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EXECUTIVE SUMMARY

An activation analysis was performed for the Pathiinder Atomic Power Plant reactor vessel and
internals in support of the Pathfinder Decommissioning Project. The results indicate that

- approximately 476 curies of neutron activation products, mainly Co60 and Ni63, are present
within the reactor vessel and internals. The maximum curie density in any single reactor mternal

f' - occurred in the boiler shroud, where the specific curie content was estimated to be 0.248 mil-
ilcuries per gram.'

- The internal contamination (" crud")Co60 and Ni63. layer of the vessel and internals wetted surfaces containsapproximately 95 millicuries, mainly

The external dose rate from the vessel package was calculated to be 6.8 mR per hour at two
meters from the vessel at the reactor core midplane. This dose rate is based on 2 inches of
carbon steel shielding on the vessel exterior, extending from five feet above the core upper eleva-
tion to three feet below the core lower elevatioa. This calculated dose rate also assumes an
average packing density of the gravel present in the reactor vessel of 75% of the maximum.

The results of these analyses show that the Pathfinder reactor vessel and internals can be shipped

q intact as a single package without exceeding the LSA limits on specific curie content or US DOT
g external package dose rate.
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1. PURPOSE I

This report details the calculations performed to support and provide data for the Pathfinder
Atomic Power Plant decomminioning plan. They consist of a neutron activation analysis of the
reactor vessel and internals, estimation of internal surfaces contamination levels, and estimation
of dose rates from the package as currently envisioned for shipping.

,

The neutron activation calculations have been performed using the ORIGEN2 [1] computer
code, which was obtained through Oak Ridge National Laboratory's Radiation Shielding
Information Center. The calculauons determining the total curies based upon the ORIGEN2
specific curie values (curies per gram) were performed using the Lotus 12-3 version 2.01 [2]. v

The estimate of the primary system surface contamination was made using manual estimates of
vessel and vessel internals surface areas, coupled with the Battelle estimates of specific surface
contamination levels in the feedwater and mam steam systems [3].

The calculation of the external exposure rates from the Pathfinder vessel package were per-
formed using the Microshield code version 3.12 [4]. A variety of calculations were performed to '

bracket the possible amounts of gravel between the more highly activated portions of the reactor
internals and the exterior of the package.
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2. APPROACH

The activation analysis has been performed using ORIGEN2, Inaut to the code included
material compositions, the Pathfinder operating history and neutron f uxes. Wherever possible,
data obtained through NSP (5,6,7] has been employed. The balance of the input data was
extracted from the available literature and is referenced as such. Conservative assumptions were
made and justified wherever actual plant data was not available.

The estimate of the primary system surface contamination has been made using manual
estimates of vessel and vessel internals surface areas, coupled with the Battelle estimates of
specific surface contamination levels in the feedwater and mam steam systems [3].

For the shielding analysis, cylindrical source geometry was used as the input model to the Micro-
shield code. Multiple concentric cylindrical regions were used to model the vessel and internals.
The activation analysis results from ORIGEN2 were used as a source term for the vessel and
internals.
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3. PATHFINDER OPERATING HISTORY

The Pathfinder Atomic Power Plant operatin3 story has been extracted .from data provided byhi
Northern States Power. An available Pathander Six Month Operating Report indicated that-
Pathfinder had its initial criticality on March 24,1964. The plant s final shutdown occurred, due
to a condenser tube failure, on September 16,1967. The total core burnup was 16,635 mega- '

watt (thermal)-days [5).
,

The Pathfinder Atomic Power Plant Safeguards Report (6 ) megawatts thermal, at a core desi(gn
6 and subsequent correspondence 8]

indicates the core design 100% power level to be 199.
2average neutron flux of 3.5 E+ 13 neutrons /cm second.

Since most of the power operation occurred towards the end of the plant's life, for the purposes
of this analysis it was conservatively assumed that the plant operated at 100% power for 87.6
days, until September 16,1967.
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4. MATERIAL COMPOSITION

Three material compositions were used in this analysis - Type 304 stainless steel, carbon steel
rid Zircaloy-2. There are other materials used in the construction of the components in this
analysis. However, from the research performed, there does not appear to be any component of
sigmficant mass manufac.ured from a material other than the three analyzed here, which would
significantly affect the results of this study.

In some of the. material composition tables included below it may be noticed that some rather
conspicuous elements are missing. As an example, in 304 SS, carbon and oxygen are missing ;

from the table. The source of some of this data [9] did not include certain elements because
their activation would not contribute significantly to the long-lived isotopes of interest in a
decommissioning study. Annotations have been made in the footnotes to the tables regarding
the lack of certam isotopes, and their typical concentrations in the material have been provided.
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4.1.- Stainless Steel Type 304 [9] ;

With the exception of the boiler boxes, all reactor vessel internals and the reactor vessel I

cladding are assumed to be manufactured from Type 304 stainless steel. The composition
of this steel for use as input to the ORIGEN2 activation code is listed below. . >

Element ppm or % Element ppm or %

IJ 0.13 Y 5,

N 452 - Zr 10 ;

Na 9.7 Nb 89
Al 100 Mo 2.60 %

,

|
Cl 70 Ag 2
K 3 So 12.3-

. Ca 19 Cs 03 '

Sc. 0.03 Ba 500-

. Ti 600 La 0.2
V 456 Ce 371
Cr 18.4 % Sm 0.1
Mn 1.53 % Eu 0.02
Fe : 70.6% Tb 0.47
Co 1414 Dy 1-
Ni 10.0 % Ho 1

. [b'| Cu 3080 Yb 2
Zn 457 Lu 0.8
Ga 129 Hf 2
As 194 W 186

L Se 35 Pb 67-
'

t
.

Br 2 Th 1

Rb 10 U' 2 1

Sr 0.2
'

L Notes: No material certifications are available for the Pathfinder vessel internals; the
elemental composition of 304 stainless steel above was taken from
NUREG/CR 3474 [f]

Carbon is not included in this composition, but normally exists in Type 304 j
stainless steel at a maximum. level of approximately 800 ppm. The creation of
Cl4 from the N14(n,p)Cl4 reaction dominates the C12(nn)(nn)Cl4 reaction

,

by several orders of magnitude.
1

L- The reactor vessel cladding may contain up to 0.8% niobium (columbium) [10]

,

,

,

LV

.. . _ _ _ _ _ . -.--_ _ -_ . _ _ _ _ _ - - _ _ - - - - _ _
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4.2 Carbon Steel [9]

:

'Ihe reactor vessel shell is manufactured from carbon steel. The composition of this steel
for use as input to the ORIGEN2 activation code is listed below. t

Element'. ppm or % Element ppm or % :,

*Li 0.30 Y 20
N .84 Zr 10 '

Na 23 N4 18.8--

Al 33 Ms 0.56 %
C1 40 Ag 2
K 12 Sb. 11 '!
Ca 14 Cs 0.2
Sc 0.26 Ba 273
Ti 2 La 0.1 '

V 80 Ce' 1
*

Cr 0.17 % Sm 0.017
Mn 1.02 % Eu 0.031
Fe 98.0 % Tb 0.45
Co 122- Dy -

Ni 0.66 % Ho 0.8
,

Cu 1274 Yb 1 ,

O Zn 100 Lu 0.2 +

! Ga 80 Hf 0.21 :

As 532 Ta 0.13
Se 0.7 W 5.5 ;
Br 0.85 Pb 820 7

Rb 48 Th 0.18
Sr 0.15 ~ U 0.20

Notes: ' No material certifications are available for the Pathfinder vessel and internals; '
the elemental composition of carbon steel above was taken from NUREG/CR-
3474 [9].

Carbon is not included in this composition, but normaily exists in carbon steel at

a maximum level of approximately 3000 ppm. The creation of Cl4 from the
'

N14(n,p)Cl4 reaction dominates the C12(n,y)(n,y)C14 reaction by several'
; orders of magnitude.

,

e
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43. Zircaloy-2 (11]

The boiler boxes surrounding the boiler fuelin the reactor are manufactured from
Zircaloy-2.- The composition of this metal for use as input to the ORIGEN2 activation
code is listed below.- "

,

Element ppm or % Element - ppm or %

H 13 Fe 0.15 %
B . 033 Co 10
C 120- Ni 500-
N 80 Cu 20
0 950 Zr 98.0 %
Al 24 Nb 120
S 35- Cd 0.25
Ti 20 Sn 1.6%
V 20 Hf 78
Cr- 0.1% W 20 +

'

Mn 20 U .0.2,

,

Notes: The elemental composition of Zircaloy 2 above was taken from PNL-6046 [10),

L-
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5. DISCUSSION OF THE POINT ACTIVATION ANALYSIS CALCULATIONS

1
The point activation calculation of materials at the Pathfinder Atomic Power Plant was divided

- into two categories:

1. Materials located within the radius of the core boundary.

2. Materials located outside the radius of the core boundary.
4

For materials' located within the core boundary the ORIGEN2 BWR U cross section library
'

was chosen. This library contains one-group ene,rgy spectrum avera
which best represent the neutron energy spectrum within the core. ged neutron cross sections,For materials located out-,

'

side the core boundary,68 * F. was used.the ORIGEN2 thermal cross section library - which contains onlythermal cross sections at

A review of the information available on the thermal and fast neutron fluxes as a function of
radial distance from the core boundary at Pathfinder indicated a high degree of spectrum
thermalization beyond the core boundary, through and beyond the pressure vessel. Typically,

thickness of the Pathfinder vessel (. While the large LWR's and Pathfinder both see significantmore recent light water reactor LWR) designs have pressure vessels two to three times the
thermalization in the plenum region just beyond the core boundary, the thick pressure vessel of
the new, large LWR's significantly hardens the neutron flux energy spectrum. At Pathfinder
the neutron spectrum remains relatively well-thermalized beyond the outer wall of the pressure,

] vessel.

I- Generally, the region inside the core boundary of typical li
fast / thermal neutron flux ratio on the order of 8:1 Outside;;ht water reactors has an average'

the core boundary at Pathfinder, -

the fast / thermal neutron flux ratio was usually less than 1:5. Using in-core cross sections (the

underestimate the activation) of materials beyond the core boundary.ORIGEN2 BWR U library would not be representative of the neutron spectrum, and would

Use of the thermal cross section libraries
beyond the core boundary requires several f(the ORIGEN2 thermal library) for radial regionsactors to be taken into account:

,

1. The thermal cross section libraries contains cross section data for neutrons at room ,

temperature (2200 m/second, or 68 * F). The curie content results calculated by
ORIGEN2 must be temperature corrected for regional temperatures outside the core
boundary. '

2. Certain radionuclides in an activation analysis of reactor materials are products of
fast neutron reactions only. There is only one radionuclide produced which has a
significant impact on curie content and radiation levels - Mn54. Manganese 54 is the

product of the Fe54(n,p)Mn54 reaction, which a has significant cross section only
above 1 MeV.

Since all of the radionuclides of interest in an activation analysis of reactor materials (with the
-

exception of Mn54) have temperature corrected thermal cross sections which are greater than
or nearly equal to the epithermal cross sections, the use of the thermal cross section library in
conjunction with the total neutron flux will produce conservative results. In the case of Mn54

'
-

..__ _ __ _ ______
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the short half life of the radioisotope (312.5 days) and the long decay time since shutdown
(more than 20 years) imply that neglecting this isotope will not seriously impact the final
results.

.

5.1- Activation Within the Core Boundary

Using ORIGEN2 and the BWR U cross section library, point activation analyses were :
performed for Type 354 stainless steel and Zircaloy-2. A neutron flux of 3.50 E+13 i

2n/cm second was used as input. The results were decayed to June 1,1989 within the -
ORIGEN2 runs. Additional decay to January
ORIGEN2 with I.otus 1-2 3 during the mass determm,1,1990 was performed exterior to'

ation and total curie estimates.

5.2 Activation Radially Beyond the Core Boundary .

The ORIGEN2 thermal cross section library was used in the point activation analyses of'
materials radially beyond the core boundary. Neutron fluxes for locations beyond the
core boundary (at the core midplane) through the reactor vessel wall were taken from
Reference 6. The fast and thermal fluxes from the reference figure were totaled, and the
total used as input to ORIGEN2. The radial core midplane neutron fluxes are tabulated
below.

! Radial Total flux
2'f- Location (n/cm .see)

k Core boundary 3.50 E + 13
| Boiler baffle 1.16 E + 13

'

? Steam separators 1.07 E+ 12
Reactor vesselinner wall 3.30 E+ 10
Reactor vessel outer wall 2.50 E + 09

.

See Figure 5.1 for depiction of assumed axial flux profile..

For components located between the radial locations at which point activation analyses
were performed, a logarithmic avercge of the ORIGEN2 calculated specific curie content
results was used. Two such averages were computed and used. The first was at the loca-
tion of the boiler shroud at a radius of 100.33 cm. The second was at the radial midpoint
of the region from the core edge to the irmer wall of the reactor vessel, an average radius >

of 127.6 cm. Point activation analyses were performed for Type 304 stainless steel and
carbon steel. The results were decayed to June 1,1989 internal to the ORIGEN2 code;
additional decay to January 1,1990 was performed with Lotus 1-2-3 during the mass'

determination and total curie estimates.

5.3 Activation Axially Beyond the Core Boundary -

In the absence of axial flux maps for Pathfinder in regions above and below the core axial
boundaries, flux reduction scaling factors were employed. For each 30 centimeter seg-
ment above and below the core, tae total flux was conservatively reduced only by a factor

-

of 10. In addition, for the regions axially above and below the core, ?oint activation cal.

('
. culations were made with the thermal cross section libraries. For a3ove and below the

active core region, specific curie content results were multiplied by the axial flux reduc-
tion factors to obtain corrected results.

.- -__ -_ _ _ _-_ _ _ _ ____ -.
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See Figure 5.2 for depiction of assumed radial flux proSle.

5.4 Neutron Activation Model-

A model was develo xd for the radionuclide estimation of the Pathfmder vessel and inter-
nals; in general the features of the model matched the actual Pathfinder vessel and inter-
nals layout with the following exceptions:

' The' reactor vessel lower head curvature was ignored; a straight, vertical wall was-
.

. assumed to run the entire length of the model. 4

Material more than 90 centimeters above the core or below the core was not included i-

in the model.

Neutron fluxes were identified for specific regions of the vessel and internals, i.e. the-

reactor core, the core boundary, the steam separator region, the vessel inner wall, and
the vessel outer wall. Within each of these regions specific curie contents curies
gram) were calculated using ORIGEN2 for each material present in the r(egion. perNo
effort was made to identify peaks or depressions in the local neutron flux levels and to .
incorporate these local flux disturbances into the activation model.

For the purpose of this estimate, the concrete bioshield was not considered in the-

activation analysis.

Figure,s 53 and 5.4 detail the neutron activation model used for the PathEnder activation
analysis.'-

.
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FIGURE 5.1 ,
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FIGURE 5.3 i

PATHFINDER ATOMIC POWER PLANT i

NEUTRON ACTIVATION MODEL
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6. COMPONENT DIMENSIONS AND MATERIALS

The Pathfinder reactor was a unique concept in early nuclear design, incorporating nuclear
superheating of steam at the center of the reactor core. To achieve this superheating the
reactor core was more complicated than current LWR designs, necessitating some unusual
components, or components different from those in standard LWR designs. This section
describes each component within the vessel package at Pathfinder. Unless stated otherwise, all
components are Type 304 stainless steel.

It is important to remember that many of these components fall within two or more regions of
the neutron activation model, and as such no single curie per gram value can be allocated to
each component. Also, portions of the vesselinternals which lay outside the neutron activation
model were not considered in the model.

!6.1 Superheater fuel element insulating tubes

Each fuel element in the superheater region of the reactor core was contained within
an inner and outer insulating tube. The superheater fuel elements themselves were
tube shaped, with a central flow path for the superheated steam. The insulating tubes
surrounded the fuel element tube, providing additional flow paths for the steam to
travel from the top of the reactor vessel through the superheater region and exiting
from the vessel bottom. Water for neutron moderation surrounded tiie outside of the

t insulating tubes. The tubes run the entire length of the activation model. There are' 468 sets of inner and outer superheater fuel element insulating tubes in the Pathfinder

vesselinternals. Fifty d.two of the 468 fuel element / insulating tube sets also contained asuperheater control ro

6.2 Superheater baffle

The superheater baffle is a structural support for the superheater fuel elements as well
as a flow baffle se arating the water in the boilcr section of the reactor core from the:

| water surroundin the superheater fuel elements. It is 0.25 thick inch stainless steel
! and runs the entir length of the activation model.

6.3 Superheater support plate
|

! The superheater support plate lies at the bottom of the superheater fuel elements,
'

providing, support and alignment of the elements. It is stainless steel and curved such
that poruons of the curved plate would lie outside the activation model; however all
portions of the support plate were assumed to lie within the activation model.

6.4 Superheater control rods,

1

1 The superheater control rods are solid stainless steel of approximately 0.79 inches
diameter. Four clusters of 13 control tods are within the superheater fuel element
insulating tubes..

.

.
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6.5 Boiler fuel boxes
.

Each boiler fuel element was individually contained within a Zircaloy 2 shroud to pre-
vent cross Dow of water through the fuel assembly. The bottoms of the fuel boxes are
manufactured from Type 304 stainless steel. There are 48 boiler fuel boxes, together
containing 96 boiler ruel assemblies. There are 16 fuel boxes which contain 4 fuel
assemblies apiece, and 32 fuel boxes which contain a single fuel assembly.

P

6.6 Boiler shroud

The boiler shroud is aaproximately 0.25 inch thick and surrounds the boiler fuel ele- ;

ments, separating the boiler reactor core section from the steam separator region of
the vessel. It provides a flow baffle from the up0ow through the boiler core region,
and the down flow of the steam separator region. |

6.7 Boiler fuel element holddown structure

The boiler fuel element holddown structure provides alignment of the boiler fuel-
'

assemblies, maintaining inter assembly spacing for both fue . alignment and movement
of the boiler control rods. The bottom of the holddown structure is an aligmnent grid
to contain the fuel assemblies tops; the holddown structure also compresses the fuel
assemblies lower nozzle springs, thereby providing both vertical and lateral alignment.
The holddown structure also aouses and provides alignment for the boiler control rod' c

| ( guide tubes.
,

[ .. .

L 6.8 Boiler CR guide tubes and remaining structure
'

This is basically the balance of the holddown structure above the lower fuel alignment
Jrid; this section provides the rigidity necessary to compress the boiler fuel element
.ower nozzle springs and maintain the fuel alignment, both vertically and laterally.,

There are 16 boiler control rod guide tubes integral with the holddown structure.<
.

6.9 Boiler element pol. son shims

Each boiler element boiler fuel box has ladentations on each of it's four sides for the
addition of a poison shim for use during initial core startup for control of excess fuel
reactivity. It is estimated that 40 poison shims are present in the Pathfinder vessel at |
this time.

6.10 Boiler control blades

There are 16 cruciform shaped control blades for the boiler fuel. Each blade is
manufactured from borated steel; for the purpose of the activation analysis the boron
present in the steel was ignored. The control blades entered from the top of the
reactor Core.

The six-month operation summaries for Pathfinder indicate several different rod bank-

heights for the boiler control blades were used during the core physics testing. For the
activation analysis, a uniform rod bank height of 36 mehes
used. The 36 mehes within the core was irradiated at full (one half out of core) wasp,

core flux, each 30 cm seg-L x
ment above the core was irradiated at 10% of the lower layers value, i.e.10%,1%, and

'

.

0.1% of full core flux.

-- - . . -.
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6.11 Instrumentation tubing and sample holders !

Three 0.75 inch outside diameter stain!ess steel instrument tubes run from the bottom !
to the top of the reactor core;in addition there are 12 small and 3 large sample holders !

at the elevation of the core. Without further information these items were combined
into one item and assumed irradiated at the full core flux. j

6.12 Boiler grid plate ;

The boiler grid plate provides lateral alignment for the boiler fuel elements as well as .

providing support for the fuel elements. The grid plate consists of two separate plates
connected by sored out pipes which surround the fuel element lower nozzles. '

6.13 Steam separators and support shelves

The steam separators lie outside the core region at the same elevation as the core. |
There are 44 separators, groupedin sets of three; these are individually supported by
three steam separator support shelves attached to the reactor vessel wall. Suction at '

the bottom of the reactor vessel draws water through the steam separator lower nozzle,
which in turn draws water horizontally through the inlet nozzle in the side of the steam
separator. The swirling action of the water separates the entrained steam which exits
out the top of the separator. .

p
,

k Portions of the steam separator nozzles failed towards the end of operation of the:'

Pathfinder reactor; these pieces were collected for examination, then returned to the
vessel prior to final closure at the end oflife. :

6.14 Feedwater ring and supports
'

!
The feedwater ring is located at the bottom of the reactor vessel, beneath the steam
separator support shelves. It is a ring header, oval in cross-section, which is perforated
with holes to allow feedwater to be introduced into the lower plenum of the vessel.
There the water mixes with water drawn through the steam separators prior to removal
by the recirculation pumps and re injection into the boiler secuon of the reactor core.

6.15 Reactor vessel cladding
,

The one quarter inch thick vessel cladding is made of SA 240 Type 304L stainless steel.
As in the vessel shell, the cladding runs the entire vertical length of the activation '

model.

6.16 Reactor vessel base metal

The three inch thick outer wall of the reactor vessel is manufactured of SA212 Grade
B carbon steel; it runs the entire vertical length of the activation model. The lower
head of the vessel actually would lie within the model; but for simplicity the curvature.

of the lower head has been ignored, and the walls assumed to contmue as a cylindrical
-

shell to the bottom of the model,

i

1

I
*
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6.17 Gravel
i

i

The plant records indicate that approximately 66 cubic yards of pea gravel, weighing !
214,000 pounds, were placed in the vessel after unloading of the fuel took place; this i

was done at the recommendation of the Atomic Energy Commission. The estimated
void in the vessel after subtracting the volume occupied by the internals is approxi- !
mately 75.6 cubic yards. This indicates an average packing fraction of approximately '

87.3%. There will no doubt be local variations on this packing fraction. In addition,
the void of 75.6 cubic yards does not consider the volume of piping beneath the vessel,
and some of the gravel probably went through the core region and fellinto these pipes.

l
,
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7. ACT!YATION ANALYSIS RESULTS '

7.1 Specific curie contents |
i

The ORIGEN2 outputs provided the following curie per gram contents for the following !

regions and materials:

Region Material Cl/ gram
c -

Core fullflux) 304 SS 2.01E 4 {
Core fullOux) Zirc 2 1.74E-6 )

Core thermalDux) 304 SS 2.94E 5 j
. Boile Shroud 304 SS 2.48E-4,

i

Steam Separators 304 SS 5.66E 6 I

Vessel cladding 304 SS 1.09E 6
'

Vessel wall (average) SA212 CS 7.54E 8 -

The increase in the curie per gram value for the boiler shroud relative to the in-core*

values is the result of the conservative assumption that the neutron Our is totally
j thermalized at this point.

The specific curie content of any individual portion of any component, except the boilerO. core shroud, within the activation analysis model meets the current defimtion of LSAd waste, i.e. less than 0.3 millicuries per gram.. The boiler core shroud, due to the conserva- *

tive assumption of full thermalization of the Dux, exceeds 0.3 millicuries per gram for the
section of the shroud immediately adjacent to the reactor core. If the upper and lower i

,

sections of the shroud, which are irradiated at 10% of the aux level of the core region, are
weight averaged with the central portion, the average millicurie per gram decreases to
0.248, which then meets the definition of I.SA waste.

7.2 Curie contents by component

The results of the neutron activation analysis is presented in Table 7.1, and shows the
radionuclides by component.

| . The reactor vessel cladding may contain up to 0.8% niobium (10). At this level, the -

amount of Nb94 present in the vessel cladding will be approximately 190 y Ci. At a wel ht
of approximately 4,240 pounds of stainless steel cladding in the acuvation analysis moc;;.el,
this equals a concentration of 0.00078 y Ci Nb94 per cubic centimeter. The limit for Class
A waste is 0.02 pCi Nb94 per cubic centimeter; therefore the concentration in the vessel [
cladding in the activation analysis model region alone is only 3.9% of the limit and will

L not present a problem for disposal.
l

L -
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TABLE 7.1 |
,

ESTIMATED RADIONUCLIDE INVENTORY IN THE REACTOR VESSEL AND INTERNALS
u

AS OFJANUARY 1990 :

t

total iCampenent. N3 C14 Fell Ce60 Wilt kl63 kb94 fe99 Eu152 Eu154 Othere curies:.......-- -

.- -- -

.- - - - - - - - - - - - - - - - - - - - . - - - - - - - jtuperheater beffle 0.00 0.03 4.58 34.40 0.19 21.97 0.02*a a. 61.3 t*a a*
Sprheater fuel insul. tes 0.15 0.06 8.77 65.92 0.35 42.11 0.05** +" 117.4 r

a* - n.
Superheater support ptete "* *a "* ** *a *a ~* *a *a ** *a <0.01 {Supeiheater control rods 0.04 0.32a n. 0.21a ~+ ** ** a- " 0.6 ,

Doll >r fuel bones 0.01 0.03 0.44 7.19 0.04 4.35 *** a- +" a* 0.86 13.3 ibolter chroud 0.15 0.06 9.59 51.61 0.39 46.84 0.01 108.6 |
~~ *a *a a-

toller hold down structure 0.01 0.61 4.58 0.02 2.93a.
8.1 ia+ ** a. a* a+

toller CR tubes /rewein. struct. 0.49 3.69 0.02 2.36" ** '

0.01 6.6~~ "* "* ~
teller clement pelsen ehtas 0.03 0.01 1.48 14.14 0.08 9.03 0.01"- *a 25.2** a.
0:lt:r control blades 0.11 0.04 6.39 48.03 0.26 30.68 0.03~~ ~~ 85.5a -

Instrumentation / sample holders 0.48 3.58 0.02 2.29** *a *a *a +a a- 0.01 6.4totter grid plate 0.04 0.02 2.52 18.96 0.10 12.11 0.01~~ ** 33.8 |
" .a

seperators & supports 0.54 2.93 0.02 2.66~~ a. *a ~* *** a* 0.01 6.2
,

,

( JL cladding
ter ring 4 supports 0.15 0.83** a. 0.757 **

0.01 1.7a- "* a. a- '

| v_ 0.06 0.34." ". 0.31** a *a a ~* a. 0.7
Wessel 0.41 0.14a. ." 0.09aa +* *a *- a- *a 0.6 ;

...... ...... ....... ....... ...... ....... ....... ....... ...... -...... ...... ......
f:tal by isotope (curies) 0.59 0.25 37.36 256.66 1.49 178.68 <0.01 <0.01 0.13 <0.01 0.93 476.1

Percent af total by Isotope 0.125 0.05% 7.855 53.915 0.311 37.535 <0.015 <0.01% 0.03% <0.011 0.195
.

.

O 1

O
|
1

1
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8. PRIMARY SYSTEM SURFACE CONTAMINNTION |
8.1 Methodology j

An estimate wasftared to determine the total amount of radioactivity present in the
surface contamin " crud" ayer on the wetted anea of the reactor vessel interior and !

internals. A surface ar(ea fore vessel interior was calculated using dimensioned draw. '

in,gs. The surface area for the vesselinternals proved impossible to accuratel determine
with the.available drawings. An assumption was made as to the average thi ess of the

,

internals structural components; using this, and with the calculated and/or stated weight
.of each internals component, the total surface area can be estimated.

;

8.2 Surface areas .'

Calculations were performed to determine the wetted internal surface area of the reactor i

vessel and internals. The total estimated interior surface area of the reactor vessel is
apyroximately 660 square feet. Using the weights stated on the drawings provided by_ ;

NSP for all internal components, an effective surface area for the internals was calculated.
For an average thickness of one quarter inch, the 44,600 pounds of the internals equates
to approximately 8,660 square feet. The total of both areas, converted to square centi-
meters, yields an affected surface area of 8.67E+ 6 square centimeters. :

.

8.3 Source terms

In 1980, Battelle Pacific Northwest Laboratories took samples throughout the Pathfinder
Plant. There were three samples taken in the feedwater system; these were used as being

.

representative of the type of interior contamination within the reactor vessel i

data, when decayed to January 1,1990, yields the following surface contamination [3). PNLlevels:

RadionucWe pCl/cm2

Na22 < 0.0077
Fe5S 109
NiS9 15
Co60 5965
Ni63 4882

: Nb94 < 0.25
Ag108m < 0.09
Sb125 < 0.01
Sn126 < 0.06
Cs134 < 0.002

L Cs137 < 0.06
Eu152 <0.2
Eu154 < 0.45
Eu155 < 0.04
He166m < 9.55
Ra228 <0.3.

Pu238 < 0.00093
'

Pu239 < 0.0039 '

!

. -_. .. -. . - - . - __ . _ .
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8.4 Results

Using the total surface areas for the wetted portion of the reactor vessel and internals,
and the areal curie density of each radionuellde measured by Battelle, total curies for
each radionuclide was determined.

Radionuclide Total curies % ofTotal

Fe55 9.45E-4 1.0
N159 130E-4 0.14.

Co60- 5.17E 2 54.4
Ni63 4.23E 2 44.5

All radionuclides with h total activity ofless than 0.1 millicurie (i.e. <1.0E 4 curies) Path-have
been ignored. The total estimate of surface contamination radionuclides within the
finder reactor vesselis 95 millicuries.

O

.

i
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9. PATHFINDER VESSEL PACKAGE DOSE ESTIMATES I
i

9.1 Method of Calculation

Using the tots! curies per component estimated with the Lotus 12 3 spreadsheet and the ;

geometry of t'se internals, the dose rate was estimated for a point extemal to the vessel.
Given the multiple layers of sources represented by the concentric nature of the internals
arrangement in the Pathfinder vessel, many different runs were necessary, since each
source is also a shield for other sources in the internals. All dose rate models used ,

cylindrical sources with cylindrical shields.
,

In addition to the self shielding and shielding provided by the internals components and
vessel, the gravel added at shutdown serves as an effective shield. However, the density of
the gravel undoubtedly varies throughout the region of the neutron activation model.
With 66 cubic yards placed into a free void of 75.6 cubic yards, the average gravel packing .

factor is 87.3% of the theoretical maximum. The maximum density is esumated to be 120

weight of the 66 cubic y(ards. grams per cubic centimeter), based upon 214,000 poundsSince this is similar to the density and composition of con-
pounds per cubic foot 1.92

crete, the shielding parameters for concrete were used in the Microshield problems. ;

Two dose points were considered. The first was at I centimeter distance from the vessel
outer wall at the core midplane. This determines the nnximum contact dose rate and can

f.- be readily compared to the measured doses that NSP collected in May of 1989. The
second dose pomt is on the same plane as the first, the core midplane, but is two meters
from the edge of the shielded package. The packa te in this case includes the impact i

absorbing material and carbon steel shield which wil surround the vessel for shipment.
The impact absorbinIt material, together with any radiation shimding, will add approxi-
mately ten inches to tie radius of the vessel package. This second dos,e point corresponds
to the measuring point necessary to meet the U.S. Department of Transportation (US
DOT) regulations.

In addition to the direct dose estimate from the core height region of the vessel intemals
and vessel wall, the rei; ions above and below the core region are also neutron activated
and must be considerec in the dose rate. Calculations were performed which indicated,in
the most conservative case (no shielding), that the total dose rate at two meters from the
package side increased approximately 15% above the dose calculated for the core region.
Rather than calculating a dose rate for each shield thickness for the regions above and .

below the core, the dose rate from the Me midsection was increased by 15% to account
[

I for the contributions of the regions abow and below the core.

See Table 9.1 for measured dose rates on the side of the Pathfinder vessel as of May 1989.

9.2 Results of Analysis
_

'
The unshielded dose rate at the core mid? ane on contact with reactor vessel, assuming al
75% gravel packing factor, is estimated ay the activation analysis model to be approxi-.

mately 254 mR per hour.

O
'

.

L
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With the equivalent of two inches of steel shielding, and assuming a gravel packing factor ;

of 75%, the external radiation exposure rate at the core midplane 2 meters from the .

exterior of the impact absorbing shell will be 6.8 mR p(er hour. The dose rate at I centi-
i

meter from the exterior of the impact absorbing shell i.e. contact dose rate)OT require-!
at the core i

midplane will be 24.9 mR per hour. These dose estimates meet the US D
ments for external dose rates. ;

See Figure 9.1 for a depiction of vessel package radiation exposure rates versus the per- ;

centage of gravel in the interior void spaces at I centimeter from the vessel outer wall. *

Figure 9.2 shows a depiction of the vessel package radiation exposure rates versus the per- >

unshielded, gravel in the interior void spaces for three shield thicknesses, as well as
centage of ;

at a distance of 2 meters from the package. t

[
9.3 Discussion

Given the uncertainties present as to the actual configuration of the gravel within th
vesselinterior, the best that can be stated about the results shown in section 9.2 is that the i

mesured dose rates alongside the vessel exterior are reasonably close to those estimated r

with the assumption of 75% gravel packing factor (without external shielding). Since the
lowest core midplane dose rate is on the east side of the vessel package and is approxima-
tely 40% less than the dose rate estimate of 254 mR per hour, one approach rrught be to ;

use this as a bench mark and adjust all dose rates accordingly. This would compensate for -

the built in conservatism in the activation analysis model. For the purpose of the shield :

design. this was not done, the recommended shielding thickness is based solely upon the
ORIGEN2 activation analysis and Microshield dose model.s -

The shield thickness of two inches obviously runs the full length of the core region. The i

shield should also run five feet above and three feet below tfic core region as well. The
five feet above will encompass the 100 mR per hour peak on the west side of the vessel,
which occurs approximately 2 feet above the top of the core. With the five additional feet,

of shielding above the core, all dose rates measured on the side of the vessel above this'

L point meet US DOT limits. For the section below the core, the th:ev foot length is based
more upon mechanical considerations than dose limits, as the support feet for the vessel
can serve as attachment points for the lower portion of the radiation shield. Based upon
the dose readings in Table 9.1, a two foot length would be sufficient to meet US DOT
radiation limits; but the three foot length will be easier to implement. :.

L The hot spot shown on the northwest section of the vessel, as listed in Table 9.1 is prob-,

ably a region of gravel with a packing factor lower than average. If this is the case, the
grouting operation will almost certainly close this void region and lower the dose rates. r

i- Since the groutin ( will be performed prior to vessel lift, this will be determined prior to
| the loss o:: shielcmg around the vessel now presently provided by the bioshield. The
1 g, routing of the vessei will reduce the dose rate to that comparable for the remaining sec.
| tions of the reactor vessel package at the same elevation.

The decommissioning crew should be prepared for the possibility that the dose rates will
be greater than those estimated to be present with the recommended two inches of steel,

. shielding. If this occurs it is likely to be on a limited basis, most probably one or two
small areas. Additional steel shielding will then have to be used to further reduce theo'

| radiation levels to meet 10 mR/ hour at 2 meters from the package.

.

.
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9.4' Recommendations

The project should plan for the fabrication and use of a two inch thick steel shield sur. i

rounding the reactor vessel, starting at three feet below the bottom of the core, ard
ending five feet above the top of the core. The two inch thickness can include tiny addi. !
tional steel to be placed around these regions, such as the impact absorbing material.

,

The vessel interior should be grouted to reduce the possibility of volds or " windows,"
which would allow excessive radiation leakage.

f

If the opportunity occurs, additional characterization would be invaluable in reducing the
uncertainties with this hot spot region on the northwest side of the vessel. Detailed geom-
etry studies would help assess the extent of void assumed to be present. ,'
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TABLE 9.1 j

PATHFINDER MEASURED RADIATION LEVELS
AS OF MAY 1989

Elevation South West North East :

(MSL) . mR/hr mR/hr mR/hr mR/hr
'

1285 1.75 2 5 1.8

1286 3 8 5 2.2 e

1287 9 27 20 7

1288 33 80 225 30
1289 90 175 450 150

1290 45 75 140 80
1291 17 85 35 22.

1292 15 90 18 15

1293 9 95 10 10

1294 6 100 7 5

1295 3 75 3.8 3.2
'

1296 1.8 35 2.8 2
1297 1.5 8 2.2 1.5

1298 1.7 2.2 1.5 1.6
' -(d ,

1299 1.7 1.2 1.5 .9
1300 .5 .7 .8 .5 !

'

1301 3 .7 .5 .4
'

1302 3 1.5 .25 .25
3 3 1.81303 -

71304 - --

.21305 - --

The highest observed dose rate was 600 mR/ hour at elevation 1289.5 elevation, on the north-
L west side of the vessel,
i

.
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FIGURE 9.1 |

PATHFINDER VESSEL PACKAGE
GRAVEL PACKING % vs EXPOSURE RATE '

CONTACT DOSE
'

'!

I
L

i

Exposure Rate (R/hr) ;

3000
,

2750-- !

2500
;

2250- - -

2000- j
-~ ~

!1750- -

\ '

1500=
*

1250- - - - - - - - =

1000- -

\
*

750 i
3

500 - |

250- - ~
- -

a
0 i , , , , , , , ,

0% 10 % 20% 30% 40% 50% 60% 70% 80% 90% 100 %
G avel Packing Factor

.

.

Shield Gravel Packing Factor, %
Thickness 0 25 50 75 90 100

Dose rate (mR/hr) 2529 665.6 364.4 253.5 214.3 194.3.

Dose rate is measured at a point I centimeter from the vessel outer surface directly adjacent
with the reactor core midplane.
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FIGURE 9.2

PATHFINDER VESSEL PACKAGE
GRAVEL PACKING % vs EXPOSURE RATE

DOSE AT 2 METERS

Exposure (mR/hr)
1000 ,,.g-.--.-.-- . . - - . - - - - - - - -__.,;_.___=..-

g ,g. u;. _

5:_ _ .._.:-- _

.--
. --

% .

100 .=. :.:: = w x -- -. -- - -.===2 .= ..

;.- :
- _ 2-_

_

: . T _ _ ~.
--

.._ ,

. . . -. . . - - .- ,

10 - _ _ . _ . . . . . _ .- . _,___._ _ __ _ _ _,, _ .

N
3 ,-- M i_._ _ ;= - -

.

| : r --. : .. - .. : :
'- ~= m

.

1 . . . . . . . . .

0% 10 % 20% 30% 40% 50% 60% 70% 80% 90% 100%
Gravel Packing Factor

._.

- un.ni.ia.e -*- 1.5 in. .t..I .hl.ld

- +- in. i.. . ni.ie - e- 2.s in. .i..i .ni.ia

.

Shield Gravel Packing Factor, %
Thickness 0 25 50 7f 90 100 '

'.

_ Dose rate (mR/hr)L
|' '

0.0 inch 498.2 120.2 65.49 45.98 39.08 35.56

1.5 inch 128.1 29.04 15:73 11.03 9.377 8.54 |

2.0 inch 80.18 18.04 9.768 6.845 5.825 5.303

f 2.5 inch 49.97 11.16 6.041 4.234 3.603 3.282'

-

A Dose rate is measured ai a point 2 meters from the vessel package directly adjacent with the
'V reactor core midplane. Values include an additional 15% for the portions of the activated
i reactor core above and tielow the active fuel section. !
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ORIGEN2 INPUT AND OUTPUT DESCRIPTION
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APPENDIX A
!

ORIGEN2 INPUT AND OUTPUT DESCRIPTION ;

i

The calculation of neutron induced activity in the Pathfinder pressure vessel and internals was |
"

performed using a PC version of the point neutron activation and depletion code ORIGEN2. >

This version of the code was originally obtained from the Oak Ridge National Laboratory -

(ORNL) as ORIGEN2 PC Version 1.00, and recompiled under Microsoft's FORTRAN 4 31
optimizing compiler. After recompilation, the code was verified using the sample problem
given in the ORNL provided manual !

Some of the problem specific data required as input for ORIGEN2 include the following:

1. Material compositions.
2. Neutron Dux exposure histogram.

3. Total neutron flux (or specific power level) decay libraries and photon libraries.
.

4. One group neutron cross section libraries,

Material compositions for the materials analyzed in this activation analysis were taken from the
'

available literature. Material certifications for the Pathfinder reactor vessel and internals were .

unavailable and/or did not contain trace element data. !

Based upon plant data, the Pathfinder plant omerated for 16,635 mwd thermalx

crepancies were encountered in the review of plant data regarding the pla(nt's therm). Some dis-al output at
100% rated power. Early plant documents indicate a core design thermal output of 190 MWt,

,

and a core design flux of 5.0 E+13 neutrons
stated a thermal output of 199.6 MWt, and a/cm^2 tec. However, subsequent corres ondencedesign flux of 3.5 E+13 neutrons /cm -see over i

the life of the plant.

For input files used to analyze the activation of materials in the reactor core and at the reactor

core boundary, lux from the Pathfinder staff, the results generated by ORIGEN2 were scaled
a core average total flux of 5.0 E+13 was used. After verification of the actual

average core f
linearly down to correspond to the 3.5 E+13 level, for the core and core boundar
This scaling was performed in the 1.otus 12 3 spreadsheet, as given in Appendix B. y re

: ions.
All 3uxes

beyond the core boundary were used as given in the Pathfinder plant documents.
,

The total exposure (16,635 mwd) was used to provide the exposure time input necessary for
ORIGEN2. To calculate the total effective full power days, the core design thermal output
value of 190 MWt was used. This provided a conservative result of 87.6 effective full power

days. Additionally,hutdown.it was conservatively assumed that all of this exposure occurred immedi-ately prior to plant s
,

e

v

,

, , , , , - . . -- , - . - - - , , .- - - .
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The ORIGEN2 libraries were used as the source of neutron cross sections, photon information i

data. For all calculations of neutron activation inside the reactor core, the
and decab BWR U neutron crcss section library was employed. For calculations of neutronORIGEN
activation outside the reactor core, the ORIGEN2 thermal library was used. The decay library

used was the ORIGEN2 provided library. The H O bremsstrahlung photon library was used;2
however, the choice of photon libraries has no impact on the results of concern in this analysis. *

Figure A 1 contains a sample input file, and Figure A 2 a portion of the output file for the
activation of stainless steel at the core boundary. This problem required a material composi-
tion for stainless steel and the thermal neutron cross section library as input.

!

3

)

O

.
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FIGURE A-1
.|

ORIGEN2 SAMPLE INPUT
?!

;

i

*1
i

*1
e

CALCULAtl0N Of ACTIVATION AS DEPLET!ON IN THE PATNFl#ER ATONIC POWER
*

*

* PLANT INTERNALS, VE88EL, A m BIOLOGICAL SN! ELD.

THE PATNFlW ER ATONIC POWER PLANT NAD ITS INITIAL CRITICALITT ON
*

i* MARCN 24, 1 % 4 THE PLANT'S FINAL SNUTDOWN OCCURRED, DUE TO A COW 0fkSER '

TUDE FAILURE, ON BEPTEM8th 16, 1967. THE TOTAL CORE BURNUP AT INAT TIME*

*- WA8 1663$ MW . THE Coat DESIGN POWER 18 190 MWt. SlWCE Most 0F THE
POWER OPERATION OCCURRED AT THE FNO OF THE PLANT'S Lift, WE WILL i

*

*
CONSERVATIVELY Assume THE PLANT QPERATED AT 100% POWER FOR 87.553 DAfs,

* UNTIL SEPTEMBER 16, 1964
.

USE DEFAULT FRACTIONAL RE M RT VALUES, AS CIVEN BY FIRST THRit !*

* RECORDS OF TNis FILE.

* PROVIDE A TITLE FOR THE PhotLEM. -( . .

4 TIT PATNFINDER ACTIVAll0N ANALYSTS. Cutitt PER GRAM OF MAfttlAL. !
e

$TORAGC VECTOR DEF:WITIONS.
*

e

*1 o STAlWLt$$ STEEL.*

READ THERMAL CROS8 SECTION LISAART AND PUT DATA DN UNIT 9. $*

Lit 0 1 23 201 202 203 9 00 1 0
* :

*
READ N20.tREM$$fRANLUNC PNOTON LIBRART. PUT DATA DN UNif 10. >

e

PND 101 102 103 10
*e

* READ STAlWLE55 STEEL COMPOS! TION.
e

INP *1 1 4*0
e

e eeeeeeeeeeeeeeeeeeeee.eeeeeeeeeeeeeeeeeeeeeeeees
* S S
6 $ ACTIVAfl0N AND 0:ALTION CALCULATION. S
* 8 8
e emeeeeeeeeeeeeeeeeeeeeee...eeeeeeeeeeeeeeeeeeen

L

e

! N,

l

|-

1

.

.

, . . - . _ - - - . . , - . - r - - - , , - - - - - - - , - - - - - - - - - - --- - - - - - - - - '- - - - - ^
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FIGURE A-1- 1

;

ORIGEN2 SAMPLE INPUT -)
(CONTINUED) i

;

I

!

I*

* PREPARE FOR ACflVAftch. ;
e

SA8 THERNAL XBtc FLUM AT Coat touMDART 8TAINLtBS STEfL. f
* J
* MOVE MAffRI AL CtMP08tfl0N TO OUTPUT VICTOR 1. ;

!*

Mov *1 1 0 1.0
'

<
e

* Flux Ex89sUtt of MAttRIAL OF INitatst. ;
* t

. BuP
IRF 87.553 5.0Ct13 1 24 2 ;

BUP
',

*

e naamanamanneeeeeeeanteeeemaaaaaanmaaneeenne ,

* 8 8
* 6 DECAT OF THE IRRADIAftD MAftRIAL. 8 ,

g 5 6* '

.{ S&t&S$55846668888&S$$$46SSt&$$$$$$6&l%&t668*

* ;
,

i * PREPAtt FOR THE DECAY CALCULAfl0N. i
l e

DECA) THE ACTIV4TED MATERI AL OF INitRtlf CUT TO JUNE 1,1969* >

e .

Drc 7929.0 234 1 !

.

* PROVIDE NEADINGS FOR THE COLLMNS. .i
* t

HED 1 * STARTUP
^

*
HED 2 * $NUTDOWN
HED 3 *1*JUNa1989

e

PRINT TMt WUCLlDE AND Cutit TABLC$ ONLY, IN GRAMS, FOR THE MATEklAL*
* OF INTEREST.
e

'

OPTL 6*8 5 17*t
OPTA 24*8

'

OPTF 24*8
WT 3 1 00 *

-

END

,

.

9

- . .
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FIGURE A-1

ORIGEN2 SAMPLE INPUT
(CONTINUED)

.

* nattalAL CCsqPosittom.

4 030000 1.304 7 070000 4.528 4 110000 9.70E 6 130000 1.00E 4
4 170000 7.008 5 190000 3.00t 6 200000 1.90E 5 210000 3.00t 8
4 220000 6.00E 4 230000 4.5M 4 240000 1.84t 1 250000 1.53t 2

.

4 260000 7.068 1 270000 1.418 3 280000 1.0M *1 290000 3.00t 3'

4 300000 4.57t 4 310000 1.29t 4 330000 1.9't 4 340000 3.5M 5
4 350000 2.0M 6 370000 1.00E 5 360000 2.00E 7 . 390000 5.00t 6
4 400000 1.vM 5 410000 8.90t $ 420000 2.60t*2 470000 2.00E 6

04 510000 1.238 5 550000 3.00t 7 560000 5.00t 4 570000 2.00t 7
4 580000 3.718 4 620000 1.008 7 630000 2.00E 8 650000 4.70t 7
4 660000 1.0M * 6 670000 1.00t 6 700000 2.00E 6 710000 8.00E 7
4 720000 2.0M 6 740000 1.46t 4 820000 6.70t 5 900000 1.0M 6
4 920000 2.00E 6 0 0.0
0

.

-

,

' --
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.- . - . _ . - - - _ _ . . .. - _-
,

i.. e

Doe: ment N64*22 005
3

Page 36 of 61 :'

<

O i
1
.

FIGURE A-2 )
.

PARTIAL ORIGEN2 SAMPLE OUTPUT .

:
,

,t . . . , . . . .3

. ,.,00 te.4. .C,0 ,4 .e u.... CM eii ,te M.e e, e.ite m .
.C,0.. . .ee=,.

e

t.. 980e06 4. .. - e . 9000.eo. 88.. ti.e . .D el3 .e,.e.e3.uC ,

9 7 e&ELitt 14eLII 94DienttitlTY. CWill
inItent AMC a thw at C4st teLaeney e gt.Istill Stif t. .

,

Staatw set / teen t* bee.teet 7

'
se t 9.Dett ees f.ee84*e9 0.teet*M
n 3 4.eetteM 0.0e00 00 9.testete
to 3 4.teet ete 4.3 sH att 3.6434 =M

>

M e 4. teet *ee 3.0000 43 e poetem

nt 3 0. test ese 4. Dest *e9 6. east ete
nt e 6.Dettete 4.tseleet 9.Dett ete ,

e

nl 6 0.testeN 4.testese 0 teMeee
d' Lt 6 e.Dett*M 9.eesteet 0.eeMete

Le 7 6.teetete 4.0004 00 9.900t*e0
46 4 8.teetene 4.3314 07 e.testeet
64 4 6. Deet ees 5.33tI=07 6. testee 0 ;

61 4 0.testeet 0 0064,00 9.cosiego ,

i
68 se 4.teetose 0.GesG*et 0.00e4*4e
et t0 0.testeet 9.0000 ese 4.teeteM
S 44 4.teettee 6.testete 4.testete
$ ll 4.9804 00 6.testeet 4 teed eM
$ 03 0.testete 0.tMI+M t.eMe ete ,

C 63 0.0000 ee0 0.0004.e6 0.0000 *e0

/ C 83 0.0000ete 6 Stet *M 0.6800 0e
I C to 4. Melee 61.3fet.M l.37ed ete
\ C 15 0 0000eM l.7931* t t 9 0000 000

as t) 6.tette44 4.teeteM 6.00etete
s- es to 4.eDelete 0.0e00 0e 4.teete90

t
' es 9 8 4. Dest eet 9. test eet 4.0000 *t0
N le 9.0004 00 3.330t*M 4 0000*ee
0 16 0.teeless 9.testem 8.seMese
0 17 8.teetese 0,teet*ee 4.6861*ee

'
0 le 0. Dest ete 4.teHoos 4.teet*M
0 It 0.0004 00 0.000t*46 0.0004e00 3

e it 8.0004 40 9.testeet 6 emete 06 |

t to 4.epet eos 0 0000**4 6.teeteet
est 30 0.0000ess 9.0000ese 0,seet*ee

est 34 9.Deelect 6 Dett eet 0.tett*M
>

set 33 0.testeM 0.0804*e0 9.teeteet
Test 33 9.teH e00 0,0000e04 6 eastatt

sen 33 0.00eleet 0.0e04 00 6.seet*64
ten 33 9.tecteet 4.teetees 6,teeleM

sea to 0.0000000 0.414 teed 0.000t*ee
een lae 4.0000 e4 4.373t=e4 0. test eM
ten Il 9.0004*e6 9.tetteet 4.0000 00
e6 34 8.4esteet 9.tetteet 9. test eet
eG al 0.teetete 4.teet*ee 6.088t*e0
aC 36 v.Geetete 0.9000ete 0 eeetee4
aC 37 0.eesteet 4.0071*14 4.0000 00
a4 34 0.0884*e0 9.9834.M t.eastees
at 37 0 eastete 0.sestete 4.Detteet
A4 34 0 sew eet 6.934f eed 0. test eet
44 39 4.teet*ee 0.40steet 6.4480*M
AL 34 8.tettoes 0.testeet 4.tett ete
$4 to 0.Dettett t. gen ete 9 egetsee

$i 39 0.9000ete D.9004ese 4.eastses
&4 34 0.9000*ee 6. Dest ete e. ten *e0

.

,

| %

|
.

.

-

\
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FIGURE A-2

PARTIAL ORIGEN2 SAMPLE OUTPUT
(CONTINUED) '

,

,

!

?

4 ERM nself e 4 940t 64
,k

e PatetP teef t ACfiv4 Tits esenLYlf B. Chatt$ Pet Game ef 6Af ttlat.
affiv&f ete PeteLKf8 ;e

portte 0,testelete es. tea 6#e 0.tettetete anD. PLthe S.tetet3 se/ Cent.StC
'

0 t autt att fakt: taestattivity. CWita

1setest attC e PLW at Cett tekeenev * 514684t18 8788L.
8tss tyP aptnteese tebse stet

St 34 6.teWete 3.thle tt 4 teesees
$l 33 0. tem ete 0. ten *44 0.0000 00
P 30 0. 000t *t0 0.00et *00 0.080t *00
P 33 0.teelett 9.ffel*H 4.0004*40
t 33 4.etet eM t.neete te 8 test **e - r<

P 34 4.testete 0.0000 00 0.888t*t0
$ 13 0.000t *04 0.0000 *e0 0.tettete
5 33 0.0000 o0? 8.000t*00 0.gestew
$ 34 0.000E *t0 0.00e4 00 0.0000.e0
8 36 0 teeteet 3.9631*H 0.tettese
S 36 0.setteet 0.eentoce 0.testeet
6 37 0.000t*t0 8.47 Hall 0.tett ete

C4 al 0 0000 00 0.tetteet 4.0ee0.e0
i

C4 M 0.946teet 3.4944 00 3.4H0 M
r CL 3F 0.teetete 0.ecotete 0 0000 00

( C& H 0.0004 00 8.M6Eate 0.6004*e0
Cs he 0.teWeto 6.te6 tate 0. tem eet'

at M 0.tett eet 0.000l*ee e Dett eet
i as 37 4 Dettees f.6771*07 6 tettoet

at at 0. teH eM 0. 00e4 *00 0. 000t *40
at H 0.teeteet 4.4444*14 1.htteil
at 48 0. ten ete 0.0004*00 0. testees
se et 0.cootese 3.33stell 0.testete
at 47 0.0804 04 9.4300*30 4.htf all
& 39 0.000 tete 0.000t*t0 0 testeet
4 at 3.87 0tell t.73e8 94 8.7348 14
E 44 0.904 tete 0.testete 0.0000 eet
8 43 0,9064 *00 6. 0 394 *M 9.307t * 3 6

E 43 0. 000t ete 0.0000 *ee 0.tett ete
5 de 0.00stee8 0.00040e0 0.0000*e0

CA 40 0.eest eet 9.teet *00 6.eest ete
Ca el 0.0000 +0e 3.MFl e te 3. tut e te

,

C4 43 0.00st*ee 3. test eH 0.teet *te
C4 43 $. tem ete 0.4e00*e0 0.0004*00
CA e4 0.0004 *00 0.tett ete 0.004t ete
CA 46 0.000t e4e 3.SMiaM S.4634 36
La 44 0.000E *ee 0.0000 00 0.0000 44
CA et 8.neet*ee 9.edtleM 0.000t*00
CA e4 0.9Miete 0.Dettete e.teet*ee

,

''. CA et 0.0084e44 0.0Hl+47 8. teel *et .

SC 48 0.testeet 0. test *te 4.eesteet
| u es . 8.teet.M ,,ual.M e eeNeee

l SC ete 0.teetete 6.ttet M 0 testeet
SC 47 0.6e04 00 4.0318 04 8.seet*ee
SC 44 0. test ee0 0.000t *40 0.0884 *e0
et 44 0.eeetee4 4.tht=0? 8.000t*40
SC le 0.testeet 9.4884*e0 0.880tese
it e6 0.0000000 9.tett*00 0.teeteet
il 47 0. sett ete 0.0480 00 0.000t*40
It 40 0.000t *00 0.0000000 0.0000 00

| 14 49 0.testete 0.teNece 4.teMeesi

j ft le 0.teet*ee 0.tettete 4.000t*e0
!

*

'

'g
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PARYIAL ORIGEN2 SAMPLE OUTPUT .

(CONTINUED) !
l

;

I estout teert e o tact Il
n

e PettePledett aCilvatnee aseuvt68. Chettl Pit imas er entiet44. !
e ACilWaltes Peshtts :

Peet 86 6.testet*M me, timsaape e.900000*M 800, f 4We t.totet3 erCa*e3+64C
'

6 7 e&Et tet takt! Seeltactivett, (n4 08

treamet Mit e f ttei et Cast * **V e 51sta61st gitat.

Stat tW SP6MSGN t* 4We'ltet
it St S.testete 9.4960.M 0.testeet
V 49 0 Setteet 0.0000 *e0 0.0000*M
W S0 0. 949t e lt t 6464 * tt I .tett e tt
V 88 8.Dettete 4 testeet 4. testees 5

y $3 6.teetett 4.785193 6 Dettoet
V $3 0.000t *00 0.00st *H 0.0006 M
V 64 0.0000*e0 0.0000,00 0.teet*ee

Ce le 4.94e0 40 0.0000 00 0.testem
CG 61 6.te$d ete t.?6et ete 0.0000 00 ;

Ce $3 0.teet*M 0.testece 0.tetteet 6

Ce 68 0.teet ees 4.eest*es 0.testeet
Ce be 0.tetteet 6.testete 0.testeet
te ll 4.testeet 3.5134 03 6.testete
en 64 4.0004*e0 4.testeet 0.0000 00
em 66 0.00stote 0.000t*e0 9.eetteM
en 66 S tett eet 3.997t*M e.teet*M
ms 67 0.tect ees 0.teetote 0 teht*M

r a,e 6. 0.9 t *M t. Dew eN ..t eM

( $1 54 0.Dett *00 0. test eet 4.0000 00
#1 ll 4.000t*40 6.3300 *03 3. Met N

,

*
il le 0.000t*t0 8.0000*e0 4.teeless
48 SF t.esalett 6.peetect 0.tettete

et to 0. test eM 0.testeM 0.0e00 00 i

il 64 4.0000*6e 3.leM*03 0.teet*M
CO 6en 0.Deetsee e.9000*M e. Dest eM '

CO $4 0.0000 ese 0.eget *M S. Seed set

C0 St 4 teetote 0.0000e40 6 eset eet -
CO 64 6.9800 00 3.3190 '83 1.314t *43
CO 6es 0.000t oes 4.4Mt *04 0.0000 *06 ,
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At133 0.0004.e0 0.00et +44 8. gen eet . |
All33 e.eest +0e S.839telt b testete
At I33a e sectowe 3.3Meelt e.eestece
At lH e.eestete e.eettete e.testeet
14138 4.sectose 9.793t*19 4.tettoes

! Att3ea e.0088*e0 e.835t*30 0.0004 00
| uiM - e. emt eM . . .ee . ..e.*e.

Et t 37 e. sea 1*ee 4.6430 33 e.eestese
[% C3131 - 0.0044 *e6 4.3790 4$ e.teWees

'( - Cain e. test *M e..Mt *M e. en *M - t

p\ Cain 0.eMeeM 0.Ma *ee e. sea *ee -
C304- e.eeee eet 4.946deM 3.6734*M

L atua ..eett *M 4.u it em . 0004 40
i Cal 34 8. seed *M 9.630teld 9.43et.te

- C$lle 8.teNete 3.98H.99 e.0000 00
-.. C5 617 0.eest*ee S.Matal6 3.e'9te te.

C$lM e.0000*ee 3.7 sed *Is e.eest*M
GAlle 0.04essee e.000f +44 8.teetees
64130 0.0884*e0 d.3960 *ts G.4eNeet .
6413 ta . e, coot ese 4. lest*M 6.eestese

' 64133 0.0000*e6 e.teet*ee e.seeleet
' . Salla 0.0e44 40 4.1894 47 t.0314 47

e4 633a - e.0Me eet *.teet M e.eest ees
4A l34 4.00ettee 0.teWeGe e.ecet*ee

, 6Al3$ 0.eestem e.eeeteet e.eeH+0e
$46368 0.0004 4e 0.1338 05 0.0000 e0
6A434 e.eeet *ee e.eestete 0.0e00 06

.. Sal 3ea e.oestees 3.f t30.M e.semees
4At37 0.0000 0e 0.0000oes e.testeet
4A t 37a 8.0e00*e0 3.344teet 3.6Mee ts *

SA 834 e.seet*ee e.0000*ee e,teet eee

6A139 0.testete 7.4384-44 0.eesteet
4Al44 e.eeed ete I.Seit*H 4.eest*40
e4 44 4 0.testeet 3.eletet t 0.eeMees
4Al37 0.000t *e0 4.133talt 4.3eHall
LA134 3.393f = to 3.179t * te 3.1794 54
L&139 e.Seet*ee 6.Geet*ee e.eest*ee
Lal40 e.Peetoes 1.3634*e5 8.edet*4e
LAlet 0.000t ete 3.6764 * se 0.eeeeees
Ca lM e.Seet*M 0.eeed oM e.eeeteee
Cll37 . 0.00etese 3.959t aM e.000t*e0
Cl137a e teeteet 3.4778 M e testeet
C19 34 e.0804*e0 e.4000ees e.eest*04
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(CONTINUED) i

t
P

L

e IMTPUT L8411 s 4 ' PAC 4 it
i

e Pape tacts sCtivsflee apaattill. calls Pet 240 0F e4118644,
e ACTlWAT10N PectmCTS

Pent t e 0.000004*e0 age, elaspe 0.sesseteM asp. fLlais l.tef el) se/Ca**3 llc
$ 7 esEL IDt fatt t } tapstaCTivlTV. - CWill

. TMlemat ASIC * (LLsl at Cent teWeast * STalatill STitL.
$ Tattle set /fesess la pise* teet

Cl l39 0.0004*e0 3.6414.M 9 M7t* 34
Ci n 3tn 0.sett oes 4.1630 08 0.testem
Ct140 0 000f e40 0.0884 *00 0.000t ees
Ct ld t 0.000t e0J 9.6500*64 0.eesteM
Cf $43 4.9944* t) 9.99etel3 9.9tef el) -

t

Cf 143 4.eettete 3.3470 64 4.0000 00
til44 4.0000 ete 3, t90t *M 4.143t a le
CI tel 9. Settee 0 3.479t * t3 0 emeteM
Pe ta t 9. tee (eM 0,0000,00 4.testeM

Pe l43 0.teMeM 3.87M *M $ testeet
Pe ndan S.teeseet 4.7344*e7 4 test see 6

Pe l43 0.teetete 3.1758*64 0.testete .

' Pelee 0.0000eet 1.4368.M 4.477t a te
i, Pt ial 4. tete *ee 3.4790 53 0.Oest*H
I bel 43 0.0064 00 0.0000 00 0.00stees
L poi.3 0.Mu e64 0.Mu eM 0.M *M
'- 80444 0.4400000 f.4334*23 f.4314 33

L. A) .
e.14 5 . . 000 e . . . set *M a.0.= *M

|
; , Delee 0, De64 *e4 4.006t eet 4.0000 ete

1 \/. 00147 0.e0o6 40 t.1444.t3 0.ceetete
met 44 4.teet*H 0.testeet 4.00e4*44
80149 8.sett eet 0.0000ete 0.teste40
Bello 0.0044ee0 0.000f*H 0.000t*e0
pollt 0.testeet 4.seM*ee e.eest ees
relal e.000t*40 4. l33tel3 4.4531 08
Pe te? 9 teet**e 1.87Well 3.3440 elf
Pel44 0.924f e4e 3.2144 t4 4. test *M
Pelsee 9.0004 40 4.3 tete te e teeteet
Pe t 49 0.0004 ees 3.4 870 * Il 4.0044 *e0
Pelle e.0008 00 7.3444* 17 0.0004*00
Pellt 4.004t *e0 0.eest *M 0.000f *e0
Pell) 0.0468*e0 e. test ete 4.cestees
5s t44 4.0864 *e0 0.0e84*e0 4.eestete
Sal 48 0.eest eet t.4410 a49 9.440t * t4
beide 0.Seet ete 4.399t a tt 8.3954 * tt
astof 3.3914 14 3.3744 04 3.374 del 4
nel44 J.3548 31 3.44 88 36 3.44tte31

l 1ml44 3.347t*2n 9.4336 31 1.8JJtell:

I . lle e. 804 40 e.eest *H 4.08.*00
Snill e.ecotees 3.70ed *49 3.lMI=M

|

|_ . Sall3 9. cost ete 0.eett et.e 0.0004 *4e
asil) e,tectose 3.9336*06 0. testees

tell4 0.000 tete 0.teetete 0.0000e4e
|' SmISS 0.testeet 4.?t34 *e7 4. testees

(Will 4.teH eet e.0040 e00 4.teNete

| '.
(Vil) 0.000f oot $.4818 071.e440 47

| tWilJa 0.testete S.33tE*e4 0.0000ee6
tulla 6. testees 0.eestese 0.settete
EUtl4 4.teet ose 3.4744 *e7 4.30ef *H
tutil 4. sect e40 1.307t*07 4.1934 M
1U464 0.eGeteM 4.0344*M 4.teeteet
Gill 4. Met *M 3. M44 * N l. Il34 *20 ^
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PARTIAL ORIGEN2 SAMPLE ~ OUTPUT
(CONTINUED) ;
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. .mr w, . 4 - Pact u . [
+ PaDtPlaste ACTiwaldes 48entysl8. OAlts Pte Gas er eaftssat.

* ACTivattels PeopJCTS
Poetse 4.eesset*ee es, enmesse e.teseetees am0. FLthe p.eetet) tvCe*e3+34C

e 7 aaJCLIDt laatts e40thCfivlfv. Che t BS
. Teatemat aatC e f LLas af Coal estseaev * $144s4888 SittL. s

5 f ae fLP SetAtunne toJLao test
CDtta e teetees 3.03H.M 3.7764 96 j
Gt$4 - e,eestetc e. east *ee e test *40

CD e tte e.600tece 3.lMeel3 e.eestete
GISS e.000E*00 e.teet*ee e.eest see
CD1M e.seetese e.0000+48 e.Geetete
G147 e.eettese e.settete 0.000t+4e
CD454 e.testeet 4.0e00 00 8.tetteet
CDile e . test eM 4.7644 96 4.easteet
(poet 0.0e00,00 4.eastete e. sect ees

CD 66 0 4.eesteet 7.te64*ll e.sestees
CDt43 e.0e01 00 3.883dete o.aestees
Teil? . e.tectete t.01st e te e.374 tall

e

felle e.eestete e.ecetete 0.000t*40
19644 ' O.teofeet 3.6671.e4 6.eesteM
Te tti - e.0000 0e 7.839 tam s.4884+48
Telet e.eesteee 1.6444a te 4 tectete
Dv t M e.eetteet e.eesteeg 6.eest*ee

f% 0v187 0.000t*40 0.144 teed 4.6860 00>

\
'[ - DVIS4 e.0044,44 0.0000*40 8.se64*ee

'

Dv tle . 4.eest eet 7.963t =M 3.0144 *34
.. - 0.00000 e.eestee. 8.0 04ese
Dv t4 6 e.eestete e ceotees e.eestece
Ovt43 e.eeMeet e.eettoet e.tectete

' Ot tel 0.eest ece e.teet*4e e,teet*ee

- Ovt64 e.0004+4e 0.teMt46 e.0004 00
Dve64 e.tectece 0.5470 43 4.000t*e0

-"}: Ovetin . 4.000454w e.7764*e4 8.eestete.'
- 0v144 e.000f *e0 3.64 tI*M e.e000 +4e

te16 4 0 teetete e.8801+04 e.eest*40
estal . 0.0e64*e0 e. seat ete e.eestees

feGI64- e.eeetete 3.641t+64 e settoes
seista 0.0044*e0 3.4tFt.M 3.6444 M .

' 4e 16? . 0.eest*4e 4.0000 e0 0.0004 e4
.

*

t o 163 . 0.00et*ee e.ecotees e. testees *

,.g teits e.eeeeees 4.000seet e.eetteet
'l la tel e.Seet *4e 8 4 344t a ll e.eest *ee

80864 4.eestees 4.0044*a0 e.eeet*ee
it167 0.000t*0e 0.000t+4e 0.eestees

I; 48147a 0.000 tete I.ellteH 4.000t *ee
L 4.iu - e.teMete ..e000 ete 0.00. tete

(8669 e.eestete 0.494to to 8.eeeteet .

Let7e e.teetese e.8eeeeee S.eeMees
t817 4 0. test eM S.4784 a t t 0.eest ees
88173 - 8.eest co 3.383 tale 0.teetese

- 1stH e. seat ete 4.6400,00 e.Seet *ee

Telfe e.eeed ece S.MM ee? 3.**40 * 34
1a174e 0.000t*e0 4.44tt+M e.eesteet

. Tal? t 4.0004*40 3.0964 14 4.3444 84 .
latit e.0e00 00 3.3694 14 4.ee00 00
talf) 6.eettete 8.eettate e.eeeeeee e
ve tH e.eestete e eettete 0.0004*e4

e
velet - 8.0000 *e4 1.74 Fleet 4.000t *4e
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(CONTINUED) >

t e,w .., e 4 . 3.
!

e P4TMfitelte ACTIVATIDs AfmLYSIS. GaltM Pte ceas GF a4Tletat.
* . ACTlWAT19d PeeDUCTS

{Penit e 0.000068*t0 en. We 0.teMet*te see, fLLAs 5.000+13 serCa**3.StC

0- 7 sea 1104 facLE' 440le4CTIVITY. Cha t t S
isolemal AMC e FLLA AT Cast eG.Denay * STAl*&lSS Sitta.

51Ae 7LP Spe#eesN l*JWelM9 ~
, Vet 7e 0.tectete 8.testete 8.teet*M -

vt t7l - 0.0000*40 $ eett*M 0.Settete
velf t 0.984t*e0 6. teed *M 4.0000*0e
79173 4 Seedete 0.settete 0.00e4*e0

..

v6174 0. Net ete 0.000t*44 0 DetteM
velf t 0.00et*60 1.4eetoed 0.0Miste
ve t7tm 0.900f ees 1.334ta44 0.90et*00
v$ nf o 4.eettete 4. Met *0e 0.tcMeet

' f'
60177 0.00et ece 3.6434 aN e.f ott eM
LW178 0 000 teed 4.8eet*e0 0.0eH*e4 .

LulF4 1.-4 871 1% 7.370ta l6 7.3784 16
We7M 4.044t *48 6.0034 *49 4.aett ese
Wl77 6.000t *40 4.17 tt =64 4.4328*33
WI??e 0.00e4*e6 1.6644 07 6.1434 33
IW IF 4 6. tem *ee 0.440t*M $ 640teet

'

He l? S 9 44M*C0 3.0364+M e.eeQtete
6er ite 0.teet*Ge 0.000t *M 9.04ed ete

/
p'

- HF lff 8 b404*40 e.costose e.eest*40 $

v' MF 174 ' 0.0004 e00 e eest*ee e.seet.ee 5

<.,1, 4 .<,,t eet . . .,44..e 0 08.*40

tef t?9 0.8940 *00 0.000t *00 8. test ete *

| HP l?M ' 0,00e4460 l.144%=44 4.000t*ee
!f MPloe 0.DeM*00 0.00e4 *40 0.0004 *e0

Hftoen 0. 0000 *4e 4.4e48 67 0. ten *ee
tW iel 0.00e4*00 3.0648 45 0.0004 44

9
MPI43 ' 0.000d*00 3.644tell 3.644f ell
false 0.teete00 0.00etete 0.4eetece
Talon 0.0004*e0 0.eestete G.eest ese
14143 0.000t *40 4.43et em 3.6444 14
talent ' O .008t ete 7.64 51 * 01 0.eest *M
Tatea 4.0004*e0 4.4404 64 0.eett oes
el40 4.00N ees 4.000t*e0 4.eett *M

|. etti 0.0eeteet 4.4784 =M 3.4488*14
el43 0.000t*e0 0.eesteet 0.04etete i
e l43a 0.000tece S.M7 teed 0.teeteet
9543 0.0004 *e0 0.eestete 4.08e4 00
ele 4 6.eettete 0.0004 *40 9.4004*e0 -
egal 4.0064*44 3.8344 44 0.000f ees

i sista 0. tee 4*e8 8,0161.e7 6.eestete

s tee G.0est*M 0.seatees 8.teet*ee
ste? 0.0cet e40 4.7744 03 0,teet*M

este 4.000t *ee 3. Stat *M 4.0004 *e0
9144 0.000t*40 6.0Mio24 4.000t*40

88145 0.000t ete 0.0884 *e0 0.0446*40
et IM 0.000t+40 S.4471.M 0.000 tete

.- tit 47 0 eeed ete 3.444tel4 3.4444* t4 '

et 144 8. Dest eet 3.4 490 44 0.00et*40
St 644a e eett oet 3.3441 e4 4.0884*e4
a f 144 0.sectose 3.13 Mace e. testees
01844 0. 8844 *e0 0.0000 *e0 8.eest *ee
00146 4.4eed oes 0.0000 *e8 0.000t*40
08IM - 9.Geof eet e seet*ee 0.Geetsee
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PARTIAL ORIGEN2 SAMPLE OUTPUT :
(CONTINUED) <

)

4

5

1- GUTPUT Lest? * O PAC 4 38

* P4tMr esett ACTittaflev ase4LYlil. Chalf 8 Pit Cane Of mattet44.
* ACTIV4TiaN Pee 0UC15

Partee 0.000000*e0 es. SiJuape e.Deseetete sed. PLLAe S.setet) se/Cas*3=54C
8 7 asK.LIN TaeLil 4AD194Clivtiv. Cne tts

TMieeAL AStC e PLl* AT Cast emm*Y a' StateatS$ $fttt.
Staa TLF Set #Dene b Me*=lM9

06147 4 testece 0.0e00.e0 0. testees
06144 0 0Miete e.teetees 0.0004*e0
0$ 149 0.0064*00 e.testete 8. testate

,0619e 0.0884*e0 0.0000ete 9.teetete
03090s 0.0004eet 6.M3t*60 0.0e06 00
05891 c.teresee 3.3470 eta 4.eestete

- De t9 ta e.Deetees 4.9444*ta 0.4884 00
L 0.,93 0..eet ee6 . 8004*M ..Gestee6
| 0$193 4,teetese 0.9390 36 0.eetteM 'b
I - 08464 0.0004 *e6 0.0004 e00 0.000t *M

68199 0.0000 000 0.000t*40 4 eestete
19193 8.Settete 3.964t ell 4.779t*33
48193e 4.0000 e0 4.7734 33 s.7731 33

y
18993 4.eestete $.Setteet e.eestese '

t e t te 4.eestece 6.4734 14 e.eest eM
lattee 0, testees 3.M64*lt 4.testete

Pfl90 4.testete 0.000t*00 0.0884*40
f3 Pf 896 e.eMeoM e. ten.ee e.eeNoM
.i PYt93 9.9eetees 4.geeteet 4.teettee

( .. sPftt) 8.eestete 4.34tte33 4.44t4 33.

Pit 9M 0. ten ete 3.3tStel9 8.teefece
Pfl%4 0.eest *ee 0.seNe48 0.0884*e6
P?I99 4. test ete 0.400t ete e.Seet *M
Pf t99e 4.000 tees 3.4764 33 4 0044*00
P fl94 0.Geet *ee 4.eest*ee 6.Geetete
Pfit? 4.eestese 0.tectose 0.eestete

- Pf i4Fe 0.004t eed 0.000t *e4 0,0004 *e4

Pfl%4 0.0044*ee 6.teNees 6.0000000
Pf l44 8.eest*M 0.00e4*e0 0.0884*40

i, Pi t9te ' 6.ceNees $.0006 40 4.testete
- AUI97 0.StN 64e 4.eeNeee 4.0004*e0

Aulte 4.Seet*M 0.testece e.HMeet
AUl99 0.StJteM 0.teNees 4.08e4 *00
AU394 4.teMeee 9.eeetee6 9.eeetees
teilte 0.eeeteee 0.000t*40 4.6eetete

- Mitt S.eestete 0.00etete 0.000f *64
te3t978 0.000d *e4 6.Geet *e4 4. test eet
Mt44 4. 0004 48 0.0000 *e4 4.004t *C4
2 499 4.eettoea 4.eeetete 4.eetteee
te1199p 9.0004*40 0.0004*e0 0.0000*e4
Etee 0. settee 6 0 eecte86 0.0e00,00

teC30 t 9.eett ete S.Seet ees e.eettete
- pe3303 4.teMete 0.0044*e4 4.eesteet -
E343 4.eeeeee$ 4.Seelete 4.teNece
MG384 0 setteee e.seet*es e,eget*M

'

MQel 4.4800*40 0.0000+44 0.testete
IL303 0.0eed*e6 4.te64*e4 S.seet*ee
TL344 0.0004 *40 4.teestes 4.eeNeet
TL3e9 4.teet*M e.eestece e.eest *M
1L304 4.teMeet 3.649tett 9.etNe25
Pelee 0.1640 30 1.1944 30 3 9644 30
PG M$ e.0000+4e 8.3494 84 1.344t e l4

.

,

.

-
,,

# - , - -.# ~ . . _ - . - _ - . _ _ _ _ _ _ . _ . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _



. - .- - _ _. . ,

s. .e
. , . .p

Document N04 22-005 :
,

Page 49 of 61.-

2

-t )
-k j *

FIGURE A-2

PARTIAL ORIGEN2 SAMPLE OUTPUT
(CONTINUED)
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l et#PLR LMT * 4 PAGt to g

e P&fMPlaete ACTlWiled apenLYSta. Chatti Pte CAda of AATitlAL.
e ACTlWAfled PeERKTS

Postte 6.00eest eet SN, enae4#e 0.sesset*ee aWD. PLLR* $,estela lefCa*eg.gtC
6 ; seKList TAhlt 64000ACTIVt fY. Oa ttl

THeea4L stalC * PLWE AT C000 sekseAev * SfAINLtS$ 3718L,
$1Ae1W 5penseeN toJWe= leet *

Pe304 0.Goetsee 0,egetsee e.0004+0e
PeacP 8.Metees 0.0004 *00 6.eest eet
Pe3M e.0000*e0 e.eest*ee 0.eetteet
P6300 0.000f *40 e.7 840 *06 0.0004 *e0
elles 0.0000 *e0 0.000t *e0 0.006t *00 t

ellet 4.000t*e0 e.seetete 4.aestete I

eilt$ e.teeteet 4.437t*I3 0.iitet*ee
allies . 0.0004*e0 e.olet *10 e.itet*31

i

01311 e.0004 *00 e.1438*I0 4.teeteso
P03 se ' O .0044 *ee 4.434t * t4 3.440t * 23
P0318 0.000t *00 3. 9 444 * l4 0.0e0t *e0
P03t ea - e.Seet*eo 3.434t*3e e.eestsee
10144 l.3 Site t) S.S$l4*90 3.eletee3
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APPENDIX B

U PATHFINDER CURIE ESTIMATE SPREADSHEET

Using the curie per gram source terms for 1 June 1989 calculated for the various materials as
typically shown m Appendix A, a Lotus 1-2 3 spreadsheet was constructed to perform the dis-
parate tasks necessary to determine the total curie contents of the vessel package and indi- >

vidual components as of 1 January 1990. These tasks are:

Further decay of the curie / gram source terms to 1 January 1990 (the spreadsheet- -

shown has already decayed these values from 1 June 1989 to 1 January 1990; there-
fore the decay factor for all radionuclides is shown as 1.00
Calculation of logarithmic averages for various regions and constructing a set of-

radionuc!! des appropriate for this average
Determination of individual weights of materials in each region of the neutron activa--

L tion model
'

Calculation of curie contents by isotope in each component in each region of the-

activation model-
Summation of curie contents by isotope of each component-

Summation of curie contents by isotope for entire vessel package-

Summation of curie contents for entire package and determination of relative contri--

bution by isotope
.,

The regions referred to in the spreadsheet are th.ne shown in the neutron activation model as
described in Section 5 and depicted in Figures 5.1 and 5.4. Region numbering begins with thex

central cylinder, uppermost lay (er. Region numbers increase with decreasing e:evauon until thebottom of the central cylinder region 7), then begins again with region 8 at the top of the first
concentric ring around the core. .

.
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APPENDIX C
'

MICROSHIELD INPUT AND OUTPUT DESCRIPTION

MICROSHIELD Version 3.12 was used by TLG Engineering to perform the calculations
required to estimate the shielding thickness for packaging the Pathfinder reactor vessel and
internals. The computer code was verified and validated in house using benchmark problems
from ANSI 6.6.1 " Calculation and Measurement of Direct and Scattered Gnmmn Radiation
from LWR Nuclear Power Plants". - -

An extensive number of calculations we.re made to determine the exposure rate two meters

from the surface of the ship) ping package. For the purposes of this analysis, the vessel and itsinternals (the source region were divided into four concentric regions and three axial regions
as follows:.

A. Concentric Regions
1. Core region.
2. Steam separator region.
3. Vessel clad region. .

4. Vessel wall region.

E B. Axial Regions
i. ~ 1. Core height.

2. One foot segment above the core.
3. One foot segment below the core.

Exposure rate contributions were calculated for each of the twelve regions for various package

shielding thicknesses and packing densities of gravel (concrete) he core centerline, one centi-in the vessel. Additionally, acalculation was made for various packing densities of gravel at t
meter from the reactor vessel outer wall. This calculation was made in order to benchmark the
shielding calculations to exposure rate measuretnents made at Pathfinder by the plant staff.;

Figure C-1 is a MICROSHIELD calculation (input and output) for the exposure rate at two
meters from the psckage surface due to the core region internals, for the he2'ght of the core,
with twenty-five void percent gravel and a two inch thick carbon steel shield. The source term

|- for the region, as for all regions, was taken from the curie spreadsheet as shown in Appendix B.
-

:
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FIGURE C-1 - i

MICR0 SHIELD SAMPLE-PROBLEM-

r
.

!
i

Microshield 3.12 i
"

, ,

(TLC Engineering - g141)
,

Page : 1 File Reft -

File : RR5ND101.MSN Date: _ /,,,f,,,
Rm dete October 3, 1909 By:
kun time: 9:07 a.m. Checked:

CAf4: Core Region * Core Height * 25 v/0 concrete 2.0 in, shld. '
,

1
CEDMEttY 7: Cylinder source from side * cylindrical shielde

D i s tance to dat ec t or. . . . . . . . . . . . . . . . . . . . . . X 403.2 ca.
Source length.............................. L 182.880 *

;
Dose po i nt hei ght f rom base . . . . . . . . . . . . . . . . Y 91.440 "

Source cyl i nder redl un. . . . . . . . . . . . . . . . . . . . . T 1 87.630 "

. Thickness of secoid shield................. T2 79.375 "

Thickness of third shield.................. T3 0.640 "

Thickness af fourth shield................ 74 7.620 " "

Thickness of fifth shield.................. T5 5.080 " +

, Microshield inserted air gap............... air 222.855 "

|1
h;

source volum 4.41186e+6 c ele centimeters

MATERIAL DENGITIES (s/cc):
1.

L Material Source Shletd 2 Shield 3 Shield 4 Shield 5 Air sap
(. ........ ........ ........ ........ ........ ........ ........

|. Alr. .001220
Aluminus
Cerbon
concrete 1.5390 1.7280 4

'
Nydrogen
Iron .32620. .15560 7.90 7.890 7.90,

,

Lead
. Lithium <

Nickel
Tin
Tltanlun
Tungsten
Urants
Uranius
Water
Zlrconlun. .5620

'

.

r

.. .

_ . . _ . . .- 3
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FIGURE C-1
< MICR0 SHIELD SAMPLE PROBLEM

(continued) ~

.

Page 2
. - Files RXSN101.MSN '

CASE Core Reglen + Core Neight * 25 v/0 concrete . 2.0 in, shld

I

bulLDUP FACTOR: bened on GP method
using the chorectoristics of the materials in shield 5.

INTE0AAfl0W PA/AMETERS:

Number of lateral onste segments ;Nthete)..... 15
Number of stismathel angle segments (Npsi).....- 15
Number of radial sogeents (Nredius)........... 15

f

SOURCE NUCLIOES:
,

Co 60 1.6390 e02 curies

y RESULTS:,

Gro@ Energy Activity Dose point fica Dose rate
|i- #. (MeV) (photons /sec) Nev/(sq cm)/aec. (or/hr)
I; ..... ...... ............. ............... .........

1 1.3359 6.064e12 2.407e00 4.344e 03-
2 '1.1797 6.064e12 ~ 9.331e*01 1.734e 03
3 .6953 9.892c08 1.815e 06 3.737e-09
41

| .7 5
,

'

6
7
8
9

10

11

12
' 13

14

15

16
17
18
19

'

L 20
......... ......... .........

I TOTALS: 1.213e13 3.341e00 6.078e C3

- .

.

4 i8 ,

.
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RESPIRATORY E0VIPMENT USE GUIDELINES

2(Levels are in terms of DPM/100 cm , except for the last category)

No Respiratory Protection Protection
Protection Factor > 50 Factor > 1,000

,

|

Removable contamination < 100,000 100,000 > 10,000,000 .

with no mechanism for to
raising airborne 10,000,000

:

Removable contamination < 5,000 5,000 > 1,000,000
with a mechanism for to
raising airborne 1,000,000

1

Fixed contamination < 1,000 1,000 > 100,000 |
with a mechanism for to iraising airborne- 100,000 !

AIRBORNE CONCENTRATION PROTECTION FACTOR SUGGESTED
0.25 MPC - 10 MPC 50
10 MPC'- 100 MPC 1,000

Greater than 100 MPC 10,000 .

i

DISCUSSION |

The above criteria are conservative guidelines, and it may be that a job could:
,

have conditions in excess of the specified levels, but not need protective
'equipment that meet the above range levels. As the job conditions approach

the upper end of the ranges specified, the strength of the recommendation to <

require the appropriate respiratory protective equipment increases.

Keep in mind that engineering controls, such as process, containment, or
ventilation techniques, or decontamination, must be used to the extent

- practical to lower airborne levels to limit or avoid use of respirators. In
addition, in hot environments, or where waterproof clothing is specified, some
type-of supplied air should be specified, depending on job duration and worker
fatigue,

t

/

- - . . . . - - - - . . . -



a. . _,5 4e p 4 _,.-_. --#. .- ,, -.A _

.. .- .e' ,

.I
s.

'

, . . . -. .

. . . ' .

.

.

-

,

- .i 4

,

-

.' ( ;
'

I

,

,

b

-

t

9

>

ATTACHMENT 5

(-

PROTECTIVE CLOTtilNG GUIDELINES'

:

+

4

e

1

I

'. (

,
,

4-

^-~ - -- ___ _



. -

#
j;. ..

,

!

I ; f
Aj PROTECTIVE CLOTHING GUIDELINES-

Protective Clothing Requirements are based primarily on the level' of removable '

contamination in the job work area according to the following guidelines:

HQI.El Anytime respiratory protection equipment is required a hood '

should be required.

NOTE: If wet conditions may be encountered it may be appropriate to
require a waterproof outer layer or parts of a waterproof outer '

. layer in addition to the normal protective clothing .

'requirements.-

2
l. Class I Area (a 500 dpm/100 cm but < 100,000 dpm/100 cm')

A. Coveralls-(1 pair)
8. Surgeon's cap or hood .

C. Plastic shoecover with rubber overshoes (rubbers) or cloth shoe
covers

D. Rubber gloves (with glove liners) or canvas gloves
.

liQIE1 The use of coveralls, surgeon's cap or hood may be exempted for
work in which it is not expected that areas of the body other
than the' hands and/or feet may contact surfaces in the work
area.g

2 2L' 2. Class II Area (e 10,000 dpm/100 cm but < 100 dpm/100 cm )
t

? A. No personal outer clothing
B.. Coveralls
C.- Surgeonfs cap _or hood
D. Plastic shoecover with rubber overshoes (rubber) or cloth shoe '

covers
E. Rubber gloves with glove liners
F. Taping of junctions

NOTE: Items a,b,c, and f may be exempted for work in which it is not
expected that areas of the body other than the hands and/or ,

feet may contact surfaces in the work area. '

23. Class III Area- (a 100,000 dpm/100 cm )

A. No personal outer clothing. ,

B. 2 pair coveralls
,

C. Hood
'

D. Plastic shoecovers with rubber overshoesj E. 2 pair rubber gloves with one pair glove liners
| F. Taping of junctions
t

[ HDIE1 Two pair of coveralls consists of any combination of cloth,
paper, or plastic coveralls.

L
a

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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