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Dear Pauline:

This letter contains a management level summary of progress during the
month of January. Attached to the report is a copy of the technical status
summary and further discussion of work performed during this period. We
are submitting a cost summary under separate cover.

Task 1 - Literature Search - Waste Package Codes

A camera-ready copy of the final data set report was forwarded to the NRC
on February 4, 1985, completing work on this task.

Task 3 - Benchmark Problem Report - Waste Package Codes

On February 5, we received the NRC's preliminary comments on the Benchmark
Problem Report for the waste package codes. During February we will modify
the report as appropriate in response to the NRC's comments and comments
received by outside reviewers. The final report will be ready for
submittal 4 to 6 weeks after receipt of the NRC's comments on the draft
report.

Tasks 4 & 5 - Siting Codes

During January we met with GeoTrans to reach agreement on the scope and
level-of-effort for revising the final report covering Tasks 4 & 5 of the
siting codes. On February 5, we received a cost proposal for GeoTrans'
portion of this effort.
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Tasks 4 & 5 - Radiological Assessment Codes

During January, all ORIGEN runs were successfully completed. Because of
the large volume of output generated by ORIGEN, all problems will be rerun
and output to microfiche. As of the date of this progress report, a first
draft of the benchmark problem results report has been completed.

One problem encountered during the benchmarking of ORIGEN was the accurate
prediction of the U-234 content of spent nuclear fuel. Accurate prediction
of U-234 content is important since it is a precursor to Ra-226, a
potentially significant radionuclide from a human health standpoint. A
methodology was developed to more accurately estimate the U-234 content of
spent fuel.

Tasks 4 & 5 - Repository Design Codes

During January, the NRC received a magnetic tape containing the source code
for ADINA and ADINAT. However, NRC ADP personnel were not able to read the
tape and at the end of January, the NRC requested another magnetic tape
from Adina Engineering. The delay in obtaining access to ADINA and ADINAT
will result in our not being able to submit a draft benchmark results
report as originally scheduled. Once the codes ADINA and ADINAT are
available, we will prepare a revised schedule for completion of this task.

During the month, problems 3.2b and 3.3c were analyzed with VISCOT. The
results of these runs are included at the end of this report and generally
show good agreemerit between code predictions and analytical solutions.
Problems 5.2-Basalt and 6.3-BWIP have been run with MATLOC. These results
have been summarized and are included in the technical status summary
report.

General

Our estimate of costs through the end of January (through February 2, 1985,
an 8 week period, for CorSTAR) is:

Actual costs this month: 60.8K
Actual costs this fiscal year: 193.8K
Actual costs to date: 2968K
Planned costs this month: 36K
Planned costs this fiscal year: 172K

These estimated costs include labor, labor additive, overhead, subcon-
tractor costs, other direct costs, G&A and fee. These costs have not been
confirmed by our accounting department.
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Dougla Vogt
Project Manager
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Tasks 4&5 - Radiological Assessment Codes

A summary of the preliminary results for the 5 benchmark problems run using
ORIGEN and the computer programs ANSIDECH and BURNUP are enclosed with the
technical status summary. Our preliminary conclusions from the analysis
of these results include:

. ORIGEN predictions of spent fuel decay heat are conserv-
ative by an estimated 5 to 10 percent over measured
values of decay heat for fuel that has been cooled for 2-
1/2 to 3 years.

. The ANS standard provides a conservative estimate of the
decay heat generated by spent fuel for time periods of
1 to 100 years following discharge of fuel from reactor.

. During the period of time of interest to waste manage-
ment, from about 10 to about 300 years out of reactor both
ANS standard and ORIGEN predictions of decay heat gener-
ation are in good agreement.

. ORIGEN predictions of the uranium isotopic content of
spent fuel agrees well with measured values.

. ORIGEN predictions of the plutonium isotopic content of
spent fuel agree poorly with measured values. ORIGEN
predictions are, however, conservative. That is, the
ORIGEN predictions over estimate the amount of plutonium
likely to be present in spent fuel.

o ORIGEN predictions of the transplutonic isotopic content
of spent fuel differ by as much as 300% from measured
values. In most cases ORIGEN over predicts the mass of
individual iosotopes.

. ORIGEN predictions of fission product isotopes agree
poorly with measured isotopic data. It is possible that
this poor agreement is due to a systematic error during
the program under which the measured data is gathered.
In summary, although improvements to ORIGEN predictions would be desir-
able, the code does provide adequate predictions of both spent fuel
isotopic content and decay heat generation rates. The ANS standard
provides a conservative alternative method for estimating decay heat
generation rates of spent fuel. Based on our calculations the ANS standard

should be valid for time periods of up to 100 years.



TECHNICAL STATUS REPORT ATTACHMENT
TO PROGRESS REPORT FOR JANUARY 1985

Repository Design Codes

Task 4 - Code Procurement

The NRC letter to CorSTAR dated December 4, 1984, stated that the source
tapes for ADINA, ADINAT, ADINA-IN, and ADINA-PLOT were received from
ADINA Engineering. With the addition of these codes, all applicable
codes have been procured.

Code Installation

No new codes have been installed this month, We are awaiting notice of
the installation of the ADINA and ADINAT codes on the Brookhaven computer
system. The delay caused by the unavailability of these codes will cause
us to fall behind schedule in meeting the proposed deadline date of

March 15, 1985. We will evaluate this situation and contact you later
this month regarding a possible deadline extension.

Run Benchmark Problems

Problems 3.2b and 3.3c have been run this month using VISCOT. The results
have been summarized and are included later in this report. The radial
and circumferential stresses determined by VISCOT for Problem 3.2b agree
very well with the analytical solution., The Tongitudinal stresses cal-
culated with VISCOT also show good agreement with the analytical solution
for radial distances greater than about 6.5m. These values occur within
.the elastic region of the material. For radial distances less than 6.5m,
~ which is the region where the material has become plastic, a great varia-
tion between VISCOT and the analytical solution is shown. The reason for
this large difference is not known at this time; however, we will check to
make sure that VISCOT is performing the plastic analysis correctly.

The radial, circumferential, and longitudinal stresses calculated with
VISCOT for Problem 3.3c all show good agreement with their analytical
solution. Since this problem deals with viscoelastic {creep) analysis,
the discrepancies between the VISCOT and analytical results may be attri-
buted to the way VISCOT works with the defined creep law.

Problems 5.2 - Basalt and 6.3 - BWIP were run this month using MATLOC.

The summarized results for these problems are included in a MATLOC draft
write-up located later in this report, The results for Problem 5.2 have
not yet been compared to the results of any other thermal stress analysis
code. The displacements calculated with MATLOC for Problem 6.3 are larger
than those measured in the field. This is due mainly because MATLOC uses
the nodal temperatures as determined by the thermal code DOT in order to
calculate thermal stresses. The DOT thermal temperature results were
greater than those measured in the field and thus caused higher thermal
stresses and displacements than those measured in the field. The DOT
temperature comparison results were included in the November 1984 Progress
Report.

JAB
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PROJECT STATUS

TASLE 3

MATRIX OF CODE/PROSLEM COMBINATIONS®
(Revised 1/4/85)

Legend:
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2.6 Trans{ent Temperature Analysis of an Infinite
Rectangular Bar With Anisctropic Conductivity
(Schneider, 1955, pp. 261)

2.8 Transient Temperature Response to the Juench
of an Infinite Slad With & Terperature-Oependent
Convection Coefficient {Xreith, 1958, pp. 161)

2.10 Steady Radiation Analysis of a Infinite Rectangular
Opening (Rchsenow and Hartnett, 1973, pp. 15-32)
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GEOMECHANICAL ANALYTICAL PROBLEMS

3.2 Circular Tunnel (Long Cylindrical Hole in An
Infinite Medium)
a) Unlined in elastic medium - diaxial stress fleld
b} Unlined in plastic medfun (Tresca) von Mises

3.3 Thick-¥alled Cylinder Subjected toc Internal and/or
External Pressure

¢) Plane strain - creep

3.5 Plane Strain Compression of an Elastic-Plastic
Material von Mises; Drucker, Prager
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HYPOTHETICAL REPOSITORY DESIGN PROSLEMS
§.1 Hypothetical Yery Kear Field Probliem
5.2 MHypothetical Near Field Problem

5.3 Hypothetical Far Fleld Problem
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FIELD YALIDATICN PROBLEMS

6.1 Project Salt Vault-thermomechanical
Response Simulation Problem

€.3 In Situ Heater Test-8asalt Waste [sclaticn Project

(2)
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* From NUREG/CR-35636, Benchmark Prodlems for Repesitory Design Models, February 1984,

@ ‘Problems Completed

@ Problems Run, Results not Analyzed

S - Salt
3 - Basalt
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7 - BENCHMARKING OF MATLOC

7.1 - Code Background and Capabilities

MATLOC is a non-linear transient two-dimensional thermal stress finite
element computer program. The original documentation for MATLCC, the
thermal stress analysis module of the thermochemical code DAMSWEL, was
written at Dames and Moore by the code developers, P. Boonlualohr,
et al. for the DOE. This earlier documentation of MATLOC has been
extensively restructured and enlarged to its present form to be consis-
tent with the NRC code documentation gquidelines. This documentation
was prepared by Graham Mustoe at INTERA Environmental Consultants, Inc.
The program and the documentation{l) was obtained from the Office
of Nuclear Waste Isolation (ONWI). MATLOC 1is one of the codes
documented as part of the SPECTER technology package. The QA
identification number for this version is 420-—12C-02b (b=blank).

The MATLOC program can be used to solve non-linear two-dimensional
planar and axisymmetric thermomechanical and/or geostatic stress prob-
lems. Thermomechanical stress analysis requires inclusion of nodal
temperatures for the applicable loading increment. These nodal temper-
atures can be included directly in the input file or can be called from
a properly formatted tape file that includes these temperaiures. For
problems using MATLOC that required a transient thermal stress solu-
tion, tape files created by the computer code poT(2) were used.
Geostatic streﬁs analysis requires the inclusion of nodal loads and
initial stress data, if required. The nodal loads are included
directly in the input file while the initial stress data can be
included in the inout file or can be called from a formatted tape file
created from a previous MATLOC nrobiem run.

The MATLOC code is not capable of viscoelastic (creep) analysis but
does have the ability to allow for a stress dependent bi-linear locking
behavior. While MATLOC allows for the choice of 4 or 8-nodal elements,
only 8-nodal elements can be used if a direct coupling with the heat



transfer code DOT is required. Finite element mesh boundary conditions
are incorporated by specifying nodal fixities and displacements. Ther-
mal and geostatic loads must be applied as nodal loads. For thermal
loadings, MATLOC allows for the use of a constant material coefficient
of thermal expansion. MATLOC's capability to write nodal displacements
and Gauss point stress components on a tape file allows for problem
restarting.

Limitations with the MATLOC code are as follows:

1. The present version of MATLOC does not have any formal error pro-
cessing subroutines. Therefore, unless the user carefully checks
all input data, any errors. that occur can be a problem for an

inexperienced user.

2. Viscoelastic (creep) behavior cannot be modeled in MATLOC. Thus,
MATLOC should not be applied to near field calculations in salt.

3. Direct coupling with the heat transfer code poT(2) s only
possible for situations in which the mesh geometry (8-noded
elements only) used in the thermal (DOT) and mechanical (MATLOC)
analyses are identical.

4. Thé code can only use a constant coefficient of thermal expansion.

5. Modeling of surface pressure loading, such as lithostatic stresses,
must be input into MATLOC as a set of equivalent nodal point loads.

A total of three problems were run using MATLOC. These included:

1. Problem 3.2a - Unlined Circular Tunnel {Long Cylindrical Hole) in
an Infinite Elastic Medium With a Biaxial Stress Field;

2. Problem 5.2B - Hypothetical MNear Field Problem - Basalt; and

3. Problem 6.3 - In Situ Heater Test - Basalt Waste Isolation Project.



These problems are defined in detail in Section 3 of this report and in
the benchmark problems Report(3). Table 7.1 shows the capabilities
tested (in the case of analytical problems) or utilized (in the case of
hypothetical or validation problems) by each of these problems.

7.2 - Problem 3.2a - Unlined Circular Tunnel (Long Cylindrical Hole)
in an Infinite Elastic Medium With a Biaxjal Stress Field

Input Data

One quarter of the cylindrical tunnel cross-section was modeled using
two-dimensional, planar, 8-nodel elements. The finite element mesh
utilized for this problem is shown in Figure 7.2-1. The biaxial stress
field was applied as nodal loads. No time steps are required because
the MATLOC code is non-linear and only solves a loading until equili-
brium is reached.

Input data used for this problem was obtained from the benchmark prob-
Tems Report{3) and included the following:

Mesh Geometry

1. Excavated tunnel radius =50m

2. Outer mesh boundary = 60.0 m
Material Properties

1. Modulus of Elasticity = 6,000 MPa
2. Poisson's Ratio v = 0.20

3. Shear Modulus G = 2,500 MPa
In Situ Stresses

1. Horizontal Stress Sx = 30 MPa
2. Vertical Stress Sy = 15 MPa



TABLE 7.1
MATLOC Capabilities Tested or Utilized

Problem
3.2a 5.2b 6.3
Problem Type
- Planar T ]
- Axisymmetric u
Equation Solution T ] ]
Analysis
- Geomechanical T ] U
- Thermomechanical U U
Bi-linear Stress-Strain U
T = Tested by comparison with Analytical Solution.
U = Utilized and results of analysis compared with other code results.



Run Problem

Since this was the first problem solved using MATLOC, a number of minor
interpretation and application difficulties were encountered before a
successful analysis was completed. These were not necessarily problems
with the code but rather were due to the unfamiliarity with the code.
The difficulties were as follows:

1. As stated earlier in this section, MATLOC does not have any formal
error processing subroutines. Therefore, unless the user carefully
checks all input data, any errors that occur can be a problem for
an inexperienced user.

2. The user manualll) states that the inclusion of a finite ele-
ment thickness is only required for plane stress analysis and that
this parameter is ignored for plane strain and axisymmetric prob-
lems. However, for this plane strain problem, leaving this vari-
able blank causes the computer to assume an element thickness of

0.0, which causes a fatal execution error. This problem was alle-
viated when a uniform thickness of 1.0 is specified.

Results

The results of the analysis are tabulated and shown graphically in
Figures 7.2-2 through 7.2-6. In general, the MATLOC solution seem to
compare well when compared to the analytical solution. The results
used for comparison were taken along a radial line located 30 degrees
from horizontal.

Figures 7.2-2 and 7.2-3 show the major and minor principal stresses
along a radial line, respectively. While the principal stresses calcu-
Tated with MATLOC compare well with the analytical solution for radial
distances less than about 6.5 m, they show larger variations with the
analytical solution for radial distances greater than 6.5 m. This may
be due to the use of a coarser finite element mesh for regions farther
from the immediate tunnel area. The minor principal stresses



calculated with MATLOC compare well with the analytical solution.
Figure 7.2-4 shows a comparison of the angle to the principal stress as
measured from a 1ine located 30 degrees from horizontal. As with the
other figures, the MATLOC results compare well with the analytical
results.

Figures 7.2-5 and 7.2-6 show the radial and circumferential displace-
ments along a radial line, respectively. For both figures, the MATLOC
displacement results are slightly higher than the analytical results.
This is directly related to fact that MATLOC calculated larger nrinci-
pal stresses than the analytical solution as discussed in the previous
paragraph. A calculation of larger siresses will result in greater
displacements. Both the radial and the circumferential displacement
results using MATLOC follow the analytical curve well but are in error
by a nearly constant displacement margin of about 0.001 m. The reason
for this consistent displacement error is not known. It may be due to
the coarseness of the finite element mesh at distances farther from the
tunnel area or due to an accuracy tolerance built into the MATLOC
program.

7.3 - Problem 5.2b - Hypothetical Near Field Problem - Basalt

Input Data

A two-dimensional section through a repository with an infinite number
of rooms was modeled using 8-noded planar elements. Although the model
extended from the ground surface to a depth of 3500 m, 124 of a total
of 152 elements were located between depths of 479 m of 510 m. This
region is shown in Figure 7.3-1. The remainder of the model consisted
of "filler" elements with vertical dimensions of each element not
exceeding 1.5 to 2.0 times the vertical dimension of the previous ele-
ment. Although the aspect ratio of these "filler" elements is extreme,
numerically these elements model the boundary conditions that are
inposed on the repository very well.



Input data used for this problem was taken from the benchmark problems
Report(3) and included the following:

Material Properties

2,700 kg/m3

1. Density p =

2. Modulus of Elasticity E = 35,000 MPa

3. Poisson's Ratio v = 0.26

4. Shear Modulus G = 13,889 MPa
Q

6.5 x 10-6/°C

5. Coefficient of Thermal Expansion

In Situ Stresses

Vertical Stress Sy = 0.0264762 x depth (m) MPa
2. Horizontal Stress Sx = Sy
Run Problem

The analysis of this problem requires two separate finite element runs,
a geostatic and a thermal run. The initial geostatic computer run is
required to determine the initial stresses and displacements of the
model prior to the thermal loading. The geostatic load case includes
the effect of material rebound, due to the presence of the repository
opening, on the undisturbed in situ stresses. This is accomplished by
aoplying a set of normal tensile loads which have the same magnitude as
the undisturbed in situ stress state to parts of the problem boundary
which are unrestrained, such as the room surfaces, and superimposing
the in situ compréssive stress state. For this problem, which usesplane
strain analysis, the rebound effect is not included for the canister
borehole because the borehole size is not infinite such as the room
length is assumed to be. Possible errors caused by this simplification
would be negligibte.

The initial stresses calculated by the geotstatic run and stored on a
tape file are used to perform the thermal analysis. The nodal tempera-
tures used for the thermal loadings are read from a stored tape file



previously created by the computer code DOT(2), A total of 5 ther-
mal loadings were performed as required by the output specifications
from the benchmark problems Report(3),

Results

The horizontal and vertical room closure contours over the modeled
region between elevations -479 m and -510 m are shown at times of 10,
30, 100, 300, and 1,000 years in Figures 7.3- _  through 7.3~ .
Contours of maximum and minimum principal stresses over this modeled
area for the same time periods are shown in Figures 7.3- through

7.3-__.

A comparison of these results with results of other codes is included
in Section 2 of this reoort.

7.4 - Problem 6.3 - In Situ Heater Test -
Basalt Waste Isolation Project

Input Data

This problem was modeled using two-dimensional, 8-noded axisymmetric
elements. The heater was modeled as a heat generating "solid" material
with thermal material properties for air. The geometry and the finite
element mesh utilized is shown in Figure 7.4-1. The axisymmetric model
is not truly valid above the floor Tevel; but in the region where the
nodal displacements are to be calculated, the model is representative
of actual conditions. Boundaries were set at a distance at which
adiabatic boundary conditions can be assumed for use with the thermal
code DOT(2),

Input data for Problem 6.3 was obtained from the benchmark problems
Report(3) and includes the following:



Material Properties

1. 6ensity 2,850 kg/m3

p:

2. Coefficient of thermal expansion a = 5.82 x 10~6/°¢
3.. Stress dependent variables:

Property Value

Stress Level <3.0 MPa >3.0 MPa

Ey 6,000 MPa 30,000 MPa

Ep 8,000 MPa 40,000 MPa

Gp 2,000 MPa 10,000 MPa

vl 0.02 0.30

v2 0.03 0.26

Note: Direction 1 is horizontal and direction 2 is vertical.

In Situ Stresses

2.0 MPa
4.5 MPa

1. Vertical Stress ’ Sy
2. Horizontal Stress Sx

Run Problem

As with Problem 5.2B, the analysis of this problem requires two separate
finite element runs, a geostatic and a thermal run. The initial geo-
static computer run is required to determine the initial stresses and
displacements of the model prior to the thermal loading. The geostatic
l1oad case includes the effect of material rebound, due to the presence
of the respository opening, on the initial undisturbed in situ stresses.
This stress redistribution is accomplished by applying tensile loads
which have the same magnitude as the undisturbed in situ stress state to
the parts of the problem boundary that are unrestrained, such as the
room surfaces, and superimposing the in situ compressive stress state.
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STRESS (MPa)

MATLOC — PROBLEM 3.2a

MAJOR PRINCIPAL STRESS
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Figure 7.2-2 MATLOC Problem 3.2a
Major Principal Stresses along a
Line 30 Degrees from Horizontal




STRESS (MPa)

MATLOC — PROBLEM 3.24

MINOR PRINCIPAL STRESS
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Figure 7.2-3 MATLOC Problem 3,2a
Minor Principal Stresses along a
Line 30 Degrees from Horizontal
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THETA (DEGREES)

MATLOC — PROBLEM 3.2aqa

ANGLE TO PRINCIPAL STRESS
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Figure 7.2-4

MATLOC Problem 3.2a

Angle to Principal Stresses Measured
to a Line 30 Degrees from Horizontal

- — o -

- A —— o ——— . —— — - —




RADIAL DISPLACEMENT (m)

MATLOC PROBLEM 3.2q

RADIAL DISPLACEMENTS

0.
0.
0.16
0.15 4
0.14 —
0.13 A
0.12 -
0.11 +
0.10
RADIAL DISPLACEMENTS (a) ALDNG
0.09 - 30 DEGREE LINE FRON HORIZDNTAL
0.08 - RADIUS ANALYTICAL  MATLOC
0.07 - ) {a) is)
5.00 0.0480  0,0490
0.06 - 5.50 0.0475  0.0485
5,00 0.0073  0.0484
0.05 - 7.00 0.047¢  0.0484
| B.50 0.0489  0.0500
0.04 10,00 0.0513 0,052
0.03 - 12.00 0.0555  0.0566
15.00 0.0831  0.0644
0.02 4 20,00 0.0776  0.0790
30,00 0.1092  0.1108
0.01 £5.00  0.1591 0. 1600
OOO ] 1 1 1 1 1 1

5 15 25 35

RADIAL DISTANCE (m)
———  ANALYTICAL +  "MATLOC

Figure 7.2-5 MATLOC Problem 3.2a

Radial Displacements along a line

30 Degrees from Horizontal



CIRCUMFERENTIAL DISPLACEMENT (m)

MATLOC PROBLEM 3.2a

CIRCUMFERENTIAL DISPLACEMENTS
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Figure 7.2-6 MATLOC Problem 3.2a

Circumferential Displacements along a

Line 30 Degrees from Horizontal
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-A712 3199 20,304 10,387 LOAaT 2,810
11,672 A2 29871 12,09 032  -5983 . )
3420 SR 8163 2.363 0537  -2.163
55138 56,522 1.719 2.559 1.58¢ 2.229
52,96 52,956 1145 1.145 1.769 1145 O
3634 3EH 5269 5.269 L1720  -5269
€5.116 65116 -56.453  -56,453  -L7M  -56.453
6642 66,412 56,706 56,706  -1.765  -56,706 7
66341 -5.341  -5R.518  -BLS8 -1,829 -BL518
0. 14 <000 0.073 ) )
0.136 +000 0.068 ‘
0.016 +000 0.016
0,007 0.001 0. 02 : )
0,010 0.000 0.023 :
0.010 0,000 0,024 .
0.047 0.000 0.042 1 D)
0.032 0,000 0.012
0.045 0.000 0.031
D
. O
Q
O
o
O
)
|
o
o
o




-

PROBLEM  TIME
MREER
2.2.1 1

K}

222 t

2.2.5 i

[T,

or——

ANSI-GHORT  ANSI-SHORT ANSI-LONG ~ ANSI-LONG
METHOD FETHOD METHOD YETHID

3%3
a7

k-2

195
36,3
0.318
0.00147
000137
0.00137

g
1438
601

363
67.9
0.591
0,00273
0.0026
0, 00249

0,94
0.00449
0, 00426
0.00413

489
14866
361

197
6.5
0,318
0.00147
0.00137
0.00137

7586
213t
610
368
67,9

M
2613

L1}
87.4
0.761

0, 00357
0.0034
0.00329

3355
1032
1
0.00443

0.00425
0.00415

4230
1044
m

162
30.6
0.28
0.0027
0.00254
0.00248

5338
1370

0,0033
1707
673
76.5
0,631
0.00358

0.00331

(YERRS) W/0 6-FACTOR W/G-FACTOR W/0 G6-FACTOR W/G-FACTOR

6136
1670
303

163
30.6
0.28
0.0027
0, 00254

0.00244 -

7393
219t

76.3
0.691
0.00568
0, 00557
0.00331

DECAY THERMAL POWER PREDICTION IN WATTS

ORIGEN PREDICTIONS

EXISTING
CROSS-
SECTIONS
4970
1270
289
163
.3

0.308

0,00615
0. 00606
0.00584

3910
1700
S02

286
.8
0,331
0.00839
0,00886
0.00855

2%
2230
665
m
70.7
0.685
0.0129
0,0123
0.0119

I

M3
78.7
0.763
0.0139
0.0137
0.0132

7650
260

410
8.1
0.757
0.0137
0.0135
0.013

GENERATED
CROSS-
SECTIONS
4760
1210
29
163
3.7
0.31
0. 00601
0.00392
0.00574

3760
1670
w0
284
4.5

0.526

0. 00306
0.00833
0.00862

7120
2220
664
368
10.2
0.679
0.0125
0.0123
0,019

0.,0131

st
INTERP.

5316.42
1400, 82
289,24
162,57
30.6
0.28
0.0027
0.00234
0.00248

6509.35
1837.97
499,78
28N
3
0.475
0,00363
0.00343
0.0033

5969, 43
1951.47
639.33
363,28
€4.3
0.517
0.00521

* 0,00438

0.00476

T T23S.A5

2315.38
716,46
406,28

76.3
0.69

0.00577

0.00353
0.0053

7307, 56
2289, 54
716.89
406.T1
76.5
0.691
0, 00568
0, 00557
0.00531

COMPUTED  ACTUAL
B-FRCTOR  6-FACTOR
1125 145
1159 1,600
LO% 1118
1019 1.006
1036 1,000
1107 1.000
226 1.000
233 1,000
232 1000
LOT9 1,385
L2 1.5%
L0  t.115
Lot ton
1028 1.000
L107 1,000
2.4% 1,000
2.603 1,000
2612 1,000
1ASS .38
L5%6 1.9
1107 L.115
1019 1011
1028 1,000
1100 . 1.000
239 1000
2470 ' 1,000
2500 1,000
122 1,388
LIB 159
L104 1,116
1012 1010
L0210 1,000
1,093 1.000
2409 1,000
L4 1000
2490 1,000
1257 1369
LAM2 159
L097  L.14
1005 1,007
1013 1.000
1085 1,000
2430 1.000
42 1,000
2467 1.000

mATIO
6-FACTOR
0.778
0.725
0. %0
1.012
1,036
1,107

0,907

0,984
0.998
1.013
1,085
2,430
2.442
2,487

PER CENT  PER CENT PER CENY

CTOH
16. 744
24,213

-11.340
-18.182
-15. 182
-2.581
73,50
76,838
16.007

4.913
12,695
-19.721
-21.817
-24, 587
-12,357
£69.668
70,885
N.114

8,764
11.667

T 2,33

-4.043
~14, 184
-12.1%5

~0.928
C 1437

75182

75,076

6.434
12,905
-32,656
-43,435
-43.226
-28.533
67.464
68,676
£8.321

DTOH
-15.313
-21.157
~24.055
-19.3%
~15.142

-2.581
75. 54
76.858
76,007

-31.701
-39.561
-33.466
-28.873
-24.587
-12.3%7
69.860
70.885
114

-26.362
-41,216
-55.723
-53.533
-49,573
-34,462
65.760
66,629
66,891

-3.421
-10.253
-16.173
=13.159
-12,195

-0.928

a7

75.182

75.076

-29,562
-39.212
-47.967
-h6.437
-43.226
-28,533
67,464
€8.676
68,321

ETOH
11.134
13.719

6.8713
1.818
3.470
9.6
55.075
57,095
56.567

7.326
17.964
6.574
1,056
2.752
3.6%
59.934
61,390

61.717 -

31,250
34,459
9,639
1.902
2,707
9.13t
38,320
99,512
60. 000

18. 166
a.113
9.434
1.222
2,054
8.488
58,489
53.63%5
59.848

20.425
29.170
8.808
0.491
1,290
7.867
58.841
59.044
59.456

[P P R

PER CENT PER CENT-  PER CENT
DIFFERENCE DIFFERENCE  DIFFERENCE  DIFFERENCE . DIFFERENCE  DIFFERENCE

FTOH
-28. 908
-38.017

-

-4, 124 .

1.212
3.470
9.6717
55.075

57,095+,

56, 567

-28.351
-31.1%
-4,183
0.000
2.752
9.5%
59.934
£1.5%
6717

4775
AT

-0.733 .

0.815

2.707 -

9131
58,320
59.512
60,000

-13.32

~16.456
-1.078
0.244
2.054
8,488
58.489
53.635
59,848

~10.226
-13.237
-1.626
-0.246

1.230 *

7.867
58. 841
59,044
39.486

- 6§TOH

~4.412
-4.999
0.687
1.212
1.062
0,645
-2.329
-2.363
-2.2n

-2,604
-1.7%
0,000
-0, 704
~0.550
-0, 951
0.773
0,784
0.812

-2.388
-0.430
-0, 151
~0.815
-0.712
-1.031
0,000
0.000
0.000

-1.931
0,422
-0.135
-0.978
-1.027
-1.19%
0. 000
0,000
0.000

-1,59%
0,000
0.136

-0.737

-0.T14

-0.933
0.725
0.735

0.763

1TOH

-11,689
-15.770
0,603
1.473
3.470
9.677
55.073
51,095
96, 567

-13.010
~-10.058
0. 442
0,454
2.7
9.£9%
59,934
61.590
6117

16.133
12,09
L5
1,283
2707
9121
8. 320
59.512
£0. 000

0.201
2,305
L4482

|




o .
N DECAY THERW. PONER PREDICTION IN WATTS .
ORIGEN PREDICTIONS .
PNSI-GHORT  ANSI-SHORT ANSI-LONG  ANSI-LONG EXISTING  GENERATED PER CENT  PER CENT PER CENT PER CENT PER CENT PER CENT
3 PRUBLEM TIME YETHOD METHOD METHOD' YETHOD CROSS- CROSS- NSt COMPUTED ACTUAL RATI0O  DIFFERENCE DIFFERENCE DIFFERENCE  DIFFERENCE  DIFFERENCE  DIFFERENCE
NIYBER  (YEARS) W/0 G-FACTOR W/G-FACTOR W/0 G-FACTOR W/G-FACTOR  SECTIONS SECTIONS INTERP G-FACTOR G-FACTOR 6-FACTOR CTOH DTOK " ETOH FTOH BTOH ITOH
2.2.8 1 T044 9756 6150 8518 TATO 7350 A9.76 1,195 1,385 0,863 4.163 -32.735 16,327 -15.891 -1.633 -2.038
) 3 2099 3393 1727 2768 2380 2380 2316.38 1.378 1.599  -0.862 11,807 ~40. 986 27,437 -16.008 0.000 2.673
' 10 979 1092 &73 75t 7% 31 N4 1095  L116  0,91  -32.836  -A0.168 8,684 -1.900°  0.13% 2.651
k) §92 59 406 409 410 406 A7, T 1.000 1.007 0,933 -45,813 -46.798 0,000 -0.739 -0,985 -0, 421
100 i 11t 76,5 76.5 78.1 1.4 76.5 1,012 1,000 1,012 43,411 -43,411 1.163 1,163 -0, 904 1,163
300 0. 954 0. 964 0.692 0.6% 0,757 0.749 0,692 1.082 1,000 1,082 -28,705 ~28.703 1.610 1.610° -1.068 7.610
1000 0,00449 0.00443 0.00569 0. 00569 0.0137 0.0138 0. 00569 2,425 1,000 2.425 67.464 67,484 58,768 58,768 , 0.7e5 58.768
3000 0, 00426 0. 00426 0,00557 0, 003557 0.0135 0,0136 0, 00557 2.2 1.000 2,442 68.676 68.676 59,044 59.044 ¢ 0.735 59. 044
10000 0,00415 0.00415 0.00531 0, 00531 0,013 0.0131 0, 00531 2,467 1.000 2. 467 68,321 £8.321 59. 466 99, 466 0.763 59, 468
FVERRGES/ .22  1L3%  0.8%  0.119% 0.0244 0.0922 '
SI6MS 134 1559 0841  0.1221 0.0004 0,076
1.091 1.116 0,978 0.0141 0,0012 0.0131
1011 1,009 1,002 0.0069 0.0013 0.0055
L0233 1,000 1,023 0,008 0.0000 0.0085
o 1.0% 1.000 1,09 0.0039 0,00C0 0,0039
C Al 1000 2397 0.087 0,000 0.0827
T 2,461 1.000 2,461 0,0800 0.0000 0, 0800 M
. ‘2.473 1,000 2.473 0.0909 0.0000 0.0909 -
O ;
en [y ( .
O .
s
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.
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DECAY THERWL. POWER PREDICTION IN WATTS .
A
NSI-SHORT  ANGI-SHORT RNSI-LONG  ANSI-LONG ORIGEN PREDICTIONS
PROBLEN TINE KETHED FETHD METHOD NETHOD EXISTING  GENERATED st WEASURED  COWAUTED  ACTUAL RATIO .
NUNBER (DAYS)  W/O B-FACTOR W/G-FACTDR W/O G-FACTOR W/G-FACTOR CROSS-GECTIONS CROSS-SECTIONS INVERPOLATION  VALLE  G-FACTOR  G-FRCTOR  G-FRCTOR® : D)
231 1) 2793 4403 273 8% 3380 3320 3328 079 1.22%0 1.5762 1.2825
LIGHTS 118 127
ACTINIDES 205 2% -
T0TRL 3703 3673 3392 1,318 )
. )
212 952 2509 391 2195 3491 3040 3000 a972.6 2767 1.2608 1.5904 1.2614
LIGHTS 16 125 ‘ ‘
ACTINIDES 206 2 D
TOTAL 3362 37 3114 1.4189
-
143 2053 3281 1748 2189 2450 2410 23M.4 217 1.2259 1.5983 1.3037
LIGHTS 107 116 :
ACTINIDES - 191 207 O
TOTAL N 133 2462 1.4110
213 93 21 370 2039 3243 2780 2740 27614 2508 1.2301 1.5905 1.2929 ~ ;
' LIGHTS 108 115 . .
ACTINIDES m 187 <y
TOTAL 3059 3042 . 2810 1.3782 )
,. o
e
| .
D
W)
O
O
)
3




REVISED ESTIMATE OF U-234 CONCENTRATION
TURKEY POINT 3
ORIGEN CALCULATION

RESILTS
EXISTING  GENERATED EXISTING  GEMNERATED CALCULATION MERSURED NUCLIDE CONCENTRATIONS IN TURKEY PT 3 FUEL
FUEL ASSEMBLY AND ROD ID

H.B. ROBINGON 2

CRIGEN CRLCULATION

FESILTS

CROSS  CROSS
NUOLIDE  SECTIONS  SECTIONS
U-234 0.13% 0.13
u-235 5.63 5.%
U-236 LS
u-238 93 %9
P-238 0.161  0.186
Pu-239 5.32 5.12
PU-240 2.2 1.8
PU-241 CORR 1,02 1.4
242 0409 0.5
TOTAL Py %17 %126
MWO238 9009  8.%
AE2A L190E-01 1.6305-01
RI-242M  1,040E-03 1,390E-03
CMM203 LAT0E-O1 1.0B0E-01
[Ot42  6.B90E-0A 1.020E-03
4243 9.030E-05 1,AS0E-0A
|OH-2sh  3.7708-02 3.610E-02
CN-245 2710603 2.6206-03
OF-246 3380804 3.5708-04
CN-2A7  ABEOE-06 5. 1AOE-06
D248 3.M10E-07 3.990E-07
RF106  4,9106-02 4, MOE-02
CS-13%  T.010E-02 7.5406-02
0S-137  1,110E400 1.080E+00
CE-184  6.20E-02 6.180E-02
1-129 2.320E-01 1, B20E-01
3 4,800E-05 4, 920605
BURNUP %4 31000

CROSS

0.138
S.74
3.59

949

0,158
S.32
2.24
1.0t

0.399

9.127

8.959

1. 160E-01
9. 810E-04
1. 130E-01
6, 9T0E-04
9. 37%-03
3, 580E-02
2,5508-03
3, 130E-04
4. 280E-06
3.080E-07
4. 80E-02
6. 920€-02
1. 100E+00
6. 260E-02
2,29%0E-01
4. TAOE-05

31364

CROSS  WESTINGHOUSE

0.131
S.67
3.24

949

0.163
S.12
1.8
.33

0,566

9,099

8.936

1. 590E-01
1,320E-03
1.020E-01
1.040E-03
1.5105-04
3.430E-02
2.4708-03
3, 320E-04
4. 720606
3.610E-07
4. 430E-02
7.550E-02
1, CBOE+00
6. 170E-02
1. B20E-01

CORSTAR CELL

5.5655
3.1923
950,929

A.930E-05 -

31000

31000

0.1321
5. 8655
3.2545
930, 321
0.1365
4.0382
2. 2659
1.061
0.502
8.8036
8.6671

30720

BENCHMARK PROBLEM 2.4 AND 2.3 RESWULTS

0.1321
S.6773
3.2553
950.7448

0,136

4,841

* 2,294
1.0687
0.5249
8.8652
87292

303510

0. 1225
S.5853
31783
9%9. 1417
0.1426
4.9291
2.293
1.1043
0.5447
9.0157
8.8731

31560

0.1132
S.114
L.m
950, 1843
0.1383
4.9428
2. 3211
1. 1245
0.543
9.0707
8.9324

31260

0.1321
5.6626
3.2523
949.8533
0.1372
47891
2.218
1.0719
0,523

- 81977

8.6523

3130

0.1323
6.201
1,309
951.9

0,1407
S.054
2.22%6

1.0844

0.5

9.0051

8.8544

9,930E-02
4,987E-03
5, 98502
8. 404E-04
3. 113604
2. U2E-02
1, 1403
1, 180E-04
1. 04606
2.6268-07
3,957E-02
5.2326-02
1, 0165400
5.65%-02
1, 2908-01
2.814E-05

31364

H.B.ROBINSON AND

TURKEY POINT 3

———e——

0. 1274
5.6843
3.2340
950, 4602
0.1386
48332
2.2801
1.0858
0.3230
8.9267
8.7881

9, 930E-02
4,987E-03
5.98%-02
8, 404E-04
3.1138-04
2, 342602
1. 1498-03
1. 1B0E-04
1, 046E-06
2.626E-07
3.957E-02
5.232E-02
1. 016E+00
5.655€-02
1.290E-01
2.814E-05

© e

PER CENT

.70
7
1.60
0.08
L7
.79
130
2,04
L35
1.2t
2!

L20

H.B. ROBINSON 2
ORIGEN A ORIGEN B ORIGEN A ORIGEN B
STANDARD  RELATIVE RELATIVE RELATIVE  RELATIVE
SECTIONS  SECTIONS 1SX15 FUEL DO1-69-15 DO1-G10-14 DO1-H3-7 DOA-G3-3 DOA-G10-7 HB ROBINSON AVERAGE DEVIATION PCT ERROR PCT ERROR PCT ERROR PCT ERROR

6,764
-0.955
11.319
-0.253
16.204

8,589
-0.882
-6.060

-21.800

2,726

2,513

19.839

~79.146
93,489
~18.015
-70.993
60.974
135,857
186, 441
345,507
29,855
24,084
33.983
9,252
11.229
79.845
70,576

0,782

2,054
-2.186
0,496
<0, 154
19.812
4,507
-18,425
28,937
10,895
2.233
1,956

64, 149
-72.128
77,109
el
-53.421
Sk, 142
128,024
202,542
391.3%
51,942
12.206
4. 113
6,299
9.204
41,083
74,840

~0.288

TURKEY (POINT 3

8,334
0.380°
11,010 -
-0.154
14,038"
8.583
-1.759
-6,981
-1
2,244
2,058

16,818
-80.329
88.805
-17,063
-69.891
52,851
121,932
163, 254
303.178
17.289
23.578
32,263
8,268
10.698
T.519 -
£8. 443

0,782

2.839
-0.231
0.187
-0.134
17.647
4,507
~18,425
28,016
a.218
1.931
1,643

60,121
-73.531
70,426
23.731
51,494
46,436
114,970
181,326
351.243
31471
12,459
44, 304
6.299
9.107
41,085
75.195

-0,388

o

o ©

"y



PROBLEM
NUMBER
2. 1.1

2- lle

2.1.3

2.1.3A

214

TIME

(YEARS)
t
3
10
30
100
300
1000
3000
10000

10

100
300
1000
3000
10000

10

100
300
1000
3000
10000

10

30
100
300
1000
3000
10000

10

30
100
300
1000
3000
10000

ANSI-SHORT ANGI-GHORT ANSI-LONG  ANSI-LONG

METHAD
W/0 G-FCTR
3546
1284
433
273
St
0. 443
0. 00206
0.00192
0.001%2

8033
2139
L)

532
9.6
0.867
0.004
0.00381
0. 00366

9474
2835
1328
803

150
1.3t

0. 0061
0. 00381
0. 00361

9474
2835
1328
803

150
1.31

0. 0064
0.00381
0. 00361

6936
2094
990

99

112
0.973
0. 00457
0. 00436
0. 00421

METHOD

W/G-FCTR
7681
2052
206
27
9l
0. 443
0, 00206
0.00192
0.00132

11127
3419
983

336
9.6

0. 867

0. 004
0.00381
0.00366

13122
4333
1481

810

150
1.3t
0.0061
0.00581
0. 00561

13122
4533
1481

810

150
1.31
0,0061
0. 00381
0. 00361

9607
3347
1104
603

12
0.975
0, 00457
0.00436
0.0042¢

METHOD
W/0 G-FCTR
6163
1433
382
228
§3.1
0.3%
0.00371
0.00348
0.0034

8029
2053
£58

395
74,3
0.677
0.00599
0. 00568
0. 00543

7257
2159
888

335

104
0.914
0.0077
0.00735
0.00701

7257
2159
888

335

101
0.914
0.0077
0. 00735
0.00701

7649
2221
854

S14
97.1
0.88

0, 00736
0.00723
0.00693

METHCD

W/G-FCTR
8344
2323
426
230
43,1
0.394
0, 00371
0, 00348
0.0034

1112t
3282
734

398
Th.3
0.677

0. 00599
0. 00568
0. 00545

10051
3452
R0

340

101
0.914
0.0077
0.00735
0. 00701

10051
3452
930

540

101
0.914
0.0077
0. 00735
0. 00701

10595
3351
953

o18
97.1
0.88

0. 00736
0. 00725
0. 00695

DECAY THERMAL POWER PREDICTION IN WATTS

ORIGEN PREDICTIONS

EXISTING  GENERATED PER CENT  PER CENT  PER CENT  PER CENT  PER CENT  PER CENT

CROSS- CROSS- ANSI COMPUTED  ACTUAL RATIO DIFFERENCE DIFFERENCE DIFFERENCE DIFFERENCE DIFFERENCE DIFFERENCE
SECTICNS  BECTIONS INTERP G-FACTOR  G-FACTOR  G-FACTOR CTOH DTOH ETOH FIOH GTOH ITOH

6810 6350 7522.75 1,062 1.385 0.767 -13. 328 17.267 -5.817 30. 443 3.969 14, 851
1760 1690 1948,9 1,163 1.599 0.728 -24.024 21.420 -14,024 37.456 4.142 15,320
407 403 407.08 1.060 1. 1135 0.951 11.852 24.938 ~5.679 3.185 0. 494 0.514
22 228 229. 14 1. 000 1.009 0.991 19.737 20.614 0.000 0.877 0.000 0.500
43.6 43.7 43,1 1,014 1,000 1.014 16.934 16.934 -1.373 -1.373 -0.229 -1.373
0. 427 0.426 0.394 1.081 1,000 1,081 4. 460 4,480 -7.512 -1.512 0.235 -7.512
0. 0083t 0.00812 0.00371 2,189 1. 000 2.189 -74.631 ~74.631 -54. 310 -54. 310 2,340 -54. 310
0. 00803 0.008 0.00348 2.299 1.000 2.299 -76.000 -76. 000 -56. 500 -56. 500 1.123 -56. 500
0.0078 0, 00771 0. 0034 2.268 1.000 2.268 ~153.097 -73.097 -53, 901 -55. 901 1. 167 =55, 901
8830 8600 9731, 44 1,07t 1,385 0.773 -6.593 29.384 -6.640 29. 314 2.674 13.854
2610 2560 2733.53 1.247 1.599 0.780 ~16. 445 33.555 -19.805 28.203 1,933 1.5960
7 [48 701,32 1.081 1.116 0,99 23.910 38.236 =7.434 3.233 0.844 -1.361
3% 396 396.71 1.003 1.008 0.935 34,343 35.354 -0.253 0.503 0,000 0.179
5.4 T5.4 74.5 f.012 1,000 1.012 32,095 32.0%5 -1.194 -1.194 0.000 -1.194
0.733 0.733 0.677 1.083 1.000 1,083 18.281 18. 281 -7.640 -7.640 0.000 -7.640
0.0134 0.0134 0.00593 2,237 1.000 2.237 -70. 149 -70.149 -55.299 -55.299 0.000 -55.299
0.0132 0,0132 0. 00568 2. 324 1. 000 2. 324 -71.136 ~71.136 ~56. 970 -56.970 0. 000 ~-56. 970
0.0127 0.0127 0. 00543 2.330 1,000 2.330 -71.181 -71.181 -57.087 -57.087 0.000 -57.087
10600 10500 8849.58 1. 447 1,385 1,043 -3.711 24,971 -30. 886 -4,276 0.952 -15.718
3330 3350 2896.01 1,332 1.599 0,970 -15.373 35.313 -33.5952 3.043 -0.397 -13.552
930 983 946, 14 1.107 1. 115 0.993 35.097 90. 661 -9, 664 0.712 0.712 -3.730
544 533 537.85 0.9% 1,009 0.987 50.657 51.970 0.375 1.313 2.064 0.910
103 101 10t 1,000 1,000 1.000 48,515 48,515 0. 000 0.000 1.980 0. 000
0.973 0.978 0.914 1.070 1.000 1.070 33,947 33,947 - -6.544 -6. 544 2.147 -6. 544
0,0174 0.0178 0.0077 2.312 1,000 2.312 -63.730 -65. 730 -56. 742 -56. 742 -2. 247 -56. 742
0.0172 0.0173 0. 00735 2.281 1.000 2.381 -66. 800 -66.800 =58,000 -58.000 -1.714 -58. 000
0.0166 0.0163 0. 00701 2. 411 1.000 2.411 -66. 805 -66. 805 -58. 52t -58. 521 -1.773 -58.521
10700 9550 8849.58 1,316 1,383 0,930 -0.796 37.403 -24.010 S.266 12.042 -7.334
3360 3110 2896.01 1. 440 1,599 0.301 -8. 842 43,756 -30.579 10.997 8.039 -6. 881
991 931 946.14 1.048 {.119 0.940 42,642 99.076 ~4,619 6. 337 B. 443 1.626
Db 506 337.85 0. 346 1.009 0.937 38. 696 £0.079 S.731 6.719 7.510 6.29%
103 %.1 101 0.951 1,000 0.951 56. 087 S6.087 5.099 5.099 7.180 3.099
0,99 0.93 0.914 1.018 1.000 1.018 40.860 40, 860 -1.720 -1.720 6.452 -1.720
0.0174 0.0172 0.0077 2,234 1.000 2.234 -64.533 -64.535 -55.233 -55.233 1.163 -55.233
0.0172 0.017 0.00735 2.313 1,000 2.313 -63. 824 -63. 824 -56. 763 -56. 765 1.176 -56. 765
0.0166 0.0164 0.00701 2.340 1,000 2. 240 -65.793 -63.793 -57.236 -07.256 1.220 -57.256
9400 9260 93e8.22 .21 1,383 0.874 -23.097 3. 747 -17.397 14, 417 1.512 0.737
3070 3070 2979.1 1,382 1.599 0.865 -31.79%2 9.023 -27.653 15. 668 0.000 -2.%1
944 837 910,43 1.097 1. 116 0.983 3.656 17.823 -8.838 1,708 0.747 -2.836
219 509 516.28 0.930 1.008 0.933 17.682 18.468 0.982 1.768 1.965 1.430
9.7 9.7 Co97.1 0.9%6 1,000 0.9% 15.822 15. 822 0.41% 0.414 2,068 0.414
0.935 0,936 0.89 1. 064 1,000 1.064 4,167 4,167 -5.983 -5.983 2.030 -5.983
0.0172 0.0174 0.00736 2.302 1,000 2.202 =73.736 ~13.736 -56. 532 -56. 552 -1, 143 -56. 552
0.0169 0.0166 0.¢0723 2.2% 1.000 2.290 -713.735 -13.13% -56. 323 -56. 325 1.807 -56. 323

0.0163 0.0163 0. 00693 2. 343 1.000 2,343 ~74.172 ~74,172 -57.362 -57.362 0. 000 -57.362




PROBLEM
NUMBER
2.1.3

TIME

{YEARS)
1
3
10
30
100
300
1000
3000
10000

ANSI-SHORT ANSI-GHORT ANSI-LONG  ANSI-LONG

METHOD
W/0 G-FCTR
9100
ar47
1298
183
147
1.28
0.006
0.00571
0. 00552

METHOD

W/G-FCTR
12604
4392
1448
7R
147
1.28
0.006
0.00571
0. 00552

METHOD METHOD
W/0 G-FCTR  W/B-FCTR

7611 10342
2181 3488
835 953
o515 519
97.2 97.2
0.881 0,881
0.00743 0.00749
0.00736 0.00736
0.006967  0.006967

DECRY THERMAL POWER PREDICTION IN WATTS

ORIBEN PREDICTIONS

EXISTING  GENERATED PER CENT  PER CENT  PER CENT  PER CENT  PER CENT  PER CENT
CROSS- CROSS- ANSI COMPUTED  ACTUAL RATIO DIFFERENCE DIFFERENCE DIFFERENCE DIFFERENCE DIFFERENCE DIFFERENCE
SECTIONS  SECTIONS INTERP B-FACTOR  G-FACTOR  G-FACTOR CTOH DTOH ETOH FTDH GETOH I1T0H

9650 9550 9261, 67 1.855 1,383 0.9056 -4,712 31.979 -20. 304 10. 387 1,087 -2.810
3100 3110 29024, 85 1.426 1,598 0.832 -11.672 4,222 -29.871 12,090 =0. 222 -5.953
936 931 910,86 1,083 11195 0.977 39.420 53, 532 -8,163 2,363 0,537 -2. 163
514 506 517.28 0.983 1,008 0.973 5. 128 56.522 1.778 2.589 1.581 2.229
97.8 9.1 97.2 0.989 1,000 0.983 52. 566 52,966 1.143 1. 145 1,769 1. 145
0.946 0.93 0. 881 1.056 1,000 1,056 37.634 37.634 -5.269 -5. 269 1,720 -5.269
0.0169 0.0172 0.00743 2.2% 1,000 2.296 -65. 116 -65. 116 -56. 433 -06. 433 -1, Th4 -56. 453
0.0167 0.017 0.00736 2.310 1,000 2.310 -66. 412 -66.412 -56. 706 =56. 705 -1.765 -56, 706
0.0161 0.0164  0.006967 2. 354 1,000 2. 354 -£6. 341 -66. 341 -57.518 -57.518 -1,829 -57.518

AVERAGES/ 1.209 1.385 0,873 0. 141 000 0.073

S16¥AS 1,354 .59 0.847 0.136 000 0.068

1.087 1.5 0.974 0.016 000 0.016

0.9% 1.008 0.986 0,007 0.001 0.021

1.002 1.000 1.002 0.010 0.000 0.023

1.07¢ 1,000 1.071 0.010 0.000 0. 024

2.067 1.000 2.267 0.047 0.000 0,042

2,321 1,000 2.321 0.032 0.000 0.012

2,342 1,000 2.342 0.046 0.000 0.031




PROBLEM  TIME
NUMBER
2.2.1 1
3

10

20

100

300

1000

3000

10000

2.2.2 1
3

10

30

100

300

1000

3000

10000

2.2.3 1

10

30
100
300
1000
3000
10000

2.2.4 1

10
30
100
300
1000
3000
10000

10
30
100
300
1000
3000

ANSI-GHORT  ANSI-GHORT ANSI-LONG  ANSI-LONG

METHOD METHCD ¥ETHOD METHOD
(YERRS) W/0 B-FRCTOR W/G-FACTOR W/0 G-FACTOR W/G-FACTOR
3963 5489 4230 6136
17 1466 1044 1670
324 361 an 203
195 197 162 163
36,9 36,9 30.6 30,6
0.218 0.318 0.28 0.28
0. 00147 0. 00147 0.0027 0.0027
0, 00137 0.00137 0. 00254 0. 00254
0.00137 0.00137 0. 00248 0. 00248
477 7386 5338 7393
1438 2331 1370 2191
801 &70 469 523
363 366 281 2e4
67.9 67.9 33 3
0.591 0.591 0.475 0.475
0. 00273 0.00273 0.00363 0. 00363
0.0026 0.0026 0. 00343 0.00343
0.00249 0.00249 0. 0033 0.0033
6436 8337 4895 6780
1961 3133 1433 2326
927 1034 600 bE3
61 65 361 365
103 105 8.3 8.3
0.913 0.913 0.617 0.617
0.00428 0.00428 0.00321 0.00321
0. 00408 0. 00408 0.00498 0.00498
0.00334 0.003% 0.00476 0.00476
5413 7498 5933 8218
1634 2613 1726 2760
TIe 862 672 730
467 471 404 408
87.4 87.4 76.3 76.3
0.761 0.761 0.63 0.69
0. 00357 0. 00357 0.00577 0. 00577
0.0034 0.0034 0. 00333 0.00533
0.00329 0,00323 0.0033 0.0033
7044 9756 o33 8300
2099 3353 1707 2729
7 1032 £73 750
532 9% 403 408
i 1 76.5 76.5
0.964 0.364 0.691 0.691
0. 00449 0.00449 0.00558 0.00368
0. 00426 0. 00426 0.00557 0.00357
0. 00415 0.00413 0. 00331 0,00331

10000

DECAY THERMAL POWER PREDICTION IN WATTS
ORIGEN PREDICTIONS

EXISTING  BGENERATED

CROSS- CROSS- ANST COWPUTED ACTUAL RATID
SECTIONS SECTIONS INTERP G-FACTOR G-FACTOR G-FACTOR
4970 4760 5316.42 1.125 1,431 0.778
1270 1210 1400, 82 {.159 1.600 0.725
289 eIt 269.24 1.074 t.118 0. %0
163 165 162,57 1.019 1.006 1.012
3.3 3.7 30.6 1.036 1,000 1,036
0.308 0.3t 0.28 1,107 1.000 1,107
0, 00615 0. 00601 ¢. 0027 2.226 1.000 2.226
0. 00606 0.00392 0. (0254 2.331 1,000 2.33t
0. 00584 0. 00574 0.40248 2. 302 1,000 2. 302
3910 5760 £305.35 1.079 1,385 0.773
1700 1670 1837.97 1.219 1.593 0.762
202 502 439,78 1.070 1L.115 0,960
286 284 282.71 1.011 1,011 1,000
4.8 54,95 a3 1.028 1.000 1.028
0,531 0.526 0.475 1.107 1,000 1,107
0.00833 0. 00306 0.00363 2.4%6 1.000 2.436
0.00888 0.00833 0.00343 2.603 1.000 2.603
0. 00855 0.00862 0.0033 2.612 1.000 2.612
7230 7120 5969, 45 1,455 1.363 1.050
2230 2220 1931.47 1.526 1.539 0.954
665 664 533,33 1,107 1. 115 0,933
37 368 353.28 1,019 1,011 1.008
70,7 70.2 £8.3 1.028 1.000 1.028
0.688 0.679 0.617 1. 100 1.000 1,100
0.0125 0.0125 0.00521 2.399 1.000 2,399
0.0123 0.0123 . 00439 2.470 1,00 2.470
0.0113 0.0119 0. 00476 2,300 1,000 2,300
7330 7230 1235.43 l.222 1,385 0.882
2380 a3n 2315.38 1,313 1,599 0,833
743 742 716,46 1. 104 1.116 0.589
413 409 406. 28 1.012 1,010 1,002
78.7 7.3 76.3 1,021 1.000 1,021
0.763 0. 754 0.69 1,093 1.000 1,093
0.0139 0.0139 0.50577 2.409 1,000 2.409
0.0137 0.0137 0.40353 2,477 1.000 2. 477
0.0132 0.0132 .0033 2,431 1.000 2.431
7630 7530 7207,56 1,257 1.385 0.397
2410 2410 2:83.54 1.412 1.593 0.883
137 738 716.89 1,037 1.114 0.784
410 507 435,71 1,005 1.007 0.938
78.1 7.5 76.5 1,013 1,000 1.013
0.757 0.73 5,691 1.085 1,090 1.085
0.0137 0.0138 0. 60368 2. 430 1,000 2. 430
0.0135 0.01325 0.00557 2.442 1,000 2. 442
0.013 0.013! 0.0033t 2. 467 1.000 2. 467

PER CENT  PER CENT

CTOH
16. 784
24,215

-11. 340
-18. 182
-15. 142
-2.581
75, 541
76,8358
76.007

4,913
12.6535
-19.721
-21.817
-24, 587
-12.357
63.868
70. 885
71,114

B. 764
11.667
-39.608
-52. 446
-43.573
-34, 462
£5. 760
£6.823
66.89:

25, 338
31,055
-4, 043
-14.181
-12. 133
-0.528
74,317
75.182
73.076

. 454
12.903
-32.656
=43, 453
-43.226
-28.533
67. 464
68.675
68. 321

DTOH
-15. 315
-21.157
-24,035
-19.394
-15. 142

-2.581
75,941
76,838
76.007

-31.701
-39.3581
-33. 466
-28.873
-24,587
-12.357
£9. 868
70,883
71. 114

-26. 362
-41.216
-53.723
-53.533
~49,3573
-34. 462
£3. 760
£6. 823
£6. 831

-3.421
-10.253
-16. 173
-15.139
-12.195

-0,928

74,317

75. 182

75,076

-23, 362
-39.212
-47.967
-46, 437
-43.226
-28,333
£7. 464
£8.676
£8.321

PER CENT PER CENT
ETOH FTOH
11,134 ~28.908
13.719 -38.017
6.873 -4, 124
1.818 1.212
3.470 3.470
9.677 9.677
55.075 35,075
57.093 57.093
36.367 36. 567
7.326 -28.351
17.964 -31,198
6.574 -4,183
1,056 0.000
2. 732 2. 732
9.69 9.69
59.934 59.334
£1.590 61,590
61,717 61.717
31,250 4773
34,439 -4, T15
9.639 -0,733
1.902 0.815
2. 707 2. 707
9.13! 9.13t
38.320 58,320
293,312 53.51e
£0. 000 60, 000
18,166 -13.335
27,173 -16, 455
9.434 -1.078
1,222 0.244
2.054 2.0354
8.488 8.488
58.489 58.483
99.635 59,6335
59,848 39.848
20. 425 -10.226
29.170 -13.237
8.808 -1.626
0.49¢ ~0. 246
1.290 1,230
1.857 7.857
8. 841 58. 841
59. 044 59.044
o9.466 53, 486

PER CENT PER CENT
DIFFERENCE DIFFERENCE DIFFERENCE  DIFFERENCE  DIFFERENCE  DIFFERENCE

GT0H
-4,412
-4,959

0.687
1.212
1,282
0.6435
-2.329
-2. 365
-2.277

-2.604
-1.79%
0.000
-0, 704
-0,530
-0,951
0.773
0.784
0.812

-2.388
-0.450
-0. 151
-0.815
=0.712
-1.031
0.000
0.000
0,000

-1.931
-0, 422
-0, 135
-0.978
-1.027
-1.194
0,000
0.000
0.000

-1,596
0.000
0.136

-0.737

-0.774

-0.933
0,725
0.733
0.763

I TOH
-11.689
-15. 770

0.605
1.473
3.470
9.677
95,075
97,095
36.367

-13.010
~10.038
0. 442
0, 454
2. 732
9.6%
59,934
61.590
6l.717

16,159
12.0%
L3
1.283
2. 707
9.13t
94, 320
3%.512
£0. 000

0.201
2. 303
3. 442
0,663
2. 054
8,468
£3.489
33,635
9. 848

2. 954
4,998
2.8r0
0.071
1.230
7.8587
58,841
9. 044
59. 466




PROBLEM  TIME

RNSI-SHORT
FETHDD

NUMBER  {YZRRG) W/0 G-FACTOR

2.2.6 1
3

10

30

100

300

1000

3000

10020

7044
2079
EIE]
592

i
0.954
0.00449
0. 00426
0.Q04135

ANSI-GHORT ANSI-LONG  ANSI-LCNG
YETHCD YETHCD ¥ETHOD
W/G-FRCTCR W/0 G-FACTOR W/G-FRCTOR

9736 6150 18
3335 1727 2764
10592 673 751
3% 406 403

111 76,3 76.3
0.964 0.632 0.6%2
0.00443 0.00563 0.00363
0. 00426 0.00357 0.00557
0. 00413 0.00531 0. 00331

7470
2380
736
410
78.1
0.737
0.0137
0.0133
0.013

DZCAY THERYAL PONER PREDICTION IN WATTS

ORIGEN PREDICTIONS
EXISTING
CROSS-
SECTIONS

BENCRATED
£Ross-
BECTIONS
7350
a3eo
737
406
7.4
0.743
0.0128
0.0136
0.013t

ANSI
INTERD
7493, 76
2316.33
717,46
07,71
78.5
0,632
0.00269
£, 00597
0. 00531

AVERRGZS/
SIBMARS

1,195
1.378
1,093
1.000
1,012
1.082
2. 423

CCYPUTED ACTURL
G-FACTOR G-FRCTOR G-FRCTCR

1,385
1.599
1.116
1,007
1.000
1,000
1,000
1,000
1,000

1,336
1,559
1.116
1,009
1,000
1,000
1.000
1,000
1.000

RATIO

0.863
0.862
0.981
0.933
1,012
1,082
2,425
2. 442
2. 467

0.876
0. 841
0.978
1.002
1.023
1.0%6
2.3%7
2. 461
2. 413

PER CENT PR CENT pER CENT PER CZNT PR CENT
DIFFERENCE DIFFERENCE  DIFFERENCE  DIFFERENCE  DIFFERENCE
ETOH DI0H ET0HA FTOH GT0H
4,163 -32. 735 16,327 -15.891 -1.633
11.807 -40, 966 27.437 -16.008 0.000
-32.836 -48. 168 8.684 -1.200 0.136
-45,813 -46.798 0.000 -0.733 -0.983
~43.411 -43.411 1. 163 1,163 -0,304
-28.705 -28.705 7.610 7.610 -1.068
b7, 464 67,464 08,768 -8.7e8 0.785
£8.675 68.676 53. 044 59. 064 0,733
€8. 32t £8.321 59, 466 9. 466 0.763
0.1194 0.0244 . 0922
0.1e221 0. 0004 0.0765
0.0141 0.0012 0.0131
0.0063 0,0013 0, 0065
0.0086 0. 0000 0. 0086
0.0039 0. 0000 0.0039
0.0827 0.0000 0.0827
0.0800 0. 0000 0. 0800
0.0909 0.0000 0.0309

PR CENT
DIFFERENCE
I 70H
-2.038
2.673
2.65i
-0. 421
1,163
7.6L0
58,768
9. 044
59, 466




PADBLEM
NUYEER
2.3.1

2.3.2

2.3.3

DECRY THERMAL

ANSI-GHORT  ANSI-EHORT ANSI-LONG — AASI-LONG GRIGEN PREDICTIONS
TIME METHED ¥ETHOD YETHOD ¥ZTHGD EXISTING BENZRATED
{DAYS)  W/0 5-FACTOR W/G-FACTCR W/0 G-FACTOR W/G-FACTCR CROSS-SECTIONS CROSS-SECTIONS INTERPOLATICN

854 2733 4403 2473 3338 3280 3320
LIGHTS 118 127
RCTINIDES 205 226
TOTR. 3703 3673
262 2303 3331 2195 KEEH 2040 3000
LIGHTS 116 123
RCTINIDES 206 222
TOTAL 3262 3347
1143 2633 3281 1785 2789 2630 2410
LIGHTS 107 116
FCTINIDES 191 207
TOTAL 2748 27133
93 2339 3720 2033 3243 2780 2740
LIBGHTS 108 113
ACTINIDES in 187
TOTA- 3059 2042

POWER PREDICTION

N WATTS

ANSI

3328

2972.6

237

1.4

YERSURED
VRLLE

3033

3352

2767

9!79

Cag

2462

2308

2810

COWMPUTED
3-FACTCR

£.22%0

1.3718

1.2608

1.4183

[
rn
Fa
o
[¥e]

14110
1.2301

1.3782

G

BITUAL
ACTCR
1.5762

[os
n
(95 ]
23
(]

1.5903

RATIO

G-FR

e

Litnt

0095

Py g utnput

oy
-

-

. 2614




NJELIDE

U-234
U-233
U-238
U-238
PU-238
p-233
PU-240

pu-241 CCRR

AU-242

TaTAL RU
PU W/0 228

AM-241
M-paM
AY-243
CH-242
CM-243
CH-284
Cr-243
CH-246
CM-247
Cn-248
RU-106
C5-134
£s-137
Ce-144
I-123
H-3

BURNUP

REVISED ESTIMATE CF
H.B. ROBINGON 2
CRIGEN CALCULATION

RZSULTS
EXISTINS  GENERATED
CROSS CROSS
BECTIONS  BECTIONS

0.136
3.63
3.6
948
0.161
.32
2.26
1,02
0.409
%.17
39.009

0.13
S.56
3.25
243
0. 1866
312
.85
1.4
.58
9.126
8.9

1.1502-01

1.6302-01
1.0405-03 1.

1

1.

&

390E-03
060E-01
0202-03
1, 450E-04
3.6102-02
2.6208-03
3. 3705-04
S. 140E-06
3.990E-07
4, 440E-02
7.5402-02
1. 0302+00
6. 180E-02
1,820E-01
4,920E-03

1, 1702-01
6. 890504
3. 020E~03
3. 770202
2. T10E-03
3. 380E-04
4.660=-Ch
3.410z-07
4.9102-02
7.0105-02
1. 1102+00
8.230E-02
2. 320501
§, BOOE-CS

31364 31000

BENCHMARY PROBLEM 2.4
U-234 CONCENTRATION
TURKEY POINT 3
ORIGEN CALCULATION

RESULTS CORSTAR CELL
EXISTING  GENERATED CALCULATION MEASLRED NUCLIDE CONCENTRATIONS
CROSS CROSS  WESTINGHCUSE FUEL ASSEMELY AMD ROD
SECTIONG  SECTICNS 15X15 FUEL D01-G3-15 DO1-G10-14 DOI-H3-7
0.138 0.131 - 0.1321 0.1328 0.122%
.74 S5.67 5. 5630 3. 8655 5.6773 S.58%
3.59 3.24 3.1923 3.2545 3.2553 3T
949 243 950.923 930,321 950.7448  B49.7477
0.158 0.163 - 0.1363 0. 136 L1420
5.32 S.12 4. 7705 4,8382 4,841 4,923:
2.24 1.85 2.0223 2.2559 2.25946 2.293
1.0t .33 1.1033 1.061 1.0687 1. 1043
0,393 0.566 0.5516 0.502 0.5243 0.5647
9.127 9.059 - 8.80326 8.8652 9.0137
8.959 8.936 8. 4505 B.€571 8.7292 8.873:
{.160E-01  1.590E-01
3.8108-04 1.320E-03
1.130E-01 1, 020E-01
£, 970E-04  1.0402-03
9,373E-05 1.510:-04
3.580-02  3.430E-02
2.950E-03 2. 47CE-03
3.130E-C4  3.320E-C4
4,2B0E-06 4, T20E-05
3.08CE-07 3.6108-07
4, 890E-02 4, 450E-02
6.9205-02 7.550E-02
1, 100E+00 1, CBOE+00
6.2605-02 6.1702-02
2.290E-01 1.820E-0%
4, T40E-0F  4.930E-03
31364 31000 31000 20720 30510 31TEC

AND 2.5 RZBLATS

H. 3. ROBINSON AAD
TURKEY PQINT 3

A. B, RIBINSON 2

IN TURMEY PT 3 FLEL PR CENT CRIBEN AR CRIGEN B CRIGEN A
ID STRNDARD  RELATIVZ  RELATIVE  RELATIVE
D04-63-3 DO4-G10-7 HB ROBINSCN AVERRGE DEVIATICN PCT ERROR PCT ERROR PCT ERRGR
0.1132 0.1321 6. 1323 0.1274 370 6. 754 2,054 8. 334
S.ii4 3. 6626 6.201 5.6843 5.72 -0.953 -2, 186 0.380
2.15373 . 2523 3.303 3.2240 1.60 11,319 0,435 11.010
550.1883  949,8633 9531.9  950.4802 0.08 -0.259 -0, 154 -0, 154
0.1283 0.1372 0. 1807 0.1285 1.7l 16. 204 19.812 14,038
4,342% 4,7831 9. 034 4,8332 1.73 A,589 4,507 8.589
2.3218 2.278 2,228 2,280t 1.30 -0.832  -18.423 -1.753
1. 1245 L.0M9 1.CB44 1,088 2.04 -6. 060 28.937 -6. 381
0,343 0, 5235 0.5 0.5230 3.33 -21.800 10,835 =271
9.0707 B.7397 9. 005t 8.9267 .2t 2.726 2,233 2. 244
8.9324 8.65625 8.8644 8,788¢ .21 2.513 1,936 2,058
3,9202-02 3,930E-02 15.839 b4, 143 16.818

4,987c-03 4.9972-02 -79.146  -72.128  -B0.329

5.983E-02 S,985E-02 95, 483 77.109 88.805

8. 404E-04 B, 404E-04 -18.013 21,3711 -17.063

3. 113E-04  3.113E-04 -70.733  -G3.421  -69.89

2.342E-02  2.3422-02 60.974 o4, 142 52, 851

1. 145603 1.145E-03 135,857 128.024 121,932

1. 180E-C4 1, 180=-04 185,441  202.542 165,234

1.046E-06 1.046E-06 343,507 391.3%  303.178

2.626E-07 2.6REE-07 23.835 31,942 17.289

3.957e-02  3,537E-02 24,084 12.206 23.578

5.23eE-02 5,23%=-(2 33.383 44,113 22,263

1. 016E+00 1, 016E+00 3.232 £.259 8.2¢68

5.635E-02  5.653E-02 f.223 9.284 10.698

1,230E-01  {.23CE-0i 79, B43 41,083 77.519

2. 814505 2. B14E-C3 70,578 74. 860 £8, 443

3i2h0 31310 31364 3iiel .20 0.782 -0.3288 0,782

TURKEY POINT 3

GRIGEN B
RELATIVE
PCT ERRDR

2.839
-0.231
0.187
-0, 154
17.647
4,507
-18. 4235
28,016
8.2:8
1,931
1.683

60, 121
~73.521
70. 426
23.751
=51, 494
£5.455
114,970
181,336
351,243
37478
12,433
&b, 304
6,293
9.107
+1. 083
73.1%3

-0, 388




\.\.:LID:

U-234
U-235
U-226
U-22
PU-238
Pu-233
P-240

pu-241 CORRA

pu-242

TOTRL R
PU w/0 238

RM-241

pY-242Y

AM-243
CH-242
Cr-243
Cr-244
Ch-g45
C¥-246
CH-247
CM-248
RU-106
CE-134
os-137
CE-184
1-123
H-3

BURNU?

REVISED ESTIMATE CF U-234 CONCENTRATION
H.B. ROBINGON 2
CRIGEN CALCULATION

EXISTING
CROSS
SECTIONS

0.135
5.63

3.6

348
0.161
T2
E za

1.02

0. 403
9.17
3.€09

1. 190E-0¢
1. 0405-03
L. 170E-04
B, 830E-04
9. 030505

770z-C2
2.7102-03
3. 280E-04
4, £60z-06
3.4102-07
£,510E-02
7.0102-02
1. 1105400
&.230=-02
L..- \.2\. :"0'

£, 80003

31364

RESULTS
GENERATED
CR2S
SECTIONG

0.12
5.36
3.23

943
0. 166
%12
1,35

ik
0.33
9.126
8.%s

1.830E-01
1.3302-03
1. 06C0E-01
1,0205-03
1. 450E-04
3.610E-02
2.620E-03
3. 570E-04
3. 1405-06
3.930E-07
4, §40E-02
1. 340E-02
1. CBEE+00
6 1802-02

"‘(\'.'_0{

4- J-\)A—'CJ

31600

0.1321
5.8655
3.2545
350, 321
0,1365
4.8382
2.2639
1,051
0.202
8.80:26
8.E57:

TURYEY POINT 3
ORIGEN CRLCULATICN
RESU_TS CORSTAR CELL
EXISTING  GENERRTED CALCULATION ¥ERSURED
CRrOSS CROSS  WESTINGHOUSE
0.138 0.13! -
3. 74 5.67 3. 5655
3.59 3. 24 3.1923
343 943 950.929
0.138 0.183 -
5,32 5.12 4, 7705
2.2k L.85 2.0223
Ll 103 1.1059
0,373 C.38 0.5316
9127 3.0533 -
8.953 8.936 8, 4203
1, 160E-01 1.33¢E-01
9.810E-04 1.320E-03
1.130E-01 1,020E-01
£.970z-04 1.040E-03
9.373E-05  1.D10E-04

3.5802-02
2. 520E-03
3. 13CE-C4
4.2B0E-05
3.0805-07
4, 830202
6.9202-02
1. 1002400
8. 2a0z-02
2.2505-01

4, 7402-03

31264

3.4308-02
2. 470E-03
3. 32CE-04
4.720%-Ch
3.610E-07
4, 450E-02
7.3508-02
1. 080E2+00
6.1702-02
1.B2CE-DC

4,9302-05

RILHEY)

31000

30720

BENCHYARK PROBLEM 2.4

NUCLIDE CONCENTRATICNS IN TURMEY BT 3 FLEL

FUEL AGSE¥ELY AND ROD

0. 1321 0.1225
3.6773 S5.5853
3.2333 3.1733
950.7448  949.7477
0.136 0. 1426
4,841 4,929:
2.2346 2,233
1. 0687 1. 1042
0.3243 0.5447
B.B6Z2 9.0157
8.72%2 8.873!
20510 31550

4 AND 2.5 RESULT

D

0.1132 0. 1321
5. 114 9.6626
3. 15713 3.2323
950. 1843  949,8633
0.1283 0.1372
4.9438 4,7891
2.321! 2.278
1.1245 1.0713
0.343 0.3235
9.0707 8,79%7
8.9324 8.6525
31280 35310

0.1323
6.201
3.309
951.9

0.1407
5. 054
2.226

1.0844

0.5

9.0051

8, 8344

3.930e-02
4,5872-03
5. 285E-02
8. 4042-04
3. L13E-04
2. 342202
1.1492-03
1. 1B0E-C4
1. C4RE-06
2. 626E-07
3.957E-02
3. 232E-02
1. 016E+02
S.BE5E-02
1.2308-01
2.814E-C5

31364

H. B. RORINGC!

TURKEY POINT 3

N AND

0, 1274
5.6843
3.234%0
950. 4602
0,1386
4.8932
2.2801
1.0858
0.5230
8.9267
8.7eat

9,330E-02
. 5372-03
5.985E-02
8, 404E-04
3. 112504
2. 342802
1. 1452-03
. 180E-04
1. 046E-06
2.h2eE-07
3.957E-02
5.232=-02
1, 016E+00
5.6555-02
£.230E-01
2,B8145-03

312t

PER CENT

5.70
3.72

1.60

0.08
1.7t
1.19
1.30
2.04
3.35
.21
.21

fons

ny

<>

H. B. ROBINSON 2
ORIGEN A ORIGEN B DRIGEN A
STANDARD  RELATIVE RELATIVE RELATIVE  RELATIVE
SECTIONS  SECTICNS 15X1S FUEL DO1-89-15 DO1-G10-14 DO1-K3-7 DO4-G3-9 DO04-G10-7 HB ROBINSON AVERAGE DEVIRTION PCT ERROR PCT ERROR PCT ERROR PCT ERROR

6. 764
-0.955
11.319
~0,259
16. 204

8.589
-0.882
-6. 060

-21.800

2.726

2,513

19.839
-79. 145
95. 489
-18. 013
~70.933
£0.374
135,837
185, 441
343,507
23.855
24,034
33,343

9.252

11.223
79,843
70.576

0.782

2.034
-2. 186
0.49%
-0.134
19.812
4,307
-18. 423
268,937
10.893
2,233
1,956

64,149
-72.128
77.109
2i.37t
~53. 421
o4, 142
128.024
202. 542
331.3%6
51,942
12,204
44,113
6.259
9.284
41,085
74,840

-0. 388

TURKEY PQINT 3

8.334
0.980
11,010
-0. 154
14,038
8.589
-1.759
-6.981
-23. 712
2. 244
2,028

16.818
-80. 323
88.805
~17.063
-69.831
2. 85!
iel.932
165,254
303.178
17.283
23,578
32,253
8.2e8
10,638
71,58
68, 443

0.782

DRIGEN B

2,839
-0.251
0.187
-0. 154
17.647
4,507
-18. 423
28.016
8.218
1,931
1.683

0. 121
-73.531
70,426
23.751
-51. 494
48,456
114,570
181,32
59:.243
37,474
12,453
44, 304
£.2%
9. 107
41,083
731535

-0, 383




mame ey
[ S o) St

NUXBER

2.3.1

[
{98 )
.

™

3.3

ANSI-GHORT  RNSI-GHORT ANGI-LONG

TIME ¥ETRCD YZTHED YEZTHDD
(TAYS)  W/0 3-FACTCR W/G-FRETCR W/0 G-FROTCR
B54 2733 4433 2473
962 2503 3951 IR
1143 2033 3288 1743
563 2339 3720 2039

NSI-LONG

[ inaa i la)
RS v

3338
LIGHTS
RCTINIDZS
T0TAL

35210
LIGHTS
RCTINILES
TOTAL

2783
LIGHTS
ACTINIDZS
TOTAL

3243
LIGHTS
CTINIDES
TaTRL

DECAY THEIYAL PO

EXISTING
w/G-FRCTOR  CROSS-BECTICNS C

3280
118
203

3703

3080
116
e

3362

2450
107
19

2748

2780
108
1

2053

ORIGEN PREDICTICNS
BENTRATED

e
-t b

3320

127

=an
fulods ]

3673

2740
115
187

2042

R PREDICTICN IN WATTS

ANET
OXS INTERPOLATION

I
3228

2372.6

2371.4

2761, 4

YZRSURED
VRLLE

3033

3392

gret

3114

2133

2462

£308

CC¥AUTED

felandat
Hualr

1.22%

1,3718

1.4183

$.2259

1.4110

1.2301

1.3782

poTaL
G-FAZTCR
1. 5762

1,390

1.37383

1.5903

3ATI

G-FRCTIR

1,

.-
-

2823




DECAY THZRYAL POWER PREDICTICN IN WATTS
ORIGEN PREDICTIONS

NBI-GHCRT  ANGI-GHOAT AN3I-LONS  ANSI-LONS EXISTING  GENERATE PR CENT  PER OENT PER CoaNT PZR CENT PER CENT PER CENT
FRCBLEM  TIME ¥ETHDD YETHOD YETHED YETHOD CROSS- CROSS- AN5I COvPUTED ACTUR. RATI0  DIFFERENCZ DIFFERENCE  DIFFERENCE  DIFFERENCE  DIFFERENCE  DIFFERENCE
NGYRZR  (YERRS) W/0 G-FACTOR W/G-FACTCR W/0 G-FRCTCR W/B-FACTOR  GECTIONS 5zCTIONS INTERP B-FACTOR G-FACTIR G-FACTOR C TOH D TOH ETOH FT0K §TOH IT0H
2.2.6 1 7044 3756 6150 8518 7470 133 7433.76 1,15 1,283 0.863 4,163 -32.733 16,327 -15. 831 -1.633 -2.038
3 2099 3355 1727 276! 2389 2380 2316.38 1.378 1,533 0.862 11.6807 -40,956 27.437 -16.008 0.000 2.573
i 579 10592 873 7531 736 737 77,46 1,095 .16 0.581 -32.838 -48, 168 8.684 -1,300 0.136 2. 83!
30 532 % 406 403 410 406 407.71 1.000 1,007 0,933 -45.813 -46.798 0.000 -0.733 -0.385 =042t
100 1l 11 76,5 76.5 78.1 71.4 76.5 1,012 1,000 Lo -43. 411 -43.411 1,163 1.163 -0.904 1163
300 0.954 0,364 0,692 0.692 0.737 0.749 0.632 1.082 1000 .082 -28.703 -28,703 7.610 7.610 -1.068 7.610
1000 0. 00443 0.00449 0. 00369 0. 00569 0.0137 0.0138 0. 00563 2,485 1,000 2. 423 b7, 464 67.464 SB.768 58,768 0.723 SB. 768
2000 0. 00426 0.00426 0.00557 €. 00357 0.01335 0.0138 . 00557 2,642 1,000 2. 442 £8.676 £8.676 59.044 59.044 0.733 59, 044
10000 0.00415 0.00415 0. 00331 0. 00331 0.013 0.0131 €. 00531 2.L67 1,600 2. 467 £8.321 68. 321 9. 466 39. 466 0.763 09466
AVERRGES/ f.222 1.3% 0.876 0.1195 0.0244 0.0322
SIG¥AS 1. 344 1,553 0. 841 0. 1221 0.0004 0.0766
1.0% 1,116 0.978 0.0144 0.0012 0.0131
1,011 1,009 1.002 0.0069 0.0013 0.0083
1.023 1,000 1.023 0.0085 0.0000 0.0086
1.0% 1.000 1,098 0.0093 0.0000 0, 0033
2,397 1.000 2,397 0.0827 0. 0000 0.0827
2. 461 1.000 2. 4b1 0.0800 0. 0000 0. 0800

2. 473 1.000 2.473 0.0903 0. 0000 0.0303




DECAY THERMAL PCWER PREDICTION IN WATYS
ORIGEN PREDICTIONS

ANSI-GHORT  ANSI-SHORT ANSI-LONG  ANSI-LCNG EXISTING  GENERATED PER CENT  PER CENT PER C2NT PzR CENT Fz3 CENT PER CENT
PROBLEM  TIME METHOD METHOD ¥ETHOD METHOD CROSS- CROSS- ANSI COYPUTED ACTLAL RATI0  DIFFERENCE DIFFERENCE  DIFFERENCE  DIFFERENCE  DIFFERENCE  DIFFERENCE
NUMBER  (YEASS) W/0 G-FACTOR W/G-FACTOR W/0 G-FACTOR W/G-FACTOR  SECTIONS BECTIONS INTERP 5-FACTOR B-FACTOR G-FRCTOR C 7O K DTOH ZT0H FTOH 6 TOH 1 70H

2.2.1 { 3363 5489 4230 B136 4970 4760 3316, 42 1,185 1,451 0.776 16.T44 -15.315 11.134 -28.908 ~4.412 -11.689
3 917 1466 1044 1670 1270 12190 1400. 82 1.153 1.600 0.723 24.213 -21.157 13.719 -28.017 -4,939 -15.770
10 324 361 271 303 283 291 289. 24 1.074 1. 118 0.960 -11.340 -24.035 6.873 -4, 124 0.687 0.603
20 195 197 162 163 163 163 162.57 1,019 1,006 1012 -18. 182 -19.39% 1.818 1,222 1,212 1,473
109 36.5 36.3 30.6 30.6 3.3 3.7 30.6 1,036 1.¢00 1.036 -153.142 -13. 142 3. 470 3.470 1.262 3.470
360 0.318 0.318 0.28 0.23 0.308 0,31 0.28 1,107 1.000 1107 -2. 581 -2.581 8.677 9.677 0.643 9.677
1000 0.00147 0.00147 0.0027 0.0027 0.00615 0. 00601 0.0027 2.226 1.000 2.226 73.841 75,541 o95.078 55,073 -2.329 553,075
3000 0.00137 0.00137 0. 00254 0.00234 0. 00606 0.00392 £, 00254 2.33t 1,000 2,331 76,858 76.858 57.093 57.095 -2.385 S1.093
16000 0.00137 0.00137 0.00248 0.00248 0. 00584 0. 00371 .00248 2. 302 £.C00 2,302 76,007 76,007 o6 567 6. 567 -2.277 56,567
2.2.2 { o477 7586 3338 7333 3710 3760 £309.35 L07 1,385 0.779 4,913 -31.701 7.2% ~28.33t -2,604 -15L.016
3 1458 2331 1370 215!l 1700 167G 18397 1,213 1,559 0.762 12.655 -33.58: 17.964 -3.198 -1.7%6 -10.058
10 £01 670 469 523 502 o02 433,78 1,070 1,118 0,950 -19. 72! =33, 455 B, 574 -4,183 0.000 0. 442
30 363 266 28! 284 286 oB4 282,71 1,011 1,011 1,000 -27.817 -28.873 1,056 0.000 -0, 704 0,434
100 67.9 67.3 33 53 4.8 4.5 53 1.028 1,000 1.¢28 ~24, 587 -24,587 2. 752 2.732 -0, 530 2.7
300 0.531 0.551 0. 475 0.475 0.531 0.526 0.470 1.107 1,000 1,107 -12.357 -12.3%7 3.6%5 3.6%% -0.931 9.6%%
1600 0.00273 0.00273 0.003583 0.00363 0.008%3 0.£0305 0.003263 2. 456 1.060 2,435 £39. 85 £9.858 59.934 o9.534 0.773 £9.934
3000 0.002 0.0028 0.00343 0.00343 0.00886 0. 00833 0.00343 2.603 1,000 2.603 70,885 70.885 £1.590 61,590 0. 784 b1.530
100600 0.00249 0.00243 0. 0033 0.0033 0.00833 0.00862 0.0033 2.642 1.0C0 2.652 71114 71,114 61.717 61.717 0.812 61.717
2.2.3 1 B456 8397 4835 6780 7230 7120 5953.45 1,455 1,383 1,050 8.764 -26. 362 31,230 4,715 -2. 288 16,133
3 1951 3133 1653 23256 2230 220 1551. 47 1.526 1579 0,334 11,657 -41.216 34,459 -4, 773 -0, 430 12.095
p 52 1034 600 663 63 £64 £33.33 L.107 1115 0.5333 -33. 608 -55.723 9.639 -0, 733 -0. 151 3. 718
39 o681 65 51 263 371 358 253.28 1.019 L.on 1.008 -52. 446 -53.5333 1.83%2 0,815 -0.815 1,283
100 (] 105 £8.2 £8.3 70.7 70.2 68.3 1,028 1,000 1.028 -43,973 ~49.373 2,707 2.707 -0.712 2.707
200 0.313 0.913 0.617 0.617 0.686 0.679 0.617 1.100 1,000 1,100 -24, 462 -34. 462 3.131 9.3 -1.031 9. 13!
1000 0.00428 0. 00428 0.0052t 0.00521 0. 0125 0.0125 €.00528 2,399 1,000 2.393 65, 760 65, 760 58. 320 6. 320 0.000 58,320
2000 0.€0408 0.C0408 0.00433 0.00433 0.0123 0.0122 0. 02458 2.470 1.000 2. 470 £6.829 £6.823 99.512 3,512 0.£00 53.512
10060 . 00394 0.003%4 0. 00476 0. 00476 0.0113 0.0149 £, 00476 2,300 1,009 . 200 £6. 831 £6.831 €0, 000 &0, 0C0 0. 000 60, CC0
2.2.4 1 G413 7498 5933 8218 7350 7230 7235, 45 f.222 1.383 0.882 23,338 -3.421 18. 165 -13.352 -1.931 0.20t
3 1634 2613 1728 2760 2380 2370 2315.3 1.373 1,559 0.853 31,053 -10, 253 27.173 -16. 456 -0, 422 2,305
10 172 gs2 B72 750 743 742 716,45 i.108 1,116 0.539 -4,043 -16.173 9.434 -1.078 -0, 133 3.462
30 487 471 404 403 413 403 406,23 1.012 1,010 1,002 -14.18] -18.159 1.e22 0.244 -0.978 0,663
100 87.4 81.4 76.3 16.3 78.7 7.3 76.3 1,021 4000 1,02t -12.195 -12.193 2.054 2.054 -1.027 2.034
300 0.76! 0.761 0.63 0.63 0.763 0.754 0.63 1,093 1,000 1,033 -0.328 -0.928 8.488 8,488 -1, 194 8.488
100 0.00357 0.00357 0.00577 0.00577 0.0133 0.0133 €. 00377 2.409 1.€00 2. 403 74.317 74,317 8. 489 58.489 0.000 8,489
30639 0.0034 0.0034 000533 0.00333 0.0137 0.0137 €. 00353 2.477 1,000 2.477 75.182 75.182 59.635 53,635 0.000 I9.633
10000 0.00223 0.00329 0. 0033 0.0053 0.0132 0.0132 0.0033 2. 431 1,000 2.431 15.076 75.076 57.848 09,848 0.000 59.848
2.2.3 i 7044 E1E 992 83G4 7630 752 7307.56 .23 1,383 0.907 6. 454 -23. 562 20, 425 -10. 226 -1, 5% 2,954
3 2093 355 1707 2123 2410 2410 2289.54 1.412 1579 0.843 12.903 -33.212 29.170 -13.237 0.000 4,938
10 979 1092 673 730 31 738 716.83 1.097 1.114 0,584 -32.656 -47,967 8.808 -1.626 0.138 2.860
30 592 5% 403 408 410 407 406,71 1,005 1.007 0.9378 -43, 435 -Lh, 437 0.431 -0. 246 -0.737 0.074
100 111 111 76.5 76.5 78.1 7.5 76.5 1.013 1,000 1.0t -43.226 -43,226 1.290 1.2%0 -0.774 1,290
39 0. 364 0.954 0.631 0.6% 0.757 0.75 0. 631 1.083 1,000 1.083 -28.533 -28.3533 7.857 7,857 -0.933 7.857
1000 0.00449 0. 00443 0.00568 0.00358 0. 0137 0.0133 0.005¢8 . 430 1,000 2,430 7. 464 b7. 464 c8.841 58.841 0.723 28,841
3000 0, 00426 0. 00426 0.00357 0. 00257 0.0i33 0.0135 0.00357 2. 442 1,000 2. 642 £8.676 £8.676 3. 044 59. 044 0,735 39. 044
10000 0.00415 0.00415 0. 00531 0.00331 0.013 0.013: 0.00531 2.467 1,000 2.467 8. 321 68,321 9. 466 3. 456 0.763 23. 466




PROBLEM
NUMBER
2.1.3

TIME

(YEARS)
i
3
10
30
100
300
1000
3000
10000

ANSI-SHORT ANSI-SHORT ANSI-LONG

METHOD
W/0 6-FCTR
9100
2747
1298
785
147
1.28
0.008
0. 00571
0.00532

METHCD

W/6-FCTR
12604
4392
1448
792
147
1.28
0. 006
0. 00371
0, 00552

¥ETHOD
W/0 6-FCTR
7611
2181
853
515
97.2
0.881
0.00743
0.00726
0. 006967

ANST-LONG
METHCD
W/G-FCTR
10542
3486
953
519
97.2
0.881
0. 00749
0. 00736
0. 006367

DECAY THERYAL POWER PREDICTION IN WATTS

{(IRIGEN PREDICTICNS

EXISTING  GENERATED PER CENT  PERCENT  PER CENT  PER CENT  PER CENT  PER CENT
CROSS-~ CROSS- ANST COMPUTED  ACTUAL RATIO DIFFERENCE DIFFERENCE DIFFERENCE DIFFERENCE DIFFERENCE DIFFERENCE
BECTIONS  SECTIONS INTERP G-FACTOR  G-FACTOR  G-FACTCR CTOH DTOH ETOH FTOH GTOH ITOH

9650 9550 9281.67 1.255 1,385 0,906 -4.712 31.979 -20, 304 10. 387 1,047 -2.810
3100 3110 2924.85 1.426 1,59 0.832 -11.672 41,222 -23.871 12.090 -0. 322 -5.933
938 931 910.86 1.0839 L 113 0,977 39,420 05, 532 -8.163 2.363 0.3537 -2,163
o4 506 517.28 0.983 1,008 0.975 . 138 96,522 1.779 2.569 1.58¢ 2.289
97.8 8.1 97.2 0.989 1.000 0.989 52, 966 52. 966 1. 143 1. 145 1.769 1. 145
0.946 0.93 0.881 1,056 1,000 1,056 37.634 37.634 ~5.269 -5. 269 1.720 -3.269
0.0189 0.0172 0.00749 2.296 1.000 2.2% -63. 118 -635. 116 -06. 453 ~56. 433 -1, 744 -56. 433
0.0167 0.017 0. 00736 2,310 1,000 2.310 -66. 412 -66. 412 -36.706 -56. 706 -1, 763 -56.706
0.0161 0.0164  0,006967 2. 354 1,000 2. 354 -66. 341 -66. 341 -37.518 -57.518 -1,829 -57.518

RVERAGES/ 1.209 1,283 0.873 0. 141 000 0.073

SIGMAS 1. 354 1.5398 0. 847 0.136 . 000 0.068

1.087 1,115 0.974 0.016 000 0.016

0.934 1,008 0.986 0.007 0. 001 0.021

1.002 1.000 1,002 0.010 0.000 0.023

1.0 1,000 1.07¢ 0.010 0,000 0.024

2.267 1.000 2.267 0. 047 0.000 0.042

2,321 1,000 2.321 0.032 0. 000 0.012

2,342 1,000 2.342 0,046 0.000 0,031




