GENERAL ELECTRIC COMPANY, VALLECITOS NUCLEAR CENTER,
PLEASANTON, CALIFORNIA Q4588 PHONE: (415) 862-2211

NUCLEAR ENERGY

GENERAL &3 ELECTRIC

PROGRAMS DIVISION

TWX: 910-548-8481

CONFORMED COPY e 5, 57

Mr. Edson G, Case, Acting Director .
Office of Nuclear Reactor Regulation

U.S. Nuclear Regulatory Commission

Washington, D. C., 20555

Reference: 1) License R-33, Docket 50-73
2) Order to Show Cause, October 24, 1977
3) Letter, E. G, Case to R. W. Darmitzel, November 7, 1977

Dear Mr, Case:

General Electric hereby submits one signed and twenty (20) conformed copies of

the seismic analysis and the confirmatory information on the General Electric
Nuclear Test Reactor (NTR). Submittal of the confirmatory information is in
accordance with your request of November 7, 1977 (Reference 3). The seismic
analysis 1s included as Attachment A and the confirmatory information is in-
cluded as Attachment B to this letter. ‘

General Electric believes that the seismic analysis (Attachment A) provides
assurance that the NTR can be operated safely without endangering the healtn

and safety of site personnel or the general public under the existing technical
specifications which 1imit the reactivity held in control rods and experiments.
While completing the modifications as described in Attachment A and prior to
approval of the seismic analysis by the NRC staff, General Electric requests to

be allowed to continue to operate the NTR under existing procedures anc ~ommit-
ments which 1imit the excess reactivity available for insertion as described in
[tems 1 and 2 of Attachment B. Upon approval of the seismic analysis and com-
pletion of the necessary structural modifications, these procedures and commit-
ments would be discontinued and operation would be in accordance with the tachnical
specifications. This approach assures safe operation of the NTR and will reduce
the effort involving both General Flectric and U.S. Nuclear Regulatory Commission
personnel which would result from multiple temporary technical specification changes.

General Electric will be glad to meet with N.R.C. staff personnel at their cone-

venience to discuss the seismic analysis and/or other information in the
attachments.

781218(‘4/'“" THIS DOCUME NT CONT AINS

FOOR QU!'Q [y ["' :

Lo




GENERAL £3 ELECTRIC

Mr. Edson G. Case
Washingten, D. C.

In regards to Items 4 and 5 1n Attachment B, General £l:2:2tric requests
modification of the technical specifications for the NIR as shown in Item 5,

Sincerely,

/s/ R, W. Carmitzel

R. W. Darmitzel, Manager
Irradiation Processing Operation

vee

Encl.



GENERAL £D ELECTRIC

AFFIRMATION

General Electric hereby submits the seismic analysis and
confirmatory information on the General Electric Nuclear
Test Reactor (NTR) requested by the Nuclear Regulatory
Commission in their letter of November 7, 1977.

To the best of my knowledge and belief, the information
contained herein is accurate.

BY: /s/ R. W, Darmitzel

R. W. Darmitzel, Manager
Irradfation Processing Operation

Submitted and sworn before me this day of

1977. » Notary Public in and for the
County of Alameda, State of California.
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ATTACHMENT A

During the oral presentation GE made to the NRC on October 28,
1977 it was postulated that a seismic event resulting in peak ground
acceleratioans greater than 0.75 g could produce movement of certain
structures with resultant reactivity insertions. A structural
analysis* has been completed which addressed those structures in
question. This analysis addresses the following:

The reactor cell structure.

The roof on the reactor cell.

The lead shield wall at the north face of the main
graphite pack.

Control rod support structures.

The reactor cell bridge crane.

The fuel loading tank.

The 'T' slab structure on top of the reactor.

-y

~N Oy O B

The structural analysis was performed assuming a peak ground
acceleration of 0.8 g and “"Criterion Earthquake Ground Response
Spectra" as supplied by EDAC. Conclusions of the report are
summarized as follows: :

1. The reactor cell will survive the postulated seismic event
without modification,

2. The roof on the reactor cell will survive the postulated
seismic event without modification.

3. The Tead shield wall will remain intact and in position
during the postulated seismic event.

4. The control rod support structures will survive the postu-
lated seismic event with minor modifications.

* Attached report "Seismic Analysis of Nuclear Test Reactor Cell/Room

and Major Shielding Components" by K. Dovydaitis dated November 19,
1977.
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Page 2

5. The reactor cell bridge crane will remain in place
during the postulated seismic event,.

6. The fuel loading tank will survive the postulated seismic
event with the addition of a cover plate and specified
braces.

7. The 'T' slab will survive the postulated seismic event
with the addition of specified support braces.

Visual inspection of the reactor cell and equipment and
inspection of drawings indicated that there are no cther items
which could credibly damage the reactor in a manner which could result
in the postulated reactivity insertions.

Based on the structurz -'nalysis, modifications will be per-
formed which will satisfy ..2 recommendation presented in the report.
Upon completion of these modifications there will be no credible
mechanism resulting from the postulated seismic event which could
result in reactivity insertions.
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Gensral Electric Compeny
Vallecitos Nuclear Cantar
Pleasanton, Califaornia 94566

S TRUCTURAL ENGINEER

TELEPHONTE 400/72%7.50120
1180 COLEMAN A VER 1S
SAN o8, CALIPORNIA, 98::90

Novem -~ 19, 1977

SUBJECT: SEISMIC ANALYSIS OF MUCLEAR TEST REACTOR CELL/ROOM AND MAJIDR
SHIELOING COMPONENTS.

Gantlemen:

In accordance with your request, I have performed the subject analysis,
The accompanying report presents the results of the analysis and specific
recommendations for reifo-cement of sowe of the components,

If you have any questicns, plesse call me at your conveniecs.

Very truly yours

Kast X Dmydeis

Kestutls Dovydaitis
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INTRODUCTION

In this report we present the analysis of the response of +the NTR Call/
Room and major shislding components to an sarthquake represented by the
Response Spectra shown on sht, 26,

The Cell/Room containing the NTR is shown and analyzed in sheets 1 thru
6. This room will survive an ssrthguake represented by the spectra on sht, 26,
Although this spectra is not of sufficient magnitude to force the bridge
crane insicde the NTR room to jJump off its tracks, a fix to prevent this pose
sibility is shown on skastch NO.1, sht, 7.

There is & watar tank adjacent to the NTR wnich would overturn @ 0.8¢g
unless the bracing shown aon sht, 9 is added and the existing top plate is
bolted toc the tank,

The sxisting lesd shielding in front of the tank is adequately supported,
see sht's 10 thru 13,

The existing concrets shislding on top of the NTR is edequately supported,
ses sht's 14 thru 16, but one of the connectons of the support to the Cell/Room
walls has to be reinforcad see sht, 17,

The secondary support plate for the NTR control rods has to be braced to
the main plate to prevent it from moving relativa to the rest cf the adjacent
structure, see sht, 18 for additional braces,
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ATTACHMENT B

CONFIRMATORY INFORMATION
ON THE
GENERAL ELECTRIC

NUCLEAR TEST REACTOR



Item 1. Provide an analysis that shows the fuel temperature will not exceed
about 600°F when excess reactivity equal to $.80 is inserted into the
core. The analysis should document the discussions of October 28, 1977,
with regard to earthquake damage mechanisms and decay heat removal and
present the scenarios which might lead to reactivity insertions.

R!SEOHSC:

A seismic analysis of the NTR cell and major components has been completed and
submitted for NRC review and approval. Assessments indicate that failure of the
reactor cell will not occur and only minor alterations or additions would be re-
quired to insure that no damage would occur to safety systems associated with the
NTR. Nevertheless, even 1f catastrophic non-mechanistic failure of the NTR fzci-
1ities 1s assumed, there are no potential consequences more severe than those
associated with accidents previously analyzed in APED 4444A and the Amendments.
Compaction of the fuel, while essentially impossible mechanistically, would not
cause the reactor to go critical since water loss, increased self shielding in the
fuel and the geometry change due to flattening of the cylindical core are all
negative reactivity effects. Loss of water shuts the reactor down and no fuel
melting occurs as previously discussed in the LOCA analysis. Also deformation

of the core causing fuel to contact the core can structure would improve heat
transfer and result in lower LOCA temperatures.

The only mechanism then, which might cause fuel damage and release of fission
products from the NTR fuel, are those accidents resulting from large reactivity
insertions. The non-mechanistic Design Basis Accident (DBA) for the NTR assumed
that in spite of mechanical devices and procedural control there could be combina-
tions of independent failures which hypothetically could introduce large enough
amounts of reactivity which would lead to power excursions and fuel melting.
Rather than debate the amount of fuel m21ting which might occur, the DBA conser-
vatively assumed 100% of the fuel melted and that the reactor cell was breached.
The consequences of the DBA were shown to be within the guidelines set forth in
Commission requlations and the details of the conservative evaluation are shown
in APED 4444A.

If a large seismic event were to occur and the several minor modificiations de-
scribed in Attachment A have not been made, it may be hypothesized that certain

-



structures used to support the control and safety rod mechanisms as well as
experiments might fail or move in such a manner as to withdraw the control rods
and experiments from the core region and prevent operation of the safety rods.

The cadmium poison sheets are manually positioned entirely within the graphite
reflector, have no drive mechanisms, and wil! not move relative to the core during
a seismic event, If the reactivity addition caused by control rod and experiment
movement s sufficiently large, a power excursion not terminated by a scram could
occur and result in fuel melting. While the consequences are no different than
those already found acceptable in the DBA analysis, a mechanism for adding this
reactivity has now been postulated.

Based on the seismic analysis as presented in Attachment A and with minor altera-
tions or additions to the NTR and surrounding structures, it {s assured that a large
seismic event will cause neither failure to scram nor addition of sufficient excess
reactivity to cause any fuel damage. Until approval by the NRC of the analysis and
the recommended modifications, the NTR will be operated in such a manner as to limit
the available excess reactivity to less than that required to cause fuel damage
assuming failure to scram. At full power (100 kW), this value is 0.80$ based on
the analysis in APED 4444A Section 11.5.3.

To determine the effects of positive reactivity additions from less than full power,
reactor dynamics were simulated with the same model as described in APED 4444A
Section 11.3. A1l transients were run with an initial power level of 1 x 1077 k.
InTet water temperatures ranged from 55%F to 90°F and initial positive reactivity
steps were varied from 0.60% to 0.808. Results of the transient analyses led to two
conclusions. First, the transients are relatively long, on the order of 40 or more
seconds which leads to the conclusion that the positive reactivity can be introduced
fn either a step or relatively long ramp without affecting the outcome. Second,

the positive reactivity feedback from the temperature coefficient while not important
for the full power cases since the feedback is very small, is important for the zero
power cases.

Limiting values for the positive reactivity insertions were determined based on

the acceptance criteria that the resulting transientwas terminated by bulk boiling
before any steam blanketing occurred in the core. The 1imiting values based on

this criterion are shown as the reactivity insertion 1imit values in Table 1 for
various inlet water temperatures. Also in Table 1 are the maximum values of additional

oo



reactivity available from the temperature coefficient which is positive at
temperatures less or equal to 124%F, As can be seen from the total reactivity
values, 1imiting the total excess reactivity available from the temperature
coefficient, control rods and experiments to 0.76$ or less insures that there are
no mechanisms available which will cause fuel damage.

Figure 1 1s a plot of reactor power and peak fuel temperature vs time for a 0.66$

step insertion from 1 x 10'7kH and 65°F inlet water temperature. While the time

scale 1s different for other 1imiting reactivity insertions, the peak fuel tempera-
ture is virtually identical remaining in the 240°F to 250°F range during bulk boiling.

It should be stressed that these transient calculations are extremely conservative
since no credit is taken for the negative reactivity feedback from subcooled voids
during nucleate boiling. With the large negative void coefficient of the NTR it
is felt that all of the transients presented here would terminate prior to bulk
boiling and realistic 1imits for reactivity insertions would be 0.90$% to 1.00§.

e



RS AL I A ks #Ls S A i
LIMITING REACTIVITY INSERTION

BASIS: Transient terminated by bulk boiling prior 1y steam blanketing
in core.
-7
Initial Power 1 x 10 ° kW

No Scram

Reactivity Inlet Reactivity*
Insertion Water Addition
Limit Temperature From Temperature
($) (OF) ($)

-

*Using the temperature coefficient of do/ 44 *® -5.7 x 107°

. o O 3 3 ']
where T 1s the water temperature in "F, the reactivity added by increasing

the water temperature from T to 124"F is ecual to:

Reactivity Addition = 2.85 x
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Item 2. Propose technical specifications 1imiting the excess reactivity
available for insertion during reactor operation. Such a limitation
should apply to the combined worth of the control rods and any experiment.

Response:

The only mechanisms which might cause fuel damage and release of fission products
from the NTR fuel are those transients resulting from large reactivity insertions.
While the consequences of these transients are no different from those already
found acceptable in the Design Basis Accidert (DBA) analysis, it has now been
postulated that a large seismic event could cause transients of this magnitude to
occur. In order to preclude any mechanism which could lead to fuel melting prior
to NRC review of a detailed seismic analysis and modifcations, as required, for the
NTR and surrounding structures, operation of the NTR is being conducted in such a
manner as to 1imit the excess reactivity available for insertion during reactor
operation. Procedures are in place which 1imit the total excess reactivity from
the temperature coefficient, control rods and experiments to less or equal to 0.76S.



Provide a description and analysis of the proposed attachment of
experiments with the potential to introduce positive reactivity by
removal or insertion into the core which precludes their moving inde-
pendently of the core in the event of earthquake damage and propose
any associated technical specifications.

Response:

During the oral presentation to the NRC on October 28, 1377, the possibility was
mentioned of NTR operation with one or more experiments attached in such a manner
as to preclude their movement relative to the core during a large seismic event.
The purpose »f this type of operation was to be able to exclude one or more
experiments from the 1imit on excess reactivity available for insertion during a
large seismic event. Because of the inaccessability of the main graphite pack,
restraints are, of necessity, tied to the existing shield wall. Since the struc-
tural analysis of the shield wall has not been approved, current practice precludes
operation when the excess reactivity available from the termperature coefficient and
from movement of the control -=ods and experiments could exceed the value specified
in Item 2. Under this restriction, no restraints are required since movement of
experiments relative to the core is assumed.

In Section 11.4.2 of APED 4444 A, three sections of the reflector having significant
reactivity effects are discussed. It should be noted that the vertical facility and
the fuel loading chute graphite fillers add reactivity only upon insertion. Current
operations are conducted with these graphite fillers in place and any movement would
be a negative reactivity effect. If experiments are positioned in either the vertical
facility and/or the fuel loading chute, the graphite reflector sections are removed
and stored within the reactor cell. Thera are no credible mechanisms other than
direct operator action which could cause these reflector sections to be inserted
since they require precise manual handling to position them for insertion. The
horizontal facility is used for experiments whose reactivity worth on insertion

be positive or negative. The reactivity worth of these experiments in addition

the worth from other experiments in and around the NTR core are considered in deter-

mining the excess reactivity available in the event of a large seismic event.




Provide a description a analysis of the mechanism
whereby the poison shims ca he removed as

of earthquake damage.

NTR Poison Sheets are restrained during reactor operation by

mechanism shown in Drawing #913 E 188.

lieu of structurai analysis of the restraining device, testing

1
|

as performed on one of the latch mechanisms utilizing a hydraulic

press. The entire latch assembly was mocked up and tested to 500
pounds without failure of the mechanism. This value is approxi-
mately 100 times higher than is needed to restrain the Manual Poison

Sheets during a one g acceleration.

of the Poison Sheets are restric

than 1/8 inch.,

and insertion of the Poison Sheets ¢ nly be accomplished

of the ¢ £ . designed to rote a spring loaded latch

concluded that no force induced by vibrati BROCK , movement

cause the Poison Sheet<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>