SUPPLEMENT NO, 1

to
SAFEGUARDS REPORT

FOR THE SAXTON REACTOR PARTIAL
PIUTONIUM CORE I1

May 1965












R R R O R ORI R RO T R N R R R R R R R R R R O R O R R R R R R R O R R R R R R R R R R R R R R R R R R R R R R R R R R RO R R RO RO RO R R R R RN RN SRR, D PRI =,
id
— S— BT —

(a) There is no need to modify the expected core lifetime or
{nstalled reactivity predictions used in the reference
design of the Bafeguards Report,

() The good sgreement betveen mnalysis and experiment far a
vide range of H/Pu retios indicates that one of the most
important factors of the moderator temperature coefficient,
the Jdeneity effect, is cerrectly calculrted by the analytical
methods used in the core design.

Pover Peaking Results
Pover peaking experiments in fuel rods adjacent to wvater slote
have been carried out in both single region and tvo region cores.
Only the results of the single region cores have been analyzed
to date, In the single region experiments, a vater slot vas
formed by removing five center fuel rods from a square lattice.
The power level in the ad'mcernt fuel rods vas meusured with

| and without the weter slot., Experiments wvere also carried out

| vith an aluminum slab in the wvater slot to displace some of the

| vater. Using the various lattice characteristics, PDQ-3

l analyses to predict the peaking effect have been carried out
and are compared vith experimentel measurements,

‘ Peaking Factor Ratio: Analysis/Experiment
|
i Core 1.0 Siot B0 ¢ Al Siot
f Pu0,=U0,, 1.0779 1.0L00
uo 1.0555% 1.010k

These resul*s demonstrate that the analytical methods used in
the Core Il evaluation are conservative in that they over-
predict the power peaking effects in vater slots. These results
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are revresentstive of the actual conditions which will be present
in Core 1l as instelled in the reactor because the peak in Lhe
core occurs vithin the boundary of the Pu fuel region and is
therefore more characteristic of a single region core than
peaking at the boundary of a two region core. The results of
this analysis demonstrate that the hot channel factors assumed
in the core design are conservative and that the initial powver
level shown in the Core 11 Bafeguards Report may be raised

from €1.0 MWL, probably up to 23.5 MWt, Additional testing

and lov pover experiments will determine the actual hot channel
factors ard initial power level for Core 11.

Boron vorth Hesults

Boros vorth measurements were made in the two region core of
configuration L(b). The predicted boron conceniration required
for & full water height c¢ritical was 1525 ppan. The experimental
results extrapolated to full water height conditions shoved &
concentration of 1550 ppm which is in excellent agreement with
the prediction.

Kinetic Parameter fesults

The kinetic characteristics of single region and two region cores
are presently being investigated using pulse neutron techniques.
An additional experiment has been completed for a single region
Pu core vhich measured the neutron lifetime by measuring the
reactivity change for a small addition of boron (~2% ppm) to
the moderator. Although all of the experiments being corducted
to determine the kinetic characteristics are not yet complete,
these preliminary comparisons of analyses and experiments are
available:
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With the reactor sbove 22 MWt, the maximum specific power level
of the core is nominally 13-14 Kv/ft. This number is based on
the same methods that would determine the 16 Kv/ft limit, that
iz, a 10% uncertainty in the measurements and an engineeri:y
hot channel facter of 1.045. The highest measured s 2cific
pover has be~n 13.87 Kv/ft at a reactor pover level of 22.9 Mwt,
When extrapolated to 23.5 MWt, & maximum of 1L.56 Kv/ft is
obtained from 12.16 Kw/ft at 16.63 MWt. With the uncertainties
involved, it is not possible to say that with the reactor at
23.5 MWt that specific powers in excess of 1k.5 Kw/ft have been
experienced in the Baxton core. All of the peak values referred
to above have occurred 'n the central 9 x 9 vhich contains
experimental fuel that is licensed to operate up to 16 Kw/ft.

Successful operatvion of fuel at or above this level “as been
demonstrated by several Westinghouse experiments., B8lx rcapsules
containing turee fuel rod samples f'rom the CVIR core were
irradiated in the Westinghouse Test KReactor to a maximum rover
rating of 24 Kv/rt.(l) The capsule configuraticn was a 5-inch
column of 002 pellets, .L30 inches in diameter, 9l - 1.5% of
theoreticul density clad with Zircaloy-2. The capsules were all
successfully irradiated with no evidence of cential melting.

Two additiona) capsules wure irradiated in the Westinghouse

Test Renc~cr.(2) Ore capsule containe! three fuel rods with a
38«incn fuel length wnd vas irrad’ ated at peak fuel rod pover
levels of 17 to 19 Kw/ft to a maximum fuel burnup of 3,L50 ag%.
The o.her capsule contained four fuel rods with 6-inch fuel
length., Average fuel rod power levels of > 18 Kw/ft were main-
tained during irradiation to 6,250 5;%. The rods contained UO2
pellets .430 inches in diameter aad 9k . 1.5% dense. The capsules
vere clad in Zircaloy-2. The cepsules were succussfully irradiated
and indicated that therma)l reactors could be operated at these
high rod powers safely and successfully.
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Question #3

Angver:

We understand that nev information concerning the conductivity of
uranium dioxide at high temperatures is available. Provide a
curve of uraniun dloxide conductivity as a function of temperature
on which these nev data points are inclided.

The attached figure is to replace Figure I11I1-7 of the Core 11l
Safeguards Keport.
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coptainment vessel, Access to the containment vessel is

alloved only under the provisions stipulated by a radiation

vork permit which specifies, among other things, protective

clothing to be worn. Step-off pads and storage for protec-

tive clothing are provided in the air lock. Monitoring of :
personnel for alpha contamination prior to leaving the

veggel will be accomplished as required in the radiation

vork permit,

(v) Ventiletion Exhaust

Einc» the containment vessel has no exhaust flov during
reactor operation, the installed alphu monitoring system
which will be added to the present containment air activity
monitors will give a reliable history of containment vessel
air activity. At a time when entry is desired, the reactor
will be shut down and the containment vessel air activity
will be known. Ventilation exhaust flow rate will be
adjusted, if necessary, to insure that ary release to the
atmosphere is within the limits established by 10 CFR 20.
It is expected that the containment vessel air activity
ettributable to plutonium will be below its MPC at all
times and that it will not be necessary to regulate the
containment vessel air release rate.

(c) Liguid Effiuents

Liquid effluents from the conteinment vessel will be handled
vithout any change to the present vaste disposal or chemistry
sampling system. The only procedural change will be an
incressed monitoring of areas for alpha contamination.
Present procedures for monitoring effluents are adequate to
assure that 10 CFR 20 limits for plutonium will not be
exceeded.
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Upon initistion of scram, an instrumentation delay of 0.5 sec.
is ssgumed to delay rod motion. Actual instrumentation delay
times are less than 0.3 seconds. A further delay in scram of
0.6 seconds is assumed for control rod motion ii. & region of
small effectiveness and 0.9 seconds is assumed for completion
of the rod insertion into the core. Actual measured control
rod drop times for Saxton are on the order of 0.9 seconds or
less so the actual seram completion time will be about 1.2
seconds or less compared to the 2.0 seconds assumed in the
analysis.

Contrel rod serem worth upon insertion wvas assumed as 0,02 &k/k.
The nominal opersting conditions of this sccident, thet is

early in life with large hot channel factors and high boron
concentrations (15002000 ppm), will result in sbout 0.15-0.18
Ak/% reactivity in control rods cut of the core. Even if the
most reactive rod (0.05 4k/k) were to stick, the reactivity
insertion by comtrol rods would be about 0.10 8k/k. The only
time that & reactivity insertion on the order of 0.02 Ak/k would
be possible would be very early in core life at very lov boron
concentrations (rodded rontrol) which ies a conditicn not
compatitle with the moderator coefficient chosen for the analysis.

A final conservative assumption is in the reactivity insertion
rate of the control rods during vithdraval. The maximum

insertion rate of the most reactive rod group (the two inner

rods or the four outer rods) is 7.25 x 10°° Ak/k/sec. anc assumes
the control rods to be in the most reactive region and moving at
the maximuwm withdrawal speed. The value of 2.5 x 10’“ bk/k/sec.
vhich wvas assumed for this analysis is & much larger rate than
could nossibly Le experienced by the reactor during this transient.
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The same general ressoning has been applied to the other
transients and sccidents analyzed,
present & comparison of the parameters assumed for the

The following tatles

e

analyses and those vhich might be expected to exist in the

reactor.

Fod Withdrawv Co :

1. Moderator Temperature Coefficient
(at TO°F, 2000 ppm boron)

2. Doppler Coefficiei:
3, Reactor Suberitical by
Overpover Scram Initiation
., Control Rod Drop Time
6. Baram Keactivity Insertica by Rods
7. Reactivity Insertion Rate

Red V;3g§£‘w§;. Hot Startun

1. Moderator Temperature Coefficient
(st 530°F, 2000 ppm boren)

¢. Doppler Coefficient

3, Thru 7. = Same as for Case I

Rod Vithdraval, At Fover

1. Moderator Temperature Coefficient
2., Doppler Coefficient

3, TIrimary Coolant “:.ssure ) AH-DNB
{For DNB Calcula.ions)

Y

v g

¢ 0.8 x 1077 ak/k/°F

- 1.1 x 2077 8Kk/k/°F
0.02 Ak/k
122%
1.5 sec.,
0.02 &k/k

2.5 x 10‘“ bk/k/sec.

«2.7x 10’“ Lk/k/°F

. 1.0 x 107 ax/K/F

- 2.7 x 107" ax/k/°F
- 1.0 x 10™° £k/k/°F

2050 psi
1950 psi
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Expectad Value
0.0 &k/k/°F

2.0 x 10°7 8Kk/k/°F
.05 bk

115%

0.9 sec.

0.1 « 6,15 Ak/k
7.25 x 1077 tk/k/se

3.0 x 10'“ bk/X/°F

1.3 x 10"2 ak/k/°F

3.0 x 107" ak/k/oF
1.1 x 20™° ak/k/°F
200C pal




111, Rod Withdrawal, At Power (Cont'd)

Yalue Used
b, Instrument Delay Time 0.5 see,
Control Rod Drop Time 1:5 sec,
€ heactor Pover Level. § of Nomingld 103%
&, Overpover Scram In’ prs |
7. Seram Reattivity ir S by Rods 0.02 Ak/k
6. Maximum Bpecific Yuw 16.5 Ku/ft

V. giean Break

-ll
1. Moderstor Temperature Coefficient = .1 x 107 A&k/k/°F
(Worst Case, End of Life ~
0 ppn Boron Concentration)

2. Bafety Injection Functions No

V. Less of Flow Accident

: 1. Moderator Temperature Coefficient ~ 2.7 X 10'“ Ak /k/°F
| 2. Control Rod Drop Time 1.5 sec.

| 3. HReactor Pover Level - % of Nomjinal 103%

L, Scram Reactivity Insertion of Rods 0.02 ak/k

5, Maximum Fuel Powver Density 16,9 Kv/ft
| t. Primary Coolant Pressure { AH.DNE 2050 psi
| (For DNB Celculations) Q~DNB 1850 psi

5k
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Expected Value-
€ 0.3 sec,
< 0.9 sec.,
95-100%
115%
0.10=0.15 8k/k
1h=1% Kw/ft

- k.0 x 10‘“ Ak/k/°F

Yes

Y Ak /k/°F

- 3.0 x 10°

€ 0.9 wec,
95-100%
0.10-0,15 Ak/k

115 Kuw/ft
2000 psi



Questaion #6 - In the report it is stated that the resulis of the chemical
ghim experiment program have demonstrated that a boron release
accident as originally postulated is not credible and,
accordingly, the reguirements of an unexplained reactivity
limit are po longer required, Provide a descripiicn of the
results of ihe chemical shim vork at Saxton so that ve may
evaluate the aaftety considerations cf deleting this reguirement,

Angver: Te ansver this question, ccpies of WCAP-2599, "The Saxton
Chemicnl Shim Experimeat,” are submitted herewvi...
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