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ABSTRACT

The PBF Reload Core was to produce, under continuous steady state
conditions 50 MW of power in the driver core. This would provide
sufficient neutron flux to permit testing of moderate sized clusters
( 25 rods) of low enriched rods in the PBF reactor. Critical heat
flux tests on electrically heated simulated core rods showed that this
performance could not be achieved. Primarily, because of this, the
proiect was terminated. This report presents a short history of the
Relnad Core project and identifies where the records and documentation

from this effort are located and how they can be retrieved,
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CLOSEOUT REPORT OF THE PBF RELOAD CORE PROJECT

1. HISTORY

Agreement was reached in the December 1975 - January 1976 time
period between NRC, erpa (8 and Aerojet Nuclear co. [ 1o proceed
with the design and construction of what was to be known as the Reload
Core for the Power Burst Facility (PBF). This core was to use fuel
rods of the same outside diameter, rod spacing, and canister configur-
ation as used in PBF's present burst core. Fuel was to be uranium
dioxide and no thermal insulators were to be used on the inside of the
cladding. The steady state power output of the Reload Core was to be
50 MW. This increased core power would permit testing laraer fuel rod
hundles with lower enrichments in the PBF reactor, while the use of an
identical mechanical confiqguration in the core would reduce turnaround
time from the burst core to the steady state core. Use of the same
mechanical configuration also minimized project costs and shortened

schedules.

Aerojet Nuclear Co. nroceeded with the Title I and Title II
desians of the Reload Core and in June 1976 issued the PBF Relnad Core
Preliminary Proposal, TR-854, which set forth a preliminary definition
of the reload core. This report defined the scope of the project with
preliminary estimates of cost and schedule. The report also summa-
rized the engineering work that had heen done up to this point.

Two potential problems had been identified in the spring of
1976: Galvanic corrosion between the zircaloy-4 fuel rod cladding and

[2) Energy Research and Development Administration was the Predeces-
sor to the Department of Eneraqy.

[b] Predecessor to EGRG ldaho, Inc., as the principal Idaho National
Enaineering Laboratory operating contractor.




the aluminum canister with possible deleterious hydriding of the zirc- ‘
aloy; and the possibility that hecause of the close fuel rod spacing
and low water pressure, the critical heat flux (CHF) might be signifi-
cantly lower than predicted by existing correlations developed for
pressurized and boiling water reactors. Two studies were undertaken
to resolve these potential problems. The results of the zircaioy
corrosion study, which showed that hydriding of the zircaloy was
negliaible, are set forth in An Aluminum-Zircaloy Galvanic Couple In
Neactor Water, NUREG/CR-0284, TREE-1162 [August 1978)., The results
from the CHF tests are set forth in Critical Heat Flux Tests of a
Simulated Power Burst Facility Rod Bundle, NUREG/CR-0260, TREE-1170
(August 1978). The tests showed that CHF would occur in the Reload
Core at significantly lower power levels than predicted bhv existing

CHF correlations. The impact of this finding is discussed later in
this report.

The specification for the fuel rods was released in July 1976 and
the request for proposal was sent to five prospective hidders on '
Auqust 20, Four of the five potential bidders dropped out of the

bhidding, leaving Exxon Nuclear Cn. as the sole bidder. Their proposal
was transmitted to EGRG Idaho, Inc. on Docember 4, 1976 and was be-
tween 1.5 and 2 million dollars higher than had been budaeted hy the
project. This impact will also he discussed later.

As part of the overall Reload Core project, two .on2-quarter-inch
thick wall in-pile tubes were to be fahricated. A contract was let on
April 20, 1976 to the Wyman Gordon Co. for three Inconel 718 forgings
(the third forging was a spare) from which these tubes were to be
machined, The first of the forgings was delivered to EGRG Idaho on
January 26, 1978,

In Septembher of 1976, the proiect management started a detailed
cost and scheduling effort in parallel with the onaning detailed
desian work, It was felt that the Preliminary Proposal fiaqures for
both cost and schedule were overly optimistic and that realistic




. numbers based an the experience nained during detailed design work
should he devaloped as rapidly as practical. This effort was com-
pleted in January 1977. However, during the fall of 1976, as a result
of the engineering effort that was underway, several problems sur-
faced; they were (a) the inadequacy of the control rod cooling system,
(b) inadequate control rod reactivity worth, and (c) inadequacy of the
poison injection system.

The inadequacy of the control rod cooling system could be
resolved by rebuilding the control rod cooling air system to provide
increased air flow, or by the use of water cooled control rods. No
technical problems were identified in resolving this deficiency; how-
ever, its resolution would increase costs significantly. The cost
increase was estimated at between $300,000 and $500,000.

Resolution of the control rod worth problem presented both tech-
nical and cost problems. Two materials were considered to he suitable
for the control rod poison sections, titanium hydride and boron car-

. bide. If titanium hydride were used, its potential disassociation had
to be addressed in addition to the fact that there was no literature
or uses similar to the proposed use of the material. If enriched
borbon carbide were used, there would be a significant cost and
schedule impact. Work to resolve this problem and to investigate the
use of such materials as hafnium was underway in December 1976 and
January 1977,

A review of the poison injection system showed that it was under-
sized and would have to be enlaraed to meet the needs of the Reload
Core. Cost and schedule impact of this change, which had not been
included in the Preliminary Proposal, was never determined.

On December 8 and 9, 1976, a major status review of the Reload
Core was held with NRC and ERDA, EGRG presented information on the
project status. The minutes and findings of the review, as seen by

. D. A, Hoatson of NRC Washinaton, are set forth in Appendix A,




At the NRC midyear review (January 25, 1977) in Washington, a .
summary of the status of the Reload Core was presented. Key points
were !

1. Power from the core would be significantly less than the
specified 50 MW, probably about 37 MW, This was because of
the low CHF determined in the Columbia University tests.

2. A need to increase the control rod worth, While presenting
technical problems, tiv. main problems would be an increase
in cost and a probable extension of the schedule.

3. High fuel costs and a long delivery schedule. A review of
the Exxon Nuclear Co. propnsal indicated that some cost
reductions could be made, but the total costs would still be
approximately one million dollars higher than budgeted.
Additionally, the delivery schedule would push availability
of the Relnad Core out well beyond the desired date.

4, ldentification of significant additional engineering tasks
that were identified in the Preliminary Proposal Report.
Typical of these new tasks were the need for additional
cooling air for the control rods and the need for a larger

poison injection system,

5. A large increase in estimatecd engineering costs to perform
the work hased upon the September to January 1977 planning
offort. An audit nf these cost estimates was proposed but
was not undertaken because of the termination of the pro-
ject. The estimated costs and schedules developed are filed
in the project manager's file (See Appendix C).

On February 11, 1977, NRC requested ERDA to terminate the Reload
Core project. The overriding reason was the inability of the proposed
core to achieve the 50 MW nutput needed for testina large bundles of ‘




low enriched rods. Solution of the identified problems and possibly
the expenditure of additional funds (Table 1) could not be justified
hy the small increase in driver core performance.

?. TERMINATION

As finally negotiated, the terr.ination included publication of
topical reports on the Aluminum-Zircaloy corrosion problem and the
results of the CHF tests, documentation of the status of ongoing work
and fabrication of one thick walled in-pile tube, a flow tube and a
catch basket for same, and an EGRG internal report closing out the
project which identifies where the documentation is filed.

3. DOCUMENTATION

The engineering work performed for the project was documented by
drawinas and Engineering Design Files (EDFs). A11 drawings have been
released for record and can be retrieved from the Control Data Service
Section of EGLG Idaho, Inc. Copies of the applicable drawing lists
are filed in the proiect manager's file (See Appendix ). That status
of the engineering analyses at termination was documented in EDFs.

The EDFs for the Reload Core are being maintained as part of the PBF
Desian and Fabrication Division's active Engineerina Desian File. A
copv of the Reload Core EDF loao and of each Reload Core EDF cover
sheet constitutes Appendix B, Appendix C lists the items in the pro-
ject manager's file which has heen transferred to record storage. The
applicable Records Storage Receipt is included in this Appendix.
Appendix D 1ists the Record Storage Receipts and the listing of items
to be found in the D. J. Langford file which has also been transferred
to record storage. The topical reports on the aluminum-zircaloy cor-
rosion problem and the CHF tests have bheen published as set forth
previously. The thick walled in-pile tube is being fabricated as part
of the current Thermal Fuels Behavior Program under cost account
42213100. Publication and transmittal of this report closes out all
Reload Core activities.




TEM

MATERIAL EST.
LABOR EST.
OTHER COSTS
ESCALATION
CONTINGENCY
PERF. ASS. STUDY
TOTAL EST. COST

R-717
NOV. 1975

2980
739
370

1086

1285

6470

Y'77 MIDYEAR REVIEW

WED-76-76
FEB. 11,1976

3750
739
370

1086

1295
260

7500

- JANUARY 25, 1977

TR-8%4
JUN. 1976

2982
2938
770
810

7500

REBUDGET

JAN. 7,1977

4787
o004
2185

2004

13980

EG&G-5-975
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APPENDIX A

i

ETTER, D. A. HOATSON TO L. S. TONG,

aadeld

SUBMITTAL OF TRIP REPORT TO IDAHO FALLS
ON PBF RELOAD CORE,

DECEMBER 23, 1976
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Mr. C. Williams, Manager

Idaho Operations Office PECEIVED p Y

U.S. Energy Research and Development l-VV.AaAan|||
Administration

€50 2nd Street [y

Idaho Falls, Idaho 63401 DEC 301976 oy

Dear Mr, Williams: s |

Subject: PBF Reload Core Project "—-—...—

A meeting on the status of the PBF Reload Cere Project was held on ;

December 8-9, 1976, at the EGAG offices in Idaho Falls. A trip report !

of this meeting is enclosed and the agreements and commitments (attachment comnsin

2) are transmitted for implementation. ]

The trip report indicates that there are significant problems associated ;....,

with the PBF Reload Core Project. NRC is very concerned that performance,

cost, and schedules on this project could be compromised if EG&G -

management attention is not immediately applied to this effort. 1

would appreciate your personal attention to the problems of this project

over the next few months to be sure that information necessary for

their resolution will be prepared in a comprehensive and timely way. Ml

We will be happy to assist in any way to help make the reload core :
project a viable one. por s

Sincerely,

# g ,> .
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L. S. Tong, Assistant Director
for Water Reactor Safety R

.

e T
Division of Reactor Safetyfeseargh’ ,= i,
‘s = ‘_" ‘\'
Enciosure: Memo, 12/21/76, D. Hoatson . 9 . U e
to L. S. Tong w/3 attachments it s Y iyt
: : :o - _‘,"’f '
cc w/encl: See attached page -2 PR é:." :
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L.

Williams, Manager, ID

ofc 23 W8

- cc w/encl: g.
W. G. Lussie, EG&G Ty |
R. E. Wood, ERDA-ID nkiis

‘RilMarsﬁb11 EGAG e
J. Wallace, ERDA-ID ‘
R. W. Barber, ERDA-RSRC |
J. Haines, ERDA-RSRC
S. Matovich, ERDA-RSRC |
W. V. Johnston, FBRB-NRC |
D. A. Hoatson, FBRB-NRC !'!!'3
T. E. Murley, RSR-NRC g |
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTUN, D. C. 20566

MEMORANDUM FOR: L. S. Tong, Assistant Director

THRU ;

FROM:

SUBJECT :

The writer attended a meeting at the FG&G offices in Idaho Falls, Idaho,

for Water Reactor Safety Research, RSR

W, V.‘gg 13 “Chief
Fuel a¥ipF Research Branch, RSR
D. A. Hoatson

Fuel Behavior Research Branch, RSR

SUBMITTAL OF TRIP REPORT TO IDAHO FALLS, ON PBF RELOAD
CORE

on the PBF Reload Core on December 8-9, 1976. A brief discussion of
results is provided as Enclosure 1 (to this memo). The meeting raised
a number of important issues and produced a 1ist of agreements and

commitments, a copy of which is provided as Enclosure 2.

provided are some specific areas of concern generated by the meeting
discussions to which EG&G should respond prior to the next reload
core meeting in March. Some of the issues raised at the meeting
could be crucial to the success of the reload core project. The
following appear to be the most important.

1. DNB - The results of DNB testing at Columbia are not favorable
and could lead to Timitations on core power or adoption of a
less conservative DNB margin, or both. The tests are continuing
and EG&G is committed to provide an evaluation of DNB results
with reconmendations prior to a reload core meeting tentatively
scheduled for March 9-10, 1977.

Engineering Costs - Since the project was transferred from
engineering to Technical Support, EGAG has been reviewing cost
and schedule estimates. The original estimate of engineering
man-hours was about $750K (Ref TR-717). The Preliminary Proposal
(TR-B54) estimate of engineering man-hours increased this to
$2,048K,

The latest 18%a on the project indicates man-hour

In Enclosure 3

1

Y




DEC 23 W76

s

costs of $3,224K. NRC has not accepted either of the later *wo
estimates and EGAG is committed to respond to our request for a
detailed comparison of these cost estimates with justification
of any substantive changes. EGAG has agreed to provide this

by February 1, 1977 and to reflect additional costs which may
be associated with fuel pin procurement and control rod cooling.

Control Rod Cooling - EGAG recently made a calculation of control
rod heating in the reload core. An exit temperature of 16000F with
existing airflow rate was predicted. While the calculations

appear to be overly conservative, there may be changes needed

to the control rod cooling air system or the rods themselves

which could interfere with scheduled completion and increase

costs. EGAG will provide a recommended resolution prior to the
March meeting.

Contingency - The contingency and escalation funds provided in
original estimetes will probably be much too small after the
increased cost of man-hours and hardware are reflected. Inadequate
contingency and escalation funds make project cost overruns
probable. Immediate strong actions by EG&G management are
essential if project costs are to be brought into control.

EG&G management must be made to understand that this project must
be completed without sacrifice of performance and within the

$7.5 million budget provided.

Fuel Pin Costs - EGAG is receiving fuel pin proposals at this
time. Rumored prices are substantially more than double the
original $1.21M estimate. EG&G plans some negotiating measures
which may bring down fuel pin procurement costs but it is doubtful
that a price near the estimated cest can be achieved.

Control Rod Worth - Shutdown requirements can be met but appear to
require the use of titanium hydride control rod inserts.

There may be some technology surprises in the use of this un-
common material, particularly in view of control rod cooling
problems. EGAG has also agreed to investigate Hafnium. Control
problems appear at this time to be soluble and EG&G will provide
recommendations prior to the March meeting.

‘W'.‘ ;



5B DEC 2§ W76

7. Schedule - A very detailed PERT type schedule in preparation for
putting the project on the PMS5-4 project control system is
available in draft form. This draft schedule provides for a
slip of 7 months or more beyond the originally scheduled July
1978 hardware availability completion date. Problems discussed
above could cause further slips.

The reload core project faces some difficult decisions in the next few
months. 1f EG&G management does not take immediate action to assure
that technical, financial, and scheduls problems are promptly resolved,

the project will be in jeopardy.

D. A. Hoatson
Fuel Behavior Research Branch
Division of Reactor Safety Research

Enclosures:

(1) Discussion of Results of 12/8-9/76
Meeting

(2) Agreements and Commitments

(3) Specific Areas of Concern Generated
by Meeting
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ENCLOSURE 1

, Traveler: Don Hoatson, Fuel Behavior Research Branch, RSR
Date and Place: December 8-9, 1976, Idaho Falls
Subject: Reload Core

Brief of Results:

Ralph Marshall provided background information on the project. When

Dave Langford, the former manager of the reload core project 1eft ANC, the
project was transferred from Engineering to PBF Technical Support (Lussie).
New schedules and cost estimates were the initial efforts of the new
project management and these are to be discussed at this meeting.

1. Reguirements

Marshall provided the Reload Core requirements as EDF #304 of December 7,
1976, which resulted from his review of existing documentation originally
from Core II and reflecting correspondence and meeting agreements on

the reload core. These requirements were transmitted in WGL-143-76
(resporise to comments on preliminary proposal). In addition, EDF #304
provides a statement of Core II requirements from Cro-287-78 and t{heir
applicability to the reload core.

EG&G should seek formal approval of EDF #304 from ERDA and NRC to provide
a firm basis for the reioad core project. Some guestionable areas:

The design reqctor power is listed as "greater than the present core
up to 50 MW". OQur understanding is that the design power is 50 MW,
period. If the core falls short of 50 MW, it has not met one of the
major project objectives.

Core i criteria call for a DNBR of 2.0. Recent Columbia DNB test
results have not been favorable and EGAG now wants "DNB criteria will

be based on industry safety standards" as the reload core design
requirement. Resolution of this issue awaits completion of the Columbia
tests and an EGAG recommendation to be furnished prior to the meeting
tentatively scheduled for March 9-10, 1977. The EGAG resolution may
involve a statistical statement of DNB probability.

13
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2. Physics

Floyd Wheeler discussed the status of physics calculations on the reload
core. He presented EDF #278 which covers the assessment of test perfor-
mance as of 11/15/76. Table 1 of this EDF indicates presently expected
test performance of the reload core is down about 10% from that reported
in TR-717 (performance assessment report). The reduction is due to tying
down enrichment zones and shim pin design to reduce core peaking,
Enrichments presently are 3 1/2% inner zone (72 rods) and 7 1/2% outer
zone (1712 rods). Predicted test performance is a factor of 2 to 2.1
over that of Core I.

Total control requirement is $16.7 of which $8.6 is in movable rods.
Plain B4C rods provide a margin of $0.1 or a margin of $3.9 if 96% B10

is used. The BsC sleeve with a TiHx core type rod provides & shutdown
margin of $3.9 1f x = 2.0, 1.5 if x = 1.75, and 1.1 if x = 1.50.

Choice of noisen rod type is dependent on control rod cooling assessment.
Lower values of x are less temperature sensitive and x = 1,25 is also
being considered now.

Wheeler also provided data available from critical experiments which
validate their calculational methods. They expect the calculated K eff
to be about 0.985 times the experimental K eff for the reload core.
Calcuiations of Core I rod worth are 4% high using the present model.
They are aliowing 10% rather than 4% in their calculations for this
calculational uncertainty. The experimental data being used for vali-
dation however also has an uncertainty of about 10%.

3. Thermal Performance

Bob Wadkins discussed the thermal design aspects of the reload core.
The cannisters will have orifices (presently at bottom end) for a
fixed power distribution. There is a 12% change in pin power from
the largest experiment to a water filled IPT. The hottest pins will
be in the inside row. Orifices will be selected based on the worst
case peaking factors from physics calculations. The solid wall
cannisters have been confirmed as a good design and water gaps
between cannisters are adequate to assure no voiding by boiling will
occur.

Colubmia tests indicate that core will be limited by DNB, not
centerline temperature. The critical heat flux using the Bernath
correlation was called into question by the more recent work of Lund.
The Columbia tests were conducted tc define the critical heat flux

for the reload core geometry and operating conditions. The critical
heat flux presently appears to be much lower than had been anticipated.
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a set of data for run 18 give the flavor of the results - Bernath
predicton: 3.96 MW/m2, Lund: 1.63 MW/mZ, Columbia test result:

1.10 MW/m2. There have been problems in Columbia loop operation,
particularly failed electrically heated rods and cavitation of the loop
pump at higher flows, and the tests are continuing. If a statistical
basis for the DNB criterion is used, additional Columbia runs may be
required.

Wadkins had reviewed fuel rod tolerances and their effect on center-
line temperature uncertainty. The conclusion was that DNB, not
uncertainties in centerline temperature, would control core power.

In response to a question, Wadkins estimated that core power might
be held to 40 MW or so if a DNBR of 2.0 is a firm requirement.

4. Control System

Joe Selensky discussed the Control, PPS, and Instrument requirements for
the reload core. The control system is being designed for interchangeability
with Core I. Major changes from Core I are: B8CR + 4TR become 10CR +

2TR; power increase to 50 MW, a power scheduler will be added for slow

PCM ramps; some additional scrams will be added; and interchange require-
ments are added. Power change requirements of experimental programs have
been reviewed to establish design requirements for the control system.

Per agreement, the design requirement section of the SDD will be provided

to programs for concurrence in the near future. There was some discussion
of whether the power peaking which could occur with 2 control rods in

servo had been reflected in physics and DNB calculations (see agreement #4).

5. Al-Zr Corrosion

Walt Reuter provided some preliminary results from the Alcoa test program.
They show that an anodized Al film is very effective in reducing corro-
sion currents. Autoclaving of Zr has little effect, spacing has little
effect, and external resistance has 1ittie effect until it exceeds 100 K
ohms, The corrosion currents stabilized in 2-3 hours and no film breakdown
is apparent after 24 days.

6. Graves Letter of August 18, 1976

The portions of this letter which had not already been covered were
discussed and satisfactory responses provided.
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7. Control Rod Cooling

Ralph Marshall discussed the control rod cocling problem. This problem

arose mid-November when calculations were made to check whether cooling of
control rods was adequate. The calculations indicated that the present

1200 scfm airflow would result in an air outlet temperature of 1600°F.

They are requesting measurements of air temperature be made in Core I to
confirm calculations, but they believe that they are fairly good. The

higher power density of the reload core and considerable energy due to

boron n, alpha reaction lead to roughly 3 to 4 times the rod heating of

Core 1. EGAG is going to do some parametric analyses of delta T across

the poison sections. At the temperatures they are calculating, the stability
of TiH is in question. They would like to hold temperatures to less than
600°F for this material to be sure it dows not release hydrogen. Preliminary
calculations indicate 4400 scfm is required to reduce outlet temperature

to 400°F. This will require additional compressors and new air supply

and discharge piping wiich could cost 350-500K additional. They are also
looking at water cooling of the outer rods, cruxiform rods, and agreed

to look at Hafnium rods as a possibility. Discussion indicated that
substantial hardware changes would be needed if water cooled rods are
adopted.

Their current calculations are based on the assumption that rods are
fully inserted during full power operation - an overly conservative
assumption tnat has to be evaluated. It 1s possible that resolution of
this problem couid entail a schedule slip of completion date. EGAG

is to provide a program for resolution of this problem within two weeks.

8. Fuel Pin 8id

The fuel pin bid from Exxon has been delayved. EGAG has received the
QA pcrtion, the technical portion has been mailed and the cost portion
15 expected next week. Marshall has arranged for LOFT fuel people to
assist in bid review. Unofficially, the price will be $3M vs. the
$1.25M estimate for the fuel pins. This price is very high on a $/kg
basis and undoubtedly has a large allowance in it. EGAG feels that
modification of some specified requirements to be more consistent

with Exxon production methods without sacrifice of quality is possible
and should result in a lower price. Substitution of LOFT QA for
present reload core QA requirements may also help. EG&G will also
explore CPFF procurement as a possiblity although there was negative
ERDA and NRC sentiment to CPFF procurement. Negotiations with Exxon
over the next few weeks will establish the seriousness of this cost
problem,
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Forgings are on order but delivery will slip from January 1, 1977, to gmrj
April 4, 1977. A problem of cracking of billets during "potting" w¥iroe
has occurred and a new "potting" contractor has to be used. Late delivery T—

of these rough forgings went beyond the schedueld maintenance shutdown

of the Wyman-Gordon forge. EG&G is also planning change orders to Wyman-
Gordon for additional material for weld qualification and additional
ultrasonic testing. EGAG hopes to trade this argument to the schedule
slip for a no cost change order. IPT delivery is not a critical path
item.

10. Cannisters

EGAG has changed from z+ Al base plate in the cannister to stainless

to reduce the possibility of Al-Zr corrosion. They are re-evaluating

the method of locating fuel pins in the lower grid to reduce the

tolerance in response to the DNB results they have been getting.

They are also considering going to Zr cannister walls rather than Al

and would expect the higher cost to be more than compensated by elimination
of additional inspections of hot rods due to Al-Zr corrosion. It is
possible that DNB studies may require top orificing of cannisters and

that would require additional cannister changes.

11. Cables

, EG&G had proposed procurement of additional reactor buildings to
control building cables under the reload core. They are currently
thinking in terms of a GPP item to cover this in FY 1977. An 18-month
lead time is apparently required and this will mean they will not be
available till mid to late FY 1979, Cost and delivery are dictated by the
5/8 mile length of cables required for this service. Possibly not all
cables have to be one piece. Problem is still being discussed between
ID and EGAG.

12. Scheduling

EGAG has prepared a very detailed schedule of Reload Core activities.
It is presently in the preliminary stage and is being prepared as
input to the site wide PMS-4 scheduling system EG&G is adopting.
Completion date presently shown is January 30, 1977 (a 7-month slip
from the present schedule).

L7




13. Costs

Marshall is preparing the table of costs presently anticipated with
those in the performance assessment report. They do show a substantial
increase in EG&G man-hours from about $750K to over $2000K and 1D
pointed out that the recent 189 indicates over $3000K in EG&G man-hours .
EG&G agreed to provide their revised cost estimates including fuel pin
bid prices and cost of control rod cooling changes by February 1, 1977.

14, SDD's

PSDD's are all in work and Marshall's schedule for their completion
is January 31, 1977. This represents a slip of 8 months from the
original design schedule.

- o
g o
‘

-




ENCLOSUI'E ¢

ING DECEMBER B AND 9, 1976
& COMMITTMENTS

1. EGAG wi)l formally submit the proposed reload core schedule prior to

January 1, 1977.

2. EGAG will check to confirm that LOCA programs do not reguire delays
between blowdown and scram oOr other progranm requirements that cannot be
accommodated by the % inch wall 1PT.

. 45 EGAG's understanding th CA heatup tests will not be performed

in the & inch wall IPT,

esulting from 2 control rods in autometic cortrol

peak-to-average power ratio used fn DNB

1 and design r irements portion of the reload core contro!
be concurred in by the prougram personnel &8s So0n &s necessary

last minute delays in SDD submission.

ng problem is essential to
FGAG will provide within 2 weeks

before the meeting on

ia tests could impose 1imitations
ore power and test performance 386G will provide evaluated DNB results
with recormendations prior to the March 9-10 meeting. £GAG will also provide
2 statement of ct owe if the DNBR of 2.0 1s retained as a design

requirement,

the reload core, EGAC will
lable rod worth reflecting uncertainties and provide

moeting on March 9-10, 1977, and identify any




9. Unofficia) fuel rod cost estimates are on the order of twice estimated
cost. An additional $250-500 K may be required to resolve control rod
cooling problems. EGAG estimates considerable increases in design engineering
will be required over earlfer estimates. In view of these serious cost

- problems, EGAG will provide their assessment of cost impacts as soon as possible
but no later than February 1, 18977,

10. No contract committment for fuel rod procurement will be made without
authcrization to proceed from NRC., EGBG will provide target date schedule by
December 22nd. '

' pr—
11. A preliminary evaluation of Hafnium as a PBF control rod material should i:%~.
be carried out as early es possitle. The following items should be g

evaluated:

2. Availability of material, and cost of fabrication into efther
cylindrical sleeves (in current moderator rod) or solid
cylinder

b. Worth relative to current design.
c. Heat production and temperatures relative to current design.

12. The current design basis for the reload core 1s 36 PWR rods. EGG
will review the pertinent analysis to determine 1f they are adequate to accom-

— modate 37 rods.

13, FPresently it is the intent that axial flux shaping be done fnside
the IPT.

i4. The preliminary proposal (TR-B54) will not have to be rewritten.

Wy o

EGAG

7 ...// ,//" ' ,C’ 2
W AR

¢ V' ERDA-HQ ’
ook A Fotts e

ERDA-1ID




Sl T S L S R T

ENCLOSUPE 3

Specific Areas of Concern on Reload Core Resulting from Presentations at the
December 8, 9, 1976 meeting.

1. Control Rod Worth

Uncertainties in contrcl rod worth calculations are such that there 1s a
risk that the stuck rod criterion might not be met., EGAGC should make a
qualitative evaluation of options that might reduce the reactivity require-
ment in the event that happens. The following options should be among
those evaluated:

(a) Operation with transient rods partially or fully inserted

(b) Reduced operating power level! (shim rod addition)

(c) Withdrawal 1imits on high worth control rods

(d) Preferential location of reactivity shim rods around the high worth

control rod locations

Restrictions that these options might impose on planned experiments should
be identified and the recommended option chosen for use 1f required.

2. Control Rod Heating

EGAG should investigate heating which would occur. with the mere prabable

case of a withdrawn rod bank rather than the assumed fully inserted rods

at full power. A curve of power level 1imit (due to rod heating) vs. rod
position should be develryed assuming the existing CRCA system and minor

improvements to 1t.

EGEG, before concluding that a major investment in CRCA modifications 1is
needed, should consider an experimental run at reduced power in Core I
with a rod fully inserted to measure the heating experienced.

3. DNBR Limits

FBRB would prefer to retain the present minmum DNBR criterion of 2.0 for
an experimental facility 1ike PBF. 1f EGAG concludes that the ratio must
be lowered to values used by commercial reactors, then an investigation of
the sensftivity of DNB to many design and operating parameters must be
made, and extreme values for these parameters assumed. Examples are the
following:

(a) Reactor overpower requirements

(b) Power range channel drift and instrument uncertainties

(c) Fabrication tolerances and their effect on peak heat flux and coolant
channel enthalpy rise.

7]



3. DNBR Limits (continued)

(d) Circumferential variation of heat flux around rod

e) Variation of coolant pressure

f) Effect of control rod position on peak to average power density
and PPS power calibration

(g) Effect of coolant inlet temperature varfation on PPS power calibra-

tion
(h) Fuel cannister orificing uncertainties.

Although a1l of these should be reviewed, even with a DNBR of 2.0, they
need not be quantitatively considered if their effect on DNBR 1s small
(1-3%2). In view of the cost problems the project appears to be facing,
incurring additional engineering analysis upon reducing the DNB margin is
an undesirable tradeoff.

4. local DNB Conditions

The Columbia DNB test observation of a stable Tocal DNB condition at a point
of minimum spacing between rods suggests that the following be investigated:

(a) 1f loca)l DNB exists on a nuclear fuel rod, how will surface
temperature and heat flux redistribute around the rod?

(b) How does the redistribution around a nuclear rod compare with
that of a sheath heated rod used at Columbia?

(c) 1s the sheath heater a conservative representation of the
nuclear rod?

(d) Are there surface corrosion/erosion problems in the vicinity
of a local, stable DNE region?

5. Transient Rod Movement

Some experiments require rather rapid power ramps obtained by transient
rod movement which causes misalignment of transient rods and control rods.
EGAG should confirm that this misalignment will not adversely affect power
calibration of the PPS detector or tre peak/average power density.

One requirement calls for a 17 kw/ft to 1 kw/ft power reduction on voiding
of the IPT. EGAG should evaluate the coupled effects on reactivity due

to IPT voiding, change in IPT power shape due to voiding (if axfal power
shapers in the IPT are used), and available total transient rod worth.

6. Axial Power Shaping

In the event of confirmetion of unfavorable DNB results, EGG should
reevaluate the option of axial power shaping by using non-uniform B4C
loading in shim rods near the IPT. This could provide lTower peak heat
flux and centerline temperature in the driver core and could reduce the
change in flux shape in IPT voiding in the 1PT.
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PBF ENGINEERING DESIGN FILE LOG

EDF PROJECT
SERIAL NO.| FILE NO. | AUTHOR DATE SUBJECT
175 . W. Marshall, Jr.|1-7-77 Preliminary Core 11 Fuel Trade-0ff Study
176 . W. Marshall, Jr. |8-18-76 PBF Reload Core Program Cro-204-75
177 . S. 6l 6-22-76 Rod, Cladding and Enrichment Reactivity Studies for the PBF
. Reload Core
178___~_ J _ . W. Marshall, Jr.|11-22-76 Functional Requiremerts for Core II - CR0O-287-74
179 . W. Bacon 7-19-76 Design of Poison Sections in Reload Core Control and Transient Roc
180 . L. Chapman 11-30-76 Effect of Fission Gas Release on Fuel Rod Internal Pressure
181 . G. Reuter Experimental Evaluation of Exposing Heat Treated Inconel 718
to 1089k (1500°F) for 20 Minutes
182 . M. Horton 7-2-76 Hydrogen Analysis of Zircaloy
7-6-76 Potential Problems Associated with Zircaloy Galvanically
183 . G. Reuter Coupled to Inconel
184 M. Horton 7-7-76 Potential Laboratories to Conduct Short Term Tests on
Aluminum-Zircaloy Calvanic Couples
185 . L. Plum 7-12-76 Cost of Close Tolerance Zr-4 Cladding
186 . F. Taylor 7-19-76 Preliminary Design of the Catch Basket for the Reload Core
187 . Fielding 7-19-76 Modification of Pneumatic Tubing to Control Rods for

Scramming




PBF ENGINEERING

DESIGN FILE LOG

EDF , PROJECT [ ) = @
SERIAL NU.| FILE NoO. AUTHOR DATE SUBJECT

188 ). W. Bacon 7-19-76 Design of Storage Racks to Safely Hold PBF Reload Core
Canisters
10-2 Configuration Rod Drive, Control Bridge Equipment and

189 E. F. Taylor 7-19-76 Super Structure Drawings and DCN's

190 J. W. Bacon 7-19-76 Modifications of PBF Core I Design for PBF Reload Core

191 G. A. Reimann 7-20-76 ph Control in PHR's

192 G. A. Reimann 7-20-76 Availability of 5454 Aluminum Alloy for PBF Canisters

BF—NOT - COMPLETED-ANBAOR RELEASER

}33 T T 7-20-76 Conceptual Desian Report and the Environmental Assessment for

B o i the Crane Upgrade Study at the PBF and SPERT IV Buildings

195 R. M. Horton 7-21-76 Proposed Short Term Test Program to Evaluate Aluminum -
Zircaloy-4 Galvanic Corrosion in PBF Reload Core
Galvanic Attack on Aluminum Due to Coupling With Stainless

196 G. A. Reimann 7-22-76 Steel at Three-Mile Island Facility
Discussions with Rockwell Int. and Alcoa of Scope, Schedule, and

197 R. M. Horton 7-22-76 Cost of Proposed Corrosion Tests of Aluminum-Zircaloy Galzinic

ouple -

Visual Examination of 6061 Aluminum Orifice Plates Which had

198 R. M. Horton 7-23-76 Been in Contact with Stainless Steel in PBF

199 J. F. Mendoza 7-27-76 Desian Criteria for IPT Hardware
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ENGINEERING DESIGN FILE L0OG
EDF PROJECT
SERIAL | FILE
NUMBER | NUMBER AUTHOR DATE SUBJECT
290 R. W. Marshall,Jr.] N7/29/76 Basis for Number of Fuel Rods to be Ordered
Final Comments from the PRODUCIBILITY Section on Specification ANC
201 H. W. Spaletta 07/30/76 5N1N5 - PBF Reload Core In-Pile Tube Pressure Tube
Comments on Tensile Tests and Impact Blank Fabrication for the
202 H. W. Spaletta N7/30/76 PBF Inconel 718 Alloy IPT Forging
293 J. Klein N7/28/76 Fuel Rod, PBF Reload Core
204 ). Klein N7/27/76 Canister Design Criteria
215 H. Fielding N07/19/76 Modification of Orifice Plates for Reload Core
206 R. L. Greenleaf 07/29/76 Document Tree, PBF Reload Reactor Core
207 J. F. Mendoza 07/19/76 Some Flow Tube Design Analysis
208 J. F. Mendoza N07/26/76 Guide Strut, 304 Stainless Steel
279 J. F. Mendoza 08/02/76 Bolt Sizing
210 W. 0. Olson 07/28/76 Selection of Shim Pin BsC Content
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ENGINEERING DESIGN FILE 106G
EDF PROJECT
SERIAL | FILE
NUMBER | NUMBER AUTHOR DATE SUBJECT
211 J. Klein N8/N3/76 Filler and Reflector Rod
Fuel Rod Desiagn Specification - Enrichment and Cladding
F. J. Wheeler 0R/05/76 0D Teierance
R. G. Ambrosek | 08/1n/76 Check on PBF Secondary Heat Rejection Capacity
R. W. Marshall |[0B/11/76 Pellet Dishing and Radial Gap Recommendations for PRF Reload Core
R. K. Malik n8/09/76 Thermal Conductivity of Titanium Hydride
Differential and Integral Boron-Carbide, Titanium-Hydride
R. T. McCracken |08/19/76 Rod Worths
(Located in Record Storage - Box 25929,
R. P. Wadkins N7/20/76 PBF Catch Basket Requirements ~Pace 29c)
R. P, Wadkins 08/25/76 PBF Reload Core Accidents for Catch Basket Criteria
R. 7. McCracken | 08/16/77 Plutonium Production
Procedure for Handling Future Drawing Changes While Maintaining
R. W. Marshall |08/16/76 Existing Drawings in the As-Built Condition Applicable to Proposed
J. W. Bacon n8/17/76 Design of Poison Sections of Transient and Control Rods




ENGINEERING DESIGN FILE LOG

EDF PROJECT

SERIAL |FILE
NUMBER | NUMBER AUTHOR DATE SUBJECT

222 f J. W. Bacon n8/17/76 Stress Analysis of Canister Desian

i
i

223 J. ¥. Bacon n8/17/76 Updated Stress Analysis of Canister Design

224 | EDF NOT COMPLETED| AND/OR RELERSED

R o

Rev. 1 N9/23/76
225 R. G. Ambrosek Nn8/27/786 Reactivity Insertion Accidents for PBF Reload Core
Comments on PRF Reload Core Fuel Rod Assembly Specification
226 R. W. Marshall 08/25/76 ANC-50106
227 J. Klein 09/01/76 In-Pile Tube Fabrication Specification Meeting
228 R. P. Wadkins 09/03/76 PBF PPS Requirements for LOCE
229 R. W. Marshall 09/03/756 Elimination of Strain Gaging of Thin Walled IPT During Hydrotest
230 R. P. Wadkins 09/03/76 PBF Fast Speed Transient Rod Withdrawal
231 J. Klein 09/17/76 IPT Wall Thickness Measurement
232 EDF NOT C(HPLETEDI AND/OR RELEFSED
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ENGINEERING DESIGN FILE LOG

EDF PROJECT
SERTIAL | FILE
NUMBER | NUMBER AUTHOR DATE SUBJECT
Comparison Costs for Aluminum and Stainless Steel Versus Zirconium
233 L. 6. Johnston 09/15/76 for PBF Reactor Reload Core Canister Assemblies (ANC Dwg. 406806-1)
PBF Reload Core Control Rod Positions for Control Rod Temperature
234 R. P. Wadkirs N9/17/76 Calculations
PBF Reload Core Control Briqqe
235 E. F. Taylor 09/30/76 Deflection Analysis, Preliminary
236 A. G. Work n9/20/76 Comporative Costs for Fabrication Canisters From Aluminum or Zircalloy
237 R. A. Freeman 09/27/76 Response to Question 10, R. E. Simonds (FRDA) Letter of 09/09/76
Recommended Changes to PBF Inconel 718 IPT Forqing Drawing and
238 V. Strickholm 06/24/76 Requirements for In-Service Inspection !
239 S. C. Madden na/2a/76 Power and Group 3 Flux Distributions in PBF Reload Core
240 T. S. Bohn 10/12/76 Test-Energy Optimization and Calculation of Kinetics Parameters
H. R. Hilker Response to Exxon Nuclear Co. Prebid Questions on Specification
241 R. A. Freeman n9/27/76 5N106 and Drawing 406263,406RN%, 4N68N1
242 EDF NOT COMPLETED AND/OR RELEASED
243 H. W. Spaletta 09/27/76 Logic Network for the PBF Inconel 718 IPT




ENGINEERING DESIGN FILE L0G

| !
EDF PROJECT ’
SERIAL | FILE
NUMBER | NUMBER AUTHOR DATE SUBJECT
%
}
284 ' EDF NOT COMPLETEDH AND/OR RELERSED
z45 L. G. Johnston N8/27/76 Industry Specification for Boron Carbide for Nuclear Application
246 R. A. Freeman N9/28/76 Telecon to Beloit Power Systems Co. Mr. John Henthorn
B 247 T. C. Yen 10/01/76 Fuel Rod Bowing in the PBF Reload Core
248 H. R. Hilker N9/30/76 Response to Nuclear Fuel Services, Inc. Prebid Questions
249 J. W. Bacon 08/30/76 Handling of In-Pile Pressure Tube During Manufacture and Assembly
Review of Potential Zirconium Tube Suppliers for PBF Reactor
250 L. G. Johnston 10/01/76 Reload Core Fuel Rods (ANC Drwa 4N6263)
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ENGINEERING DESIGN FILE LOG
EDF PROJECT
SERIAL |FILE
NUMBER | NUMBER AUTHOR DATE SUBJECT
Review of Canister Assembly Drawinas 4765873, 476804, 496815, 4768705,
251 L. G. Johnston 11/05/76 495817, and 476818 and Purchase Specification ANC 57119 LGJ-7-76
252 EDF NOT COMPLETED{ AND/OR RELERSED
253 EDF NOT COMPLETED| AND/OR RELElSED
254 G. A. Reimann 10/07/76 Plan for Uninstrumented Al-7r Galvanic Corrosion Tests
255 EDF NOT COMPLETED| AND/OR RELERASED
256 R. T. McCracken |[10/11/76 Average Fast Flux in the In-Pile Tube Wall
. 257 R. T. McCracken |10/11/76 Gamma Heating in the Fuel Canisters and In-Pile Tube Wall
Tolerances on Boron-Carbide Particle Size, Density, and
258 R. T. McCracken |10/12/76 Homogeneity in the Reload Core Shim Pins
259 J. Klein 10/12/76 IPT Nozzle Loads
Proposed Changes to IPT Forging Contract at Wyman Gordon
260 R. W. Marshall,Jdr|10/02/76 Subcontract S-2660
Radiation Safety Evaluation, PBF Expanded Lore Storage Basin
Shielding Analysis - Storage of PBF Reload Core in Proposed PBF
261 J. W. Bacon 10/29/76 nal Extension




ENGINEERING DESIGN FILE LG
EDF  PROJECT
SERIAL | FILE
NUMBER | NUMBER AUTHOR DATE SUBJECT
Physics ParameterCalculations for lise in RELAP-4 Mode! of PRF
262 6. 5. GiN N1/05/76 Reload Core
263 R. G, Ambrosek f11/12/76 Meeting to Discuss PRF Reload Core Control Rod Nesian
264 G. 5. GiN 11/27/76 Reactivity Lhange Due to Boron Impurities in PBF Fuel
265 J. W. Bacon pnsarire Poison Rod Coolinag Air Flow
In-Pile Pressure Tube Cost Comparison of Trepanned Metnod
266 J. Klein [W?_a/m Versus Sorina Main 10
L 49 Rod Canister Assembly Cost Fstimate -
267 J. Klein N/ 23/ 76 AMuminum Yersus “irconium
Preliminary Analyses of Reload Core Catch Basket and IPT for
2R H. 6. Kraus 1N/N8/76 3 and 49 Rod Meltdowns
L Time to Complete Fstimate PRF In-Pile Tube P/N 400230
269 L. 6. Johnston 1/02/76 (LGJ-1N-76)
Time to Complete Estimate PBF Canister Assembly P/N 406806-)
270 L. 6. Johnston §1/02/76 (LGJ-9-76)
PRF ,"=1oad Core Control and Transient Rod Drives Velocities
271 E. F. Taylor 11/02/76 During Norma! and Accident Case Operations
222 R. G. Ambrosek }1/12/76 Meeting Il to Discuss PBF Reload Core Control Rod Design




ENGINEERING DESIGN FILE L0G

EDF PROJECT
SERIAL | FILE
NUMBER | NUMBER AUTHOR DATE SUBJECT
273 EDF NOT COMPLETED |AND/OR RELEAFED
274 EDF NOT COMPLETED AND/OR RELEALED
Sources and Capabilities for Producing Bdc and Tin Sections for
275 176. A. Reimann 11/8/76 Transient Rods
! i
‘ Status Report for PBF Inconel 718 IPT Forgings Wyman Gordon
276 H. W. Spaletta 11/12/76 Contract S-2660
Proposed Confiqurations for Maximum Sized Fuel Arrays to be
277 J. W. Bacon 11/10/76 Tested in Reload Core
278 R. T. McCracken | 11/15/76 PRF Reload Core Test Performance Assessment
279 EDF NOT COMPLETED| ANN/OR RELERSED
Preliminary Proposal for Installing Additional Air Compressors
280 R. A. Freeman 11711776 for CRCA System
pacii He A seeeman  Eurther Comments on Proposed 5000 SCEM Comnressor Building-
Exammation of tnhe Design Temperatures of the Core I Items of Control
281 E. F. Taylor 11/11/76 and Transient Rod Air Shrouds and Part of the Low Pressure Air System
282 J. Klein 11/12/7» Estimate of U02 Required for Reload Core
The Effect of the Wigner-Seitz Approximation on Sp Transport Theory
283 D. E. Wessol 11/13/76 | calculations of an 8% Enriched PBF Reload Core Fuel Pin Cell
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ENGINEERING DESIGN FILE L0G
!
EDF PROJECT
SERIAL | FILE
NUMBER | NUMBER AUTHOR DATE SUBJECT
Location of Flux Shapers for Experiments to be Run in the
284 R. W. Marshall,Jr (11/16/76 Reload Core
285 G. S. Gill 11/17/76 Reactivity Change due to Re-Distribution of the Test
286 R. A. Freeman 11/18/76 Contro! Rod Cooling Air Mod1f1cabxn
287 EDF NOT COMPLETED|AND/OR RELEASED
Fuel Rod Internal Gas Pressure
288 R. L. Chapman 11/22/76
289 R. A. Goodell 11/19/76 Seismic Analysis of PBF Core 1
290 R. W. Marshall 11/19/76 Probable Use of Enriched B4C for the Poison Sections
Reference Documentation for Physics Methods and Partial
291 F. J. Wheeler 1/18/76 Validation of Reload Core Model
Action on Exxons Request for Relaxation of the Fuel
29?2 R. W. Marsha]l,Jrgbl/ZZ/?G Stability Test Acceptance Criterion
293 R. W. Marshall,Jdr L1/23/76 Processing Information From Exxon
PBF Control Rod Cooling Air Temperature Comparisons Between
294 R. G. Ambrosek 1/23/76

Present%and Reload Core .
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ENGINEERING DESIGN FILE 106

EDF PROJECT
SERIAL | FILE
NUMBER | NUMBER AUTHOR DATE SUBJECT
Meeting to Consider Fffects of Titanium Hydride Properties on
265 R. S. Marsden 12/01/76 PBF Reload Core Control Rod Desian
Evaluation of NDT Requirements for Alloy 718 Forgings for Use
296 W. G. Reuter 11/23/76 in the 1/4-Inch In-Pile Tube
297 E. L. Wills 11/30/76 PBF Reload Core Project Files (Langford Files) Through Mid-1976
Actual Data on Densification in Commercial Fuel Pellets Based
298 R. W. Marshall,dr 11/30/76 on a Pellet Stabilization Test
Comparison of Uniform & Non-Uniform Void Distribution Models
299 T. Watanabe 12/06/76 for Reactivity - Feedback Calculations
300 R. W. Marshall,Jr] 12/03/76 Titanium-Hydride Density to be Used for Analysis (Preliminary)
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ENGINEERING DESIGN FILE L0G

-

EDF PROJECT
SERIAL | FILE
NUMBER | NUMBER AUTHOR DATE SUBJECT
PRELIMINARY REACTIVITY INSERTION ACCIDENT
32 R. A. Dimenna 12/16/76 LIST - Attachment To RAD-11-74
POTENTIAL PROBLEM WITH FUEL CONTRACT
313 R. W. Marshall,Jdr|{12/20/76 A Telecon With Owen Kruger, Exxon Nuclear
INGUIRY FROM EXXON NUCLEAR ON PBF's PULSE CAPABILITY
314 R. W. Marshall,Jdri12/20/76 A Telecon From Owen Kruger, Exxon Nuclear
315 J. Klein 12/20/76  FEASIBILITY CALCULATION OF POISON ROD INSERTION IN WATER
316 J. Klein 12/20/76 CANISTER INSTALLATION CLEARANCE
317 J. G. Collett 12/17/76 HAFNIUM CORED CYLINDERS
STATUS REPORT FOR PBF IPT FORGINGS
318 B. R. Adams 12/17776 WYMAN GORDON CONTRACT S-2660
Proposed Design for Mounting Fuel Rods in Fuel Canisters
319 J. W. Bacon 12/21/76
PRELIMINARY CALCULATIONS TO DETERMINE FEASIBILITY FOk COOLING
320 R. G. Ambrosek 12/17/76  ltyr CONTROL RODS WITH REACTOR COOLANT
SAFEGUARD OF PLUTONIUM PRODUCED DURING
321 R. S. Marsden 12/20/76 OPERATION OF PBF RELOAD CORE
322 R. L. Gump 12/22/76 HAFNIUM PROPERTIES




ENGINEERING DESIGN FILE L0G

EDF PROJECT
SERIAL | FILE
NUMBER | NUMBER AUTHOR DATE SUBJECT
323 EDF NOT COMPLETET AND/OR RELEASED
324 J. Klein 12/27/76 MINIMUM WALL THICKNESS OF IN-PILE PRESSURE TUBE
325 R. L. Gump 12/16/76 FUEL ROD - CANNISTER BOLTING - RLG-18-76
IDENTIFICATION AND DISCUSSION OF RISKS ASSOCIiATED WITH FUFL
326 R. W. Marshall,Jr] 12/22/76 FABRICATION AND OPERATION - Report of Dec. 20, 1976 Meeting
TRANSIENT AND CONTROL ROD POISON SUR-ASSEMBLY
327 J. G. Collett 12/29/76 Fabrication Cost Estimate - JGC-15-76
PRESSURE DROP ANALYSIS OF AIR COOLED B4C-TiHy CONTROL
328 M. W. Young 12/30/76 RODS PROPOSED FOR PBF RELOAD CORE
REVIEW TO DETERMINE IF CAPABILITY OF PERFORMING LOCA
329 R. W. Marshall,Jrl 12/30/76 HEAT-UP TESTS IS A REQUIREMENTS OF THE RELOAD CORE
EFFECT OF WATER COOLING ON CONTROL ROD WORTH
330 W. 0. Olson 1/3/77 A Preliminary Analysis
}
331 R.W.Marshall,Jdr. | 01/04/77 REQUIREMENTS FOR NEW "THIN WALL IPT HEAD" CRO-244-76
332 EDF NOT COMPLETEDY AND/OR RELéﬂSED
333 R. P. Wadkins /7777 RELOAD CORE BOWING CALCULATIONS
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334 R. P. Wadkins 1/7/77 PBF FUEL ROD THERMAL ANALYSIS OF END CAPS
335 F. J. Wheeler |1/10/77 WATER FOLLOWERS FOR THE OUTER CONTROL ROD GUIDE TUBES
338 ! R. G. Ambrosek /12777 PRELIMINARY INVESTIGATION OF COOLANT MIXING
337 J. Cletd 1/12/77 PROPOSAL TO INCREASE C.R.D. SCRAM AIR PRESSURE
338 H. K. Peterson 1/14/77 RELOAD CORE PLUTONIUM HAZARD ASSESSMENT
339 R. P. Wadkins 1/18/77 PBF RELGAD FRAP ANALYSIS
340 F. J. Wheeler 1720777 PARTIAL FOLLOWERS FOR THE OUTER-ROD GUIDE TUBES
341 M. L. Russell 1/20/77 DISCUSSIONS WITH EXXON ON METHODS FOR REDUCING COSTS OF FUEL
Report of January 13, 1977 Meeting
Review of NRC Model and Rolstad Model for Reactor Fuel Densification
342 S. C. Chang 1/16/77
HYDRO TEST AT NATIONAL FORGE AND AUTOCLAVE ENGR., OF
343 R. E. Locke 1/284/77 THICK WALLED IPT - July 1972
344 W. 0. Olson 1/28/77 WORTH OF HAFNIUM AS THE CONTROL RCD POISON
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345 EDF NOT COMPLETED AND/OR RELERSED
346 R. T. McCracken | 1/25/77 | BORON-10 DENSITY FOR BORATED STAINLESS STEEL SHIM RODS
Si? EDF NOT COMPLETED| AND/OR RELERSED
INSPECTION OF THE SPARE PROTOTYPE CONTPOL ROD DRIVE
= 348 E. F. Taylor 1/31/77 | AND LISTING THE ACCEPTABLE PARTS
349 J. Klein 1/31/77 | POISON SECTION SPIDER DESIGN CONCEPT
350 R. A. Goodell  |2/4/77 PBF SEISMIC ANALYSIS INFORMATION
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351 i R. A. Freeman 2/3/77 5000 SCFM CRCA COMPRESSOR COST ESTIMATE AND SCHEDULE
H ROM COSTS TO FABRICATE ONE EACH 406587-1 In-Pile
352 L. G. Johnston 2/8/77 PRESSURE TUBE ASSEMBLY
353 R. A. Freeman 2/10/77 CONTROL AND TRANSIENT ROD SHROUD REMOVAL PROCEDURE
Fatigue Life Evaluation of PBF Reload Core Fuel Rod End Piece
354 D. K. Morton 2/11/77
355 €. Kido 2/15/77 IN-PILE TUBE STRESS ANALYSIS
356 W. 0. Olson 2/15/77 WORTH OF PWR-TYPE POISON RODS IN THE QUTER POSITIONS
357 F. J. Wheeler 2/16/77 UTILIZATION OF CORE -1 POISON SECTIONS IN THE RELOAD CORE
358 R. G. Ambrosek 2/15/77 PBF RELOAD CORE ACCIDENT LIST
359 EDF NOT COMPLETE! AND/OR RELEASED
360 EDF NOT COHPLETE* AND/OR RELEASED
361 tDF NOT COHPLETE$ AND/OR RELEASED
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Fabrication of PBF Poison Rods from Enriched Boron Carbide
362 G. A. Reimann 2/16/77
Review of the Worth of Gadolinium Nitrate Hexahydrate Poison
363 G. S. Gill 2/Y7/77 in the Poison Injection System
COST ESTIMATE PBF IPT ASSEMBLY
364 L. G. Johnston 2/17/77 WITH HEAD AND INTERNALS
365 W. 0. Olsen 2/22/71 Energy Deposition in B4C - Tin Poison Sections
366 EDF NOT COMPLETED] AND/OR RELEASED
367 L. L. Chi 2/23/77 Temperature Distribution for Rod Bowing Analysis
368 R. G. Ambrosek 2/24/77 FLOW-3 Evaluation of Fuel Canister Design Alternatives
= EDF NOT COMPLETED |AND/OR RELEASED
Initial Enrichment of Yest Pins for PWR Irradiated 36-Pin
370 T. Watanabe 3/1/77 Migh Enrichment Test
PBF Reload Core Three-Dimensional Neutronics Model Development
371 D. W. Nigg 3/7/77
372 EDF NOT COMPLETED |AND/OR RELEASED
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Analyses & Recommendations For Added Torgquing of the IPT ép$‘]§dC;rN°t
373 R. W. Marshall 3/6/77 Locking Tube - A Recovery Plan For Removing the IPT S e
374 R. L. Gump 3/9/77 IPT Forging - Status Report
Reactivity Insertion due to Voiding the In-Pile Tube
375 R. T. McCracken | 3/15/77
-
P 376 EDF NOT COMPLETED| AND/OR RELERSED
377 EDF NOT COMFLETED| AND/OR RELELSED
Irradiated Data for Experiments to be HABdled in the TFBP Experiment
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