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ABSTRACT

The Nuclear Regulatory Commission requires utilities to determine the
response of a pressurized water reactor to a steam generator tube rupture
(SGTR) as pa.t of the safety analysis tor the plant. The SGTR analysis
includes assumptions regarding the iodine concentration in the reactor coolant
system /RCS) due to iodine spikes, primary flashing and bypass fractions, and
iodine partitioning in the secondary coolant system (SCS). Experimental and
analytical investigations have recently been completed wherein these
assumptions were tested to determine whether and to what degree they were
conservative (that is, whether they result in a calculated iodine source
term/dose that is at least as large or larger than that expected during an
actual event). The current study has the objective to assess the overall
effects of the resuits of these investigations on the calculated iodine dose
to the environment during an SGTR. To assist in this study, a computer
program, DOSE, was written. This program uses a simple, non-mechanistic model
to calculate the iodine source term to the environment during an SGTR as a
function of water mass inventories and flow rates and iodine concentrations in
the RCS and SCS. The principal conclusion of this study is that the iodine
concentration in the RCS is the dominant parameter, due to the dominance of
primary flashing on the iodine source term.
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EXECUTIVE SUMMARY

The steam generator tube rupture (SGTR) is one of the accident scenarios
to be included in the Final Safety Analysis Report (FSAR) of every pressurized
water reactor (PWR). The principal concern during an SGTR is the potential
release of radioactive iodine from the reactor coolant system (RCS) directly
te the environment, bypassing the containment. Several experimental and
analytical investigations have been completed recently wherein various SGTR
parameters were studied in an attempt to determine whether and to what extent
the assumptions used in FSAR analyses of SGTR events are conservative. These
parameters include RCS iodine concentration due to an iodine spike, primary
bypass, secondary coolant system (SCS) chemistry, and iodine speciation in the
SCS. The current study has the objective to assess how the results of these
investigations affect the iodine dose to the environment.

A number of simplifying assumptions were made in order that several PWR
designs could be included in the study. These assumptions include: complete
and instantaneous mixing in the RCS and SCS; steady state water mass flows
(both break flow and steam flow) and SCS pH; constant RCS water mass
inventory; and a simple model for calculating the dose from the source term.
These assumptions were developed into an iodine mass transfer model, forming
the basis for a PC-based computer code, DOSE, used in the analysis.

Seven PWR designs were used in this study, Surry 1 and 2, Catawba 1 and
2, Arkansas Nuclear One-Unit 2, D.C. Cook 1 and 2, Palisades, Combustion
Engineering CESSAR, and Westinghouse RESAR. Existing thermal and hydraulic
data were used to calculate the iodine release to the environment (source
term). The source term was then used to calculate the dose to the
environment. A series of eight calculations was conducted for each PWR
design, corresponding to current Standard Review Plan (SRP) guidelines and
varying each parameter in turn and in concert to assess the impact of each on
the dose. The dose from each of these calculations was then compared to that
corresponding to the base calculation (with SRP guidelines on all parameters).



In all cases, the principal parameter, in terms of the effect on the
dose to the environment, was the RCS iodine concentration (i.e. iodine spike).
The reason for this preeminence is that the total iodine release was dominated

by primary flashing. The effects of changes in the other parameters were
negligible by comparison.

iv



ACKNOWLEDGMENTS

The author would like to express his thanks to D. L. Hagrman and W. J.
Carmack who assisted in the validation of DOSE. Thanks are also due to J.
Hopenfeld and J. R. Wolf who contributed L¢ the review of the work.



CONTENTS

ABSTRACT . i vieiieietinienerurensessasasnsnnsnaesnsssnnanss ii
SUMMARY . .ttt ittt i ittt eitetaetneerenaansaaans iii
ACKNOWLEDGMENTS . ... i ittt ittt iii it eeennannnsncanns v
INTRODUCTION. « v vtii ittt iieeiieenaranssansansnensoannns 1
DEFINITIONS.......coivvunennn. 2993 asecesaterrtrteennannen 4
METHODOLOGY . . ot it vieiiiniieiiiiiinenatennenneenesasonnanns 6
110 10
IODINE SOURCE TERM CALCULATIONS..........ccvvivnieiinnnenn 12
CONCLUSIONS. . ittt it iiiieiinesnennssnesanonnanns 20
REFERENCES . ..\ttt it it iiiieieniettnnaannann 21
APPENDIX A. DOSE COMPUTER PROGRAM............cvvvvnnvnnns A-1
TABLES

1. DOSE Analysis Results for the Surry 1 and 2 PWRs... 14

2. DOSE Analysis Results for the Palisades PWR........ 14
3. DOSE Analysis Results for the Catawba 1 and 2

PURS . ottt it ittt ittt et 15
4, DOSE Analysis Results for the Arkansas Nuclear One

I - 15
5. DOSE Analysis Results for the D. C. Cook 1 and 2

o 3P 6
6. DOSE Analysis Results for the Combustion

Engineering CESSAR PWR........oiviiiiiriiiniinnnnnns 16
7. DOSE Analysis Results for the Westinghouse RESAR

PR . i i i i i i it e it ittt 17
8. DOSE Analysis Results for Primary Bypass........... 19
A-1. Source listing of the DOSE computer code........... A-7
A-2. Hand calculation results for Test 1................ A-10

Vi



A-10.
A-11.
A-12.
A-13.
A-14,

Hand calculation
Hand calculation
Hand calculation
Hand calculation
Input and output
Input and output

Input and output

Input and output

Input and output

Input and output

Input and output

results for Test 2................ A-10
results for Test 3................ A-11
results for Test 6................ A-11
results for Test 7................ A-12
listings for Test 1............... A-13
listings for Test 2............... A-14
listings for Test 3............... A-15
listings for Test 4............... A-16
listings for Test 5............... A-17
listings for Test 6............... A-18
listings for Test 7............... A-19

Results from time nodalization sensitivity study... A-20

vii



INTRODUCTION

In pressurized water reactors, (PWRs), water in the reactor coolant
system (RCS) is pressurized to prevent it from boiling. This high-pressure
water is circulated through heat exchanger tubes in steam generators where
heat is transferred to the lower pressure secondary coolant system (SCS),
producing steam that is used to generate elecirical power. The tubes
represent a large fraction of the RCS pressure boundary and rupture of these
tubes can result in a direct release of radioactivity to the environment
(containment bypass) through either the atmospheric dump valves or secondary
relief valves. Since this coolant typically contains radioactive materials, a
steam generator tube rupture (SGTR) has been designated as a design basis
accident for PWRs and must be analyzed as part of the plant’s Final Safety
Analysis Report (FSAR).

The principal radiological concern during an SGTR results from the
presence of radioactive iodine in the RCS coolant. The iodine, a fission
product that is present in irradiated fuel, is found in the RCS coolant either
as a product of the fissioning of tramp uranium on the fuel element surface or
from the fuel itself, being released through tiny holes in the cladding of
otherwise undamaged fuel rods. Recent studies have been conducted to
determine the amount of radioactive iodine which is expected to be present in
the RCS coolant during an SGTR'2. The results from Reference 2 were
subsequently modified to account for iodine speciation.® The results of
these studies indicate that the RCS coolant iodine concentration during an
SGTR with preexisting iodine spike is approximately 11 uCi/g (contrasted with
a value of 60 uCi/g as specified by the Standard Review Plan* (SRP) for FSAR
analyses). The iodine release rate during an SGTR with coincident iodine
spike was calculated in Reference 3 to be 1.33 Ci/heMWe, which for a 1000 Mie
plant is 1330 Ci/h. The SRP specifies the release rate to be 500 times the
steady-state release rate, which results in a transient rate typically of the

1



order of 25,000 - 40,000 Ci/h, depending on the plant. Thus, the RCS iodine
inventory for either type of SGTR was shown to be much less than that assumed
in most FSAR analyses.

During an SGTR, radioactive iodine in the RCS coolant is transported by
the break flow from the RCS into the SCS where it is mixed with the other
chemicals in the steam generator. If the steam generator secondary is
completely filled with water, as a result of the break flow, the iodine may be
transported, again with water, and released to the environment. However, in
the majority of SGTR transients (both postulated and actual), the steam
generator is not completely filled and only steam is released to the
environment. Therefore, the jodine concentration in the steam must be
determined in order to estimate the environmental consequences (i.e. iodine
source term to the environment) due to an SGTR.

To address this question (iodine concentration in the steam), two
studies were conducted. The first was an experimental study of iodine
partitioning between liquid and steam in a closed system under typical
operating steam generator thermal/hydraulic conditions.’ The sensitivity of
jodine partitioning to several parameters was reported for a wide variety of
conditions. One of the most important parameters was determined to be the pH
of the coolant. Acidic conditions favor the formation of volatile iodine
species and alkaline conditions favor the formation of non-volatile iodine
species. Thus, an estimate of tha coolant pH during an SGTR is required for
the determination of the iodine partition coefficient and, ultimately, the
environmental release of radioactive iodine.

The second was an analytical study wherein the SCS coolant pH during an
SGTR was investigated.® The pH was calculated for 10 generic PWR designs,
representative of approximately 80% of the currently operating PWRs in the
United States. Due to the wide range of possible chemical concentrations in
both the RCS and SCS prior to SGTR initiation, the study was designed to
provide a lower bound on the expected pH, resulting in an upper bound on the
steam iodine concentration (and, therefore, an upper bound on the iodine
source term to the environment). The results of this study indicate that the
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SCS coolant pH decreases to a value of approximately 6.5 within the first
600 s of the transient and remains at this value throughout the rest of the
transient. This result is independent of reactor design.

The RCS coolant entering the steam generator secondary volume may not
completely mix with the SCS coolant. A fraction of the break flow liquid may
be carried by the flashing RCS coolant and pass, unmixed, out the steam
generator. This is called primary bypass. Westinghouse conducted an
experimental investigation to measure primary bypass under several SGTR
conditions.” The results of this investigation indicate that primary bypass
is negligibly small.

Additionally, part of the RCS break flow which flashes to steam in the
secondary (due to the RCS/SCS enthalpy difference) may also pass, unmixed, out
of the steam generator. This is called the primary flashing fraction. In
many FSAR analyses, it is assumed that all of the break flow which flashes to
steam passes, unmixed, out the steam generator. To date, no comprehensive
experimental study (similar to that documented in Reference 7 for primary
bypass) has been conducted to measure the primary flashing fraction.

Thus, several analytical and experimental studies have been conducted
into various aspects of iodine behavior during an SGTR. The purpose of the
current study is to assess the overall effects of the results of the earlier
analytical and experimental investigations on the calculated iodine dose to
the environment during an SGTR. The expected end result is a determination of
the relative influence of each parameter (i.e. iodine spike magnitude,
partition coefficient, primary flashing fraction, etc.) on the dose to the
environment. This report is organized into five parts: to avoid
misunderstandings, the principal terms are defined; the analysis methodology
is presented, including the assumptions used in the analysis; the analytical
tool, a computer program named DOSE, is then described; the specific analyses
for several PWRs are then presented, followed by the conclusions of the study.



DEFINITIONS

Some confusion may exist regarding the various mechanisms that affect
the iodine dose to the environment and that are part of this study. For this
reason and at the risk of being redundant, it was decided to reiterate the
definitions of these mechanisms as a separate section.

Primary bypass is defined as that fraction of the RCS break flow which
remains as a liquid but does not mix with the SCS coolant. Mechanistically, a
small fraction of the RCS break flow is entrained with the steam from the
flashing RCS coolant and exits the steam generator with the steam. The mass-
based iodine cowncentration in this bypass flow is equal to that of the bulk
RCS coolant. Since the primary bypass does not mix with the SCS coolant, its
iodine concentration is much higher than that of the steam and a small mass
flow results in a disproportionately higher iodine release.

Primary flashing is a thermal/hydraulic phenomena wherein part of the
RCS break flow liquid is immediately changed to steam due to the enthalpy
difference between RCS and SCS. This occurs at the break location and is a
function of the pressure and temperature differences of the RCS and SCS, both
of which are functions of time. Mechanistically, as the steam bubbles rise in
the SCS coolant, some condensation and/or mixing of the flashed RCS steam
could occur. However, the mechanistic treatment of this phenomena is beyond
the scope of this study. Therefore, in this study, it was assumed that the
mixing and condensation were negligible. Further, it was assumed that the
iodine concentration (uCi/g) in the flashed RCS steam was equal to that of the
bulk RCS fluid. As a result, the primary bypass and primary flashing
fractions both have the same effect in the DOSE model - namely, carryover of
RCS fluid (1iquid or steam) mass with a mass-based iodine concentration equal
to that of the bulk RCS liquid.

An iodine spike, or transient RCS iodine concentration increase, often
occurs due to a power or pressure transient in the primary system. The
mechanism whereby this occurs is not precisely understood but is believed to
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be RCS coolant breaching the fuel rod (via pin holes in the otherwise intact
cladding) and flushing out a portion of the iodine which is in the cladding-
fuel pellet gap. If the RCS power/pressure transient occurs prior to
initiation of the SGTR, it is called a preexisting iodine spike. If the SGTR
itself is the cause of the power/pressure transient, it is called a coincident
iodine spike.

The jodine partition coefficient, PC,, is defined as the ratio of
concentrations of iodine in the 1iquid and gas phases. Iodine partitions
between the steam and 1iquid phases of a closed aquecus system due to chemical
speciation in the liquid. If the chemical thermodynamic conditions favor
formation of volatile iodine species (e.g. I,), more of the iodine partitions
into the vapor phase. Conversely, if the thermodynamic conditions favor
formation of soluble iodine species (e.g. I" or 105"), less of the iodine
partitions into the vapor phase. Because the concentration of iodine in the
steam phase appears in the denominator of the ratio, low iodine volatility
corresponds to large values for PC; and high iodine volatility, to small
values for PC,. Iodine concentration can be based on the specific water
volume (volume-based [Ci/m’]) or mass (mass-based [Ci/kg]). To avoid
confusion with these definitions, except where specifically otherwise noted
iodine concentrations will be defined as iodine activity (Ci) per unit
mass (kg) and the resulting PC, will be mass-based. This avoids the potential
problem of having to account for changes in the SCS steam density (due to SCS
pressure changes) with time during the transient.

The purpose of this study was to assess the effects of these parameters
on the dose to the environment, not to mechanistically evaluate the parameters
themselves. Therefore, all of these phenomena were treated in a non-
mechanistic manner and existing values for the individual parameters (iodine
spike magnitude, iodine partition coefficient, primary bypass fraction, and
primary flashing fraction) were used as input into the DOSE computer program.



METHODOLOGY

At the onset of the investigation, it was decided to keep the
methodology as simple as possible so that several PWR designs could be
included. To do this, simplifying assumptions were made concerning the
thermal and hydraulic boundary conditions during an SGTR:

1. It is assumed that there is complete and instantaneous mixing in
the RCS. This has the effect of maintaining a uniform RCS iodine
concentration ([I],.) throughout the transient. There will,
obviously, be some degree of incomplete mixing in the RCS during
the transient. In the case of an SGTR with preexisting iodine
spike, the mixing would have taken place prior to the rupture
initiation and would be close to complete due to the effects of
pump operation. In the case of an SGTR with coincident iodine
spike, the mixing will probably not be complete. However, the
jodine concentration will be increasing, due to the continued
jodine release from the fuel into the RCS coolant. Since the
steam generators are relatively far removed from the core, it is
expected that the actual iodine concentration in the break flow
will be less than if mixing were instantaneous and complete.
Therefore, this assumption (of complete and instantaneous mixing)
will result in an upper bound on the mass of iodine transferred
into the SCS.

2. With the exception of the break flow which passes, unmixed, out of
the steam generator (Primary Bypass and Flashing Fractions), the
RCS flow is assumed to mix completely and instantaneously with the
SCS coolant. This resultes in a uniform SCS iodine concentration
([T]gs) throughout the transient. Again, this assumption is not
exactly representative of the conditions within the steam
generator. Incomplete mixing in the SCS could result in localized
regions of high iodine concentration (for example near the tube
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rupture site) which would result in higher iodine concentrations
in the vapor. However, there would be other localized regions
with smaller than average iodine concentrations which would tend
to counteract the higher concentrations resulting in an average
vapor concentration near that calculated using this assumption.

The SCS coolant pH is assumed to be constant at a value of 6.5
throughout the transient. This means that the iodine partition
coefficient is a constant. This is based on the results
documented in Reference 6 wherein it is stated that "...the SCS pH
quickly (within 600 s of transient initiation) decreases from the
pre-SGTR value to a value close to that of the RCS (6.5) and then
remains nearly constant until transient termination." Prior to
the establishment of steady-state conditions, the pH is higher,
which results in a smaller vapor iodine concentration. Thus, this
assumption results in an upper bound on the iodine release,
relative to the actual expected transient.

RCS inventory is constant. In the majority of historical steam
generator tube leaks and ruptures, the makeup system was adequate
to maintain RCS mass inventory. Additionally, for those few cases
where the makeup system may not be capable of maintaining RCS
inventory (that is, where the break flow rate exceeds the makeup
flow rate), the pressurizer will provide an additional source of
water to the RCS and this, for most cases, is sufficient to
maintain RCS inventory.

A11 flows (RCS break flow and SCS steam rate) are assumed to be
constant. The values used in the analysis were the average values
over the transient time of 30 min. This assumption may cause some
deviation from the expected results (i.e. if the period of maximum
break flow does not correspond to the period of maximum [I]..s or
if the period of maximum steam mass flow does not correspond to
the period of maximum [I]i.). However, this is judged to be of
second order and should not affect the overall conclusions of the
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study. For example, the period of maximum RCS break flow will be
early in the transient. For the case of an SGTR with preexisting
iodine spike, where [I],.c is constant, this will make no
difference to the iodine transport to the SCS. For the case of an
SGTR with coincident iodine spike, the period of maximum break
flow occurs when [I]..c is a minimum and the assumption results in
an upper bound on the iodine transported to the SCS. The
situation on the secondary side is similar. The steam flow is
caused by the steam bubble being "squeezed" by the inflow of RCS
coolant, which should be maximized early in the transient since
that is the period of maximum RCS break flow. Some delays will,
of course, occur since the steam pressure must build up to the
relief valve setting, but generally the maximum steam flow will
occur prior to maximum [I]g. Therefore, this analysis should
result in an upper bound on iodine release to the environment.

Ultimately, the result of this study is an assessment of the
effects of the various studies on the calculated iodine dose to
the environment. However, the dose to the environment is
calculated using the following equation:

Dose = (B.R.) * (L.F.) - (X/Q) *+ (D.C.F.)

where:
B.R. = breathing rate = constant
L.F. = leakage factor = iodine release
X/0 = dispersion factor = constant
D.C.F. = dose conversion factor = constant

Since, in effect, the dose to the environment is a constant
(pD.c.L. -X/Q *B.R.) times the iodine source term, the relative
effects of the various studies (i.e. iodine spiking magnitude,



partition coefficient, primary bypass, etc.) on the dose is
identical to the relative effects on the iodine source term.

A simple iodine and water mass balance model was developed and used as
the basis for a PC-based computer code, DOSE, described in the next seciion.
A series of SGTR calculations was performed for seven PWR designs using
thermal and hydraulic information from individual FSARs as well as other
sources. The results from these calculations were compared to determine the
relative differences between iodine source terms (environmental doses) for
base case calculations (using FSAR assumptions for SGTRs with preexisting and
coincident iodine spikes) and those made using the results from recent SGTR
studies.



DOSE

This is a summary of the DOSE computer program, used to calculate the
effects of various parameters on the iodine dose during an SGTR. DOSE is a
PC-based computer code, written in FORTRAN and compiled by the Lahey FORTRAN
compiler F77L, ver. 5.01. A1l calculations were performed on an IBM PS/2
Model 70/386 personal computer. Each calculation required less than 1 min of
computer time to perform.

DOSE calculates the integrated iodine release to the environment during
an SGTR. The basis for the code is a mass balance on the iodine as it is
released from the fuel to the RCS, is transported from the RCS to the SCS with
the break flow, is partitioned to the steam in the SCS, and is transported out
of the steam generator with the steam. The assumptions used in the code are
discussed in a previous section. Existing thermal and hydraulic information
was used, including water mass flow rates and inventories.

The RCS iodine inventory is calculated for a coincident iodine spike
using the inventory from the previous time step, modified by the iodine spike
release rate (source) and iodine transported to the SCS with the break flow
(sink). The RCS iodine concentration is then calculated by dividing the
inventory by the (constant) water mass. For the case of a preexisting iodine
spike, the RCS iodine concentration is assumed constant at the input value.
The break flow is assumed to have the same radioactive iodine concentration as
the bulk RCS fluid.

The SCS iodine inventory is calculated using the previous time step SCS
jodine inventory, iodine release rate (with the steam) as the sink and break
flow-carried iodine as the source (both sink and source are corrected for
bypass and/or flashing fractions). The SCS water mass inventory is calculated
using the initial inventory, steam mass flow rate as the sink and break flow
as the source (both source and sink are corrected for the effects of bypass
and flashing). Then, the SCS concentration is calculated and used, in
conjunction with the steam mass flow rate and the primary bypass and flashing
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fractions, to calculate the iodine release rate. The iodine release rate, in
turn, is integrated to calculate the total iodine release, as a function of
time.

The input for the calculations is in NAMELIST format. Examples of input
and output decks are shown in Appendix A. The interpretation of the input
parameters is:

ATITLE = a description of the specific calculation (up to 80
alphanumeric characters)

FLOW = the RCS to SCS break flow (kg/s)

XMRCS = the RCS mass inventory (kg)

XMSESO = the initial SCS mass inventory (kg)

TDEL = the time increment to be used in the calculation (s)

TIME = the time duration for the transient (s)

ISPFLAG = a flag to specify which type of iodine spike is used in the

calculation (1 = preexisting iodine spike; 2 = coincident
iodine spike)

X1 = the iodine spike magnitude (RCS iodine concentration [uCi/g]
for preexisting iodine spike or RCS iodine release rate
[Ci/h] for coincident iodine spike)

PBFRAC the primary bypass fraction (fraction of break flow)

PFFRAC the primary flashing fraction (fraction of break flow)

PCI = the SCS iodine partition coefficient - mass based

XMST the average SCS steam flow rate (kg/s)

"

The input is printed as the first part of the output so that the user
can verify the calculation. The rest of the output is in tabular format with
the following columns: transient time (s); [Ilg (Ci/kg); [1lgg (Ci/ka);
iodine release rate (Ci/s); integrated iodine release (iodine source
term) (Ci); SCS iodine mass inventory (Ci); integrated primary bypass iodine
release (Ci); and integrated primary flashing iodine release (Ci).
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IODINE SOURCE TERM CALCULATIONS

The DOSE computer prograr, described above and in Appendix A, was used
to calculate the iodine source term to the environment during an SGTR for
seven PWRs. In each case, eight calculations were performed, four for an SGTR
with preexisting iodine spike and four for an SGTR with coincident iodine
spike.

For the case of an SGTR with preexisting iodine spike, the four
calculations used the following assumptions: Calculation 1: both [I]..s and PC,
based on SRP values ([I]y = 0.060 Ci/kg and PC, = 100); Calculation 2: [I]ge
equal to 0.011 Ci/kg (based on Reference 1) and PC, based on the SRP;
Calculation 3: [I].. based on the SRP and PC, = 272 (based on References 5 and
6); and Calculation 4: [I], = 0.011 Ci/kg and PC, = 272.

For the case of an SGTR with coincident iodine spike, the bases for the
four calculations are similar: Calculation 1: both RR, and PC, based on the
SRP (RR, = 500 times the standardized steady-state value); Calculation 2: RR,
= 1.33 Ci/seMWe (based on the results from References 2 and 3) and PC, based
on the SRP; Calculation 3: RR, based on the SRP and PC, = 272; and Calculation
4: RR; = 1.33 Ci/seMWe and PC, = 272.

The values of 0.060 Ci/kg for [I]s, 100 for PC,, and 500 times the
standardized steady-state value for RR, are based on the SRP. The value of
0.011 Ci/kg for [I].. is based on Reference 1. The value of 1.33 Ci/seMWe
for RR, is based on References 2 and 3. Both of these values for the iodine
spiking magnitude are equal to or greater than the 95% confidence-90%
probability values.

The experiments reported by Reference 5 included two separate conditions
- with and without air (the conditions of no air was accomplished by using an
argon overpressure) in the simulated steam generator. The value of 272 for
PC, is based on the expected pH of 6.5, coupled with the results from
Reference 5 for an experiment which excluded air from the simulated steam
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generator. This value was chosen (instead of the value of 37, which is the
value reported in the reference for the experiments made using air) since the
presence of oxygen is specifically excluded from operating steam generators by
the injection of hydrazene with the secondary feedwater. Thus, it is judged
that the PC, experiments conducted without air in the simulated steam
generator more closely match conditions expected to be present in a steam
generator during an SGTR. One set of analyses was conducted, however, with
the lower value of 37 for PC,, corresponding to the experiments conducted with
air, for information. The analysis was made using Surry as the reference
plant.

In all calculations, except where specifically otherwise noted, primary
bypass was set equal to 0.0, based on the Westinghouse MB-2 experiments. In
all calculations, the primary flashing fraction was set equal to 6.5%, based
on representative FSAR calculations from three p]ants.8

The seven plant designs used for this assessment were: Surry 1 and 2,
Catawba 1 and 2, Arkansas Nuclear One Unit 2, D. C. Cook 1 and 2, PaTisades,
Combustion Engineering CESSAR, and Westinghouse RESAR. In all cases except
for Surry 1 and 2, the applicable thermal and hydraulic data were extracted
from existing FSARs. The information in the Surry FSAR was insufficient for
this purpose and so thermal and hydraulic data from an SGTR analysis performed
at the INEL were used for this p]ant.9 The specific data required for the
analysis were: initial RCS water mass inventory, initial SCS water mass
inventory, average break mass flow rate, average steaming rate in the affected
steam generator, net MWe for the plant, and purification system flow rate.

Tables 1 - 7 contain the results from these calculations. The dominant
parameter, based on these calculations, is the RCS iodine concentration - i.e.
jodine spike magnitude. The reduction in iodine spike magnitude resulted in a
80% reduction in the dose to the environment for the case of a preexisting
jodine spike. The reduction ranged between 70 and 95% for the case of a
coincident iodine spike. The effect of an increased partition coefficient
(reduced iodine volatility in the SCS coolant) was much smaller and, in many
cases, was masked by the effect of the iodine spike.
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Table 1: DOSE Analysis Results for the Surry 1 and 2 PWRs
Calculation Relative Remarks
Release
1 1.0 [1],. and PC, = SRP
2 1.0 RR.. and PC, = SRP
IF:% .18 [I1]..c = BE, PC, = SRP
4 .32 RRy.s = BE, PC, = SRP
5 1.0 [1)gee = SRP, PC, = BE
6 1.0 [1]pc = SRP, PC, = 37
7 1.0 RR;.s = SRP, PC, = BE H
8 1.0 RR... = SRP, PC, = 37 ;
9 .18 [I],c and PC, = BE 1
10 .18 [1}... = BE, PC, = 37
11 .32 RR... and PC, = BE
| 12 .32 RRpcs = BE and PC, = 37 ‘
Table 2: DOSE Analysis Results for the Palisades PWR
Calculation Relative Remarks
Release
1 1.0 [I1],.c and PC, = SRP
2 1.0 RR,.. and PC, = SRP
3 .18 [1],. = BE, PC, = SRP
4 .03 RR.. = BE, PC, = SRP
5 .98 [1],.c = SRP, PC, = BE
6 .98 RR,. = SRP, PC, = BE
7 .18 [1].e and PC, = BE
8 .03
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Table 3: DOSE Analysis Results for the Catawba 1 and 2 PWRs

Remarks E

Release #
1 1.0 [1)..c and PC, = SRP ‘
2 1.0 RR..c and PC, = SRP II
3 .18 [Tlecs = BE, PC, = SRP
4 .04 RR..c = BE, PC, = SRP
5 .98 [I)o.c = SRP, PC, = BE
6 .98 RR,.. = SRP, PC, = BE
7 .18 [1}ore and PC, = BE
8 .04 RRg.s and PC, = BE

Table 4: DOSE Analysis Results for the Arkansas Nuclear One Unit 2 PWR

= —_— e
Calculation Relative Remarks
Release
1 1.0 [I]ecs @and PC, = SRP
2 1.0 RR,.. and PC, = SRP
3 .18 {I].cc = BE, PC, = SRP
4 .04 RRycs = BE, PC, = SRP “
5 .98 [I]erc = SRP, PC, = BE
6 .98 RRycs = SRP, PC, = BE
7 .18 [I]ors and PC, = BE
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Table 5: DOSE Analysis Results for the D. C. Cook 1 and 2 PWRs

e e ey
Calculation Relative Remarks
Release
1 1.0 [1]..c and PC, = SRP
2 1.0 RR,.. and PC, = SRP
3 .18 [I]o.c = BE, PC, = SRP
4 .03 RR,.. = BE, PC, = SRP
5 .99 [1].cc = SRP, PC, = BE
6 .99 RRges = SRP, PC, = BE
7 .18 {I]ere and PC, = BE
le 1.4  [RR andPC -BE

Table 6: DOSE Analysis Results for the Combustion Engineering CESSAR PWR

Calculation Relative Rema:s
Release
1 1.0 [1]o.c and PC, = SRP
2 1.0 RR,.. and PC, = SRP
[l 3 .18 [1]cc = BE, PC, = SRP
4 .05 RR..c = BE, PC, = SRP
5 .99 [1]ece = SRP, PC, = BE
6 .99 RR..c = SRP, PC, = BE
7 .18 [I],.c and PC, = BE
Le .05 IRy and pc -BE
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Table 7: DOSE Analysis Results for the Westinghouse RESAR PWR

Relative

Remarks

Calculation

Release ‘
1 1.0 [1]..c and PC, = SRP "
2 1.0 RR;cc and PC, = SRP H
3 .18 [I],.c = BE, PC, = SRP
4 .04 RR,.. = BE, PC, = SRP
5 .99 [1],.c = SRP, PC, = BE
6 .99 RRecs = SRP, PC, = BE
7 .18 [1]gec and PC, = BE
8
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The reason that the RCS iodine concentration was the dominant parameter
is due to the influence of the primary flashing factor, which in all
calculations was set equal to 6.5% of RCS break mass flow. Nearly all of the
activity that was calculated to be released to the environment was due to this
factor. This is independent of which PWR design was used in the calculation.
This factor is also the one parameter that has not been experimentally
studied. Therefore, there is no basis for assuming what degree of mixing or
condensation would occur, which could mitigate the effect.

The other parameter of interest in this investigation was the primary
bypass fraction. As discussed in the introduction, Westinghouse
experimentally investigated primary bypass and concluded that it was
negligible. Consequently, current FSAR analyses of the SGTR transient assume
zero for this term.'® For completeness, a series of 16 calculations was
performed to assess the effects of potential primary bypass on the iodine
source term. These calculations were made using the Westinghouse RESAR as the
PWR design. There were a set of eight calculations for each type of SGTR
(with preexisting and with coincident iodine spikes) which followed the same
general format as those discussed in the previous paragraph with and without
primary bypass. An arbitrary value of 15% was used for this parameter.

Table 8 presents the results of this analysis. The conclusions of this
analysis are very similar to that of the other analyses - namely, the biggest
effect on the dose to the environment was caused by changes in the RCS iodine
concentration, due to the dominant effect of the combined primary bypass and
primary flashing fractions. Since these two parameters are treated similarly
in DOSE, this is not surprising. The difference between the calculation with
and without 15% primary bypass is generally that the dose to the environment
was reduced by approximately 2/3 for the case without bypass. This
corresponds closely to the fraction of total unmixed RCS coolant (bypass = 15%
and flashing = 6.5%) represented by the primary bypass.

The calculations made using PC, = 37 (see Table 1) indicate that the

change in the dose to the environment is negligible, as was the case with the
PC, = 272.
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Table 8: DOSE Analysis Results for Primary Bypass

Calculation Relative Remarks
Release

1 1.0 [I]ges and PC, = SRP, Primary Bypass Fraction :

- 15%. |
" 2 1.0 RRT? and PC, = SRP, Primary Bypass Fraction

= 15%.

3 A7 [I]gcs = BE, PC, = SRP, Primary Bypass
Fraéiion = 15%.

4 .04 RRecs = BE, PC, = SRP, Primary Bypass
Fraction = 15%.

5 .95 [1]m§ = SRP, PC, = BE, Primary Bypass
Fraction = 15%.

6 1.00 RRecs = SRP, PC, = BE, Primary Bypass
Fraction = 15%.

7 17 [1] and PC, = BE, Primary Bypass Fraction :
= 1%3? ;

8 .04 RR.cs and PC, = BE, Primary Bypass Fraction = |
155, |

9 0.29 [I]ees and PC, = SRP, Primary Bypass Fraction |

oRC& 1 j

10 0.31 RRﬁm and PC;, = SRP, Primary Bypass Fraction
= 0.0

11 0.05 [I)gcs = BE, PC, = SRP, Primary Bypass
Fraction = 0.0

12 0.01 RRecs = BE, PC6 = SRP, Primary Bypass
Fraction = 0.

13 0.29 [I]aes = SRP, PC, = BE, Primary Bypass
Fraction = 0.0

14 0.30 RRecs = SRP, PC, = BE, Primary Bypass
Fraction = 0.0

15 0.05 [I],u.ti and PC, = BE, Primary Bypass Fraction
= 0.

16 0.01 F(}Racs and PC, = BE, Primary Bypass Fraction =

L‘==========— : o
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CONCLUSIONS

The effects of primary bypass, iodine spiking, and iodine partition
coefficient on the dose to the environment during an SGTR were assessed.
DOSE, a simplc, nonmechanistic computer code, was developed for this
assessment. Values for the parameters examined in this study were based on
research reported uver the past 6 years. The most dominant parameter in this
study was clearly the iodine spiking magnitude. Use of recent iodine spiking
analyses resulted in a reduction of the icdine dose to the environment of
between 80% and 95%. The reason for this dominance is the assumption of a
ccastant primary flashing fraction of 6.5%, which results in 6.5% of the RCS
break flow exiting the steam generator without mixing with the coolant. The
effect due to the iodine partition coefficient was much less, though in the
same direction - that is, to reduce the iodine dose to the environment. Since
primary bypass is currently not modeled in SGTR analyses (which is consistent
with experimental dat¢ on bypass), the analyses in this study do not differ
from current FSAR analyses, in this regard. The effects of primary bypass, if
it were modeled, would be identical to that of primary flashing since both are
treated similarly in DOSE. One additional analysis used a different, lower,
value for the partition coefficient. In this case, the effact on dose was
negligible, also due to masking by the effects of iodine spiking magnitude.
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APPENDIX A
DOSE COMPUTER PROGRAM

DOSE is a PC-based computer code, written in FORTRAN and compiled by the
Lahey FORTRAN compiler F77L, ver. 5.01. A1l calculations were performed on an
IBM PS/2 Model 70/386. Calculation times were very short, typically less than
one minute per calculation.

DOSE calculates the integrated icdine release to the environment during
an SGTR. The assumptions used in the code include: complete and
instantaneous mixing in both the RCS and SCS; constant (average) break and
steam mass flow rates; constant partition coefficient; either preexisting or
coincident iodine spike in the RCS; constant RCS mass inventory; and, all
primary bypass and flashing fractions flow, unmixed in the SCS, out as part of
the steam mass flow. Existing thermal and hydraulic information is used,
including water mass flow rates and inventories. DOSE is a non-mechanistic
code which relies on correlations for the various input variables.

The RCS iodine inventory is calculated for a coincident iodine spike
using the inventory from the previous time step, iodine spike magnitude for
release rate, and break flow. The iodine source, for the mass balance, is the
iodine release rate, multiplied by the length of the time step. The iodine
sink is the break flow mass rate, multiplied by the RCS iodine concentration
and the time step. The source and sink are combined with the RCS iodine
inventory from the previous time step, which then becomes the value for the
current time step. The RCS iodine concentration is then calculated by
dividing the inventory by the (constant) water mass. This concentration is
used to calculate the iodine source for the SCS and the RCS iodine inventory
for the next time step. For the case of a preexisting iodine spike, the RCS
iodine concentration is assumed constant at the input value. The break flow
is assumed to have the same concentration as the bulk RCS.

The SCS iodine inventory is calculated using the previous time step SCS
iodine inventory, iodine release rate (with the steam) as the sink and break
flow-carried iodine (less that associated with bypass or flashing fractions)
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as the source. The sink is the steam mass flow rate times the time step times
the vapor iodine concentration. The source is the break flow times the RCS
iodine concentration times the fraction which mixes in the SCS (1 minus the
combined primary bypass and flashing fractions).

The SCS mass inventory is calculated using the initial inventory, steam
mass flow rate as the sink and break flow as the source (both source and sink
are corrected for bypass and flashing). Then, the SCS concentration is
calculated by dividing the SCS iodine concentration by the water mass, and
used, in conjunction with the steam mass flow rate and the primary bypass and
flashing fractions, to calculate the iodine release rate. The iodine release
rate, in turn, is integrated to calculate the total iodine release, as a
function of time.

The input for the calculations is in NAMELIST format. The
interpretation of the input parameters is:

ATITLE = a description of the specific calculation (up to 80
alphanumeric characters)

FLOW = the RCS to SCS break flow (kg/s)

XMRCS = the RCS mass inventory (kg)

XMSESO = the initial SCS mass inventory (kg)

TDEL = the time increment to be used in the calculation (s)

TIME = the time duration for the transient (s)

ISPFLAG = a flag to specify which type of iodine spike is used in the

calculation (1 = preexisting iodine spike; 2 = coincident
iodine spike)

X1 = the iodine spike magnitude (RCS iodine concentration [uCi/g]
for preexisting iodine spike or RCS iodine release rate
[Ci/h] for coincident iodine spike)

PBFRAC the primary bypass fraction (fraction of break flow)

PFFRAC the primary flashing fraction (fraction of break flow)

PCI = the SCS iodine partition fraction - mass based

XMST the average SCS steam flow rate (kg/s)

A-3



The input is printed as the first part of the output so that the user
can verify the calculation. The rest of the output is in tabular format with
the following columns: transient time (s); [Ilps (Ci/kg); [Ilges (Ci/ka)s
iodine release rate (Ci/s); integrated iodine release (iodine source
term) (Ci); SCS iodine mass inventory (Ci); integrated primary bypass iodine
release (Ci); and integrated primary flashing iodine release (Ci).

Table A-1 contains a source listing of the DOSE computer code. After an
input deck has been written, it is copied into a file called "DOSE.INP". The
program is then run by typing "DOSE2", where the "2" represents the second, or
current version of the code. The output is named "DOSE.OQUT" and can be copied
into any file name chosen by the user. As an efficiency matter, a batch file
was written to perform all calculations for a given plant in one batch job.
First all of the input files were written and given unique file names. Then,
the batch file copied each of the input files, in turn, into the DOSE.INP file
and ran the program. The output file was then copied into a file with the
same name as the input file but with an "out" extension and the batch program
continued with the next input file. This continued until all of the
calculations had been performed.

Prior to using DOSE to perform the analysis for this study, seven test
cases were designed to verify the coding. These test cases were:

Test 1: Assumed constant [I].. = 10 uCi/g, break and steaming mass
flows = 100 kg/s, no flashing or bypass, and PC, = 100. The time
increment was set at 10 s. My, = 10° kg and Mg, = 10° kg. Three
parameters were checked: [I]ge.,» [Ilg.,» and iodine release from the
SCS. These values were checked for each of the 6 time steps and are
listed in Table A-2.

Test 2: Similar to Test 1 except that a constant I release rate to the
RCS was assumed RR, = 10 Ci/s. Parameters checked were [I]s ., M, gcs»
and iodine release. These values were checked for four time steps and
are listed in Table A-3.
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Test 3: Similar to Test 1 except that 10% flashing fraction was
assumed. Same parameters were checked for four time steps and are
listed in Table A-4.

Test 4: Same as Test 3 except that 10% bypass, instead of 10% flashing,
was assumed. Same parameters were checked. Since bypass and flashing
are treated similarly in DOSE, the results from Test 4 were identical to
those from Test 3 - see Table A-4.

Test 5: Same as Tests 3 and 4 except that 5% flashing and 5% bypass
were modeled. Same parameters were checked. Again, since bypass and
flashing are treated similarly in DOSE and since the flashing and bypass
add up to a total of 10% of the break flow, the results from Test 5 are
identical to those from Tests 3 and 4.

Test 6: Same as Test 1 except that the steaming mass flow rate was set
at 50 kg/s, or 1/2 that of the break mass flow rate. Only M, was
checked since the other parameters had previously been evaluated. The
SCS mass calculated for each of six time steps is listed in Table A-5.

Test 7: Same as Test 6 except that the primary bypass fraction was set
at 10%. Integrated iodine release from the SCS was checked as well as
[Tlses-» and [I]ges.,- The results are shown in Table A-6 for three time
steps.

The input and output listings for these test cases are contained in Tables A-7
- A-13.

A1l of the test cases were run with the same executable deck. The

results from the DOSE calculations were compared with hand calculations for
several times steps for each test and all checked out exactly, except for some
roundoff errors.

One additional test was conducted to ensure that the time input

parameters would not affect the end result. A1l of the calculations for this
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study were performed with a time step of 10 s and for a transient duration of
1800 s. The duration was based on typical FSAR calculations. The 10 s time
step was chosen as a compromise to provide adequate detail for the analysis
without producing more output than necessary. The 12 calculations using Surry
1 and 2 as the reference plant were redone with a 1 s time step to investigate
whether and to what extent the time nodalization would affect the end results.
The results of this time nodalization are shown in Table A-14. The maximum
difference between calculations made using 10 s and 1 s time steps was 3% for
the iodine release in Calculation 8, which corresponds to SRP values for

[I]ges @and PC, = 37. This is judged to be an adequate level of precision for
these calculations.

Thus, it is judged that DOSE has been adequately verified and can be
used with confidence, within the limitations of the model.
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Table A-1: Source listing of the DOSE computer code.

OOOOOOOOOOOOOOCOOOOOOODOOOOOOODOOO0

OO0

PROGRAM DOSE

THIS IS A BATCH PROGRAM USED TO CALCULATE IODINE DOSE TO THE ENVIRONMENT
DURING A STEAM GENERATOR TUBE RUPTURE. BOTH COINCIDENT AND PRE-EXISTING
IODINE SPIKES IN THE RCS CAN BE CALCULATED AND THE SPLIT OF THE IODINE
IN THE SCS DUE TO BULK SOLUTION, PRIMARY BYPASS AND PRIMARY FLASHING

ARE ACCOMMODATED. CONSTANT RCS MASS AND INSTANTANEOUS AND COMPLETE
MIXING

IN BOTH THE RCS AND SCS ARE ASSUMED. THE PROGRAM WAS WRITTEN USING A
STANDARD IBM PC EDITOR (KEDIT) AND COMPILED USING LAHEY FORTRAN COMPILER
F77L VERSION 4.0. USE OF THE EXECUTABLE PROGRAM REQUIRES A MATH
COPROCESSOR.

PROGRAMMED BY JAMES P. ADAMS JUNE 18, 1992

FLOW = LEAK MASS FLOW RATE (kg/s)

CRCS = RCS CHEMICAL CONCENTRATION (ppm)

CSCS = SCS CHEMICAL CONCENTRATION (ppm)

XMRCS = RCS MASS INVENTORY (ASSUMED TO BE CONSTANT) (kg)

XMSCS = SCS MASS INVENTORY (kg)

XMSCSO = INITIAL SCS MASS INVENTORY (kg)

TDEL = TIME INCREMENT (s)

TIME = TIME DURATION OF TRANSIENT (s)

ISPFLAG = IODINE SPIKE FLAG: 1 = PRE-EXISTING; 2 = COINCIDENT

XI = IODINE SPIKE RATE (EITHER uCi/g OR Ci/h)

PBFRAC = FRACTION OF RCS BREAK FLOW WHICH BYPASSES SCS FLUID

PFFRAC = FRACTION OF RCS BREAK FLOW WHICH FLASHES AND BYPASSES SCS
FLUID

PCI = PARTITION COEFFICIENT - MASS BASED

XMST = AVERAGE SCS STEAMING RATE (kg/s)

XIOUT = IODINE MASS RELEASE (Ci)

VCON = SCS VAPOR IODINE CONCENTRATION (Ci/kg)

CSCSM = SCS IODINE MASS (Ci)

IMPLICIT REAL*8 (A - H)

IMPLICIT REAL*8 (P - Z)

CHARACTER*80 ATITLE

OPEN (UNIT=7,FILE='DOSE.INP’,STATUS='0LD’)

OPEN (UNIT=8,FILE="DOSE.OUT’,STATUS="UNKNOWN’)
NAMELIST/INPUT/ATITLE, FLOW,XMRCS,XMSCSO, TDEL, TIME, ISPFLAG, XI,
&PBFRAC, PFFRAC,PCI, XMST

READ AND WRITE INPUT

READ(7,NML=INPUT)
WRITE(8,NML=INPUT)

WRITE OUTPUT HEADER
WRITE(8,113)

113 FORMAT(2X,’'TIME’,6X, RCS-CONC’,3X,'SCS-CONC’,5X, ' I-RATE’,

&4X, ' I-0UT’,4X, 'SCS-IMASS’,2X, ' PB-IMASS’,3X, ' PF-IMASS’)
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Table A-i. (continued)

OO0

OO0

OO0

10

OO0

OO OO0

CONVERT RCS CONCENTRATIONS FROM uCi/g TO Ci/kg
OR RCS IODINE RELEASE RATE FROM Ci/h TO Ci/s

IF (ISPFLAG.EQ.1) THEN
XICONC = X1/1000.

ELSE

RRI = XI1/3600.
ENDIF
SET INITIAL CONDITIONS
CRCS = 0.0
CSCS = 0.0
XIOUT = 0.0
T=0.0
XMSCS = XMSCSO
VCONC = 0.0
PBINT = 0.0
PFINT = 0.0

CALCULATE RCS CONCENTRATION

IF (ISPFLAG.EQ.1) THEN

CRCS = XICONC
ELSE

CRCSM = CRCS*XMRCS - CRCS*FLOW*TDEL + RRI*TDEL
END CRCS = CRCSM/XMRCS

IF

CALCULATE BULK SCS CONCENTRATION
CSCSM = CSCS*XMSCS + CRCS*FLOW*TDEL*(1.0 - PBFRAC - PFFRAC)

& - VCONC*TDEL*(XMST - FLOW*(PBFRAC + PFFRAC))

XMSCS = XMSCS + FLOW*TDEL*(1.0 - PBFRAC - PFFRAC)
XMSCS = XMSCS - TDEL*(XMST - FLOW*(PBFRAC + PFFRAC))
CSCS = CSCSM/XMSCS

CALCULATE STEAM IODINE CONCENTRATION

VCONC = CSCS/PCI

CALCULATE IODINE RELEASE RATE FROM SCS

XMFLO = XMST - FLOW*(PBFRAC + PFFRAC)

XIFLOW = VCONC*XMFLO

BPFLOW = FLOW*CRCS*(PBFRAC + PFFRAC)
PBFLOW = FLOW*CRCS*PBFRAC

PBINT = PBINT + PBFLOW*TDEL

PFFLOW = FLOW*CRCS*PFFRAC
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Table A-1. (continued)

PFINT = PFINT + PFFLOW*TDEL
XIFL = XIFLOW + BPFLOW

XIOUT = XIOUT + XIFL*TDEL
UPDATE TIME

T=T+ TDEL

WRITE TO OUTPUT FILE

WRITE(8,114)T,CRCS,CSCS, XIFL,XIOUT,CSCSM, PBINT, PFINT
114 FORMAT(8(E10.4,1X))

CHECK FOR END OF TRANSIENT

IF(T.LE.TIME) GOTO 10
CONTINUE

STOP

END

OO OO

OO0



Table A-2: Hand calculation results for Test 1.
| o (c1%) (eI} '
0 0 0 0 n
10 1.0e-3 1.0e-5 1.0e-2
20 1.999e-3 1.999e-5 2.999e-2 |
30 2.997e-3 2.997e-5 5.996e-2
40 3.994e-3 3.994e-5 9.99%¢-2
| 4.99e-3 | 4.99e-5 1.498e-1

Table A-3: Hand calculation results for Test 2.
oy i) e
0 0 0 0
10 1.0e-4 1.0e-6 1.0e-3
20 2.989%e-4 2.989%e-6 3.989%e-3
30 ____15.956e-4 I ] 9.945e-3
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Table A-4: Hand calculation results for Test 3.

e (1) (1) '

0 0 0 0

10 9.0e-4 9,0e-6 1.0081

20 1.799e-3 1.799-5 2.024 |

Table A-5: Hand calculation results for Test 6.

Time (s)
0
10
20
30




Table A-6: Hand calculetion results for Test 7.

[, M. | l-out
(ci/kg) (ci/ke) (Ci)

0 0 0 0
10 8.57le-4 1.714e-5 1.00686
20 1.636e-3 | 3.271e-5 2.020

A-12



00+30000°0
00+30000°0

on+Annnn- n

WY S AdVVVY W

00+30000°0
00+30000°0
00+30000°0

SSVWI-4d

00+30000°0 20+35865°0 00+3.60¢°0
00+30000°0 20+3066%°0 00+386%1°0

: v
00+30000°0 20+3%66€°0

00+30000°0 20+3.66¢°0
00+30000°G ¢0+36661°0
00+30000°0 20+30001°0

SSYWI-8d SSYWI-SIS

10-30666°0

10-3966S°0
10-3666¢°0
10-30001°0

1n0-I
aN3®

20-36865°0 ¢0-35865°0 10-30001°0 ¢0+30009°0
20-3066%°0 20-3066¥°0 10-30001°0 ¢0+3000S5°0

¢0-3v66t "0 ¢0-39v66t° 0 10-30001°0 ¢0+3000%°0
20-3/66¢°0 20-3.662°0 10-30001°0 20+3000€°0
¢0-36661°0 20-36661°0 10-30001°0 20+30002°0
20-30001°0 20-30001°0 10-30001°0 ¢0+30001°0

JINOJ-SIS  INOJ-SHY INIL

000000000000 *00T=LSKWX ‘600000000000 001=12d

000000000000000 * 0=2¥Y444d 000000000000000 * 0=2v419d ‘0000000000000 OT=IX

‘1=9v14dS1 °0000000000000 * 0S=3KWI L ‘0000000000000 0T=130L

‘0000000000 0000T=0SISWX ‘000000000 * 00000 [ =SIUWX ‘000000000000 00 T=M014

SSYdAS ON “HSV14 ON TLS3L
=31LILY
LINdNI®

aN3%
"00T=1SKX
"001=13d
0°0=2vd44d
0°0=Jvd44d
“01=1X
[=9vV14dS1
"06=3HIL
"0T=130L
$30° 1=0SISKX
G30° T=SUWX
*00T=M014
uSSYdAS ON ‘HSV14 ON T11S3L.=31L1I1V
1NdNI®

‘1 1s9] 404 sbutysiy 3ndino pue nduy :/-y aiqel

A-13



00+30000°0 00+30000°0 20+32902°0 10-3%2GS°0 20-32902°0 20-3¢90¢°0 ¢0-32585°0 20+30009°0
00+30000°0 00+30000°0 20+38/v1°0 10-329v€°0 20-38LH1°0 20-38L%1°0 20-3106%°0 20+3000S°0
00+30000°0 00+30000°0 10+31686°0 10-3¥861°0 €0-31686°0 €0-31686°0 ¢0-30¥6€°0 20+3000% 0
00+30000°0 00+30000°0 10+39G6S°0 20-35¥66°0 £0-39565°0 €0-39G6S°0 ¢0-30.62°0 ¢0+3000€°0
00+30000°0 00+30000°0 10+36862°0 20-3686€°0 €0-3686¢°0 £0-3686¢°0 ¢0-30661°0 ¢0+3000¢°0
00+30000°0 00+30000°0 10+30001°0 20-30001°0 €0-30001°0 €0-30001°0 20-30001°0 ¢0+30001°0

SSYNI-4d  SSVYWI-8d SSVWI-SJS 1n0-1 31WY-1 IN0J-SIS  OINO2-SY INIL
GN3% 000000000000 °00T=LSKX ‘000000000000 00T=12d

“000000000000000 ° 0=2v¥44d ‘000000000600000 * 0=Iv418d ‘0000000000 0009€=IX

‘2=9¥144S1 0000000000000 ' 05=3WI 1 ‘0000000000000 0T=1301

0000000000 0000 1=0SISKX ‘000000000 ° 00000 T=SJUWX 000000000000 ' 00T=M014

¢ 23e4 |34-1 ‘SSVYdAG ON “HSY1d ON 21S3L
=31111V

1NdNIR

N33
*00T=LSHX

*001=12d

0°0=0¥¥44d

0°0=0v2i48d

p+39°€=IX

2=9¥14dS1

"0§=3WI1

*01=130L

$30° 1=0SISHX

530" [=SIUMX

*00T=M014

J31B4 [34-]1 ‘SSYdAS ON ‘HSV14 ON ZLSIL.=I1LILV
LNdNT®

‘2 31s9] 40j sbutyisi| 3ndino pue Indu] :g8-y aqel

A-14



00+30000°0 10+30009°0 ¢0+388€£S°0 10+30.19°0 00+38H01°0 20-388€G°0 10-30001°C 20+30009°0
00+30000°0 10+3000S°0 ¢0+326¥¥ 0 I0+3121S°0 00+30%01°0 20-326%°0 10-30001°0 20+3000S°0
00+30000°0 10+3000%°0 20+3G6S€°0 10+3180Y°0 00+32€01°0 20-356S€°0 10-30001°0 ¢0+3000%°0
00+30000°0 10+3000€°0 ¢0+38692°0 10+36¥0€°0 00+3H201°0 20-38692°0 [0-30001°0 20+3000€°0
00+30000°0 Y0+30002°0 20+366.1°0 10+3$202°0 00+39101°0 20-366L1°0 10-30001°0 ¢0+3000¢°0
00+30000°0 10+30001°0 10+30006°0 10+38001°0 00+38001°C £0-30006°0 10-30001°0 20+30001°0
SSVWI-dd  SSVWI-8d SSVWI-SJS 1n0-1 V-1 INOJ-S2S  INOJ-S)Y IWIL
GN3% 000000000000 °00T=LSKWX 000000000000 00T=12d
000000000000000 ° 0=Jvd44d ¢ 000000000000001 * 0=I¥414d ‘0000000000000 0T=IX
‘1=9v14dSI ‘6000600000000 * 05=3WI L ‘0000000000600 °0T=1301
‘0000000000 0000 T=0SISWX ‘000000000 * 00000 I=S3YKX ‘000000000000 00 T=MO014
¢ 9lkd |34-]1 ‘SSVdAS %01 ‘HSY1d ON #1S3L
=31111V
1NdNI®

aN3%
"00T=LSKX
"001=I2d
1°0=Jv444d
0°0=2vd48d
0°0I=IX
[=9V14dSI
"0§=3WI1
‘0T=130L

%30 T=0SJSHX
G30° T=SJUWX
"00T=M014
w3184 [34-T ‘SSYdAS ON “HSV1d4 %01 €1S31.=31LILV
1NdNI®

‘¢ 1s9] 404 sbuiysi| indino pue induy :g-y ajqel

A-15



00+30000°0
00+30000°0
00+30000°0
00+30000°0
00+30000°0
00+30000°0

SSVWI-4d

10+30009°0 20+388€S°0
10+30005°0 20+326vt°0
10+3000¥°0 20+356SE°0
10+3000€°0 ¢0+38692°0
10+3000¢°0 20+366L1°0
10+30001°0 10+30006°0

SSVWI-8d SSVWI-SJS

10+30£19°0 00+38+01°0 ¢0-388¢5°0 10-30001°0 ¢0+30009°0
10+31216°0 00+30401°0 ¢0-326¥¥°0 10-30001°0 20+30005°0
[0+3180%°C 00+32€01°0 ¢0-356S¢°0 10-30001°0 20+3000%°0
10+36¥0€°0 00+3¥201°0 20-38692°0 10-30001°0 20+3000€°0
10+3$202°0 00+39101°0 ¢0-366.1°0 10-30001°0 20+3000Z°0
10+38001°0 00+38001°0 €0-30006°0 10-30001°0 20+30001°0

INOI-SY JWIL

(N33 000000000000 00T=1SKX ‘000000000000°001=1d

000060000000000 ° 0=I¥444d ‘000000000000001 * 0=I¥418d 0000000000000 0T=IX

‘1=9v¥144S1 0000000000000 * 05=3KWI L ‘0000000000000 01=130L

0000000000 *00001=0SISWX ‘000000000 * 06000 T=SIUNX ‘000000000000 00 T=MO14

91ed [34-] ‘SSYdAG %01 ‘HSY14 ON #iSIL

=311V
1NdNI®

aN3®
"00I=1SKWX
"001=12d
0°0=Jvd4id
[°0=0v448d
0°0T=IX
[=9v14dSI
"0S=3WIL
“0T=1301
$30° [=0SISKX
G30° T=SJUWX
"001=M014

w@38d [34-] ‘SSYdAE %01 ‘HSV14 ON ¥1S3L1.=31LILV

L1NdNI®

‘¢ 1s3] 404 sBburysi| qndyino pue 3nduy :Q[-y @|qel

A-16



10+3000€°0 10+3000€°0 20+388€5°0 10+30L19°0 00+38¥01°0 20-388ES°0 10-30001°0 20+30009°0
10+30052°0 10+30062°0 20+326% 0 [0+3I1215°0 00+30¥01°0 20-326v¥°0 10-30001°0 20+3000S°0
10+30002°0 10+30002°0 20+3G6SE°0 10+3180%°0 00+32ZE0I°0 20-3565¢°0 10-30001°0 20+3000¢°0
10+300ST°0 10+300S1°0 20+38692°0 10+36¥0€ 0 00+3¥201°0 20-3869¢°0 10-30001°0 20+3000t°0
10+30001°0 10+30001°0 20+366L1°0 10+3¥202°0 00+39101°0 20-366L1°0 10-30001°0 20+30002°0
00+30005°0 00+30005°0 10+30006°0 10+38001°0 00+38001°0 €0-30006°0 10-30001°0 20+30001°0

SSYWI-4d  SSVWI-8d SSVHI-SIS 1n0-1 IIVN-1 IN0J-S3S  JNOJ-SY INIL
GN3% 000000000000 001=LSWX

000000000000 001=12d ‘ 100-000000000000000S "0=J¥443d
¢100-000000000000000S " 0=2v4494 0000000000000°01~=1X

“1=9y14dS1 ‘0000000000000 ' 05=3WI 1 0000000000000 01=130L

¢0000000000° 0000 I=0SISWX 000000000 - 000001=SJUKX 000000000000 ° 00T=MO14

¢ 9384 |34-1 ‘SSVdAS %S ‘HSY1d %S SiS3l
=31111V

1NdNI®

aN3%
"00T=LSKX
"001=12d

G0 0=Jvdddd
G0 0=Jdvid48d
0°01=IX
[=9V14dSI
"06=3WI1
"0T=130L
#30° 1=0SISWX
G30° [=SUNX
"00T=MO14
29184 |3U4-1 “SSYAAS %S ‘HSVTd %G G1S3L.=31LILV
1NdNI®

g 159] 404 sbuiysi| jndyno pue anduy  :11-V @iqel

A-17



00+30000°0 00+30000°0 20+3¥66G°0 10-38598°0 20-350€2°0 20-3019%°0 10-30001°0 20+30009°0
00+30000°0 00+30000°0 20+3966% 0 10-3€5€9°0 20-38661°0 20-3.66€°C 10-30001°0 20+3000S°0
00+30000°0 00+30000°0 20+3./66€°0 10-3I¥SEY"0 20-39991°0 20-31€EE"0 10-30001°0 2C+3000%°0
60+30000°0 00+30000°0 20+36662°0 10-36892°0 20-3¥0€1°0 ¢0-3/092°0 10-30001°0 20+3000€°0
00+30000°0 00+30000°0 20+30002°0 10-3S8EI"0 £0-36806 0 ¢0-38I81°0 10-30001°0C 20+30002°0
00+30000°0 00+30000°0 20+30001°0 20-329/°0 €£0-329/v°0 €0-3¥256°0 10-30001°0 20+30001°0

SSVHI-4d

SSVYWI-8d SSVKWI-SJS

1n0-1

IIVY-1

INOJ-SIS  INCI-SOY INIL

GN32 0000000000000 05=1SKHX ‘000000000000°001=12d
000000000000000° 0=2¥444d 000000000000000 * 0=I¥Y438d ‘0000000000000 " 0T=IX

‘1=9v14dSI ‘0000000000000 " 05=3WI L ‘0000000000000 01=130L

0000000000 - 0000 T=0SISKX 000000000 * 000600 T=SIYWX 000000000000 " 00T=MO T4

SSYdA8 ON ‘HSV14 ON 91S31
=31111V
L1NdNI®

aN3®
0°05=1SKX
"001=I2d
0°0=Jvd44d
0°0=2vy44d
"0T=IX
1=9v14dSI
"0S=3WIL
"0T=130L
#30° [=0SJSKX
G30° T=SJYWX
*00T=M014
«SSVdAS ON ‘HSV14 ON 91S3L.=37LILV
1NdNI®

‘g 3s3] 404 sburisiy Indino pue Induy :21-V 8|qel

A-18



00+30000°0 10+30009°0 ¢0+316€S°0 10+3S219°0 00+3EE0I°0 20-3/pIv°0 10-30001°0 ¢0+30009°0
00+30000°0 T0+30005°0 ¢0+3v6¥y 0 10+3160S°0 00+36201°0 20-356S€°0 10-30001°0 ¢0+3000S°0
00+30000°0 10+3000%°0 ¢0+396S€°0 10+3€90v°0 00+34201°0 20-3.66¢°0 10-30001°0 ¢0+3000%°0
00+30000°0 T0+3000€°0 20+30692°0 10+36€0€°0 00+36101°0 20-39¥€2°0 10-30001°0 20+3000¢°0
00+30000°0 10+30002°0 20+366L1°0 10+30202°0 0O0+3ET0T°0 20-39¢91°0 10-30001°0 ¢0+30002°0
00+30000°0 T0+30001°0 10+30006°0 10+3/001°0 00+3/001°0 €0-31/58°0 10-30001°0 20+30001°0
SSVWI-4d  SSVHWI-8d SSVWI-SIS 1n0-1 J1d-1 INOJ-SIS  INOI-SHY JWIL
GN3% 0000000000000 ° 05=LSKX ‘0000000000000 " 05=12d
000000000000000 * 0=2¥444d ‘ 000000000000001 * 0=I¥448d 0000000000000 0T=1X
‘1=9v14dSI 0000000000000 ° 05=3WI L ‘0000000000000 0T=1301
‘0000000000 * 0000 [=0SISKX ‘000000000 * 00000 T=SJUWX ‘000000000000 00T=M014
¢ SSVdAS %01 °‘HSV14 ON £1S3L
=311V
1NANI®

aN3%
0°05=1SkX
0°05=I2d
00°0=JvVd44d
01°0=3v444d
0°0I=IX
[=9V14dSI
"0S=3WIL
"0T=130L
£30° T=0SISWX
G30° I=SJYWX
"00T=MOT4
uSSVdAS %01 “HSV14 ON L1S3IL.=31LILY
INdNI®

*/ 1s9] J40j sbuiryst{ indino pue 3nduy :§[-y 9|qelL

A-19



“d91s WLy S [ © DULSN opew jey} pue da3s alily S Q[ © DULSh opew uoLjeind|ed
® J0j S]|NSAJ4 dY] UBAMIBQ ‘% UL ‘dOUBUISJLP BALIR[3J 9Y] O] 43ja4 3|qe] SLY} Ul sJaqunu ||y :

] 0 I I I G 1
] 0 I I I G 1
__ 5 0 g S € 0 01 __
G 0 S S 2 0 6 __
I 0 2 3 I G 8
m I 0 2 I i S L
” S 0 S G 'S 0 9
__ G 0 v S v 0 S
f Z 0 I i [ 'S )
G 0 g’ 'S 2 0 €
i 0 2 I I G 2
G 0 S G 'S 0 I
butysej4 ssedAg
f Adewtad Axewtad " no-| S¥[11 SA[1] | uoryenaie)

*Apn3s AJLALILSUBS UOLIRZL|BpOU WL} WO4J SI(NSAY :p[-¥ 9|qel

A-20









