenged the Commonwealth of Pennsylvania and the licensee 
regard ing the issuance of an air quality wa iver for evaporation 
of the AGW. 
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Fuel Measurements and Special Nuclear Material (SNM) 
Accountability 

The staff has contracted with Pacific Northwest laboratory to 
conduct independent measurements to determine residual fuel 
remaining at the THI-2 facility sometime during the summer of 
1990. Preliminary measurements of the Auxiliary and Fuel 
Handling Building were taken in May 1990. The results of the 
measurements program will be needed to support the staff's 
testimony at a likely hearing on PDMS and will also form the 
basis of a policy statement by the Commission on the conclusion 
of the current TMI-2 cleanup effort. 

The staff, with contractor support, is also conducting a review 
of the basis for the special nuclear material transfer documents 
transferrfn9 accountability for the fuel to the U.S. Department of 
Energy (DOE). 

Lower Head Sampling 

The Office of Research's contractor, MPR Associates, Inc., 
completed a sampling program of the reactor vessel 
lower head (Enclosure 5) earlier this year. Prism-shaped 
metallurgical samples were removed for analysis. 

Conclusions: Defueling of THI-2 has taken over 4 years and has not proceeded as 
quickly as originally anticipated. Consistent with past Commission 
direction, the staff has reviewed the reasons for defuelinp delays 
and concludes that the delays are based on technical considerations 
associated with this unique activity and are not a result of either 
a lack of management commitment or lack of available funds. 
Additionally, the cleanup has not been delayed as a result of 
NRC staff regulatory activities. Consistent with the Commission's 
policy of supporting an expeditious cleanup, the Agency's 
licensing and inspection staff has continued to ~nage its 
oversight activities within the licensee's schedules. The staff 
has also continued to keep the Commission's Advisory Panel and 
the public informed of the progress of the cleanup. 

Although the staff believes that some additional delay in placing 
the facility in long-term storage (PDHS) is likely, the delay 
will have little safety significance. Once the staff determines 
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that long-term storage of the facility will not jeopardize public 
health and safety, then the staff is justified in concluding that 
the current phase of the cleanup has been accomplished. 

Consistent with past practice, the staff will keep the Commission 
informed of the progress of the cleanup. 

Recommendation: The Commission approve the staff's recommendation that a 
notice for . an opportunity for a prior hearing on the PDMS 
license amendment request be issued by the staff. 

~ .......... ~·4/t-
ames H. Taylor 
xecutive Director 
for Operations 

Enclosures: 
1. Status of the Cleanup of TMI-2 
2. Staff Review of the Completion of Oefueling 
3. Cleanup Schedule for TMI-2 
4. Post-Defueling Monitored Storage of THI-2 
5. lower Head Sampling Program 

Commissioners' comments or consent should be provided directly 
to the Office of the Secretary by COB Wednesday, October 24, 1990. 

Commjssion Staff Office comments, if any, should be su~mitted 
to the Commissioners NLT Wednesday, October 17, 1990, with an 
information copy to the Office of the Secretary. If the paper 
is of such a nature that it rcauires additional time for 
analytical review and comment, ·the Commissioners and the 
Secretariat should be apprised of when comments may be expected. 

DISTRIBUTION: 
Commissioners 
OGC 
CIG 
GPA 
REGIOI'! I 
EDO 
ACRS 
ACNW 
1\SLBP 
AS LAP 
SECY 

·. 



Enclosure 1 

Status of the Cleanup of Three Mile Island Uni~ 2 

Plant stabilization of and cleanup efforts on the Three Mile Island Nuclear 
Station, Unit 2 (TMI-2), began immediately after the accident March 29, 1979. 
In the succeeding 11 years, the GPU Nuclear Corporation (the licensee) has made 
substantial progress in placing the facility in a safe, stable condition that 
poses little or no threat to the public health and safety. The following discus
sion on the status of the cleanup will describ~ the defueling of the reactor 
vessel; the defueling of the remainder or the primary system (ex-vessel defueling); 
the decontamination of the reactor and auxiliary and fuel-handling buildings; 
the fuel cask shipments; and the disposal of the accident-generated water 
(AGW) . During these activities, approximately 99 percent of the original core 
mass was removed. 

Defueling of the Reactor Vessel 

Defueling of the reactor vessel is essentially complete. On December 16, 1989, 
following completion of pick-and-place defueling and vacuum defueling of the 
lower head, the licensee declared the end of bulk defuelfng. All areas of the 
reactor vessel had been defueled at least once. Some of the defueling operations 
(the pick-and-place defueling and air lifting) redistributed fines on horizontal 
surfaces and small debris into crevice-shaped areas . 

After completing bulk defueling, the licensee began a "flush-and-brush" pro:ess 
and final vacuuming to remove this redistributed material . On January 30, 1990, 
the licensee completed the flush-and-brush process, final vacuuming, and a 
video confirmation of the defueling. 

During February 1990, the metallurgical sampling program was completed. 
Following this activity, the defueling crews performed a final series of pick
and-place defueling, vacuuming and confirmatory video examinations. On 
March 20, 1990, the crews transferred the last canisters of core debris to the 
fuel handling building. 

During the cleanup, these crews removed a total of approximately 308,000 pounds 
of core debris from THI-2. The 308,000 pound mass included the mass·.of the core, 
structural, and absorber materials; the mass added by the oxidation of the core and 
structural materials; and the portions of baffle plates, formers, and other 
components that had commingled with core debris during defueling operations. 

The total quantity of residual fuel (U02) estimated remaining in the reactor 
vessel after the conclusion of defueling is 609 Kg. 

Ex-vessel Defueling 

Cleanup crews have completed fuel removal from the ex-vessel portions of the 
reactor coolant system (RCS). These areas include the once-through steam 
generators (OTSGs), the pressurizer, the RCS hot legs, the decay heat drop 
line, and the core flood penetrations . 
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The total quantity of residual fuel (U01 ) estimated remai~ing after the conclu
sion of defueling in the reactor coolant system (excludin; the reactor vessel} 
fs less than 133kg; the residual fuel in the reactor building (excluding the 
reactor coolant system) is less than 75kg; and the residual fuel in the auxiliary 
and fuel handling buildi ng is less than 17kg. 

Fuel Cask Shipments 

Core debris were removed from the reactor vessel in canisters, placed into fuel 
shipp ing casks, and shipped by rail to the Idaho National Engi,eering 
laboratory. The final shipment was made on April 15, 1990. 

Building Decontamination 

From early December 1988 until the end of defueling, the licensee focused ) ts 
efforts on the completion and support of defueling. Decontamination acti,ities 
were limited to support defueling , and to maintain access to and operability of 
plant systems. Decontamination and building cleanup activities required to 
place the facility in post-defueling monitored stor~~e have resumed following 
the completion of defueling. 

Disposal of Accident-Generated Water 

On September 11, 19B9, the staff of the U. S. Nuclear Regulatory Commission 
(NRC) issued a license amendment re~oving the prohibition on disposll of the 
AGW by use of an evaporator system. The staff issued this license amendment 
after a 2-year review of the licensee's proposal that included a public hearing 
before an NRC Atomic Safety and licensing Board Panel . The licensee has been 
testing the evaporator system with non-radioactive surrogate sol utions. The 
testing has proceeded slowly because of equipment failures and the time spent 
by the licensee on equipment upgrades and modifications to improve the long-term 
reliability of the system. The licensee has completed testing and will likely 
initiate evaporation of the AGW fn Septem~er 1990. 



Enclosure 2 

Staff . Revfe~ o~ the Compl~tion of Defueling 

Since the accident, the staff of the U.S. Nuclear Regulatory Commission (NRC) 
and GPU Nuclear Corporation (GPUN; the licensee} have amended the Technical 
Specifications to reflect the cont!nuing decrease in safety significance of the 
facility as the cleanup progressed. o~ May 27, 1988, the staff issued license 
Amendment 30 that allowe~ the lic~nsee to transition through a series of modes as 
specific milestones in the cleanup were achieved. As the cleanup progressed, 
the licensee could trdnsition to · th~ next, less restrictive mode. With the 
transition to each mode, this o~~ndment would reduce the technical specification 
requirements commensurate with the increase in safety. When Amendment 30 
was first issued, the licensee was to begin in Mode 1, and end with Mode 3 after 
completing defueling and shi~ping all the fuel. Transitioning to Mode 2 and 
Mode 3 was on specific cleanup criteria specified in the Technical Specifications. 
The licensee was required to document their defueling performance and provide 
the justification in the Defueling Completion Report that the specific criteria 
were met and that they could progress to Mode 2. The staff had 60 days to 
review the licensee's submittal before the licensee passed to the next mode. 
Section 1.3 and Table 1.1 of the Technical Specifications require the following 
three conditions for the licensee to move from Mode 1 to Mode 2: 

a. The Reactor Vessel and Reactor Coolant System are defueled to the 
extent reasonably achievable. 

b. The possibility of criticality in the Reactor Building is precluded. 

c. There are no canisters containing core material in the Reactor 
Building. 

On February 22, 1990, the licensee submitted the Defueling Completion Report, 
Revision 5, documenting the completion of the defueling effort. This report 
was supplemented on April 12, 1990. 

In a memorandum to J. Stolz of April 26, 1990 (Attachment 1), the staff concluded 
that the facility has been defueled to the extent reasonably achievable. Under 
contract with NRR, Pacific Northwest laboratories concluded in a letter to 
H. Hasnik, NRC, on April 13, 1990 (Attachment 2} that there is no pptential for 
criticality in the fuel remaining in the THI-2 facility durir.g either normal or 
accident conditions. On Apr~l 26, 1990, the staff issued a memorandum to 
J. Stolz, NRC, (Attachment 3) verifying that no canisters containing core mate
rial remained in the reactor building, thereby satisfying all three conditions 
for the transition from Mode 1 to Mode 2. 

The April 26, 1990, ~morandum (Attachment 3) from the staff to J. Stolz, also 
verified that no canisters containing core material are stored at the THI-2 
site. This fulfillea the requirement for the transition from Mode 2 to Mode 3. 

On April 26, 1990, the staff issued a letter to H. Roche, GPUN, stating that the 
staff had no objection to the licensee transitioning from Mode 1 to Mode 2 on 
April 26, 1990, and from Mode 2 to Mode 3 on April 27, 1990. 

Attachments: 
1. Memo to Stolz 4/26/90 
2. ltr to H. Masnik 4/13/90 
3. Memo to Stolz 4/26/90 
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Attachment ' · 't-o 

UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

w.-SHINGTON, 0 C. 20555 

April 26, 1990 

MEMORANDUM FOR : John F. Stolz, Director 
Project Directorate J-4 
Division of Reactor Projects - J/11 

FROM : 

SUBJECT: 

Nichael T. Hasnik~ Senior Project Manager 
Project Directorate J-4 
Division of Reactor Projects - I/11 

Lee H. Thonus, Project Manager 
Project Directorate 1-4 
Division of Reactor Projects - 1/II 

Francis I. Young 
Senior ~~sidert Inspector 
Region J 

REV IHI OF LICENSEE'S FINAL RESIDUAL FUEL ESTIMATES 
THREE f1TLE ISLAND f4UCLEAR STATION, UNIT NO. 2 (TAC 74532) 

On llarch 13, 1990 and again durir.3 April 2 through April 5, 1990, the staff 
conducted a review of GPU Nuclear Corporation (the licensee) video 
inspection tapes and documents supporting the licensee's estimates of residual fuel at the THI-2 facility. 

The purpose of the review was twofold: 1) independently verify, on an audit 
basis, the licensee's esti~ates of fuel remaining at ~J-2 at the conclusion of 
the current cleanup effort, and 2) determine if the licensee re~oved as much 
fuel as is reasonably achievable. This effort is part of the review of the 
licensee's proposal to transition the THJ-2 facility to ~ode 2 as detailed in 
their Technical Specifications. 

Section 1.3 and Table 1.1 of the Technical Specification require the following 
three ccnditfons for the licensee to transition from Mode 1 to Hode 2: 

a} The Reactor Vessel and Reactor Coolant System are defueled to the extent reasonably achievable. 

b) The possibility of criticality in the Re~ctor Building is precluded. 

c) There are no canisters containing core material in the Reactor Building. 

The licensee submitted the Oefueling Completion Report (OCR), Final Submittal 
on February 20, 1990. Additionally, the license~ submitted on April 12, 1990, 
the results of their post-lower head sampling program cle!nup. The~e two 
docun.ents fonr the t.asfs of the licensee's proposal for trans1tioning to Node ? • 

This men~randum provides the staff's review of the licensee's submittal 
addressing conditions a and part of b above. This meMorandum wfll address 
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condition b first. In order to evaluate the potential for a criticality the 
staff had to verify the location, amount, and condition of the remainh1g fuel 
at THI-2. Since the fuel is located in a number of locations in the Reactor 
Building (RB) and the Auxiliary and Fuel Handling Building (AFHB), the staff 
dete~ined that an audit of the remaining fuel was warranted. 

The staff first evaluated the possible locations for significant quantities of 
residual fuel. The staff determined based on dn understanding of the accident 
progr~ssion, 10 years of defueling oversight. and the licensee submittals that 
significant remaining quantities of fuel would be confined to the RB and 
principally to the reactor coolant system (P.CS). little fuel was dispersed to 
the AFHB and the RC outside of the RCS during the accident and subsequent 
cleanup. 

The staff then exa~ined the potential for the licensee to have overlooked 
significant quantities of fuel. The staff r~viewed schematics of the RCS and 
in particul!r the reactor ves~el (~V) for locations where fuel that could be 
present ~ight have been overlooked by the licensee. Since the RV was physically 
the most complicated structure in the RCS and the balance of the RCS had been 
well characterized or measured, the staff concentrated on the RV. A total of 
four locations within the RV with the potential for un i nventorie~ fuel were 
selecttd and video tapes of tht locations were inspected: 

a) Top edge of the thermal shield between support blocks . The 
lic~nsee had not included the fuel located on the top edge of 
the thermal shield in between the supp~rt blocks in their 
estimate of fuel remaining at llii-2. The staff estimated the 
fuel remaining at 0.6 kg with an upper limi t of 1.2 kg. 

b) Inner surface of the core barrel . The inner surface of the core 
barrel was essentially free of all Type I or Type III fu~l 
(Type I is loose debris, Type III is solidified material). One 
small area, approximately 1" x 2• xi", of possible Type I II 
ffiaterial was observed near core former plate level 8. This 
reprtsents approximately 84.9 g of fuel. ·. 

c) Top edg~ of the vent valves on the inside and outside of the core 
support shield. Top edge of the vent valves outside t he core 
support shield had been examined by the licensee an~ the remaining 
fuel included in the total for the core support structure. The 
top edge of the vent valves and the top edge of the vent valve 
horizontal restraining blocks were not included in any estimate 
provided by the licensee; however, a review of several photographs 
and at le~st one video tape indicated that the slope of the 
surfaces ~ould not pe~it the buildup of more than gram quantities 
of fuel in these area~. 



• 

• 

- 3 -

d) Edge holes of the former plates. The edge holes of the former 
plates that formerly containtd the baffle plate retaining bolts 
~ere examined and no residual fuel ~as observed in any hole. 

The staff determined that there w~s some additi~~al fuel that the licensee 
failed to include in their estimates; however, the amounts were insignificant 
(probably less than 1 kg) relative to the reported quantities (6Ce.8 kg) of 
fuel in the RV. The staff decided to enlarge the audit sample size and examine 
additional areas; however, based on additional review of the RV schematics, no 
other locations that could possibly hold significant {greater than 4 kg) of 
fuel were identified. Therefore, the staff concluded that the licensee had, 
with the exceptions noted above, looked and attempted to characterize remaining 
fuel in all locations within the RV. 

Th~ ex-ves~e l regions of the RCS have been characterized using a co~bination of 
video inspections and actual fuel measurements . The staff concluded that the 
licensee identified all the areas which containe~ or could contain significant 
quantities of residual fuel. 

The staff then reviewed the licensee ' s characterization and quantification of 
residual fuel in several designated areas. A total of five areas were selected, 
four in the RV • 

a) Lower Head region of the reactor vessel. Since 1t is the lowest 
portion of th~ reactor vessel, finely divided loose debris put into 
suspension by water currents tends to preferent ially stttle out on 
the lower head. loose, sand-sized particles ger.erated from defueling 
activities also tend to drift downward and settle or the lower head. 
The staff reviewed the final video of the lower head and the 
licensee's analysis of the remaining fuel on the lower head. The 
lictnsee's assu~ptions in their engineering c~lculation 4800-3221-
90-013 were more conservative than •best estimate• and the cal
culations were n~~rically correct. The staff performed independent 
calculations which conservatively ~odelled the remaining fuel debris 
dust as a series of three ellipsoid areas. The licensee had modelled 
a thin coating of material which covered the entire lower ~ead 
surface. The staff's results were 7.4 kg of fuel and the licensee's 
results were 8.1 kg of fuel. 

b) Annular gap region between the core barrel and the thermal shield. 
The lfcensee. rtported 118. 6 k9 of fuel in this area . It represents 
the largest amount of Type I (loose, finely dfvfded) fuel remaining 
at THI-2. The area is very difficult to access; a miniature (.75 
inch) camera was successfully inserted in 3 of the 4 locations where 
vent valve exercise holes aligned with gaps in the thermal shield 
r~stra1nt blocks. finely divided fuel debris filled the bottom 
of the annular gap. Thfs bottom region has a complex, wedge s~aped 
cross section. The staff reviewed the licensee's assumptfor.s; thty 
conservatively used the maximum depth observed by the 3 camera 
probes . The staff alsc independently verified the dimensions of the 
area from detailed plant drawings and checked the accuracy of the 
licensee's cAlculations. 
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c) Lower Core Support ~ssembly (LCSA) bttween the lowfr Grid Forging 
and the lncort Guide Tube Support Plate (IGTSP). This area contair.s 
the largest quantity (133 kg) of residual fuel in any one remaining 
area at ll:I-2. tt inclu~es a single resolidified fuel ~ss (Type ttl) 
of 11C kg . It is the dominant component in the criticality model . 
The staff reviewed video tapes of this area and verified that it was 
accurately to conservatively characterized. There ~ere some ir
regular interstitial gaps in the mass which the licer.see conserva
tively characterized as a monolith. 

d) Inside and outside surfaces of the cort baffle plates. During the 
accident progression in 1979, a molt~n mass from the core region 
melted a large irregular hole (approximat~ly 5 ft by 2.5 ft) through 
the baffle plates in the southeast region of the core. The molten 
material spread radially behind the core ~affle plates and downward 
to the LCSA and the lower head. Some of the molten material stuck to 
the baffle plates as it coolad and resolidified. The licensee 
analyzed the amount of fuel remaining on t~e inside (closest to 
the core) and assumed that an equal amount ~dhered to the outside 
(closest to tht baffle plates) surface. The staff was concerned 
about this assumption. The licensee's calculations and assumption 
were based on a September 1989 video examination. This video ~as of 
the inside surface, thus the assur.ption. A subsequent vidto in
spection taken Jn October 1989 (apparently after additional 
clear.in9) showed both sides of the baffle plates and demonstrated 
that the licensee's assumpticr. was conservative. 

e) Pressurizer spray line. The licensee reported that there was no fu~l 
in the pressur1zer sprey line because the line had been flushed. The 
staff was concerned abo~t the validity of this assuvption. Further 
investigation revealed that the licensee had evaluated the spray line 
relative to the pressurizer surge line, which had been measured for 
fuel content. The surge line is much larger (10 inch diameter vs. ( 
inch) . contains a lcr.ger run of horizontal piping, and was much more 
directly involved in fuel transport durins the accident. "lt ~as 
unflushed and measurements indicated only 0.2 kg of f~el. The staff 
concluded that the spray line would contain less than 0.05 kg of fuel 
and that this amount of fuel could be considered negligible compared 
to the 608.8 kg remaining at THt-2. 

The staff has determined after reviewing the video tapes of selected locations 
within the reactor vessel and the calculation of residual fuel based on the 
vid~o inspections that the estimates of residual fuel presented in the OCR as 
updated in their April 12, 1990 submittal are reasonable and conservative. 

The staff has also reviewed the licensee's procedures for quantifying t~ fuel 
and find the licensee's approach to quantifying the futl acceptable and 
conservative. The staff discussed and reviewed correspondence between T~J-? 
licensing and the TKJ-2 Safety Review Group (SP.G) regarding the SRG review of 
the fuel measure~ents. The staff has cor.cluded that the SRG provided an 
appro~riate and co~prehensive review of the licensee's fuel estimation progra~. 
SRG conclu~~ that tht OCR reported fuel GUant1t1es ~~d the subsequent re
evaluations of resi~ual fuel conservatively estimate the quantity of fuel in 
the RV. 
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During the course of the staff's review of the licensee's estimates of residual 
fuel the staff also evaluated the first condition of the three conditions 
necessary to transition to Hode 2. The first condition states that "the 
reactor vessel and reactor coolant system are defueled to the extent reasonably 
achievable•. 

lhe staff has not identified any technical limitations that would preclude 
additional fuel removal; however, the removal of additional fuel would exact a 
progressively greater penalty from the standpoint of occupational exposure and 
cost as more difficult areas are defueled. The staff has determined, based on 
the review of the final video inspections of the RCS that the fuel that could 
be easily removed using the present defueling technology has been removed. 
Admittedly, there is some additional Type I loose debris on the bottom head; 
however, this represented less than 11.2 kg of debris and resuspension of the 
material during re~val would make removal of all the material on the bottom 
head almost impossible. The remaining areas of the residual fuel and in 
particular the significant amounts of residual fuel have been determined to 
reside in areas that are difficult to access. The difficulty in access limits 
visibility and the manipulation of defueling equipment. The licensee provideo 
an analysis in the OCR which addressed each significant quantity of fuel within 
the facility. Significant quartity of fuel was de7ined by the licensee as 
greater than lOS of the licensee's calculated safe mass fuel limit (SHFL). 
Since the licensee's SHFL is 140 kg the licer.see's definition of significant 
qu!ntity of fuel is 14 kg. The licensee identified the following areas as 
having significant quantities cf fuel: RB wA• D-ring, •s• OTSG tubesheet, cold 
leg '~· and the RV. 

The licer.see then discussed each significant quantity of fuel addressing the 
quantity, the potential options for additional fuel removal, schedule impacts 
for fuel re~oval, occupational exposure, waste generation an~ disposal, and 
cost. The licensee ' s analysis concluded that the THI-2 facility had been 
defueled to the extent reasonably achievable. 

The staff has reviewed the licensee's submittal, the final video inspection of 
the facility, and the measurements of residual fuel made by the licensee, and 
have determined that: 
0 

0 

The licensee has defueled to a point that additional defueling will become 
progressively more difficult due to accessibility and reduced quantities 
of fuel. 

Additional defueling will result in increased person-rem exposure and 
cost per kg of fuel removed and possibly increasing risk to cleanup 
personnel without a measurable reduction in risk to the public. The risk 
to workers include continued occupational radfatfon exposure, the potential 
for overexposure, industrial accidents and continued physical stress due 
to the host i le working environment. 
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\lith the possibility of a criticality precluded, and the elimination of any 
energy source sufficient to cause an offsite release of radioactivity in exr.ess 
of the Appendix I guidelines, the staff has concluded that continued 
defueling at this time would not be justified based on ALARA consideration and 
overall risk to the workforce . Therefore, the staff has concluded that the 
facility has been defueled to the extent reasonably achievable. 

This rev1ew was conducted by M. Masnik, HRR, L. Thonus, HRR, and F. Young, P.t . 

tc : T. Slyr..anski, tiRR/LOLB 
E. Wenzinger, Rl 

1J1v.i.fo~ 
Hfchael T. Hasnik, Senior Project Manager 
Project Directorate t-4 
Division of Reactor Projects - I/II 

~?.M--k~ 
Lee H. Thonus, Project Manager 
Project Directorate 1-4 
Division of Reactor Projects - 1/II 

/1tJPl ft~'" 
Francis I. Young 
Senior Resident Inspector 
Region I 
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April 13, 1990 

Or. Michael T. Masn i k 
Office of Nu~lear Reactor Regulation 
MS 13 H3 
U.S . Nuclear Regulatory Commission 
Washington , DC 20555 

Dear Dr. Masnik: 

.. ·-... Attachmerft·2 

()Battelle 
P•c•f•c Nouhw~u l1bor•to11~~ 
8111~ 11 ~ Boul~·"d 
P.O Boa 999 
Rochl1nd . \\1\hon[IOn 99lS2 
l•l~p,.,on~ f~09 , 375-2263 

A report of PNL's review of the TMI-2 licensee's Oefueling Completion Report 
is enclosed. PNL's report incorporates information received in the licensee's 
letter to the NRC dated April 12, 1990 (Subject : Results of Post-Lower Head 
Sampling Program Cleanup), however, as we have discussed on the telephone, PNL 
will continue reviewing the licensee ' s letter and will notify you of the 
results of our continued review by early next week. 

Sincerely, 

~~ 
R. Harty 
Senior Research Scientist 
Dosimetry Research Section 
HEALTH PHYSICS DEPARTMENT 

RH/lms 

Enclosure 

cc: KS West, US NRC, w/enclosure 
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REVIEW OF THE DEFUELING COMPLETION REPORT FOR TMI-2 

1.0 JNTRODUCTIOtl 

As a result of the March 28, 1979 accident at Three Mile Island Nuclear 
Station, Unit 2, fuel debris was transported and relocated within the reactor 
coolant system, the reactor building and the auxiliary and fuel handling 
buildings (AFHB). Many of the cleanup activities have concentrated on the 
removal of the remaining fuel debris from within the reactor vessel as well as 
that transported ex-vessel. 

On Hay 27, 1988, the NRC issued License Amendment No. 30, which defined three 
facility modes for the THI-2 facility. This amendment established that 60 
days prior to transition to each successive facility mode, a report shall be 
submitted to the NRC providing the necessary basis and justification for the 
transition. For transition from Mode 1 to Hode 2, the licensee is required to 
demonstrate that; 

1. the reactor vessel and reactor coolant system (RCS) have been ~efueled to 
the extent reasonably achievable, 

2. the possibility of criticality in the reactor building is precluded, and 

3. that there are no canisters containing. core material remaining in the 
reactor building. 

In conjunction with the issuance of Lic~nsP ~=-c~dment No. 30, the NRC granted 
GPU Nuclear an exemption from 10 ~f~ 70.24 for the criticality monitoring 
requirements in the THI-2 reactor building. This action imposed the following 
mode transition provision: 

MPrior to transition to Mode 2, the licensee will provide a criticality 
analysis that will address each separate quantity of residual fuel in 
each defined location. The criticality analysis will estimate the 
quantity of fuel remaining, its location, its dispersion within the 
location, its physical form (i.e., film, finely fragmented, intact fuel 
pellets), its mobility, the presence of any mechanism that would 
contribute to the mobility of the material, the presence of any 
moderating or reflecting material, and its potential for a critical 
event. Jn this submittal the licensee must demonstrate that the cleanup 
has progressed far enough that an inadvertent criticality is precluded.· 

By letter dated February 22, the licensee submitted to the NRC the fifth and 
final submittal of the Oefuelinq Completion Report. The report was 
supplemented by a letter dated April 12, 1996 containing the results of the 
cleanup following the lower head sample program and containing a revised 
criticality analysis that made use of the January 1990 video inspection 
results. The report as supplemented provides the licensee's estimate of the 
quantity of fuel remaining, its location, its form, any potential for 
mobility, and the potential for criticality. The NRC has requested that PNL 
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review the criticality aspects of the Defueling Completion Report and the 
measurement methods that were used. This report is a summary of PNL's review. 

2.0 DESCRIPTION OF THE LICENSEE'S DEFUELING COMPLETION REPORT 

The licensee's Defueling Completion Report contains the licensing background 
behind the development of the report, a description of the post-accident fuel 
dispersion process, the techniques that were used to survey for and measure 
the quantities of fuel remaining in the facility, the procedures and methods 
that were used to remove fuel from its post-accident locations, defueling 
occupational dose estimates to date and estimates of the occupational dose 
that would be required for continued removal of fuel. The Defueling 
Completion Report provides a quantification of the amount of fuel in all areas 
of the facility, and provides an assessment of the criticality potential in 
each of the areas. The facility is divided into four major areas; 1) the 
auxiliary and fuel handling building (AFHB), 2) the reactor building (outside 
of the reactor coolant system a~d the reactor vessel), 3) the reactor coolant 
system (RCS), and 4) the reactor vessel. Individual locations within these 
larger areas were evaluated in detail. 

The evaluation of the potential for a criticality in the remaining fuel debris 
was made by determining the safe fuel mass limit (SFML) for the TMI-2 fuel, 
that is, the quantity of fuel below which there would be no possibility of an 
accidental criticality. Calculation of the SFML assumed an optimum fuel 
geometry (size and shape of the fuel), optimum moderation and an infinite 
water reflector. This provides the optimum conditions for a criticality. For 
locations where the quantity of fuel exceeded the SFML, a more realistic model 
of the fuel and of the fuel's location was created for analysis. The only 
location where a specific model was necessary was in the reactor vessel. 

3.0 EVALUATION 

The Defuelino Com~letion Report was evaluated by reviewing the report as 
submitted by the icensee as well as by reviewing information referenced 
within the Defueling Completion Report. PNL's review primarily encompassed 
the measurement techniques used to estimate the quantity of fuel and the 
criticality model used to determine whether an inadvertent criticality could 
occu.r. 

·. 
3.1 ANALYSIS OF FUEL MEASUREMENTS 

The measurements techniques used to estimate the quantity of fuel 
remaining following defueling were analyzed by PNL. A review of those 

.estimates resulting from visual examination of the remaining debris was 
conducted by the NRC staff. Questions involving specific measurement 
techniques were resolved verbally with GPUN en~ineers and contractors. 
PNL found no problems with the measurement techniques used by the 
licensee. 
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3.2 SAFE FUEL MASS LJHJT (SFML) 

The licensee evaluated the potential for an inadvertent criticality in 
the remaining fuel by determining the SFHL for the THJ-2 fuel. The SFML 
was calculated using the assumptions discussed below. The SFHL was then 
applied to the locations where fuel remained to ensure that the fuel in 
these locations would not go critical even under optimum conditions. 

3.2.1 Assumptions used in the Determination of the SFHL 

The SFML was calculated to be 140 kg. This quantity was used to 
compare with the quantity of fuel estimated for each location where 
fuel remained. The assumptions used to calculate the SFML are given 
below, along with an analysis of their appropriateness: 

3.2.1.1 The fuel enrichment was assumed to be 2.54% before burnup. 

The original loading of the core included 56 assemblies of 
1.98 wt% (batch 1), 61 assemblies of 2.64 wt% (batch 2), 
and 60 assemblies of 2.96 wt% (batch 3) uranium-235 
enrichment. The licensee assumed a homogeneous mixture of 
the three fuel batches based on samples obtained following 
the accident that indicated that most of the residual fuel 
in the TMJ-2 reactor vessel and ex-reactor components is a 
homogeneous mixture of the pre-accident core loading. Jn 
addition, the licensee indicated that approximately 65% of 
the batch 3 fuel was removed from the vessel as intact 
full or partial length fuel assemblies without significant 
mixing. Thus a pre-burnup enrichment of 2.54 wt% uranium-
235 was used by the licensee to calculate the SFHL. 
Although the assumption of a homogeneous mixture is well 
made, especially in light of the additional redistribution 
and mixing of the fuel that occurred during defueling 
activities, the sampling program in the reactor vessel 
indicated a wide variation in enrichment data even among 
samples collected in close proximity to one another (as 
shown in Tables 3 and 4 of Appendix B to the Defueling 
Completion Report). Thus, it is possible that regions 
containing significant quantities of material from the 
more reactive, higher enrichment of 2.96 wt% uranium-235 
may exist. The assumption that the remaining fuel has an 
enrichment of 2.96 wt% uranium-235 prior to burnup would 
have assured that any such region is accounted for in the 
criticality analysis. Although this assumption would be 
ilighly conservative, the possibility of localized areas 
with higher enrichments can not be dismissed. 

3.2.1.2 Fuel burnup effects were considered for all three batches 
of fuel. 

The incorporation of the fuel burnup effects are a ~ 
realistic assumption and one that is fairly well 
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calculated. The effect of the burnup was to reduce the 
fuel enrichment used by the licensee to 2.24 wt% uranium-
235 (or 2.67 wt% uranium-235.assuming a batch 3 
enrichment). Although no attempt was ~ade by PNL to 
reproduce the burnup composition used for the criticality 
analyses, the ORIGEN code that was used by the licensee to 
determine post-accident fission product concentrations, 
uranium depletion and plutonium buildup is an accepted and 
widely used computer code for this purpose. Considering 
that fuel burnup is not uniform over the core or from rod 
to rod, the fuel composition used in the criticality 
analyses are in good agreement with extrapolated 
compositions similarly calculated for the H. B. Robinson 
Unit 2 reactor fuel cycles 1 and 2 (Barner, 1985), which 
have an enrichMent/loading pattern very similar to THI-2. 

The approach used by the licensee to account for the 
effects of burnup are conservative in that the analysis 
relies on only a limited few of the non-volatile, 
insoluble fission products that are relatively strong 
neutron absorbers (neutron poisons). For example, 
europium-155 decays to gadolinium-155 which becomes a 
significant source of neutron absorption after several 
years. However, gadolinium and other neutron absorbing 
fission products were not relied upon in the licensee's 
analysis to reduce the reactivity of any of the regions 
containing tuel . The licensee only accounted for the 
poisoning effects of fission products that were 
definitively identified as remaining with the fuel. 

3.2.1 .3 The equivalent of standard, full sized fuel pellets were 
used for the fuel particle size. 

The residual fuel debris in the THI-2 facility exists in 
three forms: 1) resolidified material, 2) thin surface 
films and 3) loose granular debris. The resolidified 
material is too large for optimum neutron moderation and 
the surface films are too thin and distributed to be of 
concern unless they flake off and become a part of the 
loose granular debris. Since optimum moderation is 
dependent on the particle size of this debris, the 
licensee performed calculations to demonstrate that 
particles smaller than a fuel pellet resulted in less than 
optimum conditions for criticality. The results are in 
agreement with data given by Clark (1967) in DP-1014. 
Consequently, the mass-to-surface ratio of a normal fuel 
pellet was preserved in the geometrical modelling of the 
debris . Conservatively, it was assumed that nothing was 
present in the fuel except spherical pellets of fissile 
mlterial and unborated water . These conditions are 
optimum for the criticality of debris having mass-to-
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surface ratios up to that of a THI-2 fuel pellet , and the 
fuel pellet diameter is essentially optimum. 

3.2.1.4 No credit was taken for the presence of structural and 
solid poison materials existing in the fuel debris . 

Impurities that have been identified as existing with the 
futl (for example boron, iron, zirconium, and cadmium) 
were not included in the analysis of the SFHL. As 
ment ioned earlier, the only poisons assumed for the 
analysis are those associated with the burnup of U02 and 
include only the effects of fissionable plutonium 
generation and rare earth fission product generation. 

3.2.1.5 Maximum reflection and moderation were considered. 

A spherical geometry was chosen to maximize the neutron 
multiplication and an effectively infinite water reflector 
was utilized. The model used to calculate the safe fuel 
mass consisted of a mixture of unborated water and fuel 
debris in a spherical geometry surrounded by an infinite 
thickness (approximately 12 inches) of unborated water 
reflector. The radius of the innermost region was varied 
until the calculated keff (including a 2.5% Ak uncertainty 
bias - as di scussed below) reached 0.99. An acceptance 
criteria for keff of 0.99 was used during the post
accident defue11ng operations at TMJ-2. Although an 
acceptance criterion of 0.95 (based on the limit allowed 
in standard technical specifications for spent fuel 
storage) is applicable to conditions during Mode 2, the 
licensee's calculation of maximum reflection and 
moderation is still highly conservative and optimizes the 
calculated potential for criticality. 

3.2.1.6 The computer code KENO V.a was used and an uncertainty of 
2.5% Ak was added to the calculated keff• 

The criticality calculat ions for the SFML were per formed 
using the KENO V.a criticality code and the 27 group 
ENDF/B-JV cross section library of the SCALE system. 
These are the accepted computer codes for criticality 
analyses. The bias of 2.5% in keff added to all 
calculated keff values obtained w1th the kENO/SCALE 
systems is based on the ability of this calculational 
technique to reproduce twelve criticality experiments 
chosen for this purpose. Although these assemblies were 
selected to provide benchmark data on conditions similar 
to those resulting from the high boron-low hydrogen 
content of the THI-2 fuel rubble , a more representative 
group of experiments should, and could, have been 
selected. Some of the large disagreements between the 
calculations and the experiments selected is likely due to 
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these poor choices. However, except for highly borated 
systems, the 2.5\ bias used in the criticality _analyses is 
approximately the 2 sigma bias observed in a great many 
comparisons over the years between experiments and 
KENO/SCALE calculations. The technique tends to calculate 
boron systems about 2% low in keff· Thus, the 2.5% bias 
is acceptable, especially since the criticality analyses 
assumes that there is no boron in the fuel rubble. 

3.2.2 Calculation of the SFHL 

The SFML reported in the Defueling Completion Report was determined by 
calculating the allowable mass that was approximately 75% of the 
minimum calculated critical mass (keff • 1.0). The SFHL was 
calculated as 140 kg uo2• Utilizing data published by H. K. Clark 
(1957) in DP-1014, •critical and Safe Masses and Dimensions of 
Lattices of U and uo2• a critical mass of 185 kg uo2 and a SFHL of 
139 kg uo2 are obtained. Thus, the KENO/SCALE calculated SFHL is in 
agreement with published data. 

1f an enrichment of 2.67 wt% uranium-235 (corresponding to burned 
batch 3 fuel) had been used, a critical mass of approximately 125 kg 
and a SFHL (75% of the critic~l mass) of approximately 94 kg would 
have been calculated based on the data in DP-1014 (Clark 1957). 

3.2.3 Comparison of the SFML with the Remaining Fuel Quantities 

The SFHL was compared with the quantity of fuel debris remaining in 
each area of the TMI-2 facility. This discussion of the comparison 
between the remaining fuel quantities and the SFML is based on the 
four major areas discussed previously; the AFHB, the reactor building, 
the RCS and the reactor vessel . 

3.2.3.1 Comparison of SFML with fuel remaining in AFHB 

The estimated quantity of fuel in the AFHB as given in the 
Defueling Completion Reeort is <17 kg. The largest 
quantity of fuel in a s1ngle cubicle within the AFHB is 
4.9 kg in FH109, Spent Fuel Pool •A•. The total quantity 
(<17 kg) is 14% of the SFHL calculated by the licensee 
using 2.24 wt% uranium-235 enrichment and would have been 
18% of the SFHL if an enrichment of 2.67 wt% uranium-235 
had been used. 

3. 2.3.2 Comparison of SFML with fuel remaining in Reactor Building 

The estimated quantity of fuel in the reactor building 
(not including the RCS or the reactor vessel as given in 
the Defuelin~ Comeletion Report is <75 kg. The largest 
quantity ofuel 1n a single location is in the sections 
of the flow distributor which contained incore insttument 
guide tubes that were bagged and suspended in the •A• 
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D-ring. Measurements and estimates indicate that there is 
24.3 kg of fuel in this location. This is 17% of the SFML 
calculated by the licensee using 2.24 wt% uranium-235 
enrichment and 26% of the SFML using an enrichment of 
2.67 wt% uranium-235. Combining fuel from all locations 
within the reactor building (not including the RCS or 
reactor vessel) would not exceed either SFHL. 

3.2.3.3 Comparison of SFML with fuel remaining in RCS 

The estimated quantity of fuel in the RCS as given in the 
Defueling Completion Reyort is 133 kg. Thi s is below the 
SFML of 140 kg as calcu ated by the licensee using an 
enrichment of 2.24 wt% uranium-235, although above the 
SFHL of 94 kg as calculated using an enrichment of 
2.67 wt% uranium-235. However, the largest quantity of 
fuel in a single location is in the •s• once through steam 
generator (OTSG) upper tubesheet, where an estimated 
maximum of 36.3 kg is located. This is 39% of the SFML 
for 2.67 wt% uranium-235. Although it has been determined 
that the remaining fuel exists as tightly adherent 
material and is not readily removable, it shoul~ be noted 
that even if the remaining fuel became mobile and all 
nonmechanistically accumulated in the lowest point of each · 
half of the RCS, the greatest possible quanti ty that could 
accumulate would be less than the 94 kg SFHL because of 
the separation of the two sides (A and B side) of the RCS. 

3.2.3.4 Comparison of SrML with fuel remaining in reactor vessel 

The estimated quantity of fuel in the reactor vessel is 
608.8 kg . This amount is significantly greater than the 
SFML. For this reason, a separate criticality safety 
analysis was performed by the licens~e . This analysi s 
used in-vessel inspections of debris locations and 
quantities to develop a specific three-dimensional 
analytical model of the fuel in the reactor vessel rather 
than making worst-case assumptions regarding the geometry 
and reflectivity. A description of the model and of the 
assumptions used are given in the next section: · 

3.3 REACTOR VESSEL HODEL 

Because the amount of fuel remaining in the reactor vessel is larger than 
the SFML, a separate critical i ty safety analysis was performed by the 
l icensee that modeled the location of fuel within the reactor vessel . 
The results of the licensee ' s analysis gave a k ff of 0.945, which is 
below the NRC's acceptance criterion of keff • 6.95 (based on the limit 
allowed in standard technical specifications for spent fuel storage). 
The assumptions used in the licensee ' s analysis are listed and discussed 
below. .. 
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3.3.1 Conservative model of fuel location. 

The Oefueling Completion Recort provided the following estimates for 
the quant1ty of debris in t e reactor vessel. 

Fuel Remaining 
(kg of U0..2) 

Work Platform Region and Suspended Equipment · 30.~ 
Oowncomer Region 178.9 
Internals Indexing Fixture Pegion 4.9 
Core Support Shield (CSS) Retion 10.7 
Upper Core Support Assembly UCSA) Region 85.3 
Lower Core Support Assembly LCSA) Region 272.7 
Bottom Head Region 23.3 
Surface Film Deposits 2.1 

~ 

For the purposes of the criticality analysis, fuel debris in the 
reactor vessel bottom head, the LCSA, and in the core former area 
(i.e., between the core former baffle plates and the core barrel) in 
the UCSA were specifically modeled. In other areas of the reactor 
vessel, the fuel accumulations within the vessel were considered to be 
too small or were separated from those areas where fuel was located by 
a far enough distance [the equivalent of approximately 30 em (12 
inches) of water] so as not to C3use a reactivity increase due to 
neutronic interaction between the areas. 

Fuel debris was modeled as if it extended radially in from the core 
barrel to the maximum distance where fuel debris was observed on each 
LCSA plate. Also, the full periphery of each plate was assumed in the 
model to be loaded with debris even though some areas did not contain 
fuel (this latter assumption probably had only a mar~inal effect on 
the reactivity of the system). The amount and locat1on of fuel debris 
that was assumed in this model (2910 kg) was conservative when 
compared to that which is estimated to remain in the vessel 
(608.8 kg). 

3.3.2 The fuel enrichment was assumed to be 2.96 wt% uranium-235 before 
burnup . 

A pre-burnup enrichment of 2.96 wt% uranium-235 enrichment was assumed 
(corresponding to the higher enriched batch 3 fuel). The basis for 
this assumption was discussed previously for the SFHL calculation 
(Section 3.2.1.1). This is a highly conservative assumption. 

3.3.3 Fuel burnup effects were considered for the fuel (assumed to be 
batch 3). 

The assumption of fuel burnup is as given previously for the 
calculation of the SFHL and provides a net fuel enrichment of 2.157 wt% 
uranium-235 for the fuel that is assumed to have an initial enrichment 
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of 2 .~~ wt% uranium-235 (batch 3). This is a conservative assumptio~ 
as discussed for the SFHL calculation (Sect ion 3.2.1 .2). 

3.3.4 The equivalent of standard, full sized fuel pellets were used for the 
fuel particle size . 

The equivalent of standard, fu l l sized fuel pellets were used for the 
fuel particle size, as discussed previously for the calculation of the 
SFHL (Section 3.2 .1.3). 

3.3.5 No credi t was taken for the presence of structural and solid poison 
materials existing in the fuel debris . 

As discussed in Section 3.2.1.4, the only poisons assumed during the 
analysis are those associated with the burnup of uo2• Thus , 
impurities that have been identified as existing with the fuel (for 
example boron, iron, zirconium, and cadmium) were not included, thus 
providing a conservative result . In addition, no credit was taken for 
the licensee's plans to add a stable and insoluble neutron poison 
material to the bottom head of the reactor vessel to provide an added 
margin of assurance. 

3.3.6 The model included moderation with unborated water 

Full water reflection was assumed i n the analysis and fuel was treated 
as a fuel-water only mixture (except for the lower core support 
assembly (LCSA) plates in wh ich case the holes in these plates were 
assumed to contain fuel that is homogeneously mixed with the plate 
material ) . The presence of boron (which is a neutron poison) in the 
water was ignored in the criticality analysis. No credit was taken 
for the l icensee's plans to drain the water from the reactor vessel 
following the defueling operations thus leaving the reactor vessel 
without a moderating medium. 

3.3.7 The computer code KENO V.a was used and an uncertainty of 2.5\ ~k 
was added to the calculated keff· 

The computat ional bias of 2.5% ~k is added to the calculated keff as 
discussed for calculation of the SFHL (Section 3.2.1.6) . ~ 

3.4 NEUTRONJC COUPLING OF IN- AND EX-VESSEL FUEL 

The l i censee's model did not account for the potential of neutronic 
coupl ing of the core debris within the vessel and the debris located in 
other areas of the facility (the RCS, the reactor building or in the 
AFHB) . This is an appropriate assumption because the debris in the 
vessel is well separated from the debris in other locations and no 
identifiable methods exist for transport of the fuel into or out of the 
vessel. 

9 
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3.5 ACCIDENT ANALYSIS 

Given the type and physical condition of the fissile material present, 
criticality would only be possible if this material were to accumulate in 
greater quantities at some location. All areas outside of the reactor 
vessel contain less than the safe fuel mass limit, and intermixing of the 
fuel debris in these areas could only be accomplished by design. The 
only area where fuel might be able to accumulate is in the lower head of 
the reactor vessel. The licensee's analysis of the result of a 
redistribution of the available material into the lower head assumed that 
350 kg are available for redistribution (including all loose, fine, 
granular debris and surface films). The results of the analysis, which 
assumed a full water reflected slab of material, gave a keff of 0.913. 

This is a conservative analysis, since much of this debris is in the 
annular gap, and thus would not shake down into the lower head. In 
addition, the absence of water, and the presence of neutron poisons 
including: 1) impurities in the residual fuel, 2) boron in any remaining 
water, 3) structural material and 4) an insoluble poison that will be 
added by the licensee to the bottom head of the reactor vessel following 
draining of the RCS, will further ensure the lack of a criticality event 
even under accident conditions. 

4.0 CONCLUSIONS 

Based on our analysis of the licensee's Defuelin9 Completion Report, we 
conclude that there is no potential for critical1ty ;n the fuel remaining in 
the TMI-2 facility during either normal or accident conditions. Although two 
of the assumptions used by the licensee to calculate the safe fuel mass limit 
[1) an enrichment after burnup of 2.24 wt% uranium-235 and 2) the keff limit 
criterion of 0.99 rather than 0.95] are not as conservative as the oata 
appears to warrant, our review indicates that use of the more conservative 
assumptions does not signal a potential for a criticality. The conservatisms 
built into the model, as well as the safeguards that the licensee will enact 
(including removal of water and addition of a neutron poison into the vessel) 
would further preclude a criticality. 

5.0 REFERENCES 
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Attachment 3 ... ... , 
April 26 , 1990 

Docket No. 50-320 

MEMORANDUM FOR: John F. Stolz, Director 
Project Directorate 1-4 

OJ STRIBUTJON 
Docket F tie 
SNorris ..Masnfk 
PDI-4 (Memo file) 
LThonus . 

FROM: 

SUBJECT: 

Division of Reactor Projects - 1/Il 

Lee H. Thonus, Project Manager 
Project Directorate I-4 
Division of Reactor Projects - I/II 

FYoung RBrady 

Francis I. Young, Senior Resident Inspector 
Three Mile Island Site 
Region I 

Robert R. Brady, Resident Inspector 
Three Mile Island Site 
Region I 

FUEL CAHISTER VERIFICATION AT TMt-2 

On March 23, 1990, F. I. Young and R. R. Brady perfo~d an inspection of the 
TMl-2 reactor building. As part of the inspection they verified that no 
canisters containing core material remained in the reactor building. This 
satisfies condition •c• of Technical Specification Table 1.1 for transition 
from Mode 1 to Mode 2. 

On April 20, 1990, L. H. Thonus and R. R. Brady inspected the spent fuel 
storage pool •A•, the truck bay, and the rail siding. The spent fuel pool •A• 
contained three •dummy• canisters (used to check out the fuel transfer system) and 
one empty filter canister. lhese areas represent the pathway for canisters 
shipped offsite and the potential storage locations for canisters. The 
inspection team verified that no canisters containing core material remained 
fn these areas. Therefore, no canisters containing core material are stored 
at the TMI-2 site. This fulfills the requirement for THl-2 to transition from 
Mode 2 to Mode 3. 

These inspection results will be part of a forthcoming Inspection Report to be 
issued by Region I regarding the transition of TMI-2 from Hode 1 through Hode 3. 

signed by H. Hasnik for 
Lee H. Thonus, Project Manager 
Project Directorate I-4 
Division of Reactor Projects - 1/II 

cc: T. Sezmanski, NRR/LOLB 
E. Wenzinger , Region I 

signed by H. Hasnik ·for 
Francis I. Young, Senior Resident 

Inspector 
Three Mile Island Site 
Region I 

signed by H. Hasnik for 

Robert R. Brady, Resident Inspector 
Three Mile Island Site 
Region I 

. . . . . . 
JH~;;i;·--------~L~~;~----~Y.M~~------ ~rvo~~~----~Rs~---~j$~~L -------



Enclosure 3 

Cleanup Schedule for Three Mile Island, Unit 2 

Completion of defueling 

NRC-sponsored lower head sampling 

Submission of defueling completion report 

Completion of offsite fuel shipment 

Transition from Mode 1 to Mode 2 

AGW evaporation 

Issuance of staff SER for PDMS 

NRC-sponsored fuel measurement program 

RCS drawdown 

Completion of the licensee's fuel 
measurement program 

Final decontamination of reactor building 

THI-2 rea~ for long-term storage (POMS) 

January 30, 1990 

January 30 -March 1, 1990 

February 26, 1990 

April 15, 1990 

April 26, 1990 

October 1990 - February 1992 

Fall 1990 

Fa 11 1990 

Fall 1990 

Early 1991 

December 1991 

December 1992 

·. 



Enclosure 4 

At a 1985 THI-2 Advisory Panel Meeting a representative of the Commonwealth 
of Pennsylvania, and a member of the THI-2 Advisory Panel, proposed that GPU 
Nuclear Corporation (the licensee} should consider a storage period after defutling 
and before large scale decontamination of the reactor building basement. The 
Panel members concern was the possibility of avoiding a large worker dose 
associated with this decontamination effort. The licensee pursued this approach 
and on December 2, 1986 submitted a plan for plant conditions during what the 
licenseP. termed as Post Defueling Monitored Storage or PDHS. 

Based on the licensee's Dectmber 2, 1986 submittal the staff issued Draft 
Supplement 3 to the THI-2 Programmatic Environmental Impact StatemP.nt in April 1988. 
Comments on the Draft Supplement were received from 23 Federal and State 
agencies or members of the public. 

The licensee has kept the Commission informed of their plans to place the 
facility into PDMS at a number of Commission briefings held in the Washington, 
D. C. area. The licensee first informed the Commission of their plan to store 
the facility after partial cleanup in a January 14, 1986 Commission meeting. 
At the February 13, 1987 Commission meeting the licensee proposed the term 
POHS for the storage period. On March 17, 1988 the licensee again discussed 
POMS with the Commission. 

On August 16. 1988. the licensee submitted a request for a license amendment 
that would allow for long-term storage of the facility when offsite waste 
shipments were completed and the plant reached a safe and stable condition. 
The August 16. 1988, submittal stated that even though the amendment would 
result in a "possession only" license, this request did not represent a decision 
by the licensee to decommission the plant and should not be construed as 
permanent cessation of operations. 

Subsequent to the August 16, 1988 submittal. the licensee informed the staff 
(Attachment 1} that the licensee's current energy supply plans do not reflect 
the return to service of THI-2 and that before expiration of the current THI-2 
license. a decision will be made to decommission the plant without.further 
operation. Decommissioning of Unit 2 will probably occur when Unit' 1 is 
decommissioned . 

The decommissioning rule links a "possession onlyM license to permanent 
cessation of operations and the submittal of a proposed decommissioning plan 
within ~years of ceasing operations. Since the licensee ' s decommissioning 
plans are deferred, and they have stated that its submittal does not represent 
a decision to permanently cease operations the regulations pertaining to 
decommissioning are not applicable at this time. The licensee would, however , 
be required to submit a decommissioning funding plan by July 27, 1990 as 
required by 50.75(b} and 50.33(k)(2}. · 

On September 22. 1989. the staff issued Final Supplement 3 to the Programmatic 
Environmental Impact Statement (PEIS} for THI-2. Supplement 3 evaluates the 
environmental impacts associated with the licensee's proposal for long-term 
storJge of the facility, as well as a number of alternatives. The staff found 
the licensee ' s proposal. as well as a number of the alternatives, environmentally 
acceotab)e and that none of the alternatives was obviously supertor to the ttcensee s proposal . 
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The staff and its contractor, Pacific Northwest laboratory (PNL), ar~ presently 
reviewing the licensee's safety analysis report for PDMS, and the staff expects 
to issue a safety evaluation report (SER) in the fall of 1990. The review 
focuses on fire protection, ventilation, and containment integrity. The issue · 
of a potential inadvertent criticality occurring after the conclusion of 
defueling will have already been resolved as part of the staff's review of the 
defueling completion report. PElS Supplement 3 and the staff's SER will form 
the basis for the staff's position on the acceptability of PDHS. 

Actual implementation of PDHS will require a license amendment to change the 
technical specifications (TS) for the facility . The licensee's August 16, 
1988, submittal includes a request to amend the TS to allow for POMS. At
tachment 2 provides a listing of the TS proposed by the licensee during PDMS. 
The proposed TS include only administrati\~ requirements and the requirement 
to maintain containment isolation. Since lhe licensee plans to revise the 
PDHS amendment, the staff has delayed issuance of a notice on the licensee's 
August 16, 1988, submittal. 

Based on the need for a detailed technical review, principally involving the 
assessment of remaining plant operating systems naeded for POHS, and the 
considerable public interest, the staff plans to issue a notice of 
opportunity for a prior hearing on the amendment request. If a hearing is 
required on this issue, it is estimated that the proceeding will take 
approximately 24 months . An Atomic Safety and licensing Board Panel decision 
on PDMS would not be expected until spring of 1992. 

The licensee has informally requested that the notice of opportunity for a 
prior hearing on the amendment request and the issuance of the staff's SER on 
PDHS be delayed until the end of the year. The licensee plans to update the 
SAR on POHS, take some additional fuel measurements which further refines 
earlier estimates and plans to complete some additional decontamination 
necessary for PDHS. The staff finds the licensee's application sufficiently 
complete at this time to go forward with issuance of the notice and the SER in 
the next couple of months. 

The staff expects intervention on this amendment. Intervention would probably 
focus on why the cleanup has not progressed further or has not been completed, 
and why this facility is to be placed in a special category and not decom
missioned immediately at the conclusion of defueling. 

Decommissioning in the public's view is dismantlement, and the public fails to 
recognize that SAFSTOR is one of the acceptable decommissioning options. For 
all practical purposes, PDHS is SAFSTOR; the only difference is the name and 
the fact that the licensee has not announced that it has "permanently ceased 
operations." 

Assuming approximately 24 months for the hearing process, a decision on PDHS is 
not expected until 1992. By the time the licensee will be able to implement 
POHS, most of the reduction in TS requirements will have taken place during the 
mode changes (see Attachment 2). The impact of any hearing on implementing 
POHS should not impose a significant hardship on the licensee regarding resources 
needed to maintain THI-2 as there is little difference between Mode 3 and PDHS. 
The additional reductions requested in the August 16, 1988 license amendment 
request for PDHS are primarily some reductions in surveillance requirements 
during the period of storage. 



· ld 5J J J Nuclear 

Mr. Victor Stello, Jr. 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555 

Dear S1r: 

June 23, 1989 

Attachment 1 

It·"· Clerk 
Prea•dent 

GPU Nuc111r Corporetu)n 
01\t Upper Pond Road 
Paralppany. New Jtraey 070S• 

. (201) 31 6·77117 

Three Milt Island Nuclear Station, Unit 2 (THI-2) 
Operating License No . DPR-73 

Docket No . 50-320 

This responds to your letter of May 15, 1989, in which you asked GPU 
Nuclear to advise you about our future pllns for the TMI-2 facility 
ccmmencing with Post·Dtfueling Monitored Storage (POMS). Your letter states 
that the purpose of the reQuest is to pro~1de 1 better understanding of the 
basis for our Decommissioning Funding Plan. Pursuant to 10 CFR 50.33(k)(2), 
that plan is due to be filed with the NRC on or before July 26, 1990. 

GPU Nuclear 1s proceeding to complete the cleanup of TMI-2 to achieve a 
safe, stable, and secure condition which presents no risk to the environment 
or to public health and safety for its duration. In March 1987 an 
Environmental Evaluation of the mo~itortd storage condition was forwarded to 
tht staff, and 1n August 1988 a detailed Safety Analysis Report with 
accompanying license amendment request, which further described the monitored 
storage condition, was submitted for NRC rtv1tw and approval. Tht thrust of 
our proposal is that TMI-2 will have been dtfutltd and cleaned up to tht 
degree that it posts no risk to public health and safety. A period of 
monitored storage would significantly reduct occupational exposure (by ~000 
to 7000 person-rem) at the time of eventual decommissioning and would allow 
simultaneous decommissioning with TMI-1. Our proposal is that monitored 
storage of TMI-2 would not extend beyond decommissioning of TMI-1. · 

As reported by Mr . William G. Kuhns and affirmed by tht current Chairman 
of General Public Utilities Corporation, Mr. Standley H. Hoch, ·at tht rtctnt 
April 1989 meeting with the Commissioners, tht GPU System's present energy 
supply plans do not reflect the return to service of TMI-2. Mr. Kuhns also 
noted, •As all our efforts art devoted to completing the cleanup, we art not 
studying the details of eventual disposition of the plant at this time.• 

.. 



June 23, 1989 
Page Two 

.. .... . 

GPU Nuclear understands and accepts respons1b111ty ·as a licensee to 
ensure proper d1spos1t1on of the plant and eventual te~1nation of the 
license. In our August 5, 1988 letter to the NRC, we stated that we 
understand that the NRC ' s rule for decommissioning nuclear facilities applies 
to TMI·Z and would cover all activities involved in decommissioning the plant 
starting from monitored storage conditions. Therefore, we will provide by 
July 26, 1990 the decommissioning funding plan and certification required by 
that rule for TMI·2. We expect that funding plan to be based on the 
assumption that prior to the end of the current licensed 11ft a decision will 
be made to decommission the plant without 1urther operation. The plan will 
recognize the unique conditions of TMI·2 which, we anticipate, will require 
funds substantially greater than those required to decommission THI-1 and, 
therefore, will exceed the minimum amount required by the rule. 

/amm 

We trust this is responsive to your request. 

Sincerely, 

/!,e.~ 
P. R. Clark 
President 

·. 
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tlon Proctdurrt Whrn drpart.,nt dtdlcattd to Wastt Hanag.-tnt/Orcon-
Rldwlttt Hang.-tnt t .. inlllon. It I' currtntlf flannrd that r1di1-
Actl•ltlrs art In tlon protrctlon prrtonntl • 1 br suppllrd on 1 
Prognu sltt basis during ~S (Hodt 4). 

36. Unit Staff Quallflc1- 6.3 l( II X II 
lions 

J7 . Trtlnlng 6.4 II II II ~ II Tr1lnlng progr.- rrqulr.-.nt for rlrt Brlgadt I' 
I' dtlrtrd dur ing PDMS (Kodt 4). 

38. Ttchnlcal Rr• i rw and 6.5.1 X II X II 
Control .. 

39. lndtptndrnt Rt•lrw - 6.5. 2. 1 - II X X • Function 6.5.2. 7 
i .· 

40. lndtprndrnt Safttp 6. 5. 2.8 X X Thh tprclflutlon will btco-ot tHrctl•t upon NRC 
1 

Rr•lrwtrs (ISRs) appro•al or TSCR 60; tht ISRs will ptrfo~ 'l•lllr 
function' to SRG but lrt not 1 fu11 - tiat drdlc1ttd 
group. 

oil, Audlh 6.5.3 II II X X Tht n~tr of rrqulrrd ludlts art rrductd during 
1'0115 ( Hodr 4 I. 

•z. "lnl~ Staffing 6.5.4 ll X NRC appro•al of TSCR 60 wt11 rrduct tht •lnl~ 
Rrqulr.-tnts for tht staffing rtqulr.-tnts br two 121 ptrtonntl In 
Safrtr Rrwlrw Group Hodr Z and drlttr tht SRG In Hodr 3. 
(SAG) . 

43. Rrportablr E•rnts 6.6. 1 X • X During PO"S (Hodr 4), •lolatlon of Trch. Sprc . 

• Action Stat.-tnt' wl11 bt lncludtd as part of tht 
annual nport . 

-



T[QeiiCAl 5P£CirtCATIOII COHPAIIISOM ~TRIX 
P1gr 6 

Klllf" Klllf" Klll£ l IUl[ ~ 
TECH. SP£C . CIJIIR(NJ POST- OUUEliNG AHO POS J -(l[fU(liHG 

T[CH. SP£C. Till[ NUHBERS STATUS OHU£LIHG fiJ£l SHIPHI:NJ fiOHIJOREO STORAGE: COtMIITS 
COMILFT£ '~' nrH. <;Prr~ 

~ffEHDIX A IECH, SfECS, 
II . ProcPdurts 6.8 I( I( I( • RPductd In scopt for POHS (Hodt 4. 

45. Rrport Rtqulr ... nls 6.9 X X X X 

46. RPCOrd Rtltnt lon 6.10 X X X • 
17 . R1dl1tlon Prottctlon 6. 11 I( • X • Progr-

48. Hl 9h RAd iAtion ArtA 6.12 X X X • 
Aff[NDIX D ItCH. SfECS, 
1. l i quid £ff1urnts 2.1 . 1 X l l l Rrducrd In scopr for POHS (Hodr 4). 

2. Gisrous £ff1urnts 2. 1.2 l X X X RPducPd In scopr for roMS (Hodr 4) . 

) . R1dlo1cllvr Gisrous 2. 1.3 l X X This srcl . app11ts to thr. £PICOR II vrntl1atlon 
(ff1utnt Mon i toring srst .. ~nltor on1r Which Is not 1 POHS (Hodt 4) 
ln\lr~nhtlon .,st ... 

4. £nvlron.rntA1 J . 1 l X X Nrlthrr thr POMS 5AR nor lhr [nvlron-tnla1 [valu-
Monitoring (~rtdlo-
logicAl) Rtqulr..,nts 

atlon proposrs to contlnur this progr ... 

S. RAdiological [nvlron- 3.2 X X X Though not part of thr POHS (Modt 4) Trch. Sptcs., 
.. ntAl Monitoring ' this 'r::' .. will contlnur 11 dlscussrd In Stet • 
ProgrM (R[tiP) J .S of t r POHS [nvlro~ntal [valuation. 

.· 
Rtquir..,nts 

----- --- - - - -- · - · -



Er•c losure 5 

lower Head Sampling Program 

On March 1. 1990, the Vessel Inspection Program (VIP) sponsored by the llRC's 
Office of Nuclear RegulatLry Research and the Organization of Economic 
Cooperation and Development (OECD) was completed. A total of 14 "boatu sampies 
was obtolned from the reactor vessel lower head. Three of thes~ included the 
base of the incore instrument penetratl~ns (liP). A~ditionally, 14 liPs were 
cut off 1.5 to 2 inches above the lower head and obtained as samples. Two 
incore instrument guide tubes were cut free from the flow oistributor head as 
samples. 

The samples were shipped to Argonne Nat1onal laboratory (ANl) for analysis 
and distribution to the sponsoring OECO nations. The staff expects preliminary 
results within the next several months. 
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