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Docket No. 50-255 

Mr. Robert A. Fenech 
Vice President, Nuclear Operations 
Consumers Power Company 
Palisades Plant 
27780 Blue Star Memorial Highway 
Covert, Michigan 49043 

Dear Mr. Fenech: 

September 2, 1994 

SUBJECT: PALISADES PLANT - TRANSMITTAL OF TECHNICAL EVALUATION REPORT 
(M83227) 

In our evaluation of Palisades pressurized thermal shock and reactor vessel 
integrity issues, an assessment of the Palisades pressure vessel and reactor 
cavity fluence estimates and the associated uncertainties was conducted by our 
consultant, Brookhaven National Laboratory (BNL). The assessment demonstrated 
that the your fluence caltulation methodology renders conservative results 
with respect to the best estimate BNL calculations and is acceptable. 

A copy of the BNL technical evaluation report is enclosed. 

... 
.... 

Sincerely, · 

Original signed by 

Anthony H. Hsia, Project Manager 
Project Directorate 111-1 
Division of Re9ctor Projects Ill/IV: 
Office of Nu~lear Reactor Regulation 

Enclosure: . . . ,.' \ ., ,, 
Technical Evaluation .Report 

cc w/enclosure: 
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Mr. Robert A. Fenech 
Consumers Power Company 

cc: 

Mr. Thomas J. Palmisano 
Plant General Manager 
Palisades Plant 
27780 Blue Star Memorial Highway 
Covert, MI 49043 

Mr. David W. Rogers 
Plant Safety and Licensing Director 
Palisades Plant 
27780 Blue Star Memorial Highway 
Covert, Michigan 49043 

M. I. Miller, Esquire 
Sidley & Austin 
54th Floor 
One First National Plaza 
Chicago, Illinois 60603 

Mr. Thomas A. McNish, Secretary 
Consumers Power Company 
212 West Michigan Avenue 
Jackson, Michigan 49201 

Judd L. Bacon, Esquire 
Consumers Power Company 
212 West Michigan Avenue 
Jackson, Michigan 49201 

Regional Administrator, Region III 
U.S. Nuclear Regulatory Commission 
801 Warrenville Road 
Lisle, Illinois 60532-4351 

Jerry Sarno 
Township Supervisor 
Covert Township 
36197 M-140 Highway 
Covert, Michigan 49043 

Office of the Governor 
Room 1 - Capitol Building 
Lansing, Michigan 48913 

U.S. Nuclear Regulatory Commission 
Resident Inspector Office 
Palisades Plant 
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Palisades Plant 
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Monitoring Section Office 
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Department of Public Health 
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Gerald Charnoff, [squire 
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Washington DC 20031 

Alora Davis 
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Coordinator 
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ENCLOSURE 

BROOKHAVEN NATIONAL LABORATORY 

. 1\-1 E 1\1 0 R A N D U 1\1 

DATE: March 15, 1994 

TO: L. Lois 

FROl\f: J. F. Carew, K. Hu and A. Aronson 

SUBJECT: Palisades Pressure Vessel and Cavity Fluence Evaluation 

I. Summary 

Detailed calculations of the Palisades pressure vessel and cavity fluence have been carried 
out. The calculations use a pin-wise fuel exposure dependent description of the core neutron 
source, and plant design and operating data provided by Westinghouse and Consumers Power. 
The calculations employ the latest available ENDF/B-VI cross sections for iron and water. The 
calc.ulations indicate that the Westinghouse prediction of the vessel > l-MeV inner-wall fluence 
is conservative by - 10% relative to the best-estimate BNL calculation of 1.41 x 1019 n/cm2 at 
the end of Cycle-9. The (one-sigma) uncertainty in the BNL > 1-MeV fluence is estimate~ to 
be - ±17%. 

II. Introduction 

The recently released ENDF/B-VI nuclear data files include a significant reduction in the 
iron inelastic scattering cross section (Reference 1). The resulting reduced flux attenuation in 
the core barrel, thermal shield and in the vessel itself is expected to resuit in a substantial 
increase in the predicted vessel inner-wall and cavity fluences. The purpose of the present 
analysis is to (1) determine the effects of these cross section updates for pressure vessels with 
and without thermal shields and (2) evaluate the best-estimate fluence for the Palisades plant. 

In performing this analysis a substantial effort was made to insure the use of the latest 
nuclear cross section and fission spectra data. The required plant operating and design data 
including (1) the geometry of the core, internals, vessel and cavity, (2) the cycle-dependent 
power and exposure distributions, (3) the operating temperatures, and (4) the parameter 
uncertainties were obtained from Consumers Power and Westinghouse. While this plant data 
was reviewed and generally found to be within expected limits, a detailed validation of this input 
data was not performed. A significant effort was made to update the MESH code (Reference-2) 
to allow an accurate modeling of the core pin-wise power and source distributions. 



Pre.ssure vessel fluence calculations were performed for both the Palisades plant, which 
does not include a thermal shield, and a second PWR plant including a thermal shield. The 
calculations were performed using both ENDF/B-IV and ENDF/B-VI cross sections and fission 
spectra. The DORT discrete ordinates transpon code (Reference-3) was used to calculate the 
transport of the core neutron flux out to the vessel and into the cavity. The DORT calculations 
were performed for an axially-averaged horizontal plane in (r ,0) geometry. The MESH code 
was used to determine the space-energy dependent core neutron source in the required (r,0) 
geometry for input to DORT. Cycle-specific DORT calculations were performed and combined 
to determine the total accumulated vessel fluence. The best-estimate vessel fluence and 
calculation uncenainties and biases were compared to the Westinghouse Cycle-9 predictions for 
Palisades (Reference-4). In addition, the ENDF/B-IV to ENDF/B-VI fluence bias for plants 
with and without thermal shields was determined. 

The details of the calculation methods used to perform these analyses are describt!d in 
Section-III and the results of the fluence analyses are provided in Section-IV. 

III. Calculational Methodology 

III. I Neutron Cross Sections and Fission Spectra 

. The Palisades fluence calculations were performed with both the base and an updated 
version of the 4 7-group SAILOR cross section library. The base SAILOR (Reference-5) library 
was determined by collapsing the ENDF/B-IV VITAMIN-C (Reference-6) 171-group cross 
section set using spatially dependent spectra calculated for a typical PWR configuration. The 
SAILOR library update was necessary for the benchmark calculations in order to include the 
ENDF/B-VI versions of the iron, hydrogen and oxygen cross sections, which are known to have 
a significant effect on pressure vessel fluence predictions. The ENDF/B- VI cross sections for 
these isotopes were obtained from RSIC and combined with the base SAILOR library to form 
the update. 

The fission spectra for U-235, U-238, Pu-239,_.Pu-240, Pu-241, and Pu-242 were used 
in the MESH calculations of the core neutron source. The ENDF /B-VI fission spectra for 
U-235, U-238, Pu-239 and Pu-241 were processed with NJOY (Reference-?) and calculations 
were performed with both the ENDF/B-VI and base spectra used in the Palisades analysis. 
These calculations indicated that the > 1-MeV and > 0.10 MeV fluences agreed to within 
< 1.0%. 

The capsule dosimeter reaction rates were calculated using ENDF/B-VI cross sections. 
The cross section data were collapsed to the 47-group structure using NJOY. 

111.2 Core Neutron Source 

The calculation of the core neutron source includes the effect of the strong pin-wise 
variations of the power distribution in the fuel assemblies located near the core boundary. The 
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l'v1ESH code was used to allocate the pin-wise power to the individual (r, 8) mesh blocks. This 
allocation was performed by a numerical integration of the power distribution, defined on the 
(x, y) pin-wise mesh, over each (r, 8) mesh block. This numerical integration typically 
employed > 100 integration mesh per fuel pin and was shown to be accurate to within < 1 % for 
each (r,8) mesh block. As examples, the detailed core neutron source for Cycle-9 of Palisades 
and for the initial cycle of Plant-TS are given in Figure-1 and Figure-2, respectively. 

The magnitude of the core neutron source increases with fuel bumup due to the higher 
number of neutrons produced per MeV of energy by a Pu fission. This was taken into account 
by calculating the number of neutrons per Me V, vi K [neutrons/Me V], using the fuel bum up 
dependent isotopic fission fractions. In addition, the fission spectrum was also considered to be 
dependent on the fuel bumup in order to account for the harder more penetrating neutron 
spectrum characteristic of the Pu fissions in the high burnup fuel. 

IIl.3 Neutron Transport Calculations 

The neutron transport calculations were performed with the ORNL DORT discrete 
ordinates transport code using the 47-group SAILOR library, modified to include the ENDF/B
VI iron, oxygen and hydrogen cross sections. The calculations were performed in a fixed source 
mode for a radial (r,fJ) plane. The radial <r,fJ) calculations were performed in a two-step "boot 
strap" fashion in which an inner one-eighth 45 ° azimuthal sector was first calculated. A second 
outer one-eighth core 45 ° annular sector was then calculated using the flux on the inner surface 
of the annulus, calculated in the first inner calculation, as an input boundary condition. A 
- 15 cm radial overlap-region between the inner and outer calculations was maintained to insure 
that the neglect of the outer geometry in the inner problem had a negligible effect ( 5 0.5 % ) on 
the vessel fluence calculations. The vessel axial peak for the Palisades and Plant-TS fluence 
calculations was conservatively taken to be the same as the core peripheral axial power peak. 

The calculations were performed using an S8 quadrature and a P-3 angular decomposition 
of the scattering cross sections. The (r,fJ) mesh included 61(67) angular mesh intervals, and 
106(123) and 100(63) radial mesh intervals in the inner and outer Palisades (Plant-TS) bootstrap 
calculations, respectively. The angular (fJ) and radial (r) mesh densities were increased at 
material interfaces where the geometry was changing. rapidly and at the capsule locations. 

Vacuum boundary conditions were used on the outer radial and axial boundaries of the 
problems and reflecting boundary conditions were used on the internal 8 = 0° and fJ = 45 ° 
azimuthal boundaries. A pointwise flux convergence of 10-3 was used together with an 
integrated flux convergence criteria of 10-3• 
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IV. Vessel Fluence Analvsis 

IV .1 Palisades Fluence Calculations 

The calculated Palisades Fluence is presented in Table-I and indicates a peak > 1-MeY 
fluence of 1.524 x 1019 n/cm2 at the vessel inner-wall at the end of Cycle-9. The fluences for 
Cycles 1-5 and for Cycles 6 and 7 have been combined and are provided in Table-1. For 
comparison, the Westinghouse predictions of the cycle-dependent fluences are also presented and 
indicate a 3 % overprediction relative to the BNL calculation. 

The Westinghouse calculation includes certain approximations which are known to 
introduce a bias into the inner-wall fluence predictions. In Table-2, the effects of these biases 
are presented. The effect of updating the ENDF/B-IY data to the latest ENDF/B-YI iron, 
hydrogen and oxygen cross sections is given in Columns 1 and 2. In these calculations the iron 
in the baffle, barrel, vessel, PY insulation and concrete biological shield was updated to 
ENDF/B-YI. The hydrogen and oxygen in the core, reactor coolant, PY insulation, cavity and 
concrete biological shield were also updated to ENDF/B-YI. The reduced iron scattering cross 
section increases the fluence by -4.6%, while the hydrogen and oxygen ENDF/B-YI cross 
sections reduce the fluence by - 2. 7%. The major effect of the cross section update was due 
to the baffle, barrel and vessel iron and the hydrogen and oxygen in the coolant. The effect of 
updating the noncoolant hydrogen and oxygen cross sections was small and had the following 
effect: (1) updating the core H20 cross sections decreased the inner-wall > 1-MeY flux by 
- 1 % , (2) updating the cavity oxygen insulation and air cross sections decreased the > 1-MeY 
flux throughout the cavity by - 0.2 % and (3) updating the biological shield concrete iron, 
oxygen and hydrogen cross sections decreased the > 1-MeY flux throughout the cavity by 0.2 % . 
In Column-3, the effect of the reduced cooler temperature in the peripheral assemblies (relative 
to the core average) is seen to reduce the vessel fluence by - 1.5 % . The effect of using the 
core-average temperature between the baffle and barrel is given in Cclumn-4, and the effect of 
thermal expansion is given in Column-5. The effect of updating to the ENDF/B-YI fission 
spectra is given in Column-6 and is seen to be - 1 % . The net effect of all these approximations 
is to reduce the Palisades Cycle-9 > 1-.MeY fluence by -7%. The BNL calculated fluence 
including these (seven) adjustments is given in Table-3 and shows that the Cycle-9 \Vestinghouse 
fluence is - 10% higher than the BNL best-estimate prediction. 

In order to estimate the uncertainty in the BNL > 1-MeY fluence prediction, a series of 
sensitivity calculations were performed for the known sources of significant uncertainty. In 
Table-4, these sensitivities _are given along with the estimated (one-sigma) uncertainty 
components. The pressure vessel diameter uncertainty of ± 0.33 in. was provided by 
Consumers Power (Reference-8). The 8 % source uncertainty (Item-2) is based, in part, on an 
estimate of the uncertainty in the peripheral assembly powers, and the (Item-5) water 
temperature uncertainties are based on expected reactor coolant system temperature 
calculation/measurement uncertainties. The nuclear data uncertainty estimate (ltem-3) is based 
on expected data uncertainties and the numerical procedures uncertainty (Item-4) is based on 
sensitivity and modeling calculations. The other uncertainties included in Item-6 are relatively 



small model uncertainties that combine to add an additional 5 % uncertainty to the total fluence. 
The total Palisades inner-wall > 1-!'.teV fluence uncenainty estimate is ± 17% (one-sigma). 

IV .2 Effects of a Thermal Shield 

The increase in vessel fluence resulting from the reduced ENDF/B-VI iron scattering 
cross sections depends on the thickness of steel between the core and the vessel. The Palisades 
plant has no thermal shield and, consequently, plants having a thermal shield are expected to 
have a larger fluence increase than the 4.6% increase calculated for Palisades (Column-I, 
Table-2). In order to determine the fluence increase resulting from the updated ENDF/B-VI 
cross sections a Plant-TS with a thermal shield was also calculated. 

In Table-5, the > 1-MeV flux predictions for the first cycle of plant-TS are presented. 
For comparison, the corresponding Westinghouse predictions are also presented and indicate 
slight underpredictions (relative to BNL) of 1.2 % and 2.6% (rms over all angles) at the thermal 
shield 8 = 0° outer-wall and cavity locations, respectively. Both the BNL and W predictions 
are based on the same assumptions concerning coolant temperatures. ENDF/B-IV nuclear data 
and thermal expansion. This good agreement is consistent with the BNL/W comparisons of 
Table-1. The effect of updating the nuclear data from ENDF/B-IV to the latest ENDF/B-VI 
iron, oxygen and hydrogen cross sections on the calculated fluxes is given in Table-6. In:~these 
calculations the iron in the baffle, barrel, thermal shield, vessel, PV insulation and concrete 
biological shield were updated to ENDF/B-VI. The hydrogen and oxygen in the core, reactor 
coolant, PY insulation, ca\'ity and concrete biological shield were also updated to ENDF/B-VI. 
It is seen that for this plant, the > 1-MeV flux is increased by -8.7% at the inner-wall and by 
- 31 % in the cavity due to the updating of the cross section data. The corresponding increases 
for Palisades were - 1. 8 % and 21 % , respectively. 

In Table-7, the calculated reaction rates and fluxes are given for the Plant-TS capsule 
located on the outer wall of the thermal shield (at a radius of 211.41 cm and an azimuth ~f e = 
40°). The calculated and measured > 1-MeV fluxes are seen to agree within -4% and the 
calculated reaction rates agree with the measurements to within - 17 % . 

JFC/ns 

c: R.A. Bari (BNL) 
M.A. Caruso (NRC) 
C.L. Snead, Jr. (BNL) 
B.E. Thomas (NRC) 
G.J. Van Tuyle (BNL) 
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Cycle 

1-5 

6-7 

8 

9 

Total 

Table-I 

Comparison of Bl\'L and \Vestinghouse Palisades Fluence Calculations 
at Pressure Vessel Inner \Vall Peak (E> 1.0MeV) 

Fluence** 
(neutron/cm**2) 

Cycle Length w BNL 
Ratio* 

(sec) 

1. 6417728x 108 9.68042x1018 9.25288x1018 0.956 

6.076512x107 3.71556x1018 3.66116x1018 0.985 

3.227904xl07 l.50198x10 18 l.52399xl018 1.015 

2.628288x107 7.83419xl0 17 7.97646x 1017 1.018 

2. 8350432x 108 l.56814xl0 19 l.52357x10 19 0.972 

* Ratio = Fluence (BNL)/Fluence (\V) 
** Fluences were taken at maximum azimuth 
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Table-2 

B!\'L Palisades Fluence Calculation Adjustments 

% - Adjustments 
Cycle 

(7) (1) (2) (3) (4) (5) (6) Total 

1-5 4.6 -2.70 -1.3 -5.4 -2.35 1.0 -1.1 -7.25 

6-7 4.6 -2.70 -0.8 -5.0 -2.35 1.0 -1.1 -6.35 

8 4.6 -2.70 -2.7 -6.0 -2.35 1.0 -1.1 -9.25 

9 4.6 -2.70 -3.4 -6.6 -2.35 1.0 -1.1 -10.55 

Total* 
1-9 4.6 -2.70 -1.43 -5.42 -2.35 1.0 -1.1 . -7.40 

i} 

(1) Iron cross section based on ENDF /B-VI. 

(~) Hydrogen and Oxygen cross sections based on ENDF/B-VI. 

(3) Peripheral assembly water temperature lower than the core average temperature. 

( 4) Water temperature between baffle and barrel lower than the core average temperature. 

(5) Water thickness between core and pressure vessel is based on the hot condition. 

(6) ENDF/B-VI fission spectra were used. 

(7) Axial Leakage was corrected. 

* Total adjustments are based on the contribution of each cycle to the total accumulated 
fluence (Cycles 1-5 = 61 %, Cycles 6-7 = 24%, Cycle 8 = 10%, Cycle 9 = 5%) 
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Table-3 

Comparison of Adjusted BNL and Westinghouse Palisades Fluence 
Calculations at Pressure Vessel Inner "'all Peak (E > 1.0.'.\leV) 

Fluence** 
(neutron/cm**2) 

Cycle Cycle Length 
\V Bl\1L 

Ratio* 
(sec) 

1-5 l.64l7728x108 9.68042x1018 8.58205xl018 0.887 

6-7 6.076512xl07 3. 71556xl018 3.42868xl018 0.923 

8 3.227904xl07 l.50198xl0 18 l.38302xl0 18 0.921 

9 2.628288x107 7.83419xl017 7.13494x1017 0.911 

Total 2.8350432x108 l.56814xl0 19 l.41072x10 19 0.900 

"' Ratio = Fluence (BNL)/Fluence (\V) 
""" Fluences were taken at maximum azimuth 
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Table-~ 

BNL Palisades Fluence Calculation Uncertainty Analysis 

Uncertainty Fluence Estimated Fluence 
Source Sensitivity Uncertainty Uncertainty 

1. PV Diameter 32%dF/in · +0.33 in +10.6%dF 

2. Core Neutron 
Source l.0%dF/%ds +8%ds +8%dF 

3. Nuclear Data +7%dF 

4. Numerical 
Procedures +6%dF 

5. Water Temperature: 
Core 0.25%dF/°F +4°F +1%dF 
Bypass 0.37%dF/°F +9°F +3.33%dF 
Down Comer 0.36%dF/°F +4°F + l.44%dF 

6. Others +5.0%dF 

Total +17.3% 
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Table-5 

Plant-TS Thermal Shield & Cavih' Capsule Fluxes (E > 1.0 l\fe V) .,. 
(n/cm- • sec) 

Thermal Shield Cavity 
r=211.41cm r=252.39cm 

8=40° 8=0° 8= 13.5° 8=33.8° 8=45° 

BNL(B-IV( 6. 71xl010 2.74xl08 3.94xl08 5.91x108 6.54x108 

W(B-IV) 6.63x1010 2.63x108 3.83x108 5.85x108 6.53x108 

3t.o •• + 1.2 +4.2 +2.9 +1.0 0 

* B-IV corresponds to ENDF/B-IV. 
*"' 3t.o = [BNL(B-IV) - W(B-IV)] x 100/W(B-IV). 
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Table-6 

Effect of Updating The Cross Sections From El\TJlF/B-IV to El\'DF/B-VI 
Pressure Vessel & Cavity Fluxes (E > 1.0 MeV) 

BNL (B -IV)* BNL (B-VD %.t.cf>** 
(n/cm2 • sec) 

Palisades 
Inner Wall 
r=219.393cm 3.03485xl010 3.08835x1010 +1.8 
()= 15.5° 

Palisades 
Cavity 
r=332. la5 8.02819xlas 9. 71525x10s +21.a 
()= 15.5° 

Plant-TS 
Inner Wall 
r=22a.635cm 1.1255axla10 l.2238ax1a 10 +8.7 
()= 18° 

Plant-TS 
Cavity 
r=252.39cm 4. 45996x 1 as 5. 84394x 1 as +31.a 
0= 18° 

• B-IY corresponds to ENDF/B-IY. 
•• , %t.¢ = [BNL(B-Vl)-BNL(B-IV)) x 1aa/BNL(B-IV). 
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63 
Cu (n,a) 

54 
Fe (n,p) 

58 
Ni (n,p) 

238 
U (n,f) 

237 
Np (n,f) 

Flux(E> l.OMeV) 
(n/cm2 • sec) 

Plant-TS Thermal Shield Capsule 
Flux (E > 1.0 McV) and Reaction l~ates 

(r = 21 l.41cm, 0 = 40°) 

\V BNL w 
(measu rcmcnt) (B-IV)* (B-IV) 

4.89x 10- 17 4. I 8x 10-17 4.S8x 10- 17 

4.39x 10- 15 4.49xl0- 15 4.4tx10- 15 

7. IOx 10-IS 6.24xl0- 15 S.92x 10- 15 

· 2.69x 10- 14 2.32x 10-14 2.22x 10-14 

2.14x 10- 13 l.84x 10- 13 l.84x 10- 13 

7.67x10+ IO 6.7txlO+IO 6.63x 10+ 10 

* B-IV corresponds to ENDF/B-IV. 
** %11cf> = [BNL (B-VI) -W (measurement)] x 100/W (measurement). 

0 .. 

.. 

BNL 
(8-VO %11</>** 

4.60x 10-17 -5.9 

5.12x 10-15 +16.6 

7.07x 10-15 -0.4 

2.57xl0- 14 -4.S 

2.01x10- 13 -6.1 

7.39xt0+IO -3.7 




