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Abstract

In order to quantify the nuclide specific emissions from the secondary loop
of light-water reactors, during normal operation and as a result of selected

. incidents the computer program SEKEM4 was developed.

The program is based upon a transport model, which describes the nuclide -

specific activity transport of fission and activation products from the primary
loop through the secondary loop to the environment (afr pathway). The program
was tested with the aid of a sensitivity analysis, and the effect of parameter
changes on emission rates was compared.,

In connection with the analysis of the transport phenomenon involved it was
observed-that not only the residual humidity transport but also the nu(lid 6
transport in the steam phase must be considered. The development of a detailed
phase distribution model, which integrates commonly used formulas, has taken
this factor into account.

Within the frame of the secondary system model a previously unnoticed transport
path was considered and its impact on the emission rate of the secondary
loop was determined. The blowdown bound steam generator water must pass
the blowdown flash tank. The steam generated thereby is diverted around
the blowdown filter directly to the feedwater tank. Recognition of this
pathway results in an increase in the emission rate by a minimum factor of 2.

Within the framework of the analy.=is of the primary loop concentrations of.

; fission and activation products it was established that the number of relevant
nuclides is much larger than previsusly assumed, and that especially essential
trace elements must be carefully : counted for in emission and immission
calculations. *

According to our research as well as our own calculations we conclude that
the importance of normal operation leakages as a result of defective steam,

' generator heating tubes is being underestimated.

Even steam generator leakages of 25 to 50 kg/hr can lead to main steam
concentrations of I-131 which exceed the official Jimits. As a result the
allowable marginal immission values for infants can be exceeded after only,

; 20 hrs by a factor up to 120.

As the shutdown value of the N-16 signal of the secondary loop is not dependent
upon the reactor power a reduced functioning of the signal with respect to
the reactor safety system must be assumed.

| Of the quantitatively analy:ed accidents the incident: steam generator heating
tube rupture (10 heating tubes) with relief valve failure in open or semi-
open position was studied under different conditions. Applying the single'

; fault criterion this recident must be considered to be a design basis accident.
| The calculations show that this accident also results in exceeding the marginal

values for adults by a factor of 60.,

,
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1. Introduction .

The purpose of the present study is to develop a computer program for determining
the transport of activi*ty in the secondary loop and the release of activity
through the pcwer house. Secondary loop emissions have not yet been recorded
by measurement instruments and are due to steam generator (SG) heating tube leaks.
In Germany SG 1eaks occurred as early as in 1971 in the Obrigheim NPP,
and while this study was underway leaks occurred in the Biblis and Stade
NPPs. In the Ginna reactor (U.S.A.) there were such massive SG 1eaks in
February of 1982 that the secondary-side relief valves were activated and
activity was released into the environment.

The program is tested with the aid of a sensitivity analysis, and the effect
of the following parameters on the emission rates is compared:

Primary loop activ'ity, SG heating tube leaks, decay constant, steam
emission rates from the high-pressure section and from the
feedwater degasification system, residual moisture (for instance,
in the SG), blowdown rate per SG, decontamination factors in the
blowdown demineralization system and phase distribution factors
in the high-pressure and low-pressure sections.

In addition, load changes and activity spikes are studied. In the sensitivity
analysis, as well, the effects of different parameters on emission pathwiys ~ -
which have not yet been considered is studied.

It is planned that realistic calculations will be carried cut for operational
leaks in the SG. In this process particular attention is to be paid to
studying the extent to which the officially determined maximum I-131 main
steam concentrations can be observed and, if necessary, what the effect
of violation of these values is. For this purpose the emissions are to
be evaluated by means of immission calculations. A study will be made
in particular of whether other nuclides aside from I-131 are relevant in

* secondary loop emissions.

The operability of the N-16 signal, and in particular the relationship between
the response value and reactor power are being studied.

The single-fault concept is applied to loss of coolant accidents [LOCA]
due to SG heating tube failure. A study is made of whether the resulting accident
sequences are contained in already-discussed accidents and what the consequences

| can be. The emissions of these accidents are calculated with the aid of
| the computer program.

|
t

i
'
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2. System Analysis

- Introduction

Extensive literature studies show that the secondary systems of German NPPs
with PWRs are compar351e in terms of their essential components. Compare

i [1], page 61, Figure 3.2.8, Basic Circuit Diagram of the Primary Heat Removal
System, [2], Figure 8, General Diagram, [3], Figure 6, Vapor Circuit, [4),
in particular page 12, . [5], in particular page 32, Figure 1. Two-loop,,

three-1 cop or four-loop plants are, in principle, constructed identically
so that in emission calculatiois through the powerhouse general only the
different mass fluxes and the different outputs of the blowdown deminieraliza-
. tion systems need to be taken into account, compare [6], [7], [8], [9], [10] .,

In the study of individual conponents, among other things, the standard
work of Karl Schreeder {11] was taken as the point of departure.

;- In the model development, direct contact with operators was essential,
along with'the literature studied. For example, let us mention here the
inspection of in-house documents at the Neckarwestheim Atomic Power Plant
(AKW) as well as on-site inspections and discussions at the Grafenrheinfeld
and Biblis A and B NPPs.

The reference plant selected was the Biblis NPP, Unit B (compare [12),
page 35) although many of the components of power plants builtoprior to
that time are not designed with the corresponding safety. Unit B has the
advantage, however, that it largely corresponds to plants presently under
construction or in planning (line 8) so that the computer program developed.

by us can also be applied to them.2

Below we will first make a detailed examination of the study's model of
the secondary loop of lightwater reactors [LWRs] . In this process the
system-induced and work-related boundary conditions and the resulting simplifi-
cations are discussed. Subsequently, the values which determine the nuclide
transport in the secondary loop (namely the input parameters which are
decisive for the computer program) are considered.

i.

[ For the nuclide distribution factors, a mathematical form for site-specific
and nuclide-specific distribution factors is first derived separately.

i At the end of this chapter there is a section on the difficult process
of information procurement.

>

2.1. Model of the Secondary Loop of LWRs;

To calculate and simulate radioactive emissions from the secondary loop:

| of a PWR, it is necessary to develop a model of the secondary loop. The
model must fulfill two conditions:

1. On the one hand, it must reflect the basic structure and function,

'

of the secondary loop in a simplifying and summary way without, at the
, same time, omitting or distorting significant features of the system in
! their functional relationship.
I 2. The model must make it possible to mathematically formali:e the

functional system relationships.

,

-2-,
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The secondary loop model is thus the result of a systems analysis of the .

seondary loop. It must contain the essential transport pathways for radio-
nuclides and, in particular, emission pathways.

*
'

2.1.1. Structure and Function of a PWR

The description of the secondary loop (also called the feedwater steam
loop) will be preceded, for the sake of completeness, by an explanation
of the structure and operation of a NPP with a PWR.

The structure and operation of a NPP with a PWR are illustrated by the
.

simplified operating diagram in Figure 2.1.1. . Here we see three loops:

-- The Primary Loop

The essentially self-contained reactor coolant loop in which reactor coolant
pump 4 transports the heat generated in reactor core 1 from the reactor
pressure vessel [RPV) 3 through SG 2 (mostly between 2 and 4 SGs per reactor
unit) to the secondary loop.

-- The Secondary Loop

The feedwater cooling loop corresponds largely to that in conventional
therma.1 powe_r plants. In it the main feedwater pump 8 pumps the feedwater
into-the SG where it is evaporated by absorbing heat from the reactor loop.
The steam which develops drives turbine plant 5, which consists of one *

high-pressure and three parallel connected low-pressure turbines, and the
turbine plant drives generator 6. The steam emerging from the turbine
plant is liquefied in condenser 7 by releasing its heat to the main cooling~

system, and the loop is c1csed. Arrow 10 indicates that steam leakages
through the power house roof continuously occur during operation.

-- The Tertiary Loop

The main cooling water loop serves the purpose of removing heat from the
evaporator overhead condenser. In this process the coolant pumped through
the evaporator overhead condenser by main cooling water pump 9 absorbs
approximately two-thirds of the heat generated in the reactor core and

i releases it either directly to a river or the sea or, via cooling towers,
' to the atmosphere, depending on the ambient conditions.

|

|

|

!
i

|
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1 Reactor core 5 Turbine 8 Main feedwater pump
2 SG 6 Generator 9 Shin cooling water pump
3 RPV 7 Evaporator overhead 10 Steam emissions from
4 Reactor coolant pump condenser the power house

Figure 2.1.1. Functional Diagram of
an NPP with a PWR.

The generation of electrical current from heat is done in NPPs in basically the
same way as in other thermal power plants. The difference involves the
generation of heat by the process of nuclear fission. Since in this process
several hundred radioactive isotopes are generated and these isotopes represent
a health risk because of their radioactive radiation and the associated
possible radiation damage to biological organisms, special precautions
must be taken to minimize the release of radioactive substances to the

i environment o'f the NPP. It is impossible to completely prevent radioactive
emissions even with undisrupted normal operation.

2.1.2. Structure and Function of the Secondary Loop

The structure and function of the secondary loop are presented in simplified
form in basic circuit diagram 2.1.2.

The function of the feedwater-steam locp consists of the removal of nuclear heat
and the thermokinetic conversion of it into electrical current. The decisive
functional elements in this case are the SGs and turbine set with generator
and evaporator overhead condenser.

-4
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1 SG 9 Main cooling system 16 Turbine control valve
2 Pressurizer 10 Evaporator overhead and quick-action
Pressurizer safety valves condenser stop valves
and relief valves 11 Sealing 17 Main steam safety

4 Feedwater tank pit valves and blowdown
5 Main feedwater 12 Inlet structure control valves
6 Emergency feedwater 13 Turbine 18 Steam emissions from

system 14 Main steam bypass the power house
7 Deminerali:ed water tank 15 Main steam slide
8 Main condensate valve

Figure 2.1.2. Basic Circuit of
the Reactor Cooling Loop and the
Feedwater-Steam Loop.

As already briefly outlined, the main steam generated in the SGs leaves
the containment via the main steam pipe which is equipped with relief and
safety valves and drives the turbine set through turbine valves as a function
of output. The subsequently depressurized steam is condensed in the evaporator
overhead condensers, the condensate is collected in the condensate tank
and recycled by main condensate pumps through several preheating stages
into the feedwater tank and from there, by the main feedwater pumps, back
into the steam generators. In this process, as is usually done in thermal
power plants, steam is diverted at various turbine stages to preheat the
condensate or feedwater.

A complete technical description of the secondary loop is given within
the framework of the circuit diagrams for:

1. Reactor coolant loop

2. Main feedwater system

3. Emergency feedwater system

4. Deminerali:ed water system

5. Main steam pipe system

-5-
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Each of these circuit diagrams comprises approximately 6-8 DIN A 4 pages -

(compare German Reactor Safety Study, [15]) with several hundred components.

At this point it is not,, reasonable either in terms of content or work to
go into the amount of detail even in these circuit diagrams for the determin-
ation of secondary loop emissions. As the following section shows, it
is possible to reduce the host of components to an adequately small number
of components for the purposes of model consideration.

2.1.3. Development of the Working Model

The following general goal corresponds to the problem stated
for the present study:

-- With a preset primary loop activity of an arbitrary radionuclide as
well as SG 1eakage, the specific activity of this nuclide, the activity
flows between connected points and the resulting emissions from the secondary
loop at any time and at any place are to be calculated.

Within the framework of the systems analysis, the following restricted
goal function is decisive for the development of the model:

-- With a preset primary loop activity of an arbitrary radionuclide as
well as SG 1eakage, in the equilibrium case and for certain operating transients
the specific activity of this nuclide at points which are relevant for
the emissions and the resulting emissions from the secondary loop are to
be calculated.

The task of the development of the model thus consists of providing a model
which is capable of stimulating, with adequate precision, the continuous
space / time distribution of an arbitrary radionuclide in the secondary loop.
In this process, as regards the time distribution both the steady-state
activities and, in special cases, the time-dependent transient conditions
are to be considered. With regard to distribution in space, an appropriate
selection is to be made of the points in the feedwater steam system.

It must also be determined what values are essential to nuclide transport
in the secondary loop.

Within the framework of the present model development, the following nuclide-
specific and non-nuclide-specific specification factors are used as a point
of departure:

1. Specific primary loop activity and SG 1eakage

The specific primary loop activity is nuclide-specific, while the SG 1eakage
is not. These two values are linearly incorporated into the activity calcula-
tions. They represent boundary and initial conditions which directly affect
the level, but not the space / time distribution of the specific nuclide
activity.

2. Mass flows and steam emissions
,

Mass flows and steam enissions are not nuclide-specific. The radionuclides
carried through the SG 1eak into the secondary loop are water-borne or

-6-
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steam-borne; thev are thus distributed in accordance with the mass flows
of the water and steam phases.- This is also reflected, among other things,
by the fact that for eacn radionuclide its specific activity, i.e., the
number of decays per unit of time and unit of mass (usually in Ci/t) is
calculated at every point in the secondary. loop which is regarded as relevant.

3. Phase distribution factors a or decontamination factors DF

The a and DF factors are nuclide-specific and indicate in what proportions
a radionuclide remains in the liquid or gaseous phase in the event of phase
tr'ansitions of evaporation or condensation. thus, for example, a nuclide
which is present in ion form will always remain for the most part in the
liquid phase in an evaporation process. The a and DF factors depend on
the chemical cnl physical properties of the nuclide under consideration
as well as on the. technically pre-established values pressure, temperature,
air humidity, pH value, etc.

A detailed description of the values which determine nuclide transport
is given in Sections 2.2 and 2.5 of the systems analysis.

Since the model development is clogaly associsted with mathematical formali:a-
tion or the mathematical description and solution postulates, let us skip
ahead here to Section 3, Computer . Program. The following basic physical
assumptions determine the mathematics used:

1. The principle of conservation of mass or the continuity equation
for mass flow or mass flow density is applicable.

- 2. In the secondary loop system (model) there are no sources of radionuclides
other than the SG 1eaks, determined by the leakage rate in the SG and the
nuclide-specific primary loop concentration. .

3. For every point in the secondary loop it is possible to compile an
activity flow balance from the technically pre-established mass flows in
the form of a linear differential equation. The activity distribution
for all points is found as the solution to the differential equation system
(DE system).

, Accordingly, the number of points to be considered directly determines
' the scope of the DE system and the expense involved in solving this system.

; The following points are selected with the above in mind and are briefly
| explained (compare Figures 2.1.3 and 2.1.4) .
I

1. SG 1eaky

2. SG intact
;
f 3. Main steam

4. High-pressure turbine

5. Water separator / intermediate superheater

6. Low-pressure turbines

7. Evaporator overhead condenser

-7-
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8. Hot well

9. Feedwater tank

10. Blowdown flash tank

11. Blowdown deminerali:ation system
i

12. Sump

13. Atmosphere

-- Re 1 and 2: The SGs play a central role tn two ways: on the one hand,
the SGs are the point at which the radioactivity is transferred from the
primary loop into the secondary loop. On the other hand, depending on
the element and the chemical form in which it comes, there can be a build-
up of.the activity in the liquid phase in'the evaporation process. In
this process, pressure, temperature and residual moisture are of decisive
importance.

' This phenomenon, which is due to the fact that the solubility of the substance
is different in water than in steam, is described by the phase distribution

'

and decontamination factors mentioned above (compare Sections 2.2 and 2.5).
.

It is to be assumed that a SG 1eak will not occur in all SGs simultaneously.
Thus, in practice, SG 1eaks have occurred to date in only one, or at most
in two of the usual four SGs. The model must therefore provide for precisely,

' two "SG points", of which the one represents the intact SGs and the other
the SGs with heating tube leaks. .

-- Re 3: 'The main steam which is generated in the SG~and is largely dried; ,

is distributed in an extensive pipe system (compare Figure 2.1.3). The,

soundness of introducing a " main steam" point is due to the consideration
that the main steam pipes of the two SG points combine into a collecting.

pipe prior to the inlet into the turbine and thus affect the activity distribu-
tion. In addition, a portion of the already collected-main steam is branched
off and is sent, for purposes of preheating, past the turbine to the
fifth point, the water separator and intermediate superheater, and from
there to the feedwater tank. Because of the feedwater degasification device,

j this is important for the emissions calculation.

I

-- Re 4: The high-pressure turbine is to be regarded as a relevant point.

to the extent that, on the one hand, due to its numerous taps which are
. combined by us it represents a mass flow distribution node with direct
: influx into the feedwater tank and since, on the other hand, values which

are decisive for the phase distribution factors such as pressure, temperature
and residual moisture or steam content, vary at this point.

-- Re S: As in the case of the high-pressure turbine point, the wateri

separator / intermediate superheater represents a mass flow branching with
direct influx to the feedwater tank which affects the activity flows by
means of the a factor. By the same token, the pressure, temperature and
moisture conten't of the main steam are influenced by these components.

-- Re 6: See 4.

|
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-- Re 7: The evaporator overhead condenser is a power plant component
which has an operational and a safety task since it plays a decisive role
in heat removal, for instance in the event of a reactor scram and the associated
turbine trip and operation through a bypass station. The condenser also
represents the interface with the tertiary loop, the main water loop. Evaporator
overhead condenser leaks decisively affect the secondary loop water chemistry
and consequently the SG heating tube corrosion damage.

Finally, a significant emission pathway for noble gases from the secondary
loop runs through the evaporator overhead condenser exhaust.

-- Re 8: The hot well represents a mass flow node. Here the mass flows
from the blowdown deminerali:ation, low-pressure turbine taps and condensate
collect and flow from the hot well into the feedwater tank. The demineralized
water for making up for the water and steam losses is essentially fed into
the hot well. -

-- Re 9: There is a direct emission pathway from the feedwater tank to
the atmosphere through the feedwater degasification system. The feedwater
tank is also a mass flow node, with a direct line to the SGs.

-- Re 10: The blowdown flash tank serves to adapt the pressure and temperature
of the SG water to the values required for the blowdown system. In the
depressuri:ation of the SG water, steam is generated which is fed as heating
steam directly to the feedwater tank. This mass flow is decisive for the
activity in the feedwater tank and for its emission.

-- Re 11: The blowdown demineralization system serves to retdin the radio-
nuclides which are present primarily in the form of salts.,

-- Re 12 and 13: The points sump and atmosphere represent the aqueous
or vaporous sinks.

The above-described model optimi:ation takes into account in summary form
the following boundary conditions:

-- Degree of detail of the description of the reactor equipment,

-- Specification factors for readionuclide transport,

-- Mathematical formulation approach,

-- EDP optimi:ation which is appropriate to the problem (storage space,
computer time, etc.).

2.1.4. The Secondary Loop Model for Calculating Emissions of Radioactive
Nuclides

The results of the development of the model are presented in Figure 2.1.3.
As the mass flow balances show, the components and pipe systems which are
relevant for the mass flows to be considered are encompassed therein. The
model of the secondary loop for the computer program is derived from Figure
2.1.3 and presented in Figure 2.1.4.

A comparison of Figures 2.1.3 and 2.1.4 shows that control and safety components
such as control valves, isolation valves, safety valves, parallel piping are

-9-
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,

.

. either omitted in Figure 2.1.4 (since they are of no importance for nuclide
'

transport) or are coabined.
,

Three release pathways into the atmosphere, two of which do not run through
the vent stack, are of jarticular importance for the emissions: .

1..The main leak site is the high-pressure section from which emissions
to the ambient air constantly occur, even during normal operation. In
Figure 2.1.4 these leaks are combined by a set sign (- -). In.

particular, this is construed to include all emissions from the following
components: high-pressure drain / tank with standpipe to the power house
roof; le' aks from different seals and stuffing boxes.

2. Emissions from the feedwater degasification system. Due to consider-
ations of water chemistry, the feedwater is cleared of dissolved corrosive
gases such as oxygen and carbon dioxide as much as possible. The gases
are removed directly through the power house roof with steam as the carrier
gas (without a vent cooler / vapor condenser).

The important point here is the fact that only approximately one-half of
the mass flow, which is tapped off from the SGs to the flash tank of the
blowdown demineralization system for purposes of blowdown, reaches the
ion exchangers at all. The other half of this mass flow reaches the feedwater
tank unfiltered. In the event of SG 1eaks, activity reaches the environment
directly via this pathway through the feedwater degasification system (compare
Figure 2.1.S) .

3. Emissions from the evaporator overhead condenser exhaust. In the process
of maintaining an underpressure, the noble gases are sent on to be emitted*

,

through the vent stack.
,

,

s

.

|

|

|

|
t

(

l
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2.1.S. Systems-Theory Comparison of the Secondary Locp Model with the
Secondary Loop Model of the KhU

To conclude the systems analysis, we will now briefly discuss the secondary
loop model used by the KwU [13]. The systems-theory comparison is informative
in many respects: on the one hand, because the KWU model has been incorporated
in different ways into the evaluation of nuclear power plants within the
framework.of the licensing procedure under the Atomic Law. On the other
hand, tha comparison sheds light on the importance of the systems analysis
since this makes it clear that in principle a model cannot take into account

,

more emissions pathways than were previously considered within the framework
of the systems analysis. This means that wit;out completely considering
all relevant system values (here nuclide transport including the emissions
pathways) the derived model will also be unabla to completely consider
the emissions in question.

The KWU diagram for calculating activity flows in the secondary loop is
presented in Figure 2.1.6.

The comparison shows in particular:

1. The KWU aodel does not contain a feedwater tank, but rather only
the evaporator overhead condenser, and thus no feedwater degasification.
Consequently, all of the main steam runs through the turbines to the condenser,
and this necessarily leads to an overestimation of the emissions whien
are released through the stack, i.e., under " monitored" conditions.

2. The KWU model does not provide any blowdown demineralization flash
tank and thus eliminates a significant contribution of activity to the
direct unfiltered emission through the power house roof.

3. The only direct emission pathway which the KWU model provides for
is relief through the safety valves. It does not consider any emissions
from the high-pressure section of the secondary loop. These two factors
lead to a significant underestimation of the direct and unfiltered emissions
to the outside during normal operation (no relief).

4. The diagram suggests that the leaks enter the power house (with the
exception of relief through the safety valve). In contrast, however, the4

text descript:on does indicate I-131 emissions through the power house
roof (and through the liquid waste), but this is based on the completely false
assumption that the N-16__ scram system will limit the I-13I concentration
in the main steam to the values established by the Federal Minister of
the Interior. This point is discussed in greater detail under the section
on "SG Leaks".

In summary, it can be stated tnat the KWU model necessarily leads to a
large underestimation of the emissions.

-13- .
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2.2. Mathematical Model of the Phase Distribution and Decontamination Factors

2.2.1. General Consideration
*

The nuclide distribution in the secondary circuit is determined by the mass
flows of tho transport medium water. The transport medium water is present
in the secondary circuit either predominantly in the liquid or predominantly
in the gaseous phase. The solubility of the nuclide or the chemical compound
in which the nuclide occurs in water or vapor is accordingly the value which
primarily determines nuclide transport and thus nuclide distribution.

Solubility data are always data on the ratio of the quantities of a substance

or element which are dissolved in the solvent (here water or steam) under
constant conditions to the quantities of the same element or substance which
remain insoluble under these conditions. Solubilities are thus statements
of concentration ratios..

The solubility data shown in many standard works ([1], [2]) apply to a static
ejuilibrium in which the observation time is thus long compared to the establish-
ment time of the concentration equilibrium.

Because of the high [large] mass flows in the secondary circuit, it can
be assumed that only dynamic equilibria are present. These concentration
conditions are constant over time, as in the case of static equilibrium,
but, in addition to the chemical conditions and the values of pressure and
temperature, they are also dependent on physiotechnical conditions such
as the dynamic boundary layer thickness of the interface, etc. This system
of specification factors which generates the dynamic solubility equilibrium
itself varies within the secondary circuit so that, to completely consider
the transport processes particularly at the liquid / gas interfaces, the
concentration conditions would have to be measured for each nuclide at the
individual points.

For the theoretical model description of nuclide transport, according to .'

the foregoing, it is necessary to know two distribution coefficients which
determine the activity flow. The one coefficient f indicates to what extentsr

the mass flow consists of water and steam, i.e. , how the mass is distributed
between the liquid and gaseous phases. The second coefficient a indicates,

! to what extents the activity is transported in the water or steam, i.e. ,
how the activity is distributed between the two phases. f is heavily dependent
on pressure, temperature and technical measures, for instance those taken

| to reduce the residual moisture or so-called steam content by the water
| separator; for this purpose the chemical or physical properties of solubility
! are decisive for a. The coefficients f and a can be defined in a way which
| is compatible with the values DF, YrF and EF previously introduced for the
| SGs.

In the simulation model, the secondary loop is subdivided into 13 points.
To model the mass flow conditions, at least 22 mass flows are defined among
the 13 points. Now a decontamination factor DF, which is a function of
the mass and activity distribution factors f and a, must be assigned to
each of these mass flows. For each mass flow ig and each nuclide N), a|

decontamination factor DF is thus to be stated which can be determined from
ij

the pair of values (fy,aq ) and which represents a dimension figure for
1
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the activity transfer between the points which mass flow sg
Connects.

The functional relationship between the values f and a as well as the derived value
DF is derived in the folloeing section.

2.2.2. Transport Model for the Decontamination Factor DF as & Function
of the Phase Distribution Factors f and a

The decontamination factor DF (also called decofactor for short) normally
describes the ratio between the mean specific activity of a nuclide in the

one (usually aqueous) phase c to the adjacent (usually vaporous)~ phase c2i

#
1DF = (1),

c
2.

'

Accordingly, the decofactor is a measure of the transport resistance which an
interface represents for a certain nuclide.

Let there be an arbitrary point i in the secondary loop. Let this point
be represented by a volume with the mass content My and activity A ) ofg

nuclide j; at this point the following mean specific activity will thus
be present:

A g4-

#13 * (2)3
i

Let the mass content M now be divided as follows:

M = M' + M" with (3)

M' = f M and M" = (1-f)M (3a)

into a liquid phase f M and a gaseous phase (1-f)M; here the mass distribution
factor f indicates the liquid portion of the total mass content.

Analogously the activity A is composed of the two activities A' in the liquid
i and A" in the gaseous phases of the mass content:

A = A' + A". (4)

i Because of the difference in density between the liquid and gaseous phases,
i it is sound practice to relate the specific activities of the phases (stated
I in Ci/t). This i= t.he same thing as the nuclide concentration in water

or steam. For the sake of simplicity, we will therefore use the term "concen-
tration" below. In addition, these concentrations will pertain to an arbitrary,

|
but fixed nuclide.

|
I If c' and c" designate the specific activities or concentrations in the

! liquid and gaseous phases of the total mass content M, then according to
! (3a) and (4), the following is true of the total activity:

[
A=c' * M + f + c" M - (1-f) (5)
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By" analogy with (2), the following is obtained for the mean concentration
e of the mass content:

A
*

= c = c '. f + c". (1-f) (6)
M

If (6) is true for an arbitrary point i, then it is also true for the adjacent
point j. In particular, because of the fact that M and A can always be
differentiated, formula (6) can also be derived for the activity f2ow A
and the mass flow m.

'

From (1) and (6) it then follows for the decofactor DF that:

' "( 'l'l l* I
DF = (7).

c 'f *C "II~f I2 2 2 2

The mass distribution factor f indicates how the liquid and gaseous phases
are distributed over a pre-established mass (mass flow). Thus, it is not
yet determined how the activity is distributed between the phases. It is
a good idea for the activity distribution factor a to be defined as follows:

* c'
a= (8)

c"

Thus the factor n indicates the ratio of the specific activity in the liquid~

phase to the specific activity in the gaseous phase. a is a complicated
function of, among other things, temperature, pressure, concentrations and
enthalpies of all other nuclides in the water and steam phases.

With the aid of (8); (7) is transformed into:
'

3(1-fhc'[f +
33 3

Dr = (9)

' h2 * I 2hC
2 2

or into a reciprocal presentation which is constant for all values of a:

.

c'**1[2*f*I~f
.

3 2 2 t
7= (10)

2 ("1 *'1 *l ~# )
c'.a

3 1

or

7(a-1)+1]c 'a f
7 g 7

DF
(a -1) +1) (10a)g .a f

j 7 3 _
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-- Discussion of the Decofactor in the Form of (10) or (10a)

If for the sake of simplicity we ignore the phase distribution at one point and
assume a homogeneous distribution of the activity A over the mass content
M of the point, then with (2) it follows from (1) and (6) that:

5 C2*f *2~ Il~fI3 2
(11)" * *

DF g g g

(the subscripts 1 and 2 are used to distinguish point 1 and mass flow 2).
'The summands on the right-hand side of (11) can be interpreted as follows:

1EF = entrainment factor (lla)c2 ,f

e
and VTF = vapor transfer factor' (11b)c "(1~I)2

from which we find for the decofactor DF the formula which is known from
the literature [3] and applies to the SG

h=h+p'

(11c)

If, in addition, we assume that the concentration in the liquid phase of

the mass flow c2' is equal to the mean initial concentration at point c ,y

an assumption which is approximately valid for salts which are little-soluble
in steam without re-evaporation of droplets (in the main steam) [3], [4],
[5), for the entrainment factor EF the following is true:

EF=f (12)

|

|
and

h" p+f (12a)

Equation (12a) can now be verified for sodium which is little soluble in
steam and is transported virtually exclusively in the liquid phase, 1.2.,

[ with the residual moisture of the main steam: with the literature values
j [6] for the VTF of sodium of VTF > 10', it follows that:
|

haf (13)

l for which reason the element sodium, which is measurable in traces (detection
'

limit approximately 0.1 ppb) is used to " measure" the residual moisture
! in the main steam [7], [S).
|
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If we now take into account the activity distribution over the water phases
by using (8), it follows directly from (11b) and (12a) that:

h = f(1-f) + f (14)
*

and for sufficiently small f, there follows the simple expression:

fgr=f+h (14a)

The simplifying assumptions which lead to (14a) are summari:ed below:

1. Let the activity at that point be diatributed homogeneously over the
mass.

.

2. Let the concentration in the residual moisture be equal to that at
that point.

3. Let the concentration ratio a in the areas under consideration be
constant and independent of the concentrations.

4. Let the residual moisture be low; f << 1.

These assumptions are only conditiona,11y valid. Heavily dissociated salts
in the SG and main steam with low residual moisture correspond to these
assumptions.

If formula (14a) still describes the conditions in the SG correctly to some
extent, then it provides completely irrelevant values for, for instance,
the high-pressure turbine. However, (14a) provides false values even for
gases in the SG.

If accordingly the water content of the point in question is also taken
into account, then formula (10) or (10a) again results. These equations
(10) and (10a) are immediately transformed into (14) on the basis of assumptions
1 and 2, i.e., with C1 = 1 and c ' = c '*1 2

As well, on the assumption that a is dependent only on pressure, temperature,
the solvent and the nuclide under consideration and that the differences
between the pressure and temperature at that point and those of the mass
flow leaving that point are slight, the following is approximately true:

a =a
3 2 (15)

f"c' 2 1 a
and thus: 1 2 (16),

DF c', 1
3 f_

1 1-s

From approximation (15) it also follows from (8) that:

e' c' (l7)g 2
f7r " g <

1 2
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This means, however, that:
' 'C C

3 3
"

2' "2 (17a)
C

,

Finally, however, from (15) there also follows the formula used in the program
for the decontamination factor DF ) for point i and the mass flow leaving it j :i

a.fg +1-fg'

DF ) = (18)ij+1-fg3g ,,g

A detailed description of the value ranges of all decofactors which occur
is given in Section 2.5.-
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In the following Sections 2.3 to 2.6, the input parameters of the computer
program are analy:ed and the corresponding values or value ranges are determined.
In discussing the individual paraceters, problems are discussed at many
points which have either been ignored or inadequately discussed in the reactor
safety debate.

4

1
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2.3. Primary Loop Activities

.

- Introduction

The activity inventory of the fuel elements and the release rates are the.

initial values for emission calculations for normal operation as well as
for incidents and accidents. The larger the nuclide-specific initial activity,
the larger the emission ultimately will be since all barriers (fuel element
cladding, cold walls, filters, etc.) will always hold up only a certain portion.
The selection of the nuclides is decisive. If a nuclide is forgotten from
the very start, then later in the emission calculations and in the calculation
of the radiologic consequences it can no longer play a role -- an underestimate
is made.

It is surprising to note that different authors or institutions consider different
nuclides "important". Either no statements at all or only very general
statements are made about the selection criteria which lead to the evcluation
"important nuclide" or " insignificant nuclide".

In contrast, however, on the basis of the selected nuclides exact values

are calculated for the emission and immission burden of nuclear plants.
This app 1'ies both to work from the Reactor Safety Company (GRS) and the
Power Plant Union (KWU)..

A precise examination of the nuclide selection in the safety reports [7],
[8] and in the German Risk Study [5] showed that even important nuclides
of the essential trace elements which are indispensable for metabolism are
not taken into account.

As presented in the following sections, criteria were developed for nuclide
selection and an appropriate data file was compiled. Literature analyses
clarified the following questions:

-- What nuclides have been detected to date in the primary loops of
PWRs?

-- How high are the nuclide-specific activities? Under what conditions?

-- What values do nuclide-specific spiking factors have during
load ramps or shutdown processes?

2.3.1. Summary of the Important Nuclides and Determination of Primary Loop
Activities on the Basis of the Measured Data

In the operation of NPPs, experience teaches that defects occur in fuel element
cladding, causing radioactive fission products (for instance, transuraniums)
to get into the primary coolant. The greater the fuel element damage and
the larger the transients (for instance, in shutting down the reactor or
in the event of incidents or accidents), the larger is the proportion of
the radioactive inventory of the fuel elements which is initially released
into the primary coolant. In addition, the high neutron flux densities
create activated corrosion products from the enclosures of the primary coolant.
A large portion of the metallic activated corrosion products are deposited
on the surfaces of the enc 1,osures (in particular the fuel element surfaces).
It.is also true for the corrosion products that transients which occur initially
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release a more or les large part of the deposited nuclides into the primary
water.

2.3.1.1. The Selection Criterion for Imcortant Nuclides

A NPP creates over 500 nuclides which have very different specific activities
and very different half-lives. The selection criterion adopted was the,

absolute number N of nuclei of a radionuclide in the fuel elements:

| N = A *I mit N l' 3,7 + 1016 ,
,

where A = Activity in the fuel elements in Ci/t;

t = Mean lifetime in sec;
.

T1/2
.T = with T1/2 = half-life.In 2

All nuclides for which N 3 3.7 10 ' are listed as important nuclides and1

the corresponding primary loop activities are determined. The lower boundary
of 3.7 10 ' was selected such that this criterion accomplishes the following:1

1). All nuclides which are defined by the KWU [7), [8] and GRS [5] as
important are covered by this criterion.

2). In addition, nuclides with a short half-life (in the second or minute
range) are considered if their specific activities in the fuel elements

15are correspondingly large so that the product is A r :) 3.7 10

These short-lived nuclides must not be neglected since in most cases they
.are transformed in several stages into longer-lived ones and thus, in the
case of emissions, into nuclides which are relevant for incident to accident
induced damage.

Let us list the following as examples:

Kr 87 6 min; Rb 87 4' 3 )g 8

Kr 90 32;3sec) Rb 90 j"i")Sr90 1'*)
3 3

,Rb9'3'j8sec) Sr 93 jb" ") J 9Isec I,

Kr 93 3

6
'' 3 0 ,;::r 93

3

*The factor 3.7 results from the definition of the unit Curie
3.7 10" sec-1
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jN"")Mo101 1 * ") Tc 101 14Y" ) -I4Nb 101
3 3

Xe 137 3'$ ' "1 Cs 137 30;1a)
S 8

Xe 140 i'** ; Cs 140 ; sa 140 y L, ;2h)I 12,79d
.

I 5hCe 149 h Pr 149 gs)Nd149 j}3h)p,349 _g

~

Just these few examples show that ignoring the.shcrt-lived nuclides necessarily
leads to an underestimation of the consequences of emissions.

3). All nuclides with a low specific activity are considered if their
half-lives are so long that the product is A t 3 3.7 10 This ensures18

that, for instance, actinides with, in some cases, half-lives of several
thousand years are taken into account. Even with low specific activity,
these nuclides are of particular importance in the area of long-term consequences
because of their half-lives, which last many generations ~in the case of
emissions.

4). In addition, the essential (E) or potentially essential (PE) trace
elements [1] which are of particular importance for the isotopes of warm-
blooded animals are considered by the criterion A r > 3.7 1015

An additional evaluation [of the damage] caused, for instance, by ingestion
toxicity or inhalation toxicity was omitted since the data base on which
these statements are founded is the subject of intense scientific dispute
(compare [15]) and also because no inhalation or ingestion factors are described

'

in the literature for some of these nuclides.

2.3.1.2. Explanation of the Calculation of Primary Loop Activities and
Spiking Factors on the Basis of Measured Data

Table 2.3.1.2.1 summarizes the corresponding data. The calculation of the
individual data is described in the sequence of the individual columns.

Column 1: Designation of the nuclide

Column 2: A for activation product
S for fission product

-25-
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Column 3: Half-lives in [9]: s = seconds
m = minutes
h = hours
d = days,

a = years

Calumn 4: The inventory of radioactive substances in the reactor core
was deterrined with the ORIGEN computer code [10]* and was stated at the
end of the third cycle for the KWU Biblis B reactor. Since Biblis A, Phillips-
burg II, Unterweser, the Sued NPP, Grohnde, Neckarwestheim II and Grafenrheinfeld
are almost identical [to this reactor] in their thermal power, it can be
assumed that the core inventories of these plants are approximately the
same.

Column 5: Measured or calculated primary loop activities. Curies
per ten of primary coolant are indicated. If the same isotope occurs both
as a fission product = S and an activation product = A (compare column 2),
then the primary loop activities were consolidated.

Column 6: Classification of the primary loop (PL) activity:
,

m = measured
i = isotope
s = similar
v = volatile r

sst = solid state
a = actinide.

The classifications are explained below:

Detailed definitions: m = measured; these metsured values were taken from-

the literature, in most cases from German PWRs. If several [different]
measured values were found, then to stay on the conservative side the highest
value was selected. In this process it was ensured that these were not
values which were created by spikes. A comparison with the design values

,

of the KWU (compare column 10) shows good agreement.

1, s , y , sst and a mean that these values were calculated on the basis of

nuclides which were as similar as possible and for which measured values
are known. Since measured primary concentrations are taken as the point
of departure, in principle the mass, clean-up and mean water exchange
of the primary coolant as well as leakage into the sump are taken into account.
The calculation was performed by means of the equation:

C$pg
C
UK " C

jKI

*The computations with the above-indicated program were carried out by
Gerald Kirchner, Certified Physicist of the 'Jniversity of Bremen.

1
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Cypg = Required primary loop concentration of the i-th nuclide:

Cigg = Core inventory of the 1-th nuclide calculated with the ORIGEN program,
in Ci/t of heavy metal; *

C)pg = Measured primary loop concentration of the j-th nuclide .n Ci/t of
coolant which is as similar as possible to the i-th nuclide in tern.s of
physiochemical behavior;

C)gy = Core inventory of the j-th nuclide calculated with the ORIGEN program,
in Ci/t of heavy metal;

s = Similar; elements i and j are nuclides of the same main group or the
same adjacent group in the periodic table,

y = Volatile; elements i and j are nuclides from the group " solids which
are volatile under 1230*" (according to [11]);

sst = Solid state; elements i and j are nuclides from the group "other solids"
(according to [11]);

a = Actinide; elements i and j are nuclides.from the group " actinides" (according
to [11]) . -

Column 7: Essential (E) and potentially essential trace elements (EP) [ sic]
according to K. Betke and F. Bidlingmaier [1] .

Column 8: Statement of the upper spiking factor SF (compare ?igure
2.3.1.2) as well as of a mean spiking factor SF,. The mean spiking factor
SF, is average from the values of several publications.

Column 9: Total spike time Ttot, as well as the mean spiking time T,.

Using the example of the work of W. Chubb [29] it is explained how the values
in column 8 (spiking factors) and column 9 (spiking times) were obtained
[29] (Figure 2.3.1.2).

The work of W. Chubb [29] was used since it is one of the few of the more than
20 works studied which gives data which provide a detailed picture of the
variation of spike activity because of its relatively extensive activity
measurements. In most of the other works, the differentiated structure

of the spiking variation is not recogni::able. Then the indicated spiking
factor is equal to the maximum spiking factor which is determined from the
maximum of the measured spike activity and not from the maximum of the averaged
spike activity.

The so-called spiking concentration is the maximum specific activity A
sin the primary loop caused by a load change or a transient of the

reactor. (Depending on the degree of detail of the data, A is designateds
as the maximum averaged specific activity, i.e. , the " upper spiking activity") .

The ratio of the maximum specific activities A t the specific activity A,s
prior to the peak yields the spiking factor SF:

>
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A
s_

SF = A
o

*

i.e., two characteristic time indications are obtained for the spike (compare
Figure 2.3.1.2):

-- 1. The total spike time T with T =T3-T. T is the time fromgot tot o got

the beginning of the spike-induced activity peak T to its attenuation back too
the initial activity A at time T *o 3

-- 2. The mean spike time T, with T, = T2-T. T,is the spike time whichg

would result if the spiking activity A were constant during time T2-T.3 1

Thus T , is determined in such a way that:
,

T
3

(A(t) -A]dt=T,(A -A)o 3 o

T
O

A(t) = Time-dependent activity variation.

Column 10,: Design activities of the KWU in the reactor cooling system
(primary loop activities) in Curies per ton of coolant,-

i

4

i

I

.

f

|
|

s

G
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Figure 2.3.1.2. Iodine Spiking Behavior in a PWR According
to W. Chubb [29] .
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TABLE 2.3.1.2.1. IMPORTAN1' NUCLIDES IN LWRS. ;

Primary loop ;

activities of

Core the KWU [8] with
inventory Primary loop Total time 10% clean-up of
in Ci/t activity (pl) pl Essential Spiking of Sp the primary loop
of heavy in Ci/t of classifi- trace factor (SP) (Avg. SP without

Nuclide A/S Ita l f-l i fe metal water cation element (SP avgd.) tinci degasification

|| 3 S 12.35 a 3.56 (-2) 5.0 (-1)
11 3 A 12.35 a 5.42 (+2)
lie 10 A 1.6 (+6)a 2.01 (-7) 1.0 (-8) EP . .

C 14 A 5,736 a 2.94 (-4) 8.8 (-12) s*

Na 24 A 15.03 h 4.18 xxx

Al 28 A 224.6 m 8.43 (+2) xxx s EP

Si 31 A 2.62 h 1.34 (+2) 4.0 (-6) s E

P 32 A 14.3 d 2.08 (+2). 1.1 (-3) s
P 33 A 25.3 d 5.19 (+2) 2.9 (-3) s

h S 35 A 87.5 d 3.84 1.9 (-7) s
* C1 36 A 300,000 a 6.68 (-7) 1.7 (-14) s
* Ca 45 A 163 d 1.61 (-1) 4.8 (-9) s.

Sc 46 A 84 d 2.14 (+ 1) 6.4 (-7) s EP.

Sc 47 A 3.42 d 3.58 (+1) 1.0 (-6) s EP

Sc 48 A 43.67 h 3.24 xxx EP

liV 52 A 3.75 m 2.14 (+3) xxx -

Cr 51 A 27.7 d 1.64 (+5) 8 (-3) m li 10 (7.5) 72 h (48 h) 2.0 (-3)
Cr 55 A 3.6 m 2.29 (+3) xxx E

Mn 54 A 312 d 5.13 (+3) 1 (-3) m ti 37.5 (22) 72 h (48 h) 2.0-(-4)
} Mn 56 A 2.58 h 3.18 (+5) 6 (-4) m E 100

''

lie 55 A 2.7 a 3.92 (+4) 8.7 (-3) i- E

l'c 59 A 44.6 d 3.06 (+3) 7 (-4) m 11 20 2.0 (-4)
i Co 58 A 70.78 d 1.86 (+4) 4.4 (-3) m ti 10000 (2200) 400 h (100 h) 2.0 (-3)
| Co 60m A 10.5 m 3.20 (+4) 6.2 (-3) i 11

Co 60 A 5.272 a 1.46 (+4) 2 (-3) m E 500 (94) 400 h (100 h) 6.0 (-4)
Co 61 A 1.6 h 3.98 (+2) 7.7 (-5) i E

'

Ni 59 A 75,000 a 1.10 (+1) 2.3 (-6) s E
,

5 (-4) = 5 x 10 '' xxx Nuclides which lie just below the criterion limit of N 3 3.7 10". t

-
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TABLE 2.3.1.2.1. IMPORTANT NUCLIDES IN LWRS. , ;

si
Primary loop

activities of
Core the KWU [8] with

' inventory Primary 10012 Total time 10% clean-up of
in Ci/t activity (pl) pl Essential Spiking of Sp the primary loop

,

of heavy ' in Ci/t of classifi- trace factor (SP) (Avg. SP without

Nuclide A/S lialf-life metal water cation element (SP avgd.) time) degasification -

Ni 63 A 100 a 1.69 (+3) 3.5 (-4) s E

Ni 65 A 2.52 h 3.16 (+3) 6.6 (-4) s E.

Cu 64 A 12.7 h 4.61 (+2) 1.4 (-3) sst E
* *

Zn 65 A 244 d 2.56 (-1) 6.8 (-5) m E

Zn 72 S 46.5 h 2.20 (+1) 5.8 (-3) i E
,

Ga 72 S 14.1 h 2.23 (+1) 6.7 (-7) sst JIP
Ga 73 S 4.8 h 5.45 (+1) 1.6 (-6) sst. EP
Ge 75 S 83 m 3.59 (+2) 1.1 (-5) sst EP

Ge 77 S 11.3 h 8.53 (+2) 2.6 (-5) sst EP

Ge 77m S 54 s 1.70 (+3) xxx EP4
7 Go 78 S 88 m 5.60 (+3) 1.7 (-4) sst FP

Ge 79 S 42 s 1.14 (+4) xxx EP
,

Ge 80 S 24.5 s 2.37 (+4) xxx EP
*

. Ce 81 S 10.1 s 2.54 (+4) xxx EP

; Ge 82 S 4.6 s 1.98 (+4) xxx EP*

As 76 S 26.4 h 2.62 (+1) 1.4 (-4) s .

As 77 S 38.8 h 2 21 (+3) 1.2 (-2) s
'_ As 7d S 1.5 h 5.84 (+3) 3.2 (-2) s
' As 79 S 8.2 m 1.40 (+4) 7.7 (-2) s

As 80 S 15.2 s 3.33 (+4) xxx -

As 81 S 34 s 5.03 (+4) 2.8 (-1) s

As 83 S 13.3 s 6.37 (+ 1) 3.5 (-1) s ;

As 84 S 5.3 s 4.87 (+4) xxx
Se 79 S 65 000 a 3.90 (-1) 1.9 (-8) e li'

} Sc 79m S 3.9 m 1.40 (+4) 6.9 (-4) v E

t

! 5 (-4) = 5 x 10 ' xxx Nuclides which lic just below the criterion limit of N 3 3.7 10*'. t

4 ,
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TABLE 2.3.1.2.1. IMPORTANr NUCLIDES IN LWRS.

Primary loop
activities of

Core the KWU [8] with
inventory Primary loop Total time 10% clean-up of
in Ci/t activity (pl) pl Essential Spiking of Sp the primary loop
of heavy in Ci/t of classifi- trace factor (SP) (Avg. SP without

Nuclide A/S Ital f-life metal water cation element (SP avgd.) timel degasification

Se 81 S 18 m 5.53 (+4) 2.7 (-3) v is

Sc 81m S 57.3 m 1.67 (+3) 8.2 (-5) v E ,

Sc 83 S ?2.4 m 4.48 (+4) 2.2 (-3) v E
* *Se 83m S 69 s 6.44 (+4) 3.2 (-3) v E

Sc 84 S 3.1 m 1.78 (+5) 8.7 (-3) v E

Su 85 S 33 s 1.08 (+5) 5.3 (-3) v E
Se 86 S 16.1 s 1.92 (+5) 9.4 (-3) v E >

Se 87 S 5.6 s 1.70 (+5) 8.3 .(-3) v E :

Se 88 S 1.5 s 5.43 (+4) xxx li
Br 82 S 35.34 h 4.21 (+3) 8.8 (-4) s EP

a,

i U Br 82m S 6.1 m 3.35 (+3) 7.0 (-4) s lip
'

Br 84 S 31.8 m 1.87 (+5) 3.9 (-2) s !!P
*

Br 84m S 6.0 m 9.46 (+3) 2.0 (-3) s I!P
*

Br 85 S 2.87 m 2.41 (+5) 5.1 (-2) s !!P
,

Br 86 S 54 s 1.63 (+5) 3.4 (-2) s lip

Br 86m S 4.5 s 1.64 (+5) 3.4 (-2) s . EP
11r 87 S 55.7 s 3.83 (+5) 8.0 (-2) s EP
Br 88 S 16.2 s 3.91 (+5) 8.3 (-2) s EP
Br 89 S 4.5 s 2.61 (+5) 5.21 (-2) s !!P
11r 90 S 1.63 s 1.63 (+5) xxx EP

Kr 81 S 210 000 a 5.63 (-7) 1.8 (-13) i
Kr 83m S 1.83 h 1.13 (+5) 3.8 (-2) i
Kr 85 S 10.76 a ~9.98 (+3) 3.4 (-3) i 4.9 (-1)
Kr 85m S 4.48 h 2.45 (+5) 2.5 (-1) m 30 1.5 (0)
Kr 87 S 76.3 m 4.44 (+5) 1.5 (-1)' m .l.7 (0)

'' 15 (-4) = 5 x 10 xxx Nuclides which lic just below the criterion limit o f N 3 3. 7 * 10 ' .
. .

,
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TABLE 2.3.1.2.1. IMPORTANT NUCLIDES IN LWRS.

Primary loop
activities of

Core the KWU [8] with
inventory Primary loop Total timo 10% clean-up of
in Ci/t activity (pl) pl Essential Spiking of Sp the primary loop
of heavy in Ci/t of classifi- trace factor (SP) (Avg. SP witheit

Nuclide A/S Ita l f-l ife metal water cation element (SP avgd.) time) degar .ication

Kr 88 S 2.8 h 6.11 (+5) 2.9 (-1) m 3.4 (0)
Kr 89 S 3.18 m 7.71 (+5) 2.6 (-1) i

' Kr 90 S 32.3 s 7.56 (+5) 2.6 (-1) i
* *Kr 91 S 8.6 s 5.44 (+5) 1.8 (-1) i

Kr 92 S 1.84 s 2.59 (+5) xxx

Kr 93 S 1.29 s 9.15 (+4 ) xxx
Rb 86 S 18.7 d 2.35 (+3) 1.2 (-4) t, s EP:

' Rb 87 S 44.7 (+9)a 2.21 (-5) 1.10 (-13) t, s EP
Rb 88 S 17.8 m 6.47 (+5) 3.1 (-2)* t, s - 2.4 (0) i

;, Rb 89 S 15.2 m 8.37 (+5) 4.1 (-2) t, s

Y Rb 90 S 2.6 m 8.11 (+5) 4.0 (-2) t, s
Rb 90m S 4.3 m 2.05 (+5) 1.0 (-2) t, s
Rb 91 S 58 s 1.02 (+6) 5.0 (-2) t ,' *s
Rb 92 S 4.5 s 8.75 (+5) 4.3 (-2) t , .s

Rh 93 S 5.8 s 6.44 (+5) 3.2 (-2) t, s.

Rb 94 S 2.69 s 3.20 (tS) 1.6 (-2) t, s ,,

Sr 87m S 2.81 h 9.48 xxx
Sr 89 A 50.5 d 5.17 (+1)
Sr 89 S 50.5 d 8.81 (+5) 2.6 (-2) sst
Sr 90 A 28.5 a 1.03 (-3) 3.11 (-11) sst 9.6 (-5)
Sr 90 S 28.5 a 7. 90 (+4) 2.4 (-3) sst 9.6 (-5)
Sr 91 A 9.5 h 9.98 xxx
Sr 91 S 9.5 h 1.10 (+6) 3.3 (-2) sst
Sr 92 S 2.71 h 1.20 (+6) 3.6 (-2) sst
Sr 93 S 7.45 m 1.38 (+6) 4.1 (-2) sst

.

~*Plus 2.3 Ci/t (decay product of Kr 85).
^

5 (-4) = 5 x 10 " xxx Nuclides which lie just below tl.e criterion limit of N >, 3.7 10''.
i
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TABLE 2.3.1.2.1. IMPORTAMr NUCLIDES IN LWRS.

Primary loop
activities of i

Core the KWU [8} with
inventory Primary loop Total time 10% clean-up of
in Ci/t activity (pl) pl Essential Spiking of sp the primary loop
of heavy in Ci/t of classifi- trace factor (SP) (Avg. Sp without

Nuclide A/S Ital f-life metal water cation element (SP avgd.) timel dogaisification

Sr 94 S 74 s 1.36 (+6) 4.0 (-2) sst

! Sr 95 S 24.4 s 1.19 (+b) 3.6 (-2) sst

Sr 96 S 1s 7.92 (+5) 2.4 (-2) sst'
. .

Sr 97 S 0.2 s 3.88 (+5) xxx
Sr 98 S 0.6 s 1.45 (+5) xxx

Y 89m S 16 s 7.16 (-1) xxx
,

| Y 90 S 64.1 h 8.30 (+4) 2.5 (-3) sst

Y 90m S 3.19 h 2.34 (+1) xxx ,

Y 91 A 58.5 ,1 1.37 (+2)
g

'

Y 91 S 58.5 d 1.15 (+6) 3.5 (-2) sst'
'

' Y 91m S 49.7 m 6.41 (+5) 1.9 (-2) sst

Y9tm A 49.7 m 5.89 -

Y 92 S 3.54 h 1,21 (+6) 3.6 (-2) sst.

Y 93 S 10.1 h 1.42 (+6) 4.3 (-2) sst

Y 94 S 19 m 1.52 (+6) 4.6 (-2) sst

Y 95 S 10.3 m 1.60 (+6) 4.8 (-2) sst -

Y 96 S 9.3 s 1.59 (+6) 4.5 (-2) sst

Y 97 S 1.1 s 1.26 (+6) 3.8 (-2) sst

Y 98 S Is 8.55 (+5) 2.6 (-2) sst

Zr 93 A 1.5 (+6)a 1.19 (=1) lip

Zr 93 S 1.5 (+6)a 1.87 2.3 (-11) i lip

Zr 95 A 64 d 4.65 (+4) !!P 1 (-4)
Zr 95 S 64 d 1.66 (+6) 3.0 (-5) m lip 1 (-4)
Zr 97 S 16.8 h y.70 (+6) 2.2 (-5) m !!P
Zr 98 S 30.7 s 1.67 (+6) 5.3 (-5) i IIP *

,

5 (-4) = 5 x 10 " xxx Nuclides which lie just below the criterion limit of N i 3.7 * 10 '.~
3'
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TABLE 2.3.1.2.1. IMPORTAKr NUCLIDES IN LWRS.

Primary loop
activities of

Core the KWU [8] with
inventory Primary loop Total tiac 101, clean-up of
in Ci/t activity (pl) pl Essenttal Spiking of Sp the primary loop
of heavy in Ci/t of classifi , trace factor (SP) (Avg. SP without

Nuclide A/S Ila t f-life metal water cation element (SP avgd.) time) degasification
;

Zr 99 S 2.3S s 1.66 (+6) 5.3 (-5) i EP $
Zr 100 S 7.1 s 1.49 (+6) 4.7 (-5) i EP '

Zr 101 S 2s 8.84 (+5) 2.8 (-5) i lip
, .

Zr 102 S 2.9 s 4.66 (+5) 1.5 (-5) i EP
Nb 93m A 13.6 a 9.20 (-3) EP

Nb 93m S 1.36 a 1.32 (-1) 4.9 (-9) sst EP
Nb 94 A 20 000 a 2.11 (-3) 6.3 (-11) sst EP
Nb 94 S 20 000 a- 1.75'(-4) EP
Nb 95 A 35.15 d 4.77 (+4) EP

4 Nb 95 S 35.15 d 1.65 (+6) 5.0 (-2) sst EP

Y' Nb 95m S 86.6 h 1.29 (+4) 3.6 (-4) sst. EP
Nb 96 A 23.4 h 3.80 (+1) EP.

Nb 96 S 23.4 h 2.06 (+3) 6.2 (-5) sst !!P
Nb 97 S 74 m 1,72 (+6) 5.2 (-2) sst lip

Nb 97m S 53 s 1.61 (+6) 4.8 (-2) sst EP

Nb 98 S Si m 1.71 (+6) 5.1 (-2) sst EP
Nb 101 S 7.1 s 1.57 (+6) 4.7 (-2) sst I!P
Nb 102 S 4.3 s 1.29 (+6) 3.9 (-2) sst EP

| Mo 93 A 3 500 s 2.79 (-2) 1.4 (-9) s E
Mo 99 A 66 h 2.79 (+3) E

i

Mo 99 S 66 h y.84 (+6) 9.0 (-2) s E
Mo 101 S I4.6 m 1.70 (+6) 7.9 (-2). s E
Mo 102 S I1.5 m I .62 (+6) 8.1 (-2) s E
Mo 103 S 62 s 1.66 (+6) 8.1 (-2) s E
Mo 104 S 1.1 m 1.25 (+6) 6.1 (-2) s li

5 (-4) = 5 x 10-*. ,
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TABLE 2.3.1.2.1. IMPORTAKl' NUCLIDES IN LWRS.

?

Primary loop '

activities of
Core the KWU [8] with

inventory Primary loop Total time 10% clean-up of'

in Ci/t activity (pl) pl Essential Spiking of Sp the primary loop
of heavy in C1/t of classifi- trace factor (SP1 (Avg. Sp without

Nuclide A/S Italf-life metal water cation element _(SP avgd.) t ime'l degasification

Mo 105 S 42 s 8.86 (+5) 4.3 (-2) s E

Sk> 106 S 10 s 3.90 (+5) 1.9 (-2) s E

Tc 99 S 210 000a 1.31 (+1) 3.9 (-7) s- . .

Te 99m A 6h 2.43 (+3)
Tc 99m S 6h 1.62 (+b) 4.9 (-2) s

Te:99 A 210 000a 1.66 (-2) 4.8 (-10) s
Tc 100 S 15.8 s 6.47 (+5) 1.9 (-2) s

,

Tc 101 S 14 m 1.70 (+6) 5.0 (-2) s
Tc 102 S 5.3 s 1.63 (+6) 4.9 (-2) s

h Tc 103 S 50 s 1.69 (+6) 5.1 (-2) s
' Tc 104 S 18 m 1.36 (+6) 4.1 (-2) s

Tc 105 S 7.6 m 1.15 (+6) 3.5 (-2) s .

Tc 106 'S 36 s 7.19 (+5) 2.2 (-2) s
Tc 107 S 21 s 3.09 (+5) 9.3 (-3) s
Tc 108 S 5s 2.06 (+5) 6.2 (-3) s

thi 103 S 39.35 d 1.70 (+6) 3.6 (-2) sst !!P
lha 105 S 4.44 h 1.17 (+6) 2.6 (-2) sst EP
llu 106 S 368 d 5.37 (+5) 1.1 (-2) sst EP
Ru 107 S 3.8 m 6.27 (+5) 1.3 (-2) sst EP
Ru 108 S 4.5 m 4.17 (+5) 8'.8 (-3) sst EP

Ru 109 S 34.5 s 2.57 (+5) 5.4 (-3) sst' EP
Ru 110 S 13 s 1.00 (+5) 2.1 (-2) sst !!P
Rh 103m S 56.1 m 1.53 (+6) 3.2 (-2) sst EP

.Rh 101 S 42 s 1.17 (+6) 2.5 (-2) sst EP
*Rh 105 S 35.5 h 1.05 (+6) 2.2 (-2) sst EP

5 (-4 ) = 5 x 10~".
-.
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TABLE 2.3.1.2.1. IMPORTA!E NUCLIDES IN !.WRS.

Primary loops

activities of
Core the KWU [8] with

inventory Primary loop Total time 10% clean-up of
in Ci/t activity (pl) pl hssential Spiking of Sp the primary loop
of heavy in Ci/t of classifi- trace factor (SP) (Avg. SP without

Nuclide A/S Ital f-life metal water cation element (SP avgd.) time) degasification

ath 105m S 45 s 3.28 (+5) 6.9 (-3) sst fiP
lth 106 S 30 s 6.23 (+5) 1.3 (-2) sst lip

lth 106m S 2.2 h 3.56 (+4) 7.5 (-4) sst lip
, ,

Ith 106 S 22 m 6.32 (+5) 1.3 (-2) sst !!P
Ith 109 S 80 s 2.67 (45) 5.6 (-3) sst !!P

Rh 109m S 50 s 1.33 (+5) 2.8 (-3) sst !!P
lth 110 S 27.7 s 1.09 (+5) 2.3 (-3) sst EP
lth 111 S 62.7 s 5.22 (+4) 1.1 (-3) sst lip ,
Pd 107 S 6.5 (+6)a 1.11 (-1) 2.3 (-9) sst lip

Pd 109 S 13.46 h 3.39 (+5) 7.1 (-3) sst I!P

7' Pd 109m S 4.69 m 1.35 (+5) 2.8 (-3) sst I!P
Pd til S 22 m 5.34 (+4) 1.1 (-3) sst I!P i

Pd Illm S 5.5 h 9.20 (+2) 1.9 (-5) sst EP
'Pd 112 S 20.1 h 2.17 (+4) 4.6 (-4) sst IIP

Pd 113 S 1.6 m 1.62 (+4) 3.4 (-4) sst !!P

Pd 114 S 2.4 m 1.00 (+4) 2.1 (-4) sst . lip

Ag 108 S 2.41 m 1.11 (-2) 3.3 (-10) sst !!P
Ag 109m S 39.6 s 3.39 (<S) 1.0 (-2) sst !!P
Ag 110 S 24.6 s 1.91 (+5) 5.7 (-3) sst I!P
Ag llom S 250.4 d 6.27 (+3) 1.9 (- 4) sst I!P

Ag 111 S 7.5 d 5.40 (+4) 1.6 (-3) sst* lip

Ag lilm S 1.2 m 5.32 (+4) 1.6 (-3) s s,t I!P
Ag 112 S 3.12 h 2.18 (+4) 6.5 (-4; sst I:P
Ag 113 S 5.37 h 1.47 (+4) 4.4 (-4) sst EP
Ag 115 S 2m 6.00 (+3) 1.8 (-4) sst I!P

5 (-4) = 5 x 10' .

!
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TABLE 2.3.1.2.1. IMPORTAKr NUCLIDES IN IMRS. '

:
Primary loop

activities of
Core the KWU [8] with.

inventory Primary loop Total time 10% clean-up of
in Ci/t activity (pl) pl Essential Spiking of Sp the primary loop
of heavy in Ci/t of classifi- trace factor (SP) (Avg. SP without !

Nuclide A/S Ila t f-life metal water cation element (SP avgd.) t ime'l degasification *

.

Cd il3m S 14.6 a 2.31 (+1) 8.9 (-7)[?] sst EP.

Cd 115 S 53.38 h 8.05 (+3) 3.1 (-4) sst lip

Cd ll5m S 44.8 d 8.22 (+2) 3.1 (-5) sst EP -

Cd 117 S 2.42 h S.10 (+3) 1.9 (-4) sst EP **

Cd ll7m S 3.31 h 2.83 (+3) 1.1 (-4) sst lip

Cd 118 S 50.3 m 7.97 (+3) 3.0 (-4) sst EP
in ll4m S 49.5 d 1.85 5.5 (-8) sst EP
in 115 S 60n(+12)a 7.00 (-12) 2.1 (-19) sst EP
in ll5m S 4.5 h 8.05 (+3) 2.4 (-4) sst !!P
In 116 S 54 m 1.78 (+3) 5.3 (-5) sst EP4

? In 117 S 38 m 4.76 (+3) 1.4 (-4) sst !!P
In ll7m S 1.95 h 5.99 (+3) 1.8 (-4) sst EP
in 119:n S 18 m 6.05 (+3) 1.8 (-4) sst I!P
Sn 117m A 14 d 1.32 (+4) 4.0 (-4) sst li
Sn ll7m S 14 d 5.11 (+') li
Sn 119m A 245 d 1.11 (+4) 3.3 (-4) sst li
Sn 119m S 24S d 1.19 (+2) E
Sn 121 A 27 h 4.68 (+3) 11

Sn 121 S 27 h 8.52 (+3) 2.6 (-4) sst li
Sn 121m A 50 a 6.35 (-1) 1.9 (-8) sst E

Sn 121m S 50 a 1.72 (-1) E
Sn 123 A 129.2 d 3.18 (+2) li
Sn 123 S 129.2 d 2.20 (+3) 6.6 (-5) sst li
Sn 123m S 410.1 m 7.92 (+3) 7.4 (-4) sst li
Sn 125 A 9.64 d 9.74 (+1) 2.9 (-6) svt 11

5 (-4) = 5 x 10-\.

I
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TABLE 2.3.1.2.1. IMPORTANT NUCLIDFS IN LWRS.

Primary loop
activities of

Core the KWU [8] with -

inventory Primary loop Total timo 10% clean-up of
in Ci/t activity (pl) pl Essential Spiking of Sp the primary loop
of heavy in Ci/t of classifi- trace factor (SP) (Avg. Sp without

Nuclide A/S Ital f-life metal water cation element (SP avgd.) time) . degas i fication
.

Sn 125 S 9.64 d 1.14 (+4) E
,,

Sn 125m A 9.5 m 3.15 (+3) .E
Sn 125m S 9.5 m 1.58 (+4) 4.7 (-4) sst E

, .

Sn 127 S 2.1 h 6.11 (+4) 1.8 (-3) sst E

Sn 127m S 4.4 m 3.54 (+4) 1.1 (-3) sst E

Sn 128 S 59 m 1.61 (+5) 4.8 (-3) sst E

Sn 130 S 3.7 m 3.42 (+5) 1.0 (-2) sst E
Sn 131 S 59 s 2.78 (+5) 8.3 (-3) sst E .

Sn 132 S 40 s 1.46 (+5) 4.4 (-3) sst li
,

g Sb 122 S 2.7 d 1.45 (+3) 8.0 (-3) m lip 40 (22) 72 h (48 h)
'

Sb 124 A 60.3 d 1.0 (+1) lip 1000 (137) 72 h (48 h)
Sb 121 S 60.3 d 1.06 (+3) 2.2 (-2) m. EP
Sb 125 A 2.77 a 1.30 (+3) EP .

Sb 125 S 2.77 a 9.66 (+3) 5.3 (-2) i I!P
Sb 126 A 12.4 d 7.6 4.2 (-5) i lip

Sb 126 S 12.4 d 7.38 (+2) 4.1 (-3) i EP
Sb 127 S 3.85 d 1.05 (+5) 5.8 (-1) i EP
Sb 129 S 4.32 h 3.45 (+5) 1.9 i lip

Sb 131 S 23 m 8.16 (+5) 4.5 i !!P
Sb 133 S 2.3 m 4.99 (+5) 2.8 i !!P

Te 123 S 12.4 (+ 12)a 8.081(-13) 4.0 (-20) v tiP
*

Te 123m S 119.7 d 1.33 (+1) 6.5 (-7) v lip

Te 125m A 58 d 4.63 (+2) 2.3 (-5) v lip

Te 125m S 58 d 2.00 (+3) 9.8 (-5) v tiP
Te 127 S 9.36 h 1.01 (+5) 5.1 (-3) v lip

5 (-4) a 5x 10-*. -

.
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TABLE 2.3.1.2.1. IMPORTAIR NUCLIDES IN IMRS.

Primary loop
activities of

Coze the KWU [8] with
inventory Primary loop Total time 101, clean-up of
in Ci/t activity (pl) pl Essential Spiking of sp the primary loop
of heavy in Ci/t of classifi- trace factor (SP) (Avg. SP without

Nuclide A/S Ital f-life metal water cation element (SP avgd.) timel degasification

Te 127m S 109 d 1.33 (+4) 6.5 (-4) v EP
Te 129 S 69.6 m 3.41 (+5) 1.7 (-2) v lip

Te 129m S 33.6 d 5.20 (+4) 2.5 (-3) v EP
* *Te 13I S 25 m 8.92 (+5) 4.4 (-2) y EP

Te 131m S 30 h 1.59 (+5) 7.8 (-3) v lip
'

Te 132 S 78 h 1.45 (+6) 7.1 (-2) v EP
Te 133 S 12.5 m 1.13 (+6) 5.5 (-2) y lip

Te ll3m S 55.4 m 7.37 (+5) 3.6 (-2) v EP
Te 134 S 41.8 m 1.48 (+6) 7.3 (-2) y lip

Te 135 S 18 s 7.46 (+5) 3.7 (-2) v EP

? Te 137 S 3.5 s 3.94 (+5) 1.9 (-2) v EP
J 128 S 25 m 1.27 (+4) 2.6 (-3) i 11

J 129 S 15.7(+6)a 3.23 (-2) 6.7 (-9) i li 3.2 (-8)
J 130 S 12.36 h 2.54 (+4) 5.2 (-3) i E
J 130m S 9m 1.85 (+4) 3.8 (-3) i E

J 131 S 8.01 d 1.02 (+6) 2.7 (-1) m . E 100 (52) 50 h (20 h) 9.2 (-1)
J 132 S 2.38 h 1.48 (+6) 3.0 (-1) i li 3.2
J 133 S 20.8 h 2.04 (+6) 3.0 (-1) m E 60 (18) 7d (4d) 4.8
J 134 S 52 m 2.18 (+6) 4.5 (-1) i li 3.9
J 134m S 3.5 m 2.48 (+5) 5.1 (-2) i E

J 135 S 6.59 h 1.89 (+6) 3.9 (-1) i. li 4.8
J 136 S 83 s 8.23 (+5) 1.7 (-1) i li
J 136m S 46 s 5.14 (+5) 1.1 (-1) i 11

J 137 S 24.2 s 7.99 (+5) 1.6 (-1) i E
J 138 S 6.2 s 3.82 (+5) 8.1 (-2) i li

5 (-4) = 5 x 10'".
.
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TABLE 2.3.1.2.1. IMPORTAffl' NUCLIDES IN 1.WRS.

Primary loop
activities of

Core the KWU [8] with
inventory Primary loop Total time 101, clean-up of
in Ci/t activity (pl) pl Essential Spiking of sp the primary loop
of heavy in Ci/t of classifi- trace factor (SP) (Avg. Sp without

Nuclide A/S Ita l f-l ife metal water cation element (SP avgd.) timel degasification

Xe 129m S 8.89 d 7.61 1.2 (-4) i
Xe 131m S 12 d 1.03 (+4) 1.7 (-1) i
Xe 133 S 5.29 d 2.05. (+6) 6.0 (+1) m 500 (160) 130 h (70 h) 20

Xe 133m S 2.2 d 6.60 (+4) 1.1 i 4.9 (-1)*

Xe 135 S 9.17 h 5.03 (+5) 2.0 m 10 8.2

Xe 135m S 15.3 m 4.31 (+5) 7.2 1 5.1 (-1) '

Xe 137 S 3.83 m 1.79 (+6) 2.9 (+1) i
Xe 138 S 14.1 m 1.61 (+6) 2.7 (+1) i 1.4

Xe 139 S 39.7 s 121 (+6) 2.9 (+1) i

L Xe 140 S 13.5 s 7.81 (+5) 1.3 (+1) i~

7 f:s 134 S 2.06 a 2.52 (+5) 5.5 (-3) m I!P 275 3.1 (-3)
Cs 134m S 2.9 h 6.84 (+1) 3.4 (-3) t lip

Cs 135 S 2 (+6) a 4.59 (-1) 2.2 (-8) i I!P

Cs 135m S 53 m 7.42 (+2) 3.6 (-5) i I!P

Cs 136 S 13 d 3.04 (+4) 1.5 (-3) i IIP

i Cs 137 S 30.1 a 1.12 (+5) 5.5 (-3) m lip 500 (390) 9.4 (-3)
Cs 138 S 32.2 m 1.71 (+6) 8.4 (-2)* i I!P 1.3

Cs 138m S 2.9 m 1.00 (+5) 4.9 (-3) i I!P

Cs 139 S 9.3 m 1.70 (+6) 8.3 (-2) i I!P

Cs 140 S 64 s 1.54 (+6) 7.5 (-2) i lip

Cs 141 S 24.7 s 1.11 (+6) 5.4 (-2') i lip
.

Cs 142 S 1.68 s 6.34 (+5) 3.1 (-2) i I!P

Ba 135m S 28.7 h 2.19 (+2) 6.6 (=6) sst lip

Ba 137m S 2.55 m 1.06 (+5) 3.2 (-3) sst EP

lla 139 S 82.7 m 1.78 (+6) 5.3 (-2) sst lip

*Plus 1.3 Ci/t (decay product of Xe 138).

5 (-4) = 5 x 10 ".
-
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TABLE 2.3.1.2.1. IMPORTANT NUCLIDES IN LWRS.

Primary loop
activities of

Core the KWU |8] with
inventory Primary loop Total time 10% clean-up of
in Ci/t activity (pl) pl Essential Spiking of sp the primary loop
of heavy in Ci/t of classifi- trace factor (SP) (Avg. Sp without

Nuclide A/S Ital f-life metal water cation element (SP avgd.) timel degasification

lla 140 S 12 79.d 1.75 (+6) 5.3 (-2) sst IIP
*

Ha 141 S 18.3 m 1.64 (+6) 4.9 (-2) sst lip

Ba 142 S 10.7 m 1.54 (+6) 4.6 (-2) ssc !!P .

Ba 143 S 20 s 1.33 (+6) 4.0 (-2) sst lip

Ba 144 S I1.9 s 9.64 (+5) 2.9 (-2) sst lip

Ba 145 S 5.6 s 4.95 (+5) 1.5 (-2) sst !!P
1.a 138 S 130 (+9)a 1.22 (-10) 3.7 (-18) sst lip

1.a 140 S 40.2 h 1.82 (+6) 5.5 (-2) sst I!P
1.a 141 S 3.93 h 1.65 (+6) 5.0 (-2) sst I!P
1.a 142 S 92.5 m 1.58 (+6) 4.7 (-2) sst I?P

' l.a 143 S 14.3 m 1.50 (+6) 4.5 (-2) sst lip

1.a 145 S 29 s 9.38 (+5) 2.8 (-2) sst lip

1.a 14 6 S 8.3 s 5.98 (+5) 1.8 (-2) sst lip

1.a 147 S 1.6 s 2.88 (+5) l!P
Ce 14 1 S 32.41 d 1 3.9 (-8) sst lip

Ce 143 S 33 h 1.51 (+6) 4.5 (-2) sst lip

Ce 144 S 284.8 d 120 (*6) 3.6 (-2) sst I!P
Ce 145 S 3m 1.02 (+6) 3.1 (-2) sst I!P
Ce 146 S 13.9 m 8.14 (+5) 2.4 (-2) sst I!P
Ce 147 S 57 s 6.28 (+5) 1.9 (-2) .; s t lip

Ce 149 S 5s 2.45 (+5) 7.4 (-3) sst I!P
Pr 142 S 19.2 h 6.36.(+4) 1.9 (-3) sst lip

Pr 142m S 14.6 m 1.71 (+4) 5.1 (-4) sst lip

Pr 143 S 13.57 d 1.49 (+6) 4.5 (-2) sst lir

Pr 144m S 7.2 m 1.44 (+4) 4.3 (-4) sst I!P

5 i-4) =5x 10-".

i
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TAELE 2.3.1.2.1. IMPORTANT NUCLIFES IN LWRS.

Primary loop
activities of

Core the KWU (8] with
inventory Primary loop Total time 101, clean-up of
in C1/t activity (pl) pl Essential Spiking of sp the primary loop
of heavy in Ci/t of classifi- trace factor (SP) (Avg. SP without

Nuclide A/S Ita l f- l ife metal water cation element (SP avgd.) time} degasi fication ,

Pr 145 S 5.98 h 1.02 (+6) 3.1 (-2) sst EP

Pr 146 S 24 m 8.18 (+5) 2.5 (-2) sst EP

Pr 147 S 12 m 6.48 (+5) 1.J (-2) sst EP , .

Pr 148 S 1.98 m 5.13 (+5) 1.5 (-2) sst I!P ,

Pr 149 S 28 s 3.59 (+5) 1.1 (-2) sst EP

Pr 150 S 10 s 2.39 (+5) 7.2 (-3) sst EP

Nd 144 S 2.1(+15)a 1.21 (-9) 3.6 (-17) sst lip

Nd 147 S 10.98 d 6.60 (+5) 2.0 (-2) sst EP

Nd 149 S 1.73 h 3.80 (+5) 1.1 (-2) sst EP
,

4- Nd 151 S 12.4 m 2.01 (+5) 6.0 (-3) sst- EP

Nd 152 S 11.4 m 1.38 (+5) 4.1 (-3) sst EP

Pm 147 S 2.62 a 1.29 (+5) 3.S (-3) sst.

Pm 148 S 5.37 d 2.91 (+5) 8.7 (-3) sst
*

Pm 149m S 41.3 d 6.46 (+4) 1.9 (-3) sst

Pm 149 S 53.1 h 5.90 (+5) 1.8 (-2) sst

Pm 150 S 2.7 h 1.24 (+3) 3.7 (-5) sst

Pm 151 S 28 h 2.02 (+5) 6.1 (-3) sst

Pm 152 S 15 m 1.42 (+5) 4.3 (-3) sst

Pm 152m S 7.5 m 3.29 (+3) 9.9 (-5) sst

Pm 153 S 5.3 m 9.05 (+4) 2.7 (-3) sst

Pm 154 S 1.6 m 5.03 (+4) 1.5 (-3) sst

Pm 154m S 2.6 m 1.04 (+4) 3.1 (-4) sst

Sm 147 S 106 (+9)a 1.33 (-6) 4.0 (-14) sst I:P

Sm 148 S 7 (+15)a 5.91(ill) s.8 (-18) sst 11

Sm 151 S 93 a 2.40 (+2) 7.2 (-6) sst E

5 (-4 ) = 5 x 10' '' .
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1ABLE 2.3.1.2.1. IMPORTANT NUCLIDES IN LWRS.

Primary loop
activities of

Core the KWU [8] with
inventory Primary loop Total time 10% clean-up of
in Ci/t activity (pl) pl Essential Spiking of Sp the primary loop
of heavy in Ci/t of classifi- trace factor (SP) (Avg. SP without

Nuclide A/S ital f-life metal water cation element (SP avgd.) timel d gasification$

Sm 155 S 22.4 m 3.87 (+4) 1.2 (-3) sst 11

Sm 156 S 9.4 h 2.43 (+4) 7.3 (-4) sst li
Sm 157 S 8m 1.48 (+4) 4.4 (-4) sst li , ,

liu 152 S 12.4 a 4.18 1.3 (-7) - sst lip

liu 154 S 8.5 a 1.70 (+4) 5.1 (-4) sst !!P

Eu 155 S 4.96 a 9.94 (+3) 3.0 (-4) sst EP

liu 156 S 15.2 d 2.48 (+5) 7.4 (-3) sst !!P

liu 157 S 15.15 h 1.53 (+4) 4.6 (-4) sst I!P

Eu 158 S 46 m 8.99 (+3) 2.7 (-4) sst IIP

L llu 159 S 18.7 m 4.08 (+3) 1.2 (-4) sst EP

I Gd 152 S 110(+12)n 2.01 (-13) 6.0 (-21) sst EP

Cd 153 S 241.6 d 5.00 (+1) 1.5 (-6) s s,t EP

Gd 159 S 18.56 h 5.38 (+3) 1.6 (-4) sst EP
"

Tb 160 S 72.1 d 1.01 (+3) 3.0 (-5) sst lip

Th 161 S 6.9 d 1.09 (+3) 3.3 (-5) sst lip

Dy 165 S 2.35 h 4.89 (+2) 1.5 (-5) sst !!P ,

Dy 166 * S 81.5 h 5.45 1.6 (-7) sst !!P

llo 166 S 26.7 h 1.10 (+2) 3.3 (-6) sst lir

110 166m S I 200 a 1.48 (-3) 1.4 (-11) sst I!P

Ta 182 A 115 d 1.28 (+4) 3.8 (-4) sst !!P

W 185 A 75.1 d 8.56 3.5 (-5) m EP

Th 230 AS 77 000 a 3.76 (-6) 3.8 (-14) u.

Th 232 A 14.05(+9)a 2.58 (-11) 2.6 (-19) a

Pa 231 AS 32 500 a b 6.0 (-8) a

Pa 233 AS 27 d 3. 34 (-1) 3.3 (-9) a

5 (-4) = b x 104

|
.

I 1

~

i



_ . _ _ _.

O

.

TABLE 2.3.1.2.1. IMPORTANT NUCLIDES IN LWRS.

Primary lopp
activities of

Core the KWU [8] with
inventory Primary loop Total time 10% clean-up of
in Ci/t activity (pl) pl Essential Spiking of Sp the primary loop
of heavy in Ci/t of classifi- trace factor (SP) (Avg. SP without

Nuclide A/S Italf-life metal water cation element (SP avgd.) timel degasification

U 232 AS 71.7 a 1.01 (-3) 1.0 (-11) a
U 233 AS 0.159(+6)a 2.46 (-5) 2.5 (-13) a
U 234 AS 0.244(+6)a 1.68 (-1) 1.7 (-9), a .

. ,

U 235 AS 0.704(e9)a 1.85 (-2) 1.9 (-10) a
U 236 AS 23.4 ( * 6)a 3.10 (-1) 3.1 (-9) a

U 237 AS 6.75 d 1.08 (+6) 1.1 (-2) a
U 238 AS 4.47(+9)a 3.17 (-1) 3.2 (-9) a
U 239 AS 23.5 m 2.20 (+7) 2.2 (-1) a

Np 236 AS 1.29(+6)a 2.00 (-5) 2.0 (-13) a
,

g Np 237 AS 2.14 ( +6) a 3.45 (-1) 3.5 (-9) a,

'
Np 238 AS 50.8 h 4.89 (+5) 4.9 (-3) a
Np 239 AS 2.355 d 2.19 (+7) 2.2 (-1) a.
Np 240 AS 65 m 4.63 (+4) 4.6 (-4) a
Pu 237 AS 45.6 d 3.63 3.6 (-8) a
Pu 238 AS 87.75 a 2.81 (+3) 2.8 (-5) a

Pu 239 AS 24 400 a 3,21 (+2) 3.2 (-6) a
Pu 240 AS 6 540 a 4.91 (+2) 4.9 (-6) a

Pu 241 AS 14.89 a 1.06 (+5) 1.1 (-3) a
Pu 242 AS 0.387(+6)a 1.32 1.3 (-8) a
Pu 243 AS 4.96 h 4.15 (+5) 4.2 (-3) a

Am 241 AS 433 a 7.62 (+1) 7.6 (-7) a
Am 242m AS 152 a 8.25 8.3 (-8)
Am 242 AS 16 h 6.63 (+4) 6.6 (-4)
Am 213 AS 7 400 a 1.81 (+1) 1.8 (-7) a
Am 241 AS 10.1 h 1.40 (+5) 1.4 (-3) a

j 5 (-4) =5x 10 ".-

'
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TABLE 2.3.1.2.1. -lMPORTANT NUCLIDES IN 1.WRS.

Primary loop.

activities of
Core the KWU [8] with

inventory Primary loop Total time 101, clean-up of
in Ci/t activity (pl) pl Essential Spiking of sp the primary loop
of heavy in Ci/t of classifi- trace factor (SP) (Avg. SP without

Nuclide A/S Ital f-life metal water cation element (SP avgd.) time) degasification

Cm 242 AS 163 d 3.38 (+4) 3.4 (-4) a

Cm 243 AS 30 a 4.22 4.2 (-8) a

Cm 244 AS 18.099 a 2.32 (+3) 2.3 (-5) a .i, ,

Cm 245 AS 8 532 a 3.14 (-1) 3.1 (-9) a
Cm 216 AS 4 820 a 6.35 (-2) 6.3 (-10) a

5 (-4) = 5 x 10-*.
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Literature Table

No. Nuclide Cond. - Lit. Spike-Lit.

1 Ct Si 17te 19,2e.21.22, 228:7
23,7 .M)J

2 Mn 54 2214,17,19,20,23, 17(22)
26.hl

3 Mn 56 23 20

4 Fe 59 22fe,M,20,21,23,H) 20

1540,13,17,19 17(20,2235 Co 54
22.13.26,E I ,20,21,

6 Co 64 23(8,13,15 M ,20,21, 178229
22.,36,23

7 In 65 21 -

8 Er 85e 26(17,3,3) 17

9 Er 87 26 te,M El -

10 sr, e6 26 :e. 3 9,nl - -

Il Sr 95 20(11 -

82 Er 97 20 -

13 Sb 122 22 22

14 Sb 124 22117.233 17

15 1 131 1488,13,87,M ,y.24, 17813,14,89,295
25,373

16 . 2 I33 26(0.17,M,22,25,El 26817,25)

17 Ie 133 1488,87,M ,22,24,26, 17(84)
UI

18 Ie 135 26(8,g.22,E) 14

19 Ca 134 14t!) 14.

20 Ca 137 1488,25,30 ) 30 (14 1
23 w is5 20 -

Legend to Literature Table

No. = Number.

Nuclide = Element - Mass number.

Con. lit. = Literature on primary loop concentrations

-- Number in front of parentheses: Literature citation for the measured
primary loop activity (column 5 of the previous table) .

-- Number (s) in the parentheses: Literature citation (s) which was (were)
analy:ed regarding the special nuclide activity.

-- Underlined numbers: Literature citations which contain only calculated
values.

Spike lit. = Literature on the spiking factors

-- Number in front of parentheses: Literature citation on measured primary
loop activity variation from which the spiking factor was obtained (column S
in the table).

-- Number (s) in the parentheses: Literature citation (s) which were also
evaluated with regard to the spiking factors or spiking time.
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2.3.2. Important Nuclides of the KWU and GRS - A Comparison
i

Table 2.3.2.1 summarizes the nuclides which were selected by the KWU and
the GRS as being of importance. This selection is decisive for subsequent
activity calculations.* Nuclides which are omitted from this selection
can no longer play any role daring subsequent emission and immission calcula-
tions performed on this basis.

The summary shows how arbitrarily the selection of the nuclides was made.
This must be considered from the standpoint that the KWU and the GRS selected
only 19 and 28 or 54, respectively, of the more than 500 nuclides which
are generated in a NPP and then maintain that their considerations are,

basically " conservative".

Unfortunately, we cannot provide the corresponding table from the safety
report for the Biblis & NPP since the Board of Directors of the RWE refused
to give out the safety reports. This involves a matter of company security.

.

1
#

$

1

2

4

9
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TABLE 2.3.2.1. IMPORTANT NUCLIDES OF THE KWU AND GRS.-

.

_ . <
' ' ~ ~

Neckarwestheim German'rdsk StudyO
re 9 safe re rt mosty.g nt nuclides

se s5a Kr esa ur esa
,,

.xe 45 x: 85 at a5
xr s7 x 87 nr 87
nr sa Kr sa Kr e4
xe 133 xe 131a xe 133
xe 135 xe 133a x. 135

-

Xe 133
xe 135m
xe 135
xe 138

, , _

*

~

J 131 J 129 J 13t
J 122 J 131 J 132

[J;= I] J 133 J 132 J 133
J 134 J 133 J 134
J 135 J 134 J 135

J 135

Sr 90 il 3 Rb 56
*Cs 137 RD 84 Sr 39

Sr 90 Sr 90
Cs 134 Sr 91
Cs 137 Cs t34

ICs 138 Cs 136 ,,

Cs 137- o
__

Cr $1 Cr $1 Co 58
Mn 54 Mn 54 Co 60
Fe 59 Fe 59 Y 91
Co 58 Co 58 2r 95
Co 60 Co 60 No 95
2r 95 1r 95 2r 97

*

40 99 .,-
*Tc 99a

24 103,

Ru 105
*Art 105

Ru 106
Sb 127
To 127a
to 127
$b 129
To 129s
To 129
To 131m .

*To 132
Sa 140 -

La 140 *Ce 141 .

Ce 143
Pr 143
Ce 144

,

Nd 147
*

Pu 238 .

Np 239 7
Pu 239 .

Fu 240
Pu 241
Am 241

,

Ca 242
Ca 244

~~

a

8

)
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2.3.3. Essential and Potentially Essential Trace Elements Which were not
Iacluded in the "Important Nuclides" of the KWU and the GRS

In biochemistry metals.have long been known as " essential trace elements".
In recent years analysis methods have made it possible to recognize many
previously unconsidered elements, primarily metals, as essential (compare
Figure 6 from [1]) .

O Discovered before 19s7 =?n p,*rniu"af*'*d - possibly6

] Discovered after 1957 5 effects proven / unlikely

la ge M4 ty s r e, rf s 74 4 ff# FS Ffff 18 38 (# 8 Ir e re Pf e aff e f
-

/o

e, e, o e n s a y
a a a

'

y r. * I a /e m
__

8 s. G=@@g gg*gygge err c,
,

ggLL337 111gi $*gL' F

gisa1g&ar1gai!L# # k-

Y Y/7 / /
.

m Pare earths *

1&3# ki1111 &114 -

.

b
|

Figure 2.3.3.1. Distribution in the Periodic Table
of the Trace Elements Which are Necessary for Warm-
Blooded Animals.

! Essential elements are indispensable for the metabolism of living organisms.
i Both an excess and a deficit lead to disruptions in metabolism and
| ultimately to diseases. Although metals comprise only approximately 3's
| of the human body, life is much more dependent on them than indicated by

this figure [2].'

|

| The special role of the essential trace elements also affects the importance
| of the individual nuclides which are obtained from nuclear facilities.
j The work of Bruland et al. [3] shows this, by way of example, for the isotopes
i of cobalt (Co). From this new standpoint the isotopes of Co were decisively

attributed a much greater importance in the assessment of radiation damage
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due to emissions from nuclear plants; this is due in this case primarily
to the longer biological half-life which cobalt has in the form of the
vitamin B-12 complex.

The state of the art has continued to develop. The development, distribution,
emission and induced damage of essential and potentially essential trace
elements must be given particular attention in the case of nuclear facilities.
Whether from this new standpoint it is even defensible to expect model
emission mixtures during normal operation must be strongly' questioned. In
the event of incidents and accidents, the 54 nuclides selected in the German
Risk Study [5] as particularly relevant do not correspond to the state
of the art.

Table 2.3.3.2 summarizes the essential and potentially essential nuclides
(compare [1] Figure 6) which are not included either in the cited safety
reports of the KWU cr in the 54 nuclides of the German Risk Study (Technical
Volume 6, Table 6-3-1).

I

i

.

d
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TABLE 2.3.3.2. ESSENTIAL AND POTENTIALLY ESSENTIAL ISOTOPES OF
TRACE ELEMENTS.WHICH ARE NOT INCLUDED EITHER IN THE SAFETY

~ REPORTS OF THE KNU [7], [8], OR IN THE GERMAN RISK STUDY [5) .

Isotope Symool Isotope i Symbol | Isotope Symbol j Isotope Symbol

|
Se 10 EP Se 43 E Nb 97a EP Pd 113 EP

! Pd 114 EPAl 28 EP Se 83a E we 98 EP

! Ag 108 EP$1 31 E Se 84 E Nb 101 EP

Sc 46 EP se SS E | Nb 1C2 EP | Ag 109a .EP

Sc 47 EP Se 86 E ! Mo 93 E I Ag 110 EP
i. ,

Sc 48 EP Se 87 E : Mo 101 E Ag 110a; EP

V 52 E Se 88 E Mo 102 E Ag 111 EP

Cr 55 E tr 82 EP ! Mo 103 E Ag 111e EP
'

Mu 56 E tr 82w EP Mo 104 E Ag 112 EP
, |

Fe 55 E Br S4e EP Mo 105 E ; Ag 113 | EP
,

Co 60m E tr 85 EP Mo 1C6 E Ag 115 EP

Co 61 E Br 86 EP Au 107 EP |Cd113 EP .'

.

.

| Ru 108 EP .Cd 115 i EP ,N1 59 E tr S6a EP ,

N1 63 E tr 87 EP | Ru 109 j EP Cd 115m! EP
,

Ni 65 E tr 48 EP | Ru 110 l EP |Cd 117 | N.7
*

,

'

|
I. I.

Cu 64 I tr 89 EP , Rh 103a EP *Cd 117ai EP
"

Za 65 E tr 90 EP RA 1C4 EP Cd 118 | EP
.

1A 72 E Rh 86 EP Rh 105a EP In 114eI EP

Ca 72 | EP Rh 87 EP Rh 106 EP In 115 EP

f
EP In 115e EP * ' *

tr 93 EP Rh 107 g , EPCa 73

h EP In 116 IP -Ge 75 EP 3r 98 EP AA 109 ,

Ce 77 EP Ir 99 EP Rh 109a EP In 117 EP

Ce 78 EP 1r 100 EP Rh 110 EP !a 117a EP

Ge 79 EP tr 101 EP Ra 111 EP In 119e EP

Ge to EP 1r 102 EP Pd 107 EP Sn 117a E -

Ce 81 D Mb 93a EP Pd 109 EP Sa 119a E ,

!Sn121Oe 82 EP Mb 94 EP | Pd 109a EP E~

Sa 121a . E-Se 79 E Nb 95a EP Pd 111 EP
|

Se 81 F. Mb 96 EP Pd 111a 'EP i Sn 123 T.

f Sn 123a E, '
,Se Sta E Mb 97 EP Pd 112 EP

-

.
'

For all of the nuclides listed in the table (for instance, Sn 117m,
Sn 119m, Sn 121, Sn 123, Sb 126), no inhalation or ingestion factors
are listed in the " General Calculation Fundamentals" [4).
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TABLE 2.3.3.2. CONTINUED

.

l .

Isotope Symbol Isotope , Symbol Isotope Symbol { Isotope Symbol

| Oy 165 CPf E Pr 142m EPsa 125 E J 138

Sn 125a E Ca 134m | EP Pr lede EP ' oy 166 CP'

Sn 127 E Cs 135 EP Pr 145 EP Ho 166 CP

Ho 166m EPSn 127m E Cs 135m : EP Pr 146 EP
|

Sn 128 E Cs 138 EP Pr 147 EP { Ta 182 EP

f
*

Pr 148 EP | w 185 EPsa 130 E Ca dem EP

EP !' Pr 149
|Sn 121 E Cs 139 EP .

f
'

sn'132 f E Cs 140 EP Pr 15C EP

Sb 122 1 EP Cs 141 EP ! Nd 144 EP ,

hSb 124 I EP Ca 142 EP Nd 149 EP *

e

| Sb 125 g EP i Ba 135m EP Md 151 EP ., ,,

Sb 125 EP Sa 137m EP i Nd 152 EP
|

Sb 131 i EP 3a 139 EP Sn 147 C
,; ,

sn 148 C |I Sb 133 EP Sa 141 EP j

; Te 123 EP Sa 142 EP i Sn 151 E l
g

hTo123mf EP sa 143 ; EP Sn 155 E;
'

To 125m! EP sa 144 Et sa 156 | E .

To 131 EP Ba 145 EP $n 157 E !

To 133 EP La 138 EP Eu 152 EP ,,

To 133a EP La 141 EP Eu 154 g EP [

!.a 142 EP Em 155 EP h f
*

! '

To 134 EP

To 135 EP t.4 143 EP Eu 156 EP

Te 137 EP La $45 EP Eu 157 EP

J=I J $28 E i La 146 EP Eu i38 EP

J 129 E La 147 EP Eu 159 EP

! ~,| Ca 145 EP cd 152 EPJ 130 E

J 130m E Ce 146 CP Cd 153 EP ;
*

J 134m E Ca 147 EP Gd 159 EP

J 136 E Ce 149 EP TB 160 EP

Pr 142 EP TB 161 EP .J 137 E j

:..
. - -..

s

. .

For all of the nuclides listed in the table (for instance, Sn 117m,
Sn 119m, Sn 121, Sn 123, Sb 126), no inhalation or ingestion factors

; are listed in the " General Calculation Fundamentals" [4).
_

|

I
|
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2.3.4. Determination of the Bandwidths for the Parameter Study

In the parameter study both the half-lives and the primary loop activities of
standard nuclides are varied. Table 2.3.4.1 lists several nuclides which
are comparable to the standard nuclides.

The primary loop concentrations are varied from*10~ Ci/t to 10 Ci/t.
The lower boundary of 10~ Ci/t corresonds to the lowest nuclide-specific
detection limit which is required in KTA Rule 1504 [28]. The upper limit
of 10 Ci/t approximately corresonds to the design.value of I-131 multiplied
by a spiking factor of 100.

TABLE 2.3.4.1. " STANDARD NUCLIDES" USED IN THE PARAMETER STUDY AND
SELECTED COMPARABLE NUCLIDES OF THE CORE IhTENTORY

.

Decay constants Half-lives T 1/2 of
of the standard the standard Comparable nuclides

nuclido nuclides (s, h, d, a) Nuclide T 1/2

-1
10 22,000 a Pu 239 24,390 a

Pa 231 32,500 a
-10

10 220 a Am 242m 152 a
Sn 121m 50 a
Sn 151 93 a

10~ 2.2 a Cs 134 2.06 a-

Sb 125 2.77 a
Eu 155 4.96 a

-6
10 8.06 d I 131 8.04 d,

'

Sb 126 12.40 d
Xe 133 5.29 d

10~ 1.92 h Kr 87 1.27 h
As 78 1.50 h

10' 69 s Ge 79 42 s-
Br 86 54 s
As 81 34 s
Se 85 33 s

10 0.69 s Sr 98 0.60 s
Y 98 1s

a = Year

d = Days

h = Hours

s = Seconds
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2.4 SG Heating Tube Leaks

- Introduction

The SGs separate the radioactively contaminated primary coolant loop from the
water / steam loop which drives the turbines.

Each of the four SGs of a KWU-1300 SM,y PNR contains U-shaped heat exchanger
tubes with a total length of approximately 65 km and a wall thickness of
approximately 1.2 mm.

It is immediately obviou's that during the operation of a NPP there may be
more or less large leaks in the total of 16,240 SG heating tubes with a total
length of approximately 260 km. Both mechanical and chemical factors, as
well as human error, can lead to such leaks. Leaks are therefore initially
independent of the materials being used at the time. Both in the case of
the material Inconel 600 which is used and so highly praised by Westinghouse
and in the case of tne material Inccioy 800 which is also praised by the
KWU and is used in all NPPs except for Obrigheim, leaks occur over the years.
As examples of KWU steam generators, let us mention the leaks in Biblis B,
Stade and Borse11e. -

, ,

In contrast to these considerations, the KWU philosophy has to date virtually
9

completely prevailed in the FRG; it says:

The material used by the KWU, Incoloy 800, and the design of the
SGs is so much better than the material Inconel 600 used by other
countries (for instance, U.S. A.) and their SG designs that SG
1eaks are not to be expected in the FRG.

As documentation, let us cite an excerpt from the Administrative Law Case
on the Wyh1 NPP dated 11/13/80 [14). It is stated that secondary loop emissions
do not need to be taken into account since the SGs have exhibited no further
. leaks since the use of the material Incoloy 800 began. In particular, it
is stated:

"The defendant [this word is uncertain] (The Sued NPP, Incorporated,
author's note) has represented (by KWU experts, author's note) that
since SG heating tubes made of Incoloy 800 have been used, there have

'

been no more SG 1eaks and consequently the secondary loops of the
Biblis A and B, Neckarwestheim, Borse11e and Atucha Plants have been
free of activity."

,

Note: At the time of this statement in court at the end of 1980, the KWU
was quite well aware of the SG 1eaks at Borse11e and Biblis.
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This safety philosophy of an activity-free secondary loop system of the
KWU has implications for the technical design of the secondary loops of
German NPPs:

-- During power (peration, steam from the secondary system is used to humidify
the air of the switchgear plant building (control room, computer center,
etc.). In the case of SG 1eaks, the radioactivity contained in the steam
will thus be uniformly distributed through the air conditioning system.
Imagine the catastrophic effects in the case of a partial core melt-down
caused by a LOCA due to a SG heating tube rupture.

-- This direct humidification cf the air by secondary loop water was verified
for the Biblis A, B and Grohnde NPPs [15, [16] .

-- Steam is continuously released directly to the outside from the power
house. In the case of SG heating tube leaks, this will lead to unfiltered,
unmeasured and thus unmonitored emissions.

In the next section past leaks and their causes are summarized. It is
shown that the reactor-engineering limitation of SG heating tube leaks by the
N-16 scram [ system] contradicts the philosophy of the reactor protection
system. In addition, the bandwidth [ range] of SG heating tube leaks for the
parameter study is established.

2.4.1. Previous SG Heating Tube Leaks

An evaluation by Stevens-Guille [17] of all SG 1eaks up to 1971 shows that
the mean time between two instances of SG damage is approximately 0.6 year.
It is to be assumed that this mean time between SG damage will decrease
as the age of the plant increases.

The following table summarizes the SG 1eaks and their causes up to the
year 1975 as noted worldwide in the summary works of the GRS, etc. [1-
9,11], and for the FRG from other sources [10], [12], [13], up to September
1981. Since both the obligation to report such damage and the publication
policy of the operators and/or the supervisory authorities are handled
in different ways internationally and, with two exceptions, Table 2.4.1.1.
contains only published SG damage cases, these data are representative
but are certainly not reliable in terms of absolute numbers. The causes
of the SG damage are generally not completely proven so that some of the
data are based solely on assumptions.i

.
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No. o f Sum of
Year No. of SGt No. of No. of Leaky heating Radiation ,

of heating heating heating heating tube burden of
Reactor 'rype s t a rt- tubes tubes tube tubes damages amount of Cause of defect ,

plant |(MW). up per SG) tested damages among then (cumula.) leakage if given Bibl.

11esnau I PWR 1969 2 SG 1971:400 1971: Crack area above tube [1]'

304 (2604) 1972:601, 1972:500 sheet.

| 1973:8 1973:960 1972: Defect in area directly

1973:6-9 above tube sheet.
1974:271 1974:2 1975:982 R/hr 1973: Abrasion fretting corrosioi

1975:5 within SG in clearly outlined patterns
in the hot leg mud deposits
up to 120 nun high on the tube '

-

sheet.
1974:Une instance of damage [2]

inside of mud zone and one
' instance of damage outside of

mud zone..
'

1975:llniform crosion and inter- [3]
crystalline corrosion in the

& area of the mud deposits and.

? on the tube sheet.

Besnau 11 PWR 1971 2 SG 1973: 0 1973:0 1974: Uniform erosion in mud [2]
Inconel 364 (2604) 1974:931, 1974:39 1974:19 deposits, tube sheet.
t>00 1975:56 1975:1 1975:108 1975: " [3]

*
Biblis A PWR 1974 4 SG 1974:9% 1974:0
Incoloy 1204 (4060) 1975:0

*

lliblis !! PWR 377 4 SG 1979:1 1979:1 Nov. 1979: 1.ealy due to pitt ing [10)
Incoloy 1300 corrosion and wastage.

Borselle PWR 1973 1980:40 1980:<1 Reduction of wall thickness of [1]j
incoloy 477 more than 50'..

__

Figure [ sic, should be " Table"] 2.4.1.1. Overview of SG lleating Tube Leaks Throughout the World.
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No. of Sum of
Year No. of SGs No. of No. of leaky heating Radiation
of heating

heating heating heating - tube burden of+
,

Reactor Type s t a rt- tubes tubes tube tubes damages amount of Cause of defect ,
,

'

plant (MW) up per SG) tested damages among ther.i (cumul a.) leakage if given Bibl.
'

i
R.E. Ginna PWR 1969 2 SG 1973:651 1973:0 1974: Erosion close to the tube [2]Inconel 515 (3260) 1974:22 1974:22 sheet.
600 1975:60 1975:2 1975:82 1975: Uniform erosion and inter- |3]

1976:41 1976:123 crystalline corrosion, tube
sheet area. Some damage due
to mud residues.

lladdam PWR 4 SG 1972:14 1973:26 1972: Flaw in area directly abovt [1]
,

Neck 575 (3791) 1973:30'. 1973:10 4 1974:26 tube _ sheet.
*

Inconel 1973:liight damage points in the
J

,

600 center of the hot leg above
the tube sheet, two in the
tube bend area, deposits on

j the tube sheet.
. Jose PWR 1968 i SG 1974:3*. 1974:3 1974:3 o data. [2].

$ Cabra ra 160 (2604)'
inconel
600

--

KWil PWR 1972 4 SG 1973:0 1975:Two tubes pulled for [3]Stade 662 (3000) 1974:0 inspection.
Incoloy 1975:0 1981:160 1 1981: Corrosion of a tube by

1981:l 1981:1 wastage, reactor shutdown. |12j
i

KKW HWR 1966 3 SG 1974:14 1974:14 1974: Defect s in bundle center |2]Gundrem- 337 (1929) 1975:119 1975:133 near part it ion.
mingen 1975: Corrosion in center of [3]

tube sheet.

KKW BWR 1968 2 SG 1975:0 1974:20 No data. |2|
Litgan 256 (5000) 1975:20 [3]

i

Figure [ sic, should be " Table"] 2.4.1.1. Overview of SG lleating Tube Leaks Tl ghout the World.
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t ..

No. of SGS No. of No. of aky he t gYear Radiation
of heating heating heating heating tube burden oftubesiteactor Type start tubes tube tubes damages amount of Cause of defect, I

. plant .(MW) up pgr SG) tested damages among them (cumula.) leakage if given Bibl.
,

KKW PWR 1968 2 SG 1972:992 1972:98 1971:6 1.eaks in the first year of
Obrigheim 345 (2605) 1973:1164 1973:61 1972:29 operation in SG 1 (approx. I 1/Inconel 1974 1254 1974:60 1973:3 lan.81: / day). '
600 1975:1120 1975:41 1974:1 3 t/hr ir 1971:1.cak, cause unknown. [4]1975:5 SG II After 1971: Increase in blowdown

t:onse- from 10 t/ day to 200 t/ day.
iluence: 1972:44 instances of damage in [lj
10 Ci Xe, the area directly above tube
700 mci * sheet, 17 instances of* damage -

I-131, in the elbow area, 37
3 mci instances of damage, crack
L:o-58 in area above tube sheet. ~

t he tank 1973:Intergranular stress
4ater of corrosion cracks above the
the SG tube sheet in the bundle

, center,
m 1979: 1974:St ress corrosion cracking, (M7 ipprox. SG I,. bundle center near tune

'

200 1/ day sheet, SG II, innermost tube+

>00 1/ day sheet in bend area.
1979: At beginning of operating [11]
time.

At end of operating time.
_

hiihame ! PWit 1970 2 SG 1974:200 1973c 2011 . 1974:2127 1973: Thinning of walls due to [1]
'

inconel 340 (4426) 1974:5 1975:2130 local thermal hydraulic
600 1975:12 processes in the area of the;

tube bends under the oscilla-
; tion damping belts.
l

1975: Uniform crosion in the area [3]of the tube bend support.

; Figure [ sic, should be " Table"] 2.4.1.1. Overview of SG lleating Tube Leaks Throughout the World.
. [ Continuation]
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No. of Sum of
Year NO- Of SGS No. of No. o f leaky heating Radiation
of heating heating heating heating tube 8 burden of

Reactor Type start tubes tubes tube tubes damages amount of Cause of defect ,
plant (MW) up per SG) tested damages among them (cumula.) leakag- if given Hibl.

~,

Mihame 11 PWR 1972 2 SG 1973:0 1973:0
inconel 500 (3260) 1974:0 1974:0
600 1975:266 1975:266 [3]

_._

Indian PWR 4 SG 1973:153 1973:249 1973: 1973: Suspicion of st ress [1]Point 265 (811) 1974:16 1974:265 During corrosion in the area of the '

RS Mat- repairs tube bend supports.
[2]erial on 6

, ,

tubesLa
radiation burden of
6-15 R/hr arose, for
a total of 3500
man-rem.

Indian PWR 1973 4 SG 1973:0 1973:0 |1]$ Point 2 920 (3260) 1974:0 1974:0 [2|Y 1975:3 1975:5 [3]*
Oconee I PWR 1973 2 SG 1974:3s 1974:2 1974:2 1976, 3.0 1976:180* circumferent ial crack [2|Inconel 922 (15531) 1975:0 1975:2 1/ min of on a tube due to component [31 ,600 1976:1 1976:3 primary flaw.,

Apr 78:2 water April 78: Cracks in two tubes. [5]
Oct 78:7 1.cakage Oct. 78:lluman failure: 7 tubes [6]

reached with reduced walls (40%
boundary redu'ction) not closed; rather |7]
value 7 intact tubes were closed
(value not due to a counting error..

given)

Geonee 1I PWit 1973 2 SG 1975:0 1975:0 |3|.,nconel 600 922 (15531)
Oconee 111 PWR 1974 2 SG 1975:0 [3]Inconel 92 (15531)

600 . [ sic],
_ i

Figure [ sic, should be " Table"] 2.4.1.1. Overview of SG lleating Tube Leaks Throughout the World.
. | Continuation |
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Year |;No. of SGs
No. of Sum of

No. of No. of leaky heating Radiation
of ! heating heating heating heating tube burden of

lleactor Type start tubes tubes tube tubes damages amount of Cause of defect ,
plant (61N) . up per SG) tested damages among them (cumula.) leakage if given Bibl.

Palisades PWit 1971 2 SG 1972:80s 1973:1700 1973:1700 Aug. 73: 1973: Thinning of tube walls due [1]
Inconel 723 (11519) 1974:1001 1974:1260 1974:2660 kla x . leak- to local thermohydraulic
600 1975:285 1975:2945 age Iimit conditions in 1I tube rows of [2)

exceeded the partition in the area of the
~

68 1/hr tube bends, on oscillation [3|
damper belts and cross-braces.

Point l' Wit 1970 2 SG 1974:34s 1973:0 1975:1 !!)73:193 1974:blaterial erosion and inter- |l]
licach 1 524 (3260) 1974:2 1974:195 crystalline crack format ion. [2]4

Inconel 1975:167 1975:362 1975: Contraction depths on heat- |3]
600 ing tubes of up to 0.1 mm.

4 1974: Defects in the center of [1]
the hot leg bundle in the area,

of the mud delmsits and the 121
pe r iphe ry.

. & 1975:llniform erosion due, among [2]
" j- other things, to phosphates.

'

Point I Wit 1972 2 SG 1974:32s 1973:0 1975:1 1973:0, 5501/ days 1975: Defects in the are:r of' the [3]
15each 2 524 (3260) 1974:7 1978:1 1974:7 of mud deposits over the
inconel 1975:3 1975:10 primary bot t om ra ft .
|>00 1976: 10 1976:20 water 1978:lleating tube damage [6]

4

3.S. PWil 1971 3 SG 1972:100s 1972:32 1973:35 1973:15 1972:Defeets in area of tube []]
Itobinson ]] 739 (3260) 1973:3 1974:7I it/hr sheet.
Inconcl600 1974:36 1975:85 vithin the 1973:Intercrystalline corrosion |2|

1975:14 iG, total: I m above tube sheet in hot
Sept.76: i4 man- leg and I instance of damage

2 rem. due to crosion in tube bend [3]
1978:23.5 area.

1/ min. 1975:llniform erosion in area of [8]
mud deposits and in area 'of
bends.

t

Figure [ sic, should be " Table"] 2.4.1.1. Overview of SG lleating Tube 1.caks Throughout the World.,
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I No. of Sum of
Year 'No. of SGs No . o f No. of leaky heating Radiation -

of heating heating heating heating tube burden of
Reactor Type start tubes tubes tube tubes damages amount cf Cause of defect ,

'

Ribl.plant (FlW) up per SG) tested damages au ng then (cumula.) . leakage if given

S.S. 1978:2 heating tubes leaking
Robinsonil 1979: Indications of crack [9]
Inconel fo rmat ion .
600
[ cont'd| .

San PWR .1967 3 SG 1973:50s 1972:23 1975:2 1973:54 1973:9-10 1972: Defects in area of oscilla- |l]
Onofre 1 450 (3794) 1975:Is 1973:30 1974:59 R/hr on tion damping rods and in*first
inconel 1974:5 1975:78 catwalk, support area. [2]
600 1975:19 total: 50 1973: Constrictions on first'

man-rem. - cross-brace of tube bundle in,

hot leg, abrasion in tube bend
area.

1974: Damage in bundle area below,

first support plate.
In 1975: Fretting corrosion and |3]
T const rictions in area of ,

oscillation damper rods and.

support plates.
Inne 1979: Cracks in two of thrce 19]
SGs in the welds of feedwater
pipo nozzle.J

Shipping- 90 4 SG 1973:0 1973:141 1974 :1.eaks (I SG unusable) . [2]
port 1974:141 . lune 1979: Signs of crack [9],

Inconel fo rmat ion.
000

Surry 1 PWR 1972 1 SG 1974:77s 1974:143 1975:2 1974:143 klay 74: 1974: Defects due to crosion in [2]
Inconel 824 (3388) 1975:301 1975:444 leakage, hot leg.

600 Fa l l o f 7.! !975:llniform crosion in area of [3]
leakage, mud deposits.

.

Figure [ sic, should be " Table"] 2.4.1.I'. Overview of SG lleating Tube Leaks Throughout the World.
|Continnation) .,
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| No. of Sum ofN . of SGs No. of No. of icaky heating RadiationYear
of heating heating heating heating tube burden of .

Reactor Type start tubes tubes tube tubes damages amount of Cause of defect,
plant *(MW) up per SG) tested damages among them (cumula.) leakage if given Bibl.

Surry 11 PWR 1973 3 SG 1974:71s 1974:58 1974:58 1974:Eresion in hot leg. [2]
Inconel 824 (3388) 1975:132 1975:190 1975: Uniform crosion in area of
600 mud deposits. [3]

1979: Cracks and signs of crack
formation. [9]

TakahamaI PWR 1974 3 SG 1974:0 975:98 1974: Uniform erosion in area of [2]
Inconel 826 (3388) 1975:98 suppo rt plates. [3]600 - *

Turkey PWR 1972 3 SG 1973:0 1974:2 1974:34 1974: Corrosion in center of tube [2]
Point til 728 (3260) 1974:34 1975:34 bundle near tube sheet and at
Inconc,1 1975:0 first s uppo rt . [3]
600

Turkey PWR 1973 3 SG 1973:0 1973:0 1974: Corrosion in center of tube |2].

$ Point IV 728 (3260) 1974:159 1974:159 sheet in vicinity of tube
'

Inconel 1975:5 1975:164 sheet and at fi rst support.
600 1975: Defects at periphery of |3]

tube bundle.

Prairie PWR 1973 1979:1 livacuat ion 1979: Rupture of a SG heating |11]Island 1 540 of power tubo due to entrained piece of
nouse.due metal - react or shut down.
to boun-
da ry va lue
being

,

exceeded. '

.

)

~ |

Figure [ sic, should be " Table"] 2.4.1.1. Overview of SG lleating Tube Leaks Throughout the World.
{ { Continuation]
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Among other things, the table indicates the following:

1. Contradictory data in columns 6 and 8 are due to different statements in the
literature. .

.

2. The causes of the SG damage are generally not proven, or are incompletely
proven.

3. Leaks occur both with Inconel 600 tubing and with Incoloy 800 tubing.

4. The heating tube proportion relatively most frequently checked .

is less than 10% of the total number of heating tubes.

S. The leakage rate is generally not given. The data do not allow any conclu-
sions with regard to the types and sizes of the leaks or regarding the amounts

*

which were leaked.

In summary, it can be established that not enough heating tubes are examined for
defects. It is to be assumed that if all heating tubes were regularly checked,
the number of instances of damage detected and thus the possibility of'

preventing a heating tube leak would be greater.

2.4.2. Analysis of the Causes of SG Heating Tube Leaks

A precise analysis of the SG heating tube damages shows that the leaks which
occurred are less dependent on the material of which the heating tubes are made,
but rather are dependent on the water chemistry (IS) . In this connection,
the occurrence of evaporator overhead condenser leaks (compare [27]) through
which the river.or sea water gets into the secondary circuit plays a decisive
role. In addition to the water chemistry, the consequences of mechanical
actions of foreign objects (for instance, entrained metal parts), transients
and human failure are also important causes of SG heating tube damage.

By way of an overview, the causes of SG heating tube leaks can be divided into
the following four groups:

-- 1. SG heating tube leaks caused by corrosion: Here the water chemistry
plays a decisice role. Essentially this involves stress crack corrosion, surface
eroding and thus wall-reducing corrosion (abrasive corrosion, wastage),
pitting corrosion and corrosion in the area of the tube retainers (tube
constriction, denting). Since there are many summary works on the problems
of corrosion, for instance [17), [19], [28), no further statements will
be made here.

-- 2. SG heating tube leaks due to mechanical effects of foreign objects (for
instance, detached metal parts): In the history of nuclear power operation,
there are many cases of foreign objects of the most widely varying type

; being found in reactor plants, compare [29), [21], [32] . The new standard
| SGs of the KWU (Figure 2.4.2) are particularly endangered since 90% of the
I feedwater is fed at the level of the SG heating tubes. Foreign objects can
! strike the SG heat tubes directly (and horizontally) and lead to leaks at
| that point which fall into the category of small LOCAs.

On October 2, 1979 in the U.S.A. the " Prairie Island 1" NPP experienced
an incident of this type. A metal coil 20 cm long and 2.5 cm in diameter
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(origin unknown) damaged three SG heating tubes; . a crack 4 cm long .
So much acti' ity was conveyed into thedeveloped in one heating tube [29]. v

secondary loop that the power house had to be cleared becaused the boundary
value was exceeded. ., ,

.

Detached metal parts are also known in Germany NPPs. In Biblis A, for instance,
it was noted during an inspection that a guide blade of the high-pressure
turbine had been broken off during operation. In the description of the
inspection and the associated repairs on the high-pressure section of the
turbine, it is stated ([21], p. ISS [ foreign text]):

"After opening the high-pressure section in the manufacturer's
shop, we were obliged to note that in the first row of guide
blades one blade was broken out, but it could no longer be found.
In addition, other rivet pins in the first two guide blade rows
of the double-flow high-pressure turbine were cracked or torn away..."

In this connection, let us also cite the unexplainable flapping noises in the
Biblis A NPP prior to the shutdown on 2/2/79. The studies made during the
inspection were unable to clarify the cause of the flapping noises in the
plant's primary system [22].

-- 3. SG heating tube leaks due to human errer: Tools left lying around after
repairs in NPPs are a well-known phenomenon. The consequence of entrained
tool parts can be a SG heating tube rupture as describM in item 2.

As another example, let us cite an extremely large rise in the chloride
(oncentration in the feedwater due to human error. This can cause, among

~

other things, stress crack corrosion with SG heating tube ruptures. A corresponding
case has already occurred in the history of Germany reactors: in cleaning
the gravel bed filters in the AVR-Juelich [AVR = Test Reactor Working Association,
Incorporated] high-temperature reactor, there was an accidental injection
of hcl into the secondary water. The extremely high chloride concentrations
in the feedwater caused heavy damage to the SG heating tubes so that major leaks
occurred (May 1978). Subsequently the reactor had to be shut down for more
than one year for repair work.,

I

-- 4. SG heating tube rupture due to transients: In this connection, it must
| be stated that predamaged SG heating tubes cann'ot always be detected by the

eddy current testing used in inspections. Because of the slight mass erosioni

| involved, instances of damage which are caused by, for instance, pitting
! can only be detected when the corresponding point on the heating tube wall has
| already been reduced by 70-80%. This fact means that even when 100% of
| the SG heating tubes are checked by eddy-current inspections, many undetected
'

weak points may exist.

In addition, the walls of the SG heating tubes are weakened by material erosion
as operating time increases. In 1980 in Biblis A and B approximately 99%
of the SG heating tubes had 10-20% wall erosion,1% had wall erosion of 20-

| 40%, and three tubes were pulled because wall erosion of more than 50*4 was
| detected.
!

.
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Figure 2.4.2. Standard Steam Generator 54 GS.
l According to: Riess, R. and H. J. Schroeder: Chemical Operating Experience
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| in Several European Pressurized Water Reactor Plants. KWU (publisher),
1979.
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Reduced wall thic*tness, hidden pitting corrosion and other corrosion processes
increase the probability of the occurrence af SG heating tube leaks during
transients. This means, for instance, both small pressure transients which frequently
occur during operation and also large pressure t ansients such as occur
in the event of a feedwater pipe rupture. Parti:ularly vulnerable are the
new standard SGs of the KWU which are shown 4.n Figure 2.4.2 since the transients
can be transferred directly to the heating tubes by means of the medium water.
According to our data, Westinghouse discontinued development of similarly
designed SGs because excessive SG heating tube leaks due to transient effects
were feared.

During major transients caused, for instance, by a feedwater pipe rupture,
damage to more than one SG is to be expected. Since the four SGs represent
a communi:ing system, with transit times in the millisecond range the .
shockwaves underrun every isolation valve, in particular the check valves
during the rest of the course of the accident. The radioactive emissions
which are thus caused can be a multiple of the emissions which were previously
calculated for the " design accident" feedwater pipe rupture. The quotation
marks around the word design accident indicate that the effects of the above-
designed sequence may extend far beyond a design accident.

In summary it can be stated that regardless of the material used and the
design of the SGs, it is impossible to rule out SG heating tube ruptures during
the operation of a PWR. This statement applies not only to large transients
-(such as due to a main steam pipe rupture or feedwater pipe rupture). Cases
are known in which spontaneous SG heating tube failure occurred after several
years of operation without being caused by large transients (compare Oconee
1976 [3] and Ginna 1982 [33]). This knowledge requires that the accidents
taken into account to date within the framework of E guideline to 5 28,
paragraph 3, of the Radiologic Protection Ordinance be expanded.

2.4.3_.___The N-16 Signal in the Secondary Loop, a Weakpoint in the Reactor
Protection System and-Thus the Safety System of a PWR

2.4.3.1. The Scram Limit Value of the N-16 Signal is Not Linked to Reactor Power

It is assumed today that approximately 72% of the core meltdown accidents will
be caused by small LCCAs ([23], Figure 3). At least since the accident
in the Harrisburg NPP, the significance of such event consequences has been
undisputed in technical circles. To date little attention has been paid
to small LOCAs which are caused by SG heating tubes ruptures, as well as their
consequences.

SG 1eaks are inadequately recorded by the N-16 signal since this signal
is not tied to the reactor power; on the other hand, the generation of
N-16 in the reactor is directly dependent on the neutron flux density and
thus on reactor power. The nitrogen isotope N-16 is formed from the oxygen
of the primary water 0-16.

0-16 (n, p) N-16.

In the first approximation, it can be assumed that the formation rate of
N-16 at full load will be twice as high as at 50% load. Since the N-16
signal detects SG 1eaks in the secondary loop only by means of N-16 decays
and has a fixed scram limit, according to E. Schruefer ([24], Table 2/23)
this means

-70-

-

. _----



' o
. . . . . . . _ . _ _ . ,

*At 100% load, scram at 10 t/hr GP, leakuge
At SO% load, scram at -20 t/hr SG 1eakage
At 30% load,* scram at -33 t/hr SG 1eakage

These leakage quantities already lie within the range of a very small to small
LOCA (compare [23], [29]) although the response value of the N-16 scram
has not quite yet been reached, i.e., the reactor remains in operation.
The implications which this has for secondary loop emissions will be discussed
elsewhere.

2.4.3.2. Observance of the Maximum Permissible I-131 Fresh [as in text,
word probably omitted, should be " Main Steam"] Cannot be Guaranteed by the
N-16 Signal .,

In order to limit the effects of SG 1eaks, there are officially stipulated
maximam I-131 main-steam concentrations of:

~

10 Ci/t during pasture [gra:ing] times

-6
10 Ci/t at other than grazing times

(compare D. Holm [2S], Table 1: Mean Permissible I-131 Activity Concentration
in the Secondary Loop S x 10-7 Ci/t).

*

Observance of this maximum I-131 main steam concentration is not guaranteed
by the reactor protection system (N-16 signal) . The concentration of N-16
in the main steam depends primarily on the neutron flux density (reactor
power) and the size of the SG 1eak. The I-131 concentration depends above
all on the burn-up, the number of defective fuel element claddings, the
size of the SG 1eak and the decofactor in the SG. It is therefore conceivable
for the N-16 concentration in the main steam to be large relative to the-

N-16 scram limit with the I-131 concentration being small, and vice versa.
,

This has consequences for the maximum operating leaks in the SG which can
be tolerated. Unlike the employees of the KNU [26], we cannot assume that

: the N-16 scram will limit the I-131 concentration in the main steam to the
| values stipulated by the Federal Minister of the Interior.
:-

! For the same reason, attempts to determine maximum operating leaks by calculating
back from the maximum I-131 main steam concentration (for instance [2S],!

i page S; [30] A/aff) are to be rejected. In addition, Iegarding these calculations
it should be noted that, depending on the parameter values used, completely

; different leakage values are calculated. Thus, for instance, it is important
i to know with what throughput and with what decontamination factors the blowdown

deminerali:ation system of the SGs operates. Another parameter is the decofactor
in the SG; according to the present state of the art, it is not permissible

; to assume that transport occurs with residual moisture only. Check calculations
show that a SG 1eak calculated from the maximum main steam concentration3

I of I-131 can fluctuate by a factor of more than 1000 (from several kg/hr
to'several to t/hr). From this standpoint as well, these back calculations
are unsuitable for determining maximum operating leaks.

,
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The maximum operating leakage must be postulated to be a value which just
barely does not initiate the N-16 scram. In our case, this is thus approximately

- 10 t/hr at 100% load. This is also required by KTA rule 3501 (10/80). In
3.3. " Initial State of the Plant", it says:

"For any event sequence, the operating state of the plant which is
least favorable with regard to its effects must be assumed."

It is another question how long such a leak can continue with the reactor
in operation.

Sir!ce the leakage is recorded in the measurement devices of the SC blowdown
system and the etaporator overhead condenser exhaust system as well as by the
N-16 detectors, it is to be assumed that relatively quickly the measurements

. of the I-131 activity in the main steam which are planned for this case
d

will be undertaken. If the measure value of the I-131 concentration is
above the officially established value, the cognizant authority must be
notified, and this authority will then react by issuing instructions to
the operator in accordance with the situation. We estimate that this process
will take somewhere between several days and eight weeks.

2.4.4. Determination of SG Leaks for the Parameter Study

The statements on the amount of leakage which leads to reactor scram by means
of the N-16 signal are widely divergent. E. Schruefer [?4] indicates a
value of 10 t/hr, the safety report on the Grafenrheinfeld NPP cites a value
of 3 t/hr, and one operator gave us a value of 0.4 t/hr, all at 100% reactor
power. 'In addition to the scram limit of the N-16 device, these quantities
of leakage depend primarily on the reactor power and on the type and location
af the leak (cold leg, hot leg, tube bena, above the SG plate).

If for the sake of conservativeness we adopt the value of E. Schruefer as
the boundary value for the maximum operating leak at which the N-16 scram
barely avoids activation, then the following dependency on reactor power
results:

Reactor power for Maximum amount leaked
a 1300 MW/e reactor without a N-16 scrami

100% 10 t/hr
50% 20 t/hr
50% 33 t/hr

In the parameter study the SG 1eak was varied from 2 x 10-2 (t/hr) to 10 (t/hr).

Since corrosion is not a linear process and eddy current testing does not
completely record corrosion damage to the SG heating tubes, leaks of more
than 10 t/hr cannot be ruled out, particularly in the case of NPPs with
longer operating times. The possible causes were presented in 2.4.2. From
this it is reasonable to carry out emission calculations with larger leakage
quantities. In this process a reactor scram occurs (the N-16 signal) . This
accident leads to particular problems since usually an intact secondary
loop is assumed for after-heat removal in the case of a small LOCA; in
this case, however, it is specifically this which is not given. A core
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meltdown accident with secondary-side emissions may be the consequence.

In any case a large SG heating tube leak may lead to activation of the safety
or relief valves and thus to massive releases of activity. Even if in the
case of a N-16 reactor scram a delayed turbine trip is provided for, activation'

of the safety or relief valves cannot be ruled out.
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2.5. Decontamination Factors .

- Introduction

Decontamination factors (DF) occur at many points in the secondary circuit. They
are significant for nuclide transport. The decontamination factors of " typical
salts" (for instance, sodium salts, magnesium salts) differ greatly from
the DFs of typical gases (for instances, noble gases). The nuclide transport
at the individual points (for instance, the SG) is determined by the residual
moistur.e and by direct transfer with the steam. Measurements by Hood [1],
Schroeder et al. [2] and Jonas [3] show that direct transfer of radionuclides
with steam is observed not only in the case of noble gases, but also in that
of fission products (for instance, Cs 137, I 131) and activation products
(for instance, Co 58).

These experimental obsertations contradict the statements of Neeb et al.
[4] as well as corresponding assumptions in the expert opinion from the Hannover'

TSA [5]. In both publications it is assumed that, for instance, I 131 is
transported in the SG exclusively with the residual moisture. In its expert
opinion [5], the Hannover TSA even assumes that in. the SG all fission and
corrosion products, with the exception of the noble gases, are transported
exclusively with the residual moisture. This false assumption leads to an
underestimate of the secondary emissions which are calculated there.

The works of Styrkovich and Chaybullin [6] and that of Leibovitz [7] show
that during the phase transition of all salts a certain portion is transported
directly with the steam. Here this " steam carryover" is mainly conceived
to be the transport of neutral molecules from the liquid phase into the vapor
phase. Our conventional concepts of assuming intense electrolysis in water
as ccmpletely dissociated must be reviewed. Under reactor conditions at
285*C in the liquid phase, even Na C1 itself is a weak electrolyte and is
not completely dissociated. In general, it can be stated that both the degree

! of dissociation and the " steam carryover" are significantly dependent on
all other escort substances, in addition to temperature and pressure. Even
today we know very little about the precise processes which take place under,

! reactor conditions, for instance in the SG. One thing is, however, clear:

|

| Through the interface in the SG, there is nuclide transport both via the
residual moisture and directly via the dry steam.

At this point let us mention a quote from Jonas ([8], page 456 [ foreign text])
which summarizes many of the existing gaps in our knowledge about the transport
of elements in the SG and other plant parts as follows:

|

"It is no contradiction that there are precipitates on the turbines
j in PWRs although the purity of the steam seems to be satisfactory.

Possible causes thereof are:

I a). The composition of the steam is considered only for steady-state
operation -- during small transients the conditions are unknown.

|
b). The presence of salts with very low solubility in dry steam.

1

c). The interaction of components which are dissolved in the dry
steam with metal surfaces."

(Translation by the IFEU,1981)

-75-

- __ _ _ _ . _ . _



' o
. . . ._

. .

The following section discusses the experimental data which underlie the
decontamination factors in the SG and the bandwidtas used in the parameter
study. The decontamination factors at the various points are calculated
by the computer program from the. residual moistures and the factor a which
is decisive for direct steam transport (a is the ratio of the specific activity
in the liquid phase to the specific activity in the steam phase). The formulas
used are presented in Section 2.2 (compare in particular equation (18)) .

In addition, conservative and mean a values for different nuclide groups
are derived for the SG on the basis of the experimental data.

2.S.I. Decontamination Factors in the SG

The design residual moisture in the main steam behind the steam purifiers
of the SG is indicated as being 0.2S% in the case of the KWU steam generators
of the Biblis type. However, this value is applicable only in the case of
constant load operation. The work of Dibelius et al. [9] demonstrates how
difficult it is to verify this specification value experimentally. In the
acceptance tests for Biblis A, mean values of the residual moisture of up
to 0.32% were determined in measurement with the scattered-light probe. By
using other physical measurement methods, an attempt is being made to make
it clear that the specification value of 0.2S% can be observed.

In the case of transients and in the case of SG leaks,- the residual moisture
can be considerably higher. In the parameter study an interval of 0.1% to
31% was thus selected for the residual moisture.

To some extent the values for nuclide transport directly with the steam are
given in the literature, and to some extent they can be derived from published
measurement data. In this case the " vapor transfer factors" (VTF) obtained
according to Hood [1] are only slightly different from the a values used
in the computer program (compare equation 8, Section 2.2) .

Measured DFs for Na, I 131 and Cs 137 are published in the work of Hood ([1],
compare page 20 ff (foreign text]). The following mean 's values and minimum
a values can be obtained.min

I 131 Cs 137

5 860 730

a 467 260min

We consider thes results transferable to the SGs used in the FRG.

From the work of Westinghouse [14] the following minimum and mean a values
for I 131 can be obtained for the SG.

I 131-

5 1050

" min 270
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In Figure 3 (see Section 2.5.1.1) Jonas [3] presents the distribution of
different chemical substances between the steam and the water as a function
of pressure. An analysis of the graphs with resgect to a values at approximately
54 bar (pressure in the SG) yields a values > 10 for Na salts. This result
is quite consistent with the works of Class [10], [11], [12], [13], from
which VTF values or a values of > 106 can be derived for Na salts.
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Figure 2.5.1.1. Distribution of Chemical Substances Between the
Steam and Water Phases as a Function of Pressure.

The following Table 2.5.1.2 lists the a values for compounds of iron, aluminum,
boron, nickel, copper, silicon, varium, magnesium, lithium, sodium and calcium
according to Jonas [3]. Reading errors result in an error range of aa 2 125..

!
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TABLE 2.5.1.2. a VALUES AT 54 BAR ACCORDTNG TO JONAS [3].
DUE TO READING ERRORS FROM THE GRAPHS as t 12*.

.

.

*Chemical
substance as 1 12 %

'

Fe 0 1034
Al 0 1623
"B 0 2523
Ni O 64

Cu o 75

Si O 69(+1)2
Ba 0 27(+2)
Mg O 51(+3)

~

Li Cl 14(+4)-

Na CH 22(+5)
Na C1 53(+5)

Na M
3 4

Na H PO
2 4

Ca C1 * 'II*7I2
Na SO

2 4
Ca SO

4 .

7

,

Specific activity in water, ,
Specific activity in steam

~4
5(-4) = 5 x 10
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An analysis of the work of Jonas [3] shows that, for instance, Ba 0 is transported
2,000 times better with the dry steam than Na C1, and Fe 0 is transported34
530,000 times better with the dry steam than Na C1.

An analysis of the work of Leibovit: [7] yields the a values listed in Table
2.5.1.3. Due to reading errors, the error range of Aa 2 31%. With the exception
of Li C1, Na C1 and Na OH, the error bars [this word may refer to the ' tars"
in a bar graph] of the individual a values overlap with the values of Jonas.

TABLE 2.5.1.3. a VALUES AT 54 BAR ACCORDING TO LEIBOVITZ [7].
DUE TO ERRORS IN READING FROM THE GRAPHS, da t 31%.

'

Chemical *

substance Aa * 31 %

Co 0 22
'

-

B0 2223
S10 57(+1)2
Li C1 62(+3)

.

Na CH 48(+4) ,

Na C1 25(+5) T
*

Ca C1 1 (+8)
.

Na SO
2 4

I*I2ICa SO
4

~. -

Specific activity in water,, ,

Specific activity in steam

~4
5(-4) = 5 x 10

,

In the works of Jonas [3] and Leibovit: [7] there is a clear tendency for
chemical compounds to be better transported with steam the less water-soluble -
they are under normal coaditions. In an extension of the line of reasoning
of Liebovit , even under normal conditions little-soluble substances should
be even more difficult to dissolve under reactor conditions. The recognition
of good steam transport of little-soluble substances is quite consistent
with the concept that the transfer of neutral molecules from the liquid into
the steam underlies the transport which takes place via the steam.

From the work of Schroeder et al. [2], the following values for a can be
derived for I 131, I 133, Co 58 and Co 60:
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4I 131 1,25 x 10
3I 133 2,16 x 10.

3Co 58 1,25 x 10
3Co 60 1,39 x 10

, , Specific activity in water a 50 bar after [2].Specific activity in steam

The a value for I 131 differs by a factor of 40 from the values which Hood
[1] found, and the a values for Co even deviate by a factor of 63 from those
found by Leibovit: [7]. An important reason for the different results could
be the fact that Schroeder et al. [2] carried out the measurements in a BWR,
while Hood (1] bases his work on a PWR.

In contrast to all previously cited works is a publication from the KWU [15].
In this work, which is flawed from both the theoretical and the experimental
standpoints, the KWU attempts to claim that I 131 is transported only
with the residual moisture. The work proceeds from the basically false assumption
that the chemistry of iodine under normal conditions can be directly transferred
to the chemistry of iodine under reactor conditions. In accordance with
this assumption, samples taken from the reactor under normal conditions are
examined with regard to their chemistry, and then the false conclusion is
drawn that things are exactly the same under reactor conditions. By the
same token, theoretical considerations which apply to the chemistry (of the
element] under normal conditions are directly transferred to reactor conditions
without critical examination. We quote:

"From the transfer of the known chemical properties of iodine to the
conditions prevailing in a PWR with a natural-circulation SG, it is
thus found that the transfer of fission iodine into the steam should
occur only by mechanical means with the moisture of the steam."

The subjunctive "should" becomes an indicative at the end of the work. Thus,
the conclusion states:

"The transfer of fission iodine into the main steam can thus occur only
by mechanical means through the steam moisture when the water,

| chemistry meets the specifications. The iodine activity which gets
| into the main steam when there is an SG operating leak is thus

unambiguously limited by the transfer rate which is proportional
to the steam moisture and by the steam moisture which is specificed
to be a maximan of 0.25%."

The experimental residual moisture determinations in the SG by which the
above conclusion is supposed to be buttressed experimentally are based on
another false assumption. It is assumed that Cs 137 is transported only
with the residual moisture. This assumption is refuted by, for instance,i

the work of Hood [1] .
l
t
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It is regrettable that this inaccurate publication of the KWU and the false
conclusions drawn from it are still being incorporated even today (1981)
into the* calculations of the GRS [16] and the KWU ]17] for secondary loop
emissions. .In addition, observance of the maximum main steam concentrations
of 10-' Ci/t of I 131, a's prescribed by the BMI, is being monitored by the
operators under normal conditions on the basis of the false assumption
(this element] is transported by resi. dual moisture alone.

Since the direct transport of the individual nuclides by steam fluctuates
a great deal, the a values were varied from 10-' to 10s in the sensitivity
analysis (Section 4). A a value of 10-' corresponds to the transfer of a
noble gas, a = 1 corresponds to the transfer of tritium in the chemical form

5of HTO, and the a values of 10-10 correspond to the transfers of saline
substances.

In Section 5, nuclide-specific a values are used. For this purpose the nuclides
were subdivided into groups, which largely coincide with the group division
made by the Baden TSA [18]. Since very few experimental data are available
and since at the same time there are many unsolved problems (for instance,
that of the chemical form of the nuclides under reactor conditions), a values
and mean a values were estimated for the individual nuclide groups on the
basis of the above-cited experimental data (Table 2.5.1.1). No measured
values were available for the " actinides" group [18] (the quotation marks
indicate that, in addition to actinides, this group also contains other elements).
Since, however, it is to be expected that these elements are partially present
in unsoluble form under reactor conditions, a values which are similar to
those for the group "other solids" are to be expected. We have therefore
consolidated the two groups. Elements which fall into the group " activation

i products" also sometimes have isotopes from fission products, and therefore
they may be counted more than once. The activation product C1 was included*

in the halogens group, and the activation products Th and Pa as well as the
transuraniums were assigned to the group "other solids". On the basis of; *

the available data material, a more precise breakdown was not reasonable.

For compounds of the elements sodium. and calcium, a values in excess of 10'
were measured. For isotopes of these elements, it is therefore reasonable to
assume transport by residual moisture alone although traces of these elements~

are still transported via the steam.

| 2.5.2. Decontamination Factors (DF) in the Filters of the SG Blowdown
Demineralization System

The nuclide-specific DFs in the filters of the blowdown deninerali:ation
system fluctuate a great deal. In the sensitivity analysis, these Drs are
thus varied between 1 (noble gases, tritium) and 10'. In the works of the
GRS, a mean DF of 100 is calculated [19].

2.5.3. Other Decontamination Factors

The corresponding DFs at the various other points are determined by the computer
program using the data summarized in 2.6 according to the formulas derived
in 2.2.

,

!
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Nuclide group a "conservative- mean va1ue,

,

I Noble gases 10' 10'4-
4

(Isotopes of Kr, Xe)

Of particular importance are the decay products of,

short-lived noble gases, of which we should mention
here Sr 89, Sr 90, Sr 91, Ce 93, Ce 95, Cs 135, Cs 137,,

Cs 141, Nd 143 and La 140, as well as other of their
daughter products.

II Halogens

260 800
(Isotopes of C1, Br, I)

III Solids which are volatile under 1,200*

0 700(Isotopes of Se, Rb,
* Te, Cs)

IV Other solids
00 3,000

(Including actinides),

(Isotopes of Zn, Ga, Ge, As, Sr, Y,
,

Zr, Nb, Mo, Tc, Ru, Rh, Pd, Ag, Cd,i

'I In, Sn, Sb, Ba, La, Ce, Pr, Nd, Pm,
Sm, Eu, Gd, Tb, Dy, Ho, U, Np, Pu,
Am, Cm, Th, Pa)

V Activation products
10 400

(Isotopes of Cr, Mn, Fe,
Co, Zr, Ni, Mo, W, Sb, Be,
A1, S, P, S, Sc, V, Nb, Tc,
Sn, Te, Ta, Na, Si, Ca, Cu,
Zn, Sr, Th)

4

VI Tritium '

1 1

VII Carbon 14
,4 ,

10 10''

Figure 2.5.1.1. [ sic] Conservative and Mean a Values
for Individual Nuclide Groups.
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i In most of the calculations performed, the nuclide-specific a values in the
low-pressure section are obtained from the a values of the SG by multiplication

; by a factor of 100. The main cause of the other a values in the low-pressure
section is the different. pressure conditions.

In the sensitivity analysis (Section 4) the ratio | f["h "'
is alsors re

varied between 1 and 1,000. All noble gases which get into the evaporator
overhead condenser are evacuated via the condenser exhaust (to the vent stack)
and are thus removed from the loop.
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2.6. Mass Content, Shss Flows and Steam Emissions

- Introduction

The model consideration of the secondary loop provides for determination at 13
points and 21 mass flows between these points (compare 2.1) .

For calculating the emissions from the secondary loop using the computer program
which is described in Section 3, precise knowledge of the point-related input data
(mass content, moisture at that point and dwell time) as well as the flow-
related input data (mass flow, moisture of the mass flow and transport time)
is required. The Biblis NPP, Unit 3, was used as the reference plant or the
basis for the input data which were employed.

In the following sections the calculation principles, the data sources and
the input data used in the study are presented.

2.6.1. Calculation Principles

Selow se will describe the sources, considerations and calculations which
underlie the numbers given for the input data cited later.

2.6.1.1. Point-Related Input Data

- Mass Contents of the Points

The basis for determining the mass contents was the data kindly provided to
us by the operator on the net or free volumes cf the components wnich were of
interest [1].
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i From the pressure and temperature data which define the steam or water state and;

which were also provided by the operator, the specific volumes were determined#

' and thus the mass contents were calculated. The mass content of a point
indicated in Table 2.6.1 is always the sum of the water and steam masses.
The mass content of the total of 12 low-pressure preheaters as well as the
total of 6 letdown heat exchangers were added to the hot well (point No.
8). By the same token, the value-for the feedwater tank also contains the
mass content of the two high-pressure intermediate heat exchangers/ condensate;
coolers, the two high-pressure preheaters.and the two high-pressure condensate
coolers. ;

Regarding the data for the blowdown filter, sump and atmosphere, the following
remarks should be made:

! The complicated absorption conditions of the radienuclides in the blowdown
'

filter were simulated by software means as follows: in a blowdown filter
bypass circuit, an amount of water which is defined by the decofactor is,

fed to the filters past the hot well.* If the decofactor of the filter-
! system is thus set at, for example,10,000 for a certain nuclide, only 10"

part of the water leaving the flash tank gets into the hot well.

'

All relevant activity sinks, aside from the natural decay which is due to

i the half-life are consolidated into the " points" blowdown filter, sump and '

atmosphere (including condenser evacuation). . Their mass contents and their
dwell times are not included in the calculations of the computer program.
Due to programming considerations, the mass contests of the three above-

,

; mentioned points are set at 1 t.

- Moisture of the Mass Content of a Point

i The moisture of the mass content of a point is defined as the ratio of the
1 liquid mass content to the total mass content (compare 2.2) . The moistures

in the SGs and hot well (points 1, 2 and 7) are accordingly calculated from
the water contents. Since the mass proportion of the steam in the total4

' mass in the hot well is negligibly small, f = 100% was assumed. By the
same token, in the feedwater tank (point 9) the deviation from-100% moisture -

is also vanishingly small due to the assured 10% steam volume proportion.4

The moistures in the main steam, high-pressure turbine and cyclone separator /
/ intermediate superheater are taken from the literature [2], and the moisture
of the low-pressure turbine is taken from [3]. The moisture value in the
evaporator overhead condenser was estimated from the residual moisture of

; the low-pressure turbine discharge and a condenser add-on of 5%.

In the flash tank (point 10), the moisture is calculated from the ratio
of the masses or the specific volumes of the steam and water contents.

In the blowdown filter and' the sump (points 11 and 12) the moisture was
set at 100% while in the atmosphere (point 13) it was assumed to be :ero.

*In the present case, it is not advisable to define the decofactor as the
ratio of the mean concentration of the mass at this- point and of the mass4

flow leaving this point since other significant values such as the filter,
charging state and regeneration. time / cycle would also have to be taken into

: account. Instead, the decofactor of the blowdown filters is supposed to
i indicate the concentration ratio of the mass flows in front and behind the

filter.
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- Dwell Time of the Activity at One of the Thirteen Points

The dwell times listed in Table 2.6.1 are calculated from the ratio of the
mass content M to the mpss flow & leaving that point according to the formula
t = M/s. If there were branches, the corresponding mass additions or subtractions
were consolidated. The dwell time in the feedwater tank (point 9) was calculated
on the assumption of a blowdown rate of 4 x 24 t/hr.

The dwell times at the points were taken into account by adding them to
the corresponding transport times.

,

2.6.1.2. Mass Flow-Related Data

- Mass flows stot,
,

i The mass floits listed in Table 2.6.1 correspond to the operator's statements
i [1].

- Moisture of the mass flow itot.

The moisture of the mass flow is equal to the ratio of the liquid portion
of the mass flow 6 t the total mass flow 6ggg: f=Agg/Atot*f1

Let the mass flows between two points x and y be. designated by i (x, y).
The following mass flows are taken from the literature [2]: Afg(1, 3) (2, 3)

: (3, 4) (3, 9) (4, 5) (4, 9) (5, 6) and Agg (6, 7) (6, 8) (6, 9) from (3] . The
other moistures were estimated from the thermodynamic state values as well as the
operating objectives and, where the liquid phase predominated, f = 1 was
assumed.

- Transport times4

As'is the case with the dwell times at one point, the transport times of.

the mass flows in the pipes were calculated according to the formula
t = M/s, with & = the mass flow through'the pipes. Both parallel connection
and series connection of the pipes were taken into account in this process.

,

i The very short transit times in the high-pressure section or steam section
1of typically 10 sec, in contrast to the transit times of the blowdown

3pathway of typically 5 x 10 sec, are significant and decisive for the mass
.

and activity flows.

1

2.6.1.3. List of the Input Data Used

Table 2.6.1 lists the values of the input data used in the computer program
for the point-related data mass content M, moisture of the mass content
F and dwell time T and, for the mass flow-related data mass flow 6, moisture

; of the mass flow f and transport time t. The sources of the values were
explained in the previous section.

:

4
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Input data
Dwell Mass Transport

Masses- Moisture time flow Moisture time
*

Point t % see From To t/sec % see

1 46.900 90.6 95.0 1 3 0.495 0.25 3.40

2 140.700 90.6 95.0 2 3 1.485 0.25 3.40

3 6.986 0.5 3.4 3 4 1.882 0.50 0.14

4 0.033 11.4 17 asec 3 9 0.098 0.50 46.00
,

5 0.410 '11.4 250 msec 4 5 1.625 11.40 0.20

6 0.035 10.0 24 msec 4 9 0.257 11.40 2.30
'

7 0.029 15.0 , 26 msec 5 6 1.439 0.25 0.69

8 247.400 100.0 190.0 5 9 0.186 100.00 22.60

9 368.700 100.0 180.0 6 7 1.116 10.00 0.03

10 0.040 66.6 1.5 6 9 0.152 10.00. 39.05

11 a) 100.0 a) 6 8 0.171 10.00 183.00

12 a) 100.0 a) 7 8 1.116 15.00 0.00
,

13 a) 0.0 a) 8 9 1.287 100.00 264.00' ~
9 1 0.495 100.00 356.00

9 2 1.485 100.00 356.00

1 10 b) 100.00 1263.00

2 10 c) 100.00 1263.00
;
'

'

10 9 c) 66.66 1.50
2 10 11 c) 100.00 2303.00

~

10 8 c) 100.00 2303.00

11 S c) 100.00 0.00

| 3 13 d) 0.50 f)
{ 9 13 e) 50.00 f)
j, 1 SG 1eaky a) The water content and dwell time are not

2 SG intact included in the computer program.
b) Blowdown rate is variable, 0.0-24 t/hr'

h-pr ure turbine
5 Water separator intermediate P'# SC*

superheater c) The values are designated from the mass
6 Low pressure turbine flow 1.10.
7 Evaporator overhead condenser d) Steam leakage from the high-pressure

section is variable 1-10 t/hr.9 Feedwater tank
10 Flash tank e) Steam leakage from the feedwater degas-
11 Blowdown filter ification system is variable 0-6 t/hr.

f) The values are calculated from d) and13 sphere
e).

1 Figure 2.6.1. Input Data Used in the Computer Program for
the Point-Related and Mass Flow-Related Data.
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In Section 4 (the parameter sttidy) the residual :roisture was also varied
between 0.01% and 31.2%.

2.6.2. $1 ass Flows When+There is a Load Change

For calculations of emissions during load change processes, mass flows as
measured during the acceptance measurements of Biblis, Unit B, are used
(compare Figure 2.6.2).

The mass contents, mass flows, dwell times and transport times which correspond
to 100% power are shown in Table 2.6.1.

* Biblis Block B Cttantity
7 500 '

Main steam and main condensate amounts

Acceptance measurements. Main steam*7 000 ,

Main steam from
high pressure turbine

4 500' .

.

4 000,

t

5 500'
Steam from low-
pressure turbine and -
condensate from

5 000 .

feedwater tank
__

Condensam, and

4 500-' tap A1 + A2

kw pressure
4 000" waste steam

,

E
*

3 500 ,

-

. .

3 00tr'
..

.

2 500 -

2 00 %

234 400 400 600 1 000 1 203 1 400 MW

Figure 2.6.2. Acceptance 51easurements of Biblis B.
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2.6.3. Steam Emissions Through the Power House Roof

2.6.3.1. Steam Emissions at Constant Load

The amount leaked by the water-steam loop is made up for by the deminerali:ed
water system. The deminerali:ed water is manually injected into the hot
well from the control room of the unit via a control valve on the
basis of the level in the feedwater tank.

The amount of water fed into the hot well is determined by means of an oriface
gauge and corresponds to the amount leaked from the water-steam circuit.

-- In the Obrigheim NPP (gross power approximately 345 FMe), the mean amount
of deminerali:ed water reinjected varied between 1.4 t/hr and 9.3 t/hr,
in this process reinjected amounts of 1-3 t/hr were most frequent and amounts
of 3-4 t/hr were the next most frequent [4].

In the Stade NPP (gross power 662 MWe), the mean amount of demineralized--

water reinjected varied between 3.4 t/hr and 9.3 t/hr; reinjection amounts
of 4-5 t/hr were the most frequent, and amounts of 9-10 t/hr and 5-7 t/hr
were the next frequent [4].

Stade, which has approximately twice as much power as Obrigheim, also has
approximately twice as much leakage from the water-steam circuit.

If we now consider the Biblis B NPP which, with a generator terminal power*

of 1,300 MW, has approximately double the power of Stade, on the basis of
the above-depicted tendency approximately twice as much leakage from the

"

water-steam circuit can be expected (from Biblis] as from Stade. This means
that the mean amount of deminerali:ed water reinjected was between 6 t/hr
and 18 t/hr, while reinjection quantities of 8-10 t/hr were most common.

These values are quite consistent with the statements of the operator, who
indicates a mean reinjection quantity of 8 t/hr for December 1979 for Biblis B
[5] (see footnote on next page).

From the above-cited statements, a mean amount of deminerali:ed water of
approximately 10 t/hr reinjected into the water-steam circuit must be assumed

for a 1,300 MW,1 NPP. How is this quantity divided into steam leaks and
water leaks?

If the water leakage were known, perhaps by exact measurement of the building
draining, it would be possible to determine the steam leaks therefrom since
the total amount of deminerali:ed water feed is known. For various reasons,
the amount of water fed is, however, not known precisely. Let us mention
here only two reasons: in many cases, the water which is fed is measured
inductively. In the case of leaky check valves, the water is recorded severs 1
times, thus greatly distorting the measured values. Another problem is
condenser leaks through which an additional unknown quantity of water gets,

' into the feedwater circuit.

Estimates concerning steam leaks in the high-pressure section and concerning
the feedwater degasification system led to the following results, which
are also verified by the management of Biblis as being realistic [6]:
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-- Steam leaks in the high-pressure section of approximately 3.6 t/hr (essentially
the high-pressure drain flash tank with a stand pipe to the power house roof,
leaks at stuffing boxes, sliding valves, etc.).

-- Steam leaks through the feedwater degasification system of approxim'ately
2 t/hr (in nuclear power facilities up to the level of Biblis B, the feedwater
degasification system has a stand pipe with an outlet via the power house
roof).

In the case of leaks which are limited in time, these values can also be

considerably higher. At this point let us refer to a publication by F4
J. Spalthoff [7] in which steam leaks in the high-pressure section of the
turbine are described.

In the parameter study,,these values are generally used for the computations.
In order to obtain an overview of the effects of the amounts of steam leaked
on the overall emission, these values were also varied as follows.i

Amounts of steam leaked in the high-pressure section 2-10 t/hr.
'

Amounts of steam leaked through the feedwater degasification system
0-6 t/hr.

In the parameter study for Unit 5 - extrese calculation, the steam leakage
rate in the high-pressure section was also varied from 1 to 100 t/hr.

If the steam leakage of the feedwater degasification system is set equal
to :ero, this will make it possible to simulate newer plants than
Biblis B (for instance, the Grohnde NPP) in which the exhaust steam of the
feedwater is fed to the evaporator overhead condenser and is not released

, through a stand pipe via the power house roof.

The water leaks into the sump are summarily assumed to be 4.5 t/hr in most
of the calculations.

.

.

- All other operators of NPPs in the FRG have either failed to respond at
all to corresponding requests or have referred the requestors to other quarters,
usually the KWU. In all cases the end result was that no data were made
available. This refusal to provide information must be viewed in light
of the fact that in the public and even in the government it is stated again
and again that science and the nuclear industry in particular have an obligation
to provide information to the citizens.
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2.7. Information Procurement

Safety reports, documents and the results of plant-specific measurements,
calibration curves of measurement instruments (for instance, N-16 detectors)
are some of the significant data required for the scientific processing of
the topic described here. In many cases, these data are not available through
the data banks and technical information centers since they are the subject
of proprietary reservations and protective covenantsy

Obtaining such data through official channels proved to be impessible for
this study and can only be regarded as a hindrance to scientific investigation
in terms of both time and content.

As an example, let us at this point mention the attempts made to obtain
the safety report for Biblis B:

-- On 8/15/79, information from the Karlsruhe Technical Information Center:
safety reports (SR) are confidential in the FRG, i.e., not open to the public.
(In the U.S. A. it is different; American safety reports are thus available.)
We were asked to contact the GRS for the safety reports for German NPPs.

-- On 9/19/79, information from the GRS: the GRS does have the safety reports
but is not allowed to provide them to others. We were asked to contact
-the Federal Minister of the Interior [BMI].

-- On 9/26/79, letter to the BMI requesting that the safety report for Biblis B
be made available.,

-- On 11/3/79, the BMI referred us to the proprietor of the safety report,
the Rhine-Westphalian Utility, Ir.c. in Essen.
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-- On 11/28/79, a visit was made to the Biblis NPP. The plant management
promised us that we would receive the safety reports.

-- On 1/7/80, visit to the Biblis NPP. The management informed us that
we could not obtain the safety reports since the upper-level management
in Essen did not want to allow us to do so.

We had similar experiences in the procurement of other unpublished data:

Thus, the Reactor Safety Company referred us to the Technical Information
Centers and the power plant managements. The power plant managements either
did not respond to the requests at all or referred us in most cases to the
KWU. (The only exception was the Biblis NPP!) The KWU, in turn, responded
to our request that the managements made the data in question available
to them for personal use only and that the KWU was not allowed to forward
such data. Each institution referred to other institutions without providing
any data. An analysis of a portion of the correspondence shows:

| GRS |

'
I| FIZ | ; | Operator |

.

| KWU |
~

.

GRS - Reactor Safety Company

FIZ - Technical Information Center
KWU - Power Plant Union

Figure 2.7. Requests for Unpublished Data were not Responded to
By the Above-Indicated Institutions, But Rather were Handled by
Referring to Other "More Cogni: ant" Institutions.

I
!

| It should be mentioned in particular that even the Kahl Test NPP would not
| provide any in-house data even though its construction was financed almost

| exclusively from public funds. In the meantime 80% of the ownership of
i it has been shifted to the Rhine-Westphalian Utility (RWE) and 20% to the
. Bavarian Works, and the previous public backers are, allegedly, unable to

( elicit data from them.*

I

! *Even the Federal Ministry for Research and Technology was unable to procure
the requested documents (for instance, the safety report for Biblis B) for .

the IFEU although the Federal Ministry of the Interior and the GRS have

| these documents.

|

|
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The fact that it was still possible to successfully complete this work is
due to many anonymous employees of the above-listed institutions who ignored

,

the official "information embargo" of the companics which employ them. Their'

willingness' to help c>me mostly from dissatisfaction with, in particular, the
the information policies of their empicyers.,

;
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3 Computer Program
'

3.1. Program Structure

The SEKEM4 program is tis.ed to simulate the activity distribution in the
secondary loop in the event of SG 1eaks and to quantitatively determine activity
emissions from the secondary loops of light-water pressure reactors.
To take into account time-dependent processes, for instance concentration
spikes in the primary loop or a change in the power of the reactor, SEKERI
solves the following heterogeneous linear differential equation:

hI(t) I(t) + 6(t) ()= TM (t) -

TM(t) - Time-dependent transport matrix,

I(t) - Activity distribution in the secondary loop,

Q(t) - Source intensities [may also be " source thicknesses",
" source strengths"i.

,,

The emissions are calculated from the activity variation I(t).

A fourth-order Runge-Kutta procedure for stiff differential equations [1]
is used to solve linear differential equaticns ([1].

The linear equation system

TM Ig+6=0 (2)3,

results as a special case frem linear differential equation (1) on the basis,

| j of the following assumptions.

- -. - -

hX(t) h6(t)= 0, =0.
- - - .

I = -TM 6g g

1 - Steady-state act M ty Mst d ution,
3

$ - Steady-state source intensity-
3

|

| Equation (2a) represents the activity distribution in equilibrium.

| The SEKEM4 program was written on the IBM /370-168 system of the computer
center of the University of Heidelberg. The WATFIV-Compiler was used to
develop and test the program.

The final version.of SEKEM4 is written in standard FORTRAN IV.

! The superior structure of the program is shown in Figure 3.1.
!

!
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Parameter level -

Nuclide level
.

Core
,

Emission calculation

.

Figure 3.1. Diagram of the Program Structure of SEKDf4 for
Calculating Secondary Loop Emissions from Light-Water Pressure
Reactors.

.

6
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Documentation : __

Preparation of
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4

ECalculation of the
Thth! and Th!NU

*'source intensities and s

initial activities
-

e_
*

Calculanon or
. the current Thi

TM . f(nes. Twsu) .Diff. equatiod
0. A(t.o) system

Ie m40.

'3ptlung ettects n ,,

variable leakage Decay calculation a
, load change (daughter products-

.

Prenaration of data
for SR to solve tne

-
SR to solve the
DES

DES
Automatic

, interval control

Output '

*
data Output of results
file for further

analysis

Total
time interial -No

elapse

Ortntout | Output of activity
.' vadaden

.

11 -

nuclides o
grocesse
Me

.

All No,

parametersI

i recesse
Yes

-
,

- End W " IrmFort matax
Thth! = Thi - mechanical

| ThtNU = Thi - nuclide-specific ,

SR = Subroutine
_ DES = Differential equation system

,

Figure 3.2. Sche:natic Block Diagram of the SEKD14 Computer Program.
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The core of the program calculates the activity distribution and the emission

| of a certain nuclide with a preset parameter combination.

j On the nuclide level, ghe program core is called for each nuclide.

In the successive ' servicing of the nuclide table, entire decay chains (several
.

daughter products) in the secondary loop can be taken into account. Viis
' - is used in particular to examine the activity aistribution of decay products

,

of fast-decaying noble gases.

Due to considerations of storage space and. computer time, the nuclide table
used in one computer run was restricted to 30 nuctides.

i

If the program has serviced the nuclide table for a certain set of parameters,
it returns to the parameter level and calculates a new parameter combination.t

Figure 3.2 shows a schematic block diagram of the SEKL i4 computer program.

The parameters to be varied can be selected as desired. This applies to,

the sequence, type, range of variation and type of variation. Up to 100
parameters can be processed per program run.

SEKEM4 consists of approximately 1,700 FORTRAN instructions and occupies
approximately 600 KB [ kilobytes, uncertain) on the IBM 370.

4

| The following rule of thumb has been adopted for estimating the transit time
to be expected Tgog:;

,

;
. n

T = 0,01 j H m [sec]got t1=1 (33

j T - Transit time to be expected,tot
i

.
j - Number of nuclide,

1. . -

n - Nusber of parameter,,

.

{ y - Number of the parameter values of the 1-th parameter.m
,

This transit time estimation applies only to emission calculations 16 system
.

equilibrium.
!

! The computer time required for solving the differential equation in the
' case of time-dependent processes cannot be estimated in advance since it

depends on the gradients of the operands.

The time required for a computer run is greatly dependent on the number*

of parameters and the number of parameter values per parameter. The extent'

of the outputs of SEKEM4 is also heavily dependent on the number of parameter4

i values. In order to keep the computer time and extent of the output within
reasonable bounds, it is advisable to limit the parameter combinations.

The developed program packet includes the programs SORTSEKEM and PLOT. SEKEM,

transfers the emission data to the SORTSEKEM program. This program takes from
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the output file the emission values which correspond to a preset parameter combin-
ation. The plot program displays the sorted-out data on graph output devices.

Figure 3.3 shows the data flow diagram of SEKEM4 in schematic form. In

simple application case *s, the temporary auxiliary data files are not necessary.

.

4

[ TemporaryInput
,,

data j
| auxiliary t

file '

data tile,

y SEXD44 :

3 .
.

[ Data file
Hard
copy ( ,,

output ' for transfer-
' ring the emission

values
.

SORTSEXEM I
.

OLOT

%f

Graph
output

Figure 3.3. Simplified Data Flow Diagram of SEKEM4 for Calculating
Secondary Loop Emissions from Light-Water Pressure Reactors.
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3.2. Program Description

SEKEM4 simulates the_ transport of activity in the secondary loop as well
as the emissions from the secondary loop of a PWR. The program contains
a standard data record for the secondary loop. This record corresponds
to that of the Biblis B NPP.

This data record is incorperated into the transport matrix TM (compare equation
(1)). In principle, it is possible to modify the data record from the outside
in order to use SEKEM4 for simulating other secondary loops as well.

The main program of SEKEM4 shows the program structure (compare listing.
- 3.1). The core consists of the es11s for the subroutines BALANC and PROCEE.

The NEWTM subroutine works on the nuclide level. After leaving the nuclide
loop,-a new parameter combination is calculated in the subroutines PARAME
and TRANSL. *

The INPUT subroutine reads the control data in and, if necessary, modif'ies
the data record to set the secondary loop of a certain NPP.

The calculation of the activity distribution in the secondary loop and the
resulting emissions is done in the following steps:

I. Loading of the current parameter values by the TRANSL and PARAME subroutines.
t

PARAME process:s a general parameter list in accordance with the stored
initial values, step widths and final values.

The possible parameters are divided into the following groups:

-- Reactor power

-- Nuclide-specific activities in the primary loop

-- SG 1eakage

-- Mass contents

-- Mass flows

- Transport times-

-- Nuclide-specific a values (phase distribution factors) in the high-pressure
and low-pressure sections

>

-- Residual moistures
,

| -- Decontamination factors in the blowdown deminerali:ation system.

TRANSL alters the data record in accordance with the parameter list.

i

|
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II. The NEim! subroutine calculates the transport matrix with the aid of
the current data record and the corresponding nuclide data.

- The point-specific data summari::ed in Section 2.6 are incorporated into
the calculation of the transport matrix as follows:

y . (ag . fp*1-fy)
, * b ),

m
E

,

** I~ k' ifLJ " M . cq ty*1-f33)g

N
TM = -k 2 TM-y g 33j=1

~

m ) - Mass flow from point i to point ji

Mi - Mass content of point i

Egy - Moisture in mass flow m )g

fg1 - Moisture at point i

TRTgj - Transport time from point i to point j

k - Solubility in steam for the k-th nuclidea

Ak - Decay constant for the k-th nuclide.

In the BALANC subroutine the activity distribution in steady-state equilibrium
is calculated according to equation (2a).

From these activities, the sum of the emissions in equilibrium is calculated
as follows:

M

' roof = E A Mg *1 L
L-1

M1 - Mass content of the i-th point

y - Steam emission of the i-th pointm

At - Activity of the i-th point.

The sum extends over all points under consideration. For noble gases, the
pathway of condenser exhaust-stack emission is also calculated. This activity
or emission calculation can also be performed for different primary concentra-
tions. From the calculated activity distribution in equilibrium result
possible initial values for the solution algorithm to differential equation
(1). The NElmi subroutine has loaded the auxiliary matrix ZTM to determine
the source intensities for daughter products.

For the source intensity vector, the following is true:
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(4)Q(c), = Z1? tic) e Ait), + Qit) primary

Q(t)T - Total source intensity for the daughter product

$(t)prhy - Primary source intensity for the daughter product

3(t)g - Activity distribution of the precursor

ZD1 - Decay transport matrix.

III. The PROCEE subroutine solves differential equation (1).

The total emissions through the roof A(t) are calculated from the valuesgg
of A(t). Before A(t) is calculated, the power of the reactor, the SG 1eakage
and the primary loop concentration at time t are determined. This yields
the time-dependent transport matrices ni(t), ZTM(t) and the source intensities
Q(t) in (1) and (4). In examining the decay chains, the source intensity
Q(t)T f r the daughter product is calculated from the activity distribution
for the precursor A(t)g.

The SORTSEKEM and PIDT programs, which prepare the results and display them
in graphic form,are especially tailored to the output devices at the computer
center of the University of Heidelberg. Their general applicability is
thus not guaranteed.-

3.3. Examples of Input and Output Data Files as well as of Plot

A typical input data file is shown in listing 3.2.

STATUS INFC13ATION

N h Nuclide NR = Nuclide no.
$ = .560-o6a a t a o
Lacz= 5 roa a= t.a
atL?= 6.353*05 III = 3

att 3,13)= 1.00 >4J 3?( 3.13)= 0.3 ft 3,13)= 5.300-43

ALPWAA = 1.300*JG ALPSAL = 1.J03*C0 3 FALL = 1.000+44
Las t fl e 1.300*40 711act 1) = 1.000*40 54E2 84KLID st.: 1 L= 1 -

0F183 8 1) = 1.303*01 77Ft 1, *) * 1.J03*03
DFlas( 11= 1.303*JO FTP t S, ile 9. 3 J D *4 5

Lasl 2)= 1.340-06 771RCt 2) = 1.00?*JJ WARE sSILIS st.: 2 L== 4

3F483( 2)= t.J3 *0J PT F t 1, 21 = 1.00 5 *4 3
CF48S( 2) = 1.J03*40 FT?t S . 2) = 1.G43*45
LAS( 3) = 1.332-12 P312C( 21 = 1.033*00 sis! SU?LI3 ff. 3 La-12
Staast 3t= 1.200*40 77/6 1, 3) = 1.000*JJ
St aas t 31 = 1.J22*0J #fr( 5, Il = f.Jd 3*4 5

IP= 1 ISTas;= J.0 IS!!P= 1.115-0J ttsum 6.150-03 tcu o te 201'001 749m442:s7
IP= 2 IJ743?= 1.00C*v0 1272P= 1.000*49 !!33= 1.'03*48 Ic0s,1=180 30002 - Tatsaa223F1L

IP* 3 137Alr= J.3 !$7:Pu i. 710-C s I ED= 1.720=03 EC70t= 2091J03 fatsastasp

Listing 3.2. Typical Data Input File for SEKEM4.
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, * e g C-D( L*CCC*ff C*f tO-46 6*t*C-tu l* SOC-ot e* *tCS(

t* 'rC= t 9C* C taCC0*eL C*f f* e t t40-cs t**tC-06 t* S t C-09
4* TLC-D( 6*f0C*Pi C*f f*'?S-19 6*550-0( t* r iC-D f t*CPC-CS
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t*!TC-ot &*CC0 07 C*C l* sic-59 * * 16 C- t t * * tP C-C L e*45C-06

.C* f t C-C(
l*00C*et C*f P* * tf- t t t*trC-06 f* CEC-06 9*550606

***0-0[ L* CDC*et C*C t*ttC-te g* o* C-0 t t'sfo-rt * * f t C-06

5 59e-DC i eeC*0T C*C sI* e lC- 8 9 L*t9C-0( t * tr C-C ( C*f$0-06
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C*ftC-ot 4*r02*&t C*r P**12-19 t*!tc-Gt t* ll C- f f 6*EZC-06
. teC-D( n*002*0[ C*C P*ttC-19 t*etC-06 t**rO-06 s tac-66
5'*S*C-0[ t* COT *LI C*f t* *t: 6 5 &*6lC-C# *6*f(0-06 t'*6*2*06
9 * 9L C6C( '6*CC:*OI C*f 6*ttC-69 6*elC-C( t * 6?C-C ( C* tic-D(
C* C t * CC2 * te L*f .t**lC-19 s'' C* C-o t t * t iC-b f 6 * t0 0-0 9

t CLJ-01 t**LC-ft !* 5 E C-o S
t*&tO-C( s' C0 C *0 * C*t 6*erC-t9
!*t!C-DC t*C0C*0 C*f a'ttC-t9 t *-ot **f9C-e6 6*L03-06

s' r*t e-01
**ttS-ot
t* &*CCC*0t t*e 5*ttC-t9

, !* t * t a C-0.t 9*5EC-06
o C-tI n*COC*0* C*( ***rC*t6 I*'CC*P6 !* * S C-P 6 **tt:*06

5*59C-0E 4*002*0* C*t E* * lC- 4 6 4 * t6 C-0 6 6*AtC-06 t* f t C-06
9 * 9t C-o t t* cec *0e C*r &*tt2-tt &*%tC-06 * 6 6 0-0 f !*t83-06*

C*C 1 000*00 E * &6 C-c o t* 10- 1 + n' tac-04 t*elC-06 t*t&C-09
L* L L C-01 l* Cr?NO E*46C-P* 6* t 5 C- 6 9 4*teC-C4 t* t Z C*C 9 E*!5C-09
!*!TC-DE &* C0 0 *oC !* tic-CT I" 5rC- 6 9 L* tac-OL 4* 6 t C-09 1*6oC-09
f* t tO-CT L*CCC*CC t*LSC-te f * t O- 8 9 4*t60-01 *9L:*06 . teC-06&*
**s*0-0[ &*000*00 C*6fC-0* 9*46C-t9 t * *OC* O L e**50-P9 * 56 0-t6
5*59C-00 t*00C*00 !*teC-0* f*6&C-66 &*sec-eL ." t ec-0 9 &*t60-04
9*9LC-DC s'CDC*oC **&tC-ee t'trC-69 6**63-CL 4*t iC-C9 - e**GC-09
C*C L*C00*DE t*&tC-es 6* ttC . t* tac-t4 t*952-C9 t*L C-09

4**EC .5t * t s O-00 L * CC C *0 6 t*&tC-03 9 &*&(:-SP t* !* C- CP r*t*?-08-
C*!!C-PE

s'000*01
C00+CL !*4lC+tt d*tTC-19 9* t iC-CE 9* *lC-C ( 1* E S C- t S

f * f t C-et 4* !* ti C-e t O* tic-89 e* rec-bt ** * t C-o t r*4ZC-06
** ''C-DI t*CCC+01 !*t6C-0* t*&*0-69 t*t90*C( t* ** 4*01 9 * tt O- C6
5*590-ot 4*C02*01 f*t50-0* 9*6pC-19 t*LtC=C6 t*F'C-tf E'9tC-06
9* tC-Df t*eCC*06 !*4lC-P* 6*e0C-89 t* tr 406 t* **C-e t **f*C*06
C*C t*CCC*ot !*t60-0* 8* * tC- t S t * !l C- t t T*850-09 Z* LL C-09
l* tac-D( L*CCC*0! t*4EC-De 8* t 5 C- 6 9 L*erC-OP L*61C-ot !*t5C-03 .

t*ZTC-DC &*C0C*02 !*teC=Ce f*5EC-69 E*PIC-rf 9 * er C-0 6 4*t6C-09
t*ffC-CC t*C02*0t r*LtC-0* f*9tC-19 ** et C-0 6 ** t iC-0 6 6* tic-0 6
t*e*0-ot s CD C *0 2 !* tu C-0e 6 * t t O- 5 9 t* t Pr-0 6 t*!50-06 6**!C=06
G* S t C-D( t '* CC C +D Et*&64-b* t*PsC-;9 t*9tC-ef !* 9t C-0 6 5*CLC-06
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Figure 3.4 shows a plot resulting from listing 3.3.
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Figure 3.4. Power Fouse Emissions in Ci/sec as a Function of the
Blowdown Rate in t/sec for a Nuclide with A = 10-' sec-1 (compare
Iodine 131).

In this calculation, the following were selected as constant parameters:
SG 1eakage in the defective SG (20 kg/hr), primary loop activity (1 Ci/t),
residual moisture in the SG (0.25%) and steam emissions from the high-pressure
section (3.6 t/hr) .

The variable parameters were varied within the following limits:

Initial Step End
value width value Unit

Blowdown rate 0 4 24 t/hr

Decofactor in blowdown deminerali:ation
4

system 1 10 10

Steam emissions from feedwater
degasification system 0 1 6 t/hr-
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In the plot shown (Figure 3.4), the total emission through the power house
roof, in C1/sec, is plotted on the ordinate. The blowdown rate in t/sec

,

is plotted on the abscissa. The decontamination factors in the filter
of the blowdown deminerali:ation system were selected as parameters.

.
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4. Sensitivity Analysis (Parameter Study)

.

- Introduction

The purpose of a param*eter study is to describe with adequate precision a
preset system by analyzing its specification factors themselves and their
functional dependencies. In the present studies, the system consists of.

the secondary loop components which can contribute to the emission of radio-
activity. The specification factors of the secondary loop system with
respect to emission are the so-called emission parameters, the interaction
of which creates a certain emission. The emission E is thus a function,

'

the n emission parameter pi applies in formal terms [ Translator's note:
the grammar of this sentence is somewhat confusing and may be faulty; it
is possible that the sentence should read something like "The emission
E is thus a function t,o which n emission parameters pi are applicable in
formal t-rms"]:

E=f E (P , P , P ) *1 2 n

where individual parameters are, in turn, a function of a portion of the other
parameters:

Pi=fi (P , > P .1, P .1, P ) with 1, k .5 n.1 i i k

Since the functions f and f are unknown, within the framework of a
E g

sensitivity analysis it is determined which of the n emission parameters
strongly affect the emission, and which affect it only slightly. .This procedure
consists in repeatedly calculating the emission for different parameter
constellations which are to be established in a directed manner.

In view of the high degree of complexity of the secondary loop system and
the degree of differentiation of the selected system model (compare Section 2.1,
model of the secondary loop), it is a good idea to carry out a parameter
study or the sensitivity analysis inherent in it for the following reasons:

1. The correctness of the computer program as well as the logical consistency
of the model assumptions summarized in the simulation model can be checked
by calculated variation of the sets of parameters.

2. By varying the parameters between the minimum and maximum limits, the
hypothetical or theoretical nuclide-specific emission potential is calculated.
The presentation of the emission is thus complete within the framework
of the pre-establishment of the parameters.

3. For any operating state, on the other hand, the corresponding parameter
constellation and thus the maximum emission are to be obtained.

4. Since the theoretical emission spectrum is being calculated, the assessment
of the probable emission is to be carried out in a clearly delineated second
step, in which plant-specific data must be taken as the point of departure
in each case.

5. Finally, an evaluation of the sensitivity analysis allows calculated
optimization of the operating parameters with a view to minimum emission
of radionuclides. ~
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In the following sections remarks are first presented regarding the method
of the parameter study or sensitivity analysis, and then the selected calcula-
tions of the quantitative analysis are presented, evaluated and finally
summari:ed.

,

4.1. Remarks Regarding the Method

The secondary loop model used in this study results from an optimization
of the competing preset goals of structural accuracy and degree of detail
as opposed to program expense and computation costs. The same applies
to the selection of the variation parameters. ,The following 11 parameters
were determined as important variation parameters:

1). Primary loop activity A in [Ci/t] of nuclide nn

2). SG 1eakage L in [t/hr]

3). Decay constant A in [sec~ ] of nuc!ide n
n

4). Steam emission rate D fr m the high-pressure section in [t/hr]H

5). Steam emission rate D from the low-pressure section (feedwater degasificationg
system) in [t/hr]

6). Residual moisture f in steam generator SG in-[%)
SG

7). Blowdown rate ABS per SG in [t/hr]
.

~

8).ResidualmoisturefjBS in the 'feedwater heating steam from the blowdown
deminerali:ation flash tank in [%]

9). Decofactor DF in the blowdown deminerali:ation system -
ABS

10).Phasedistributionfactoraginthehigh-pressuresection

11).Phasedistributionfactora{inthelow-pressuresectionortheratio
a /a *g H

The operating parameters of mass flows and transport times which directly
affect emission were not included in the detailed examination of the emission
parameters. As explained in greater detail below, this is taken into account
by distinguishing the cases of normal operation (100% power) and load change,

with activity spikes.
;

Both the computer expense and the material itself make it impossible
to determine the emissions fron the secondary loop for every possible
combination of parameters. Thus, for instance, there is no sense in calculating
emissions for variable residual ~ moistures f in the feedwater heating steamggg

*The relationship between the residual moisture f, the phase distribution
factor a and the decofactor is explained in detail in Section 2.2, Mathematical
Model of the Phase Distribution or Decontamination Factors, as well as
Section 2.S, Decontamination Factors. -
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from the blowdown demineralization flash tank (compare also Section 2.1, model,

*

of the secondary loop of a light-water reactor) if rt the same time the
blowdown rate is set at ABS = 0. The same applies, for instance, to emission

i

calculaticns of noble pases (aH = 10'") in the event of a variable. residual .
moisture f in the SG since the nobic gases'are transported almost exclusively.

5G

with the steam phase.

For a systematic analysis of the parameters, six blocks were created which
are defined from their correspondence to specific functions of a certain
system part of the secondary loop or which correspond to special operating -
conditions.

The blocks are: ,

,

1. Blowdown demineralization ABS

| 2. High-pressure section
!

3. Low-pressure section
1

4. Standard calculation

5. Extreme calculation
,

6. Spike calculation and load change.

Two sets of parameters were formed for each block.. The first set contains.
parameters which are particularly relevant to th > corresponding block and
are therefore to .be varied, while the second set contains the parameters
which are set at a constant value. The parameter values of the. parameters,

in the second set correspond, as a rule, to the values of the so-called
standard calculation (block 4). For the sake of illustration, let us briefly
describe block I here.

For studying the possible effects of blowdown on secondary loop emissions,
' , the variation of parameters 7 (blowdown rate), 9 (decofactor of the blowdown

filters) aad S (steam emissions from the low-pressure section) is initially
decisive; these form the first parameter set. The remaining parameters
are assumed to be constant for the calculations of block 1. An exception2

is the decay constant A . Since comparatively long transport times occurn
particularly in the area of the blowdown demineralization system (ccmpare
Section 2.6, Mass Contents, Mass Flows, Steam Emissions), three values
of A were assumed for the sensitivity analysis.n

With A = 10-12, 10-8, 10 decays per second, the nuclide spectrum was0

n,

. adequately considered with regard to half-lives. The nuclides Sr 98 with
i A = 1.15 sec'1, I 131 with A = 9.93 10-7 sec and Pn 239 with A =-1

= 8.97 10-13 sec approximately correspond to the selected decay constants.~l

In comparing the calculations with different decay constants, and in particular,

in evaluating the indicated overall emission rates, it should be noted
that, unless otherwise indicated, the emission calculations were carried
out with the primary loop co'ncentration standardized to 1 Ci/t. This staadardi:a-
tion serves tg improve comparability and makes i: possible to calculate

.
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emissions of special nuclides with the same decay constants by simply multiplying
[them) by the actual primary loop concentration values. The standardt:ation
to a primary loop concentration also means, however, that for a nuclide
with A = 10-12 sec-1 12exactly 10 times more nuclei of this nuclide are
present than is the ca*se with a nuclide with A = 1 sec-14

To improve comparability, the emission calculations were carried out uith
a steady-state activity distribution, with the exception of block 6.

4.2. Quantitative Analysis

4.2.1. Block 1 - Blowdown Deminerali:ation

In this study, the effect of the emission parameters which are associated
with blowdown deminerali:ation was determined; thus the sensitivity of
the emissions from the. secondary loop to the parameters

7). ABS - Blowdown rate

9). DFABS - Decofactor in the blowdown filters
5). Steam emissions from the low-pressure section (steam water degasification

system),

was calculated, and in each case this was done for three different decay
const arts. Table 4.1.1 shows the parameter values or value ranges used,
arranged by parameter sets.

~

The results of the emission calculations for block 1 are found in 'Tabl s 4.1.2-
I-4.1.8. Corresponding 1y, Figures 4.1.2-4.1.8 show the most important calculations

in graphic form.

The tables and the above-mentioned figures provide the following insights:

4.2.1.1. Examination of ABS

a. Qualitative Analysis

1. The larger the ABS [ blowdown rate], the smaller the emission rate
E for DF 3 10.gg3

2. For DFABS = 1, i.e., f r the case where the blowdown filters have
no retention capability, as ABS increases E rises, and does so more intensely
the greater the steam emission D from the feedwater degasification system.g

3. With otherwise constant conditions, it is not possible to achieve
a significant reduction in the emission by increasing the decofactor DF

ABSof the blowdown filters beyond a value of 10.

1
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TABLE 4.1.1. PARAMETER DATA FOR BLOCK 1.

Parameter Value range Individual value

.

Parameter Set 1
.

7) ABS in[t/hr] O - 24 0,4,8,12,16,20,24

9) DF 1 - 10 ' 10',10*,10*,10','10'g3

5) D in(t/hr] O-6 0,1,2,3,4,5,6 ..3

3) A in[sec"*] 10~**- 10' 10~ *,10 ',10'~

s

Parameter Set 2

1) A in[Ci/t} 1,0-

n

2) L in[t/hr] 0,02-

4) o in[t/ hr] 3,6-g

6) f [t] 0,25-

DE

8) f in [%] 66-
g3

10810) c -

H

10'11) o -

i .

I

I

|

|

-111- --

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

.m * ~



' *
. _ __. _ . _

~

. .

b. Quantitative Analysis

A doubling of the blowdown rate ABS to 16 t/hr causes a 435 reduction in

the emission rate E wh,en A = 10-8 sec~l.

These data apply essentially to the entire range of values of DFABS > 10
8and are read off for DF = 10 . The steam emission D causes a damping

ABS g

of this reduction. The effect is, however, not very great: a doubling of

the steam emtssion D from 2 t/hr to 4 t/hr leads to a reduction of 41% insteadg

of the above-given value of 44%.

For the case where DFABS = 1, emission increases by 14% when the ABS is again
doubled from 8 to 16 t/hr and Dg = 2 t/hr. With twice the steam emission
(Dg = 4 t/hr), the ine'rease in the emission rate is approximately 33%, i.e.,

more than twice as large.

c. Interpretation

The fact that the results of the calculations correctly reflect the experimentally
demonstrated function of the blowdown demineralization system should be
regarded as a verification of the model approach as well as the computer
program with respect to block 1 - Blowdown.r

The fact that the emission rate is relatively greatly independent of the '

decofactor DF f r DFABS > 10 is only an apparent contradiction of the
'

ABS
known absorption mechanisms of the blowdown filters. First we should remember
the fact that the decofactor is incorporated hyperbolically in the calculation
of the activity distribution (compare Section 2.2), and therefore it is
to be expected that above a certain DF value n significant reduction

ABS
in emission is to be expected. This value lies at apprcximately 10. In
addition, another reason can be deduced from the above-mentioned figures:

As described in Section 9.1, model of the secondary loop of a LWR, the
pathway blowdown flash tank + feedwater tank is relevant for the emission
calculations; the mass flow corresponding to this pathway (flash tank
steam with a 66% water content) is approximately as large as that corresponding
to the blowdown itself; this flow serves as heating steam in feedwater
degasification (compare Figure 2.1.5).

For the flash tank, the residual moisture alone provides a decofactor of
a maximum of 2.

Since the mass flow increases in direct proportion to the blowdown rate
ABS via the pathway blowdown flash tank + feedwater tank, as ABS increases
the unblowndown, i.e., unfiltered influx to the feedwater tank and ultimately
the emission proportion associated with the steam emission D thus alsog
increase.

The effect of this bypass pathway is also clearly evident in comparing
the emission rate in the event of minimum activity transport via the bypass
pathway (residual moisture fABS ' 3 N* ) " " #"U " ** ""'

8transport (fABS = 66.0; g = 10 ) via the bypass pathway on the othero
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(compare Table and Figures 4.1.7 and 4.1.8) . Even if there is no feedwater
degasification, when this pathway is taken into account the emission rate
is doubled, in the case of a maximum degasification rate by a factor of
3.7; both are calculate 4 with full blowdown.

4.2.1.2. Analysis of Steam Emission D,
i "

a. Qualitative Evaluation

1. Under otherwise constant conditions the emission rate increases as
the steam emission rate D from feedwater degasification rises.g

2. This applies especially during complete blowdown,

b. Quantitative Evaluation

In the case of the maximum rise of steam emission D from 0 to 6 t/hr,theg

increase of the emission rate E in the absence of blowdown (ABS = 0 t/hr)
is approximately 80% and in the case of maximum blowdown (ABS = 24 t/hr)
approximately 230%.

When steam emission D is doubled from 2 t/hr to 4 t/hr, emission at ABS = 0g

t/hr increas,es by approximately 20% and at ABS = 24 t/hr by approximately 43's. '

,

3These figures apply to DFABS = 10 and A = 106 sec~l.
c. Interpretation

This situation could be expected since any activity in the feedwater tank
is emitted to an amplified degree as feedwater dagasification increases
relative to steam emission D .g

It is noteworthy that the percentage increase of emission as a result of
rising steam emission D is always greater with blowdown than without. Thust

.

the increase of emission when D is doubled from 2 to 4 t/hr and in the caseg

of complete blowdown (ABS = 24 t/hr) is approximately twice that which occurs
without blowdown (ABS = 0 t/hr) . This relative increase is due to the blowdown
flash tank-feedwater tank pathway (compare analysis of parameter ABS in the
previous item) .

4.2.1.3. Analysis of Decentamination Factor DF
?.BS

Discussion of the effects of decofactor DF n the overall emission rate EABSis found under items 1 and 2.

4,2.1.4. Analysis of Decay Constants

Analysis of the dependency of emission on decay constant A confirms the
importance of the decay correction factor contained in the mathematical
algorithm. In this case the nuclide concentrations involved in the emission
computation are computed as a function of time, i.e., with regard to radio-
active decay. The transport times of the mass flows and dwell times
at points are decisive in this case (compare Section 2.6 Mass Contents, Mass
Flows and Steam Emissions).
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These transport and dwell times are especially long in the area of blowdown>

deminerali:ation. This leads to"a decisive decay correction factor especially
for a decay constant of A = 1 sec~l.

4.2.1.5. Summary of Rehults from Block 1

1. As. expected, operating blowdown demineralization (DF ? 10) is the
most effective parameter with regard to total emission with the parameter
stipulation of block 1.

2. Invariance of emission to variations of the decofactor of blowdown
denineralization is attributed primarily to the bypass effect of the
blowdown flash tank + feedwater tank pathway at values DF 0.

ABS

3. Intensified feedwater degasification and associated steam emission
D in the low pressure gection increases the total emission in the areag

of the parameter constellation of block 1, especially in the case of complete
blowdown, by a factor 2.3.

4.2.2. Block 2 - High Pressure Section

In this analysis the sensitivity of emission from the secondary loop to
the parameter specified in the high pressure section is determined. They
are:

6) . Residual moisture f n am generator.
SG

10). Phase distribution n in the high pressure section.g

4). Steam emission rate D fr m the high pressure section.H

Again the total emission E was selected as the dependent variable. Residual
moisture f in the steam generator was selected as the independent variable.gg
Here a , D and A were used as the variation parameters. Table 4.2.1 showsH g

the values used or value ranges of the parameters arranged by parameter
sets.

The following analyses apply primarily to Tables 4.2.2-4.2.9 and the corres-
i ponding Figures 4.2.2-4.2.9.

.

a
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TABLE 4.2.1. PMIETER DATA FOR BLOCK 2.

Value range Individual valuesP ter

Parameter set 1
..

6) f % 0,01 -6,1 1,0 10 2, 2,5 104,
*

SG
6,25 10-2, 1,56 10-*, ,

3,91 10-1, 9,77 10-1,

2,44, 6,10

.

10) o 10 * - 10*s 10 ',10*,101,10',108,g
5 ~

10',10

4) D in [t/h] 2 - 10 2, 4, 6, 8, 10H

3) A in [sec-1] 10-12- 10-. 10-12, 10-5, 30

Parameter set 2

1) A in [Ci/t]n 1,0-

2) L in [t/h] 0,02-

.

5) D in [t/h}g 2,1-

7) ABS per DE in[t/h} 8,C-

8) f in [%]gg 66-

9) DFgg 10*-

11) o 8g 10-

.

:
.. -

_
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4.2.2.1. ' Analysis of Residual Moisture f-

DE

a. Qualitative Evaluation (compare Table 4.2.2 and Figure 4.2.2).

As residual moisture f increases,the emission E also rises. This applies
DE

3E
to all aH > 10, but to varying degrees: as expected, gradient p of emission

FD

g = 10s is the maximum. It decreases for smaller a and disappearsfor 3
H

for a = 1. Since aH = 1 indicates a resistance-free phase transfer,H
as it applies to tritium in the chemical form HTO, this correctly reproduced
special case is good confirmation of the computer model.

b. Quantitative Evaluation

The emission rate at aH = 105 (salt-like nuclide behavior) rises by 5
times the initial value (from 2.52 10-' to 1.25 10-8 Ci/sec) over the
entire range of residual moisture f from 10-* to 6.1%. The correspondinggg
increase of emission rate is approximately 1.5 for a nuclide with a phase

2transition behavior similar to that of iodine (a - 10 ). At no phaseH

transition resistance.(aH = 1) the emission rate remains invariant with
respect to residual moisture at 9.02 10-7 Ci/sec, as expected.

These data apply to A = 10-' sec-1 and DH * 4 */h#*

c. Interpretation

These computations confirm the known fact that as the water content of the
main steam increases, i.e., that of the residual moisture fgg, a decrease
of emission rate takes place concurrently and especially more dramatically
the more the nuclide under consideration demonstrates a salt-like behavior
during the phase transition (a increases).

H

4.2.2.2. Analysis of Steam Emission Rate Du in the High Pressure Section

a. Qualitative Evaluation

An increase of steam emission D leads to increased overall emissions. ThisH
applies to all values of residual moisture f and the phase distributionSGfactor a and decay constant A.H

b. Quantitative Evaluation

Doubling of steam emission rate D leads to an emission rate E which is
H

higher by the doubling factor 1.5-1.~ in a lesser dependency (< 10%) on c '
H

When the steam emission rate D rises over the entire range of 2-10 t/hrH
(factor of 5) emission E increases by a factor of 3.0-3.5. The effect of residual
moisture f hereon is < 1% at small aH ("H = 10) and < 10% at high aH ("H = 109gg
The aforementioned values apply to A = 10-5 sec-l. In computations with
A = 10* see-1 it is noteworthy that here the doubling factor is exactly two.
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This is due primarily to the n;gligibly small contribution of steam emission
D from the low pressure section .;o overall emission. The short-lived nuclideg

(A = 1 sec 1) does not reach the feedwater tank. It is either emitted with
the high pressure emission through the stack or decays enroute to the feedwater
tank.

Emissions of a nuclide with noble gas properties (aH = 10 ", all decofactors =
= 1) for A = 10-' and 1 sec-1 were examined as a special case. The doubling
factors for the steam emissions are approximately 1.8 and 2.0. Noble gas
percentages which are released through the stack via the exhaust system
of the evaporator overhead condenser are higher by a factor of 1000 than
the power house emissions.

c. Interpretation

Reduction of steam emiss' ion D fr m the high pressure section by one-half
H

reduces the total emission only 1.6-fold. This is due to the fact that
the steam emission D from feedwater degasification contributes to overallg

emission, in the. aforementioned computations with Dg = 2 t/hr.
4.2.2.3. Analysis of Phase Distribution Factor a,, in the High Pressure Section

a. Qualitative Evaluation

Under otherwise constant conditions the total emissions E decrease as og
increases. This applies to all residual moistures f and steam emission
rates D . 3g

b. Quantitative Evaluation

An increase of a by a fact r 10 is followed by a drop in emission by aH

factor of'1.1 at high residual moisture f3g = 6.1% and by a factor of 5.4
for the minimum residual moisture f3g = 0.01% and DH = 4 t/hr, respectively.

An emission decrease by a factor of 2.75 occurs for high residual moisture of
fDE = 6.1% over the range a 0 310 -10 .

H On the other hand, it drops=

by a factor 44.6 at residual moisture fDE = 0.01% which is 600 times less.
c. Interpretation

As was derived and explained in mathematical model of phase distribution
and decontamination factors in Section 2.2, the phase distribution factor a

His a direct measure of the ratio of the specific activities of a certain
nuclide in the liquid to the gaseous phase of the mass flow under consideration.
Here a is an indirect measure for phase transition resistance and as aH

result is associated with residual moisture transport. Thus 2H = 10" indicates
pure noble gas behavior, s.d=1 hP ase-invariant behavior as tritium shows and
H = 10 " a salt-like behavior, i.e., a high a is associated with a higha

H
liquid / gas phase transition resistance and dramatic coupling to residual moisture
f The considerably higher emission drop by an increased a at low residualDE. H
moisture is thus explained.
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j. 4.2.2.4. Analysis of Decay Constants
4

' The effects of decay constants on emission rate E mentioned essentially in
unit I also occur in the high pressure range. Thus the. decay correction

| factor incorporated in the computer program causes a concentration decrease
1 - dependent on transit time, with the effect of diminished emission rates for.
: shorter-lived nuclides.

-4.2.2.5. Summary of Results of Block 2 -

f In the three relevant variation parameters, residual moisture fDE, steam
emission rate D in the high pressure section and phase distribution factorH

j g in the high pressure section, the sequence of importance of parametersa
.

can no longer be assigne,d as easily to total emission as in block 1.

-- If the steap emission rate D increases from 2 to 10 t/hr, emission higherH
by a factor of 3-3.5 must be expected.

-- If the residual moisture f increases from 0.15Y to 6.1%, in the case
DE

of nuclides with high a ,. especially therefore in ionica11y present nuclides,.H
j. an emission increase by a factor of 10.7 must be expected.
1

1 -- The total emission E is related to low residual moisture.in an especially.
'

sensitive manner with regard to high a values,'i.e., ionica11y occurringg
; ,_ nuclides. At low a values the absolute values'of' emission rates are higher

H
from the start (approximately 5 10-7 Ci/sec). The relative difference

L of emission, however, is comparably small with regard to a valses of. differing
H

i magnitude.

!' -- Noble gases are discharged for the most part (approximately 99%) via
the exhaust system of the evaporator overhead condenser through the. stack,

i

Upon comparison of computations with different decay constants, especially
in the assessment of the stipulated total emission rates, it must be borne

l~ in mind that emission computations, unless otherwise specified, were carried
out with primary loop concentration normali:ed to 1 Ci/t. The normalization
is used for better comparability and allows computation of emissions of
special nuclides 'of uniform decay constants by simple multiplication with
the actual-primary loop concentration values.

,

Normalization to a primary loop concentration, however, means that exactly
1210 times more nuclei of a nuclide with A = 10-12 'sec-1 occur than in the

case of a nuelide with A = 1 sec-1
~i

4.2.3. Block 3 - Low Pressure Section
'

The parameters specified for the low pressure section, the effect of which
|- on emission is determined above the power hcuse roof, are:

; 10). Phase distribution factor a in the high pressure section.H
j

5). Steam emissions D from the low pressure section (feedwater degasification).g
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7). Blowdown rate ABS.

11). Phase distribution factor a in-the low pressure section or ratio a /s *
t g H

The dependent variable, total emission rate E, was determined as a function
of the independent variables a and DL. Here the ratio a /a and blowdownH g H
rate ABS were used as parameters.

The phase distribution factor a was included in block 3 since it playsH
an important role for the water degasified in the feedwater tank.

Table 4.3.1 shows the values used or the ranges of parameters arranged by
parameter sets.

A selection of computations is shown in the following. The cited analyses
refer to Tables 4.3.2-4.3.4 and Figures 4.3.2-4.3.4, which correspond to
them.

-4.2.3.1. Analysis of Steam Emission Rates D,or Feedwater Degasification -

(compare Table 4.3.2 and Figure 4.3.2) -

a. Qualitative Evaluation

As steam emission rate D increases,the total emissions rise as a functiong
of a .g .

,

b. Quantitative Evaluation

Emission E increases over the entire range of variation of D of 0-6 t/hrg

by a factor 1.7 at aH = 1 to 2.8 at aH = 10s. The doubling factors (= emission
increase as a result of doubling of the parameter) are between 1.1 and 1.5.
These data apply to a /aH = 100 and an average blowdown rate ABS of 12 t/hr.g

c. Interpretation

The fact that 100t increase of steam emission rate D from the low pressureg

section results in only a (a -dependent) increase of emission rate _ of
H

- 10-50% is due to the predominant high pressure emission (compare Section 4.2.2
block 2). The more dramatic effect of an increase of D at high a derivesg H
on the hand from the higher concentration in the steam generator water,
i.e., a higher activity flow over the course of blowdown, and on the other
hand from the higher percentage of residual moisture content which decisively
affects the activity influx from the high pressure section to the feedwater
tank.

4.2.3.2. Analysis of High Pressure Phase Distribution Factor q'
(compare Table and Figure 4.3.3 and 4.3.4)

a. Qualitative Evaluation

As a increases the total emission E decreases, most radically in the area ofH

H = 100 and moreso for high blowdown rates than for low ones.a
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TABLE 4.3.1. PARAMETER DATA FOR BLOCK 3.

Parameter Range Individual values

.'

.' Parameter set 1, variable

' 10',101,10',108,10',10s10' - 10810) s -g
e

!I "L "E 10' - 108 10*,1,01,10*,108
*

5) D in (t/h} O 6 0, 1, 2, 3, 4, 5, 6-g

7) ABS in [t/h] O - 24 0, 6, 12, 18,~24

.

Parameter set 2, fixed
.

1) A n [C1/t] 1,0-

n
.

2) L in [t/h] 0,02-

a +

3) A in [sec-1} 10 5-
,

4) D in [t/h] 3,6 r-. g .

6) f h [t]
'

3g 0,25-

8) f in [%] 66-

ABS
.

9) DF 10'-
g3

.

.
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|b. Quantitative Evaluation 1

The total emission decreases' by a factor of 17.3 without blowdown and by a
factor of 182 at maximum ABS = 24 t/hr per steam generator over the entire
range of aH( r ers of magnitude).

I*: the range of aH = 100 a change of aH by a factor of 10 is associated

with a reduction factor of emission of 3.2 at ABS = 0 t/hr and 7.2 at ABS =
= 24 t/hr. On the other hand, at aH"1 # 'H = 10" the aforementioned factors
are 1.3 and 1.0 for ABS = t/hr.

c. Interoretation

It was also found here that a reduction of emission of nuclides which occur
ionica11y under reactor conditions (a 1arge) by means of blowdown is more

H,

effective than in the case of nuclides with smaller aH (compare discussion of
the parameter, steam emission rate D , in previous Section 4.2.3.1).g

The saturation behavior of the emission at high a values derives from the
H

activity transport which then almost exclusively determined by residual moisture.
Saturation behavior at small a and in the absence of blowdown is caused by high

H
steam transport percentage.

4.2.3.3. Analysis of Blowdown Rate ABS

The recognized effect of blowdown on emission rates is apparently consistent
with previous determinations in block 3 as well. The redu: tion factor of

the emission * rates is 4.1 for aH = 1 and 43.3 for aH = 10 over the entire
8

range of blowdown rates of ABS = 0-24 t/hr.

Blowdown is approximately ten times more effective in the case of nuclides
which occur ionica11y under reactor conditions than in the case.of nuclides
with aH = 1 (for example tritium) . The doubling factor is between '. 4
and 1.7 depending on a . The values are stipulated for Dg = 2 t/hz.g

4.2.3.4. Analysis of the a,/a,, Ratio
,

According to the authors Jonas, Class and Styrikovich (compcre bibliography
of Section 2.S Decontamination Factors) the phase distribution factor a is a
function of the state of the steam or liquid phase.

It is assumed:
2

l$)
I

.

2 ~
\ s.-

with p' = Density of liquid flow,

p" = Density of steam phase,

X = Exponential factg . material-specific.
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} If now we analy:e the behavior of the phase distribution factors a /aH ""Eg

assume by way of simplification that ;cg = 3cg applies, we find 10 < o /a3 < 108 '

g

| -
for the operating ~ state,s under analysis here.

Since we know of no relevant measurements or data, the a /a rati was'g H

incorporated and com'puted as a variation parameter. It is immediately apparent
from Figure 4.3.4 that the effect on emission rate is not noticeable. Therefore.
in all other computations it was assumed a /aH = 100.g

j 4.2.3.S. Summary of Results of Block 3

At the blowdown rate ABS the doubling factors are somewhat higher than f)r
i the steam emission rate. Phase distribution factor a in the high pressare

H
section is especially important to emission rates in an interaction with

,

blowdown. The phase distribution factor o in the low pressure section affects '
; g

emission computations to a very minor degree'since the decontamination factors
in the low pressure section are determined largely by the high residual,

moistures.

4.2.4. Block 4 - Standard Computation
.

The variation parameters in.this block 4 are the decay constant A and primaryr
. loop concentration A.
l

- I
Thus a quick survey of the expected secondary loop emissions (above the,

roof) in the case of special nuclides n(A ) and primary loop activities An nis possible.;
'

On the other hand, the computer program is being checked since emission rates to be.

; - computed must be proportional to the primary loop activities.

Table 4.4.1 shows the values used and the ranges of the parameters arranged
* by parameter sets.

Table 4.4.2 shows emission computations for primarily ionica11y occurring
8nuclides (ag = 10 ), Table 4.4.3 shows the emission rates for gases (a = 10"").

+
.

I

4
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TABI.E 4.4.1. PARA \tETER DATA FOR BIDCK 4.

.

Parameter Range Individual values
.

.

Parameter set 1

[Ci/t) 10 8 -101 10 8,10-7,10-',10-s,3o =,1) A in 10-8,10 8,10-1,10',101n

3) A'in ]sec-1| . 10-18- 10' 10-18,10 1',10-',10-*

/ 10-*,10-8,10-8,10''

10-* - 108 10-*,10810) a - ,

H ,
,

Farameter set 2*

0,021) L in [t/h] -

4) D in (t/h} 3,6-

M

5) D in (t/h] 2,0-

g

0,256) E in [Q -

gg

7) ABB Per DE in (t/h'i 8,0-
.

8) f in [t] 66-

g3

1049) DF -

gg

10810) o -

g

10'11) o -

g
.

.

. .
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4.2.4.1. Analysis of Primary Loop Concentration A

As was expected, the primary loop concentration A is involved linearly in
the emission computations, i.e., the emissica rate E is directly proportional
to the primary loop activity.

4.2.4.2. Analysis of Decay Constant A

a. Qualitative Evaluation

The greater A, i.e., the more short-lived the nuclide under consideration,
the smaller the emission rates become if 10~' 5 \ s 1.

b. Quantitative Evaluation

The emission rate above the power house roof decreases by a factor 8.1 108
in the case of salts and 2.4 10" in the case of gases over the range for
A of 10-' - I which extends over six orders of magnitude (in the case of
secondary loop-induced stack emissions, the factor is approximately S.1 10 ).4

The increment from A = 10-2 sec to A = 1 sec-1 is especially salient for the-1

secondary loop. This rise factor 100 for A causes a decrease of emission
rates by a factor 1.3 10" for salts and 6.5 108 for gases (power house
emissions) and 2.4 10" (secondary loop stack emission). The tenth increment

.from A = 10-3 sec to A = 10-2 3ee decreases the power house emission-1 -t

rate by a factor of 12 for salts and 2.3 for gases.

c. Interpretation

"

The recession of emission is especially dramatic in the range from A = 1 sec~l
to A = 10-2 sec-1 This situation results, as explained previously, from the
decay correction factor for the stipulated plant-specific transpcrt times.

4.2.4.3. Analysis of Phase Distribution Factor a

The difference between the largely ionica11y and gaseous occurring nuclides
mentioned in the previous item with regard to computed emission rate derives
from the completely different behavior of salts and gases in the steam generator:

Salts remain for the most part in the aqueous phase; gases, on the other
hand, in the vapor phase. This means considerably higher dwell times
in the steam generator for salt than for decontamination-free gases.

4.2.4.4. Summary of Results of Block 4

The computer program yields the linear relationship between emission rate
and primary loop activity in a correct manner. It also shows that the so-
called standard parameter values constitute a suitable basis for parameter
set 2 used in the individual units.

Particularly the computer program yields the expected varied behavior of
gases and salt nuclides.

Finally, the computer program clearly shows the relationship between plant-
induced transport times and decay correction factor.
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4.2.5. Block 5 - Extreme Computation

The ccmutations reproduced in the following in excerpt form are used
to check the program even in extreme parameter ranges which exceed the standard
ranges (compare previous blocks 1 through 4). The following were varied
as parameters important for this purpose:

2). Leakage rate L in [t/hr].

4). High pressure steam emission D in [t/hr].g

6). Residual moisture f in steam generator in [%).gg

10). Phase distribution factor c *H
Table 4.5.1 shows the values used or the ranges of the parameters arranged
by parameter sets.

The independent variables, leakage rate L, residual moisture E and phasegg
distribution factor a at well as the variation parameters a ' I

and DH "#8H H SG
compared to the dependent variable, emission rate E.

4.2.5.1. Analysis of Leakage Rate L

As is apparent from the figures and Tables 4.5.2-4.5.6, the expected directly* proportional dependency of emission rate E on leak rate L is accurately
reproduced by the computer program.

4.2.5.2. Analycis of Residual Moiature in Steam Generator fgg

The residual moisture behavior of emission rates discussed in previous blocks
is also shown in the preser.t extreme computations. In this case two saturation
ranges become clear:

1. For aH = 10 a change of emission rate as residual moisture values
decrease from fgg 5 10% is still rather low.

2. For aH > 100 emission rates for high values of fgg proceed into
saturation.

This saturation behavior can be easily explained by the activity transport
determined predominantly by residual moisture for aH > 100 and activity
transport associated primarily with steam for aH < 10.

At an increase of residual moisture f fr m the design value 0.25% to 31.2*>fSG
an increase of emission rate E by a factor of approximately 4.3 to a value
of 9.5 10-8 Ci/sec can be expected for salt-like nuclides. For nuclides with
H = 10 the increase of emission rate E is only approximately 40% at thea

considerably higher absolute value of E = 8.74 10-7 Ci/sec.
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TABLE 4.3.1. PARAMETER DATA FOR BLOCK 5.

.

Parameter Range Individual values

Parameter set 1, variable

( 2) L in [t/h] 10-1 - 10 0,1, 1, 10

4) D in[t/h] 1 - 10* 1, 10, 10'
H

.

6) f in[t] 0,25- 31,2 0,25, 1,25, 6,25, 31,23g

1,101,10 ,10 8,10',10 810) a 1 - 10 8 1
H

Parameter set 2, fixed

_ .

1) A in [C1/t] 1,0-

n

3) . A in [sec-1] 10-6-

5 )' D in [t/h) 2,0-

n,

7) A3S in [t/h] 24,0-.

8) f in [t] 6G,0-
g3

10'9) DF -gg
i

11) s' 10*-

a

!
|

|
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4.2.5.3. Analysis of Phase Distribution Factor g in High Pressure Section

The effect of parameter a n emission rate E has already been explainedH
qualitatively under 4.2.*S.2. At a constant high pressure steam emission
rate DH = 10 t/hr, E increases by a factor of approximately 32 because of a
decrease of the a value from 10s to 10 at a design' residual moisture of

H

f3g = 0.25% and by a factor of approximately 9 at f3g = 31.2% (compare
Figures 4.5.4-4.5.6). This situation can also be clarified by comparing the
activity transport in the steam and in the residual moisture.

4.2.5.4. Analysis of,the High Pressure Steam Emission Rate D,,
(Compare Figure and Table 4.5.7-4.5.9) "

*
The increase of emission rate E due to increase of steam emission rate

1 D by a factor of 10 from 10 t/hr to 100 t/hr constitutes a factor of approxi-H

mately 7-8 depending on residual moisture and a values. At this point, amongH
specifically computed examples, let us cite computation of tritium emissions

,

as a function of residual moisture f3g and steam emission in the high pressure
section (corpare Figure and Table 4.5.10). The primary loop activity A of
tritium was assumed to be A = 0.5 Ci/t and the decay constant A = 1.78 10~'

-1sec

The residual moisture-invariant tritium emission rate rises by a factor of
1.8 to E = 1.01 10-" C1/sec when D increases from 1 t/hr to 10 t/hr, and by aH,

factor 1.3 to E = 1.33 10'" Ci/sec when D increases from 10 t/hr to 100 t/hr.H

4.2.5.5. Summary of Results of Block 5

; An increase of leak rate dramatically affects emission rate, as expected.
An increase of steam emission by a factor of 10 causes an emission rate
rise by a factor of 7-8. An increase of residual moisture from the design
value to 31.2% entails an increase of emission rate by a factor of 4.3.

; Two nuclides which differ by three orders of magnitude in the a V*I"'H

(aH = 10 and aH = 10") are emitted with varying degrees of intensity with
.

a factor of 9-32, depending on residual moisture.*

4.2.6. Block 6 - Spike Computation and Load Change

In this block the computer program is checked for its capability to compute
time-dependent phenomena such as an activity spike and load changes.

Since spikes cause, among other things, load changes or pressure transients, spike
computations were coupled to the load changes.

A slow load change (10 or 20 hrs) and thus slow mass flow changes were selected
since the effect of spike factors on nuclide specific emissions was of
primary interest.

Variation computations with specific data sets of nuclides 1 131, Co 60
and Co 58 due to their radio-ecologic importance are carried out in block 6.
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The emission rates of these nuclides are thus computed for the average and
maximum s' pike cited in Table 2.3.1.2 at a constant spixe duration for the
load change from 100% to 85% power in 10 hrs and 20 hrs.

Table 4.6.1 shows the values used and the ranges of parameters arranged
by parameter sets.

Figures 4.6.2-4.6.7 show the spike computations.

4.2.6.1. Comparison of Results for Different Time Variation of Load Change

A comparison of load drop from 100% to 85% power in 10 hrs or 20 hrs shows
no significant difference in emission rates for any of the three nuclides.

A difference would only be expected if varied spike height had been
assumed based on different load changes.

4.2.6.2. Comparison of Spike Heights

By definition the nuclide concentration in the primary loop is increased
by the spike factor under spike conditions. It can therefore be expected
that comparison of emission rates of nuclides for mean or maximum spike
reproduces the behavior of these two spiking factors.

In fact, the time-dependent computations accurately reproduce this relationship.
Thus the maximum emission rate for iodine 131 at a maximum spiking factor
of 100 is greater exactly by a factor of 1.92 than for a mean spiking
factor of 52. The same applies to nuclides Co 60 and Co 58.

The decay period of the spike-induced emission rates according to which
the two spike computations assume the same value is also of interest. This
period for iodine 131 is 20 hrs, for Co 60 - 35 hrs and for Co 58 - 45 hrs.

These time data must be analy:ed in relation to the assumed spike duration
which was arbitrarily fixed at,2 hrs for iodine 131 and 10 hrs for the cobalt
isotopes in order,to test the program. The actual spike durations are shown
in Table 2.3.1.2.1.

4.2.6.3. Comparison of Nuclides with Regard to Spike

A peaked or plateau-like variation occurs at the emission rate depending
on the spike duration.

All three nuclides show the expected exponential decay of emission rates
from the end of spike.

In the case of a short spike duration,the maximum of the cumulative emissions
is achieved earlier, as expected, and its decrease proceeds more rapidly.

,

,

The maximum emissions achieved with regard to radiologie decay in the atmosphere
(computation with mean spike) are notable and reflect the complex relationships:

2.73 _10-2CiI 131:

Co 60: 7.47 10~" Ci

Co 58: 3.41 10-2 Ci
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TABLE 4.6.1. PAR.OtETER DATA FOR BIDCK 6.

.

Parameter Range Individual values
*

.

Parameter set 1, variable

Icdine 131 Cobalt 60 Cobalt 58

1) A in (Ci/t} 1,0 2,0 10-8' 4,4 10-8n
'

3) A in [sec-1] 9,98 10-7 4,17 10-' 1,13 10-', .

Spike height
mean/ max. 52/100 100/500 2,2 108/10'

'

Spike duration
in hrs. 2 10 10

10) c 08 108 108H

11) a 10s 10s 10 8

Load change 100%/85% 100%/85% 100%/85%
.

Shutdown time
in hrs. 10,20 10,20 10,20

Parameter set 2, fixed
, ,

* 2) L in [t/h] 0,02-

4) D in [t/h]H 3,6-

5) D in [t/h]g 2,0-

l

6) f 6 [%] 0,25-

3g
.

7) ABS 'per DE in[t/h] 8,0-

8) f in[%) 66< -gg

9) 07 10"-

43
| . . .

'
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as are the maximum emission rates (likewise medium spikes):

I 131:' 3.19 10~7 Ci/see

Co 60: 2.10 10** Ci/see

Co 58: 1.01 10~7 Ci/sec .

These data should be considered in conjunction with parameter constellation
of block 6 (standard parameter values and spike or load change-induced assump-
tions).

4.2.6.4. Summary of Results of Block 6

The computations of block 6 show that the computer program can compute time-
dependent emissions as well in conformity with the system analysis.

4.3. Summary

The foregoing sensitivity analysis of the most important specification factors
for emission above the power house roof have shown the following:

1. The computer program developed on the basis of the described systems
analysis will accommodate the relative parameters in a satisfactory manner
and accurately describe their dynamic interactions, especially with regard
to emission, in an adequate manner.

2. Depending on the physical-chemical behavior of the nuclide,the residual
moistures in the steam generator and the steam emission from the high pressure
portion as well as the blowdown rate are important specification factors
for secondary loop emissions.

3. In the computation of power house roof emissions,the feedwater degasification
contributes a noticeable fraction, especia1Jy via the bypass effect of blowdown
demineralization flash tank (sic]. Consideration of this effect itself
without steam emission from the low pressure section (feedwater degasification)
during complete blowdown entails doubling of emission rate and an increase
by a factor of 3.7 at maximum feedwater degasification.

4. The emission rate is directly proportional to parameters primary loop
activity, spiking factor and leak rate, as expected.

5. It is possible based on these computations to estimate emissions from
comparable reactor installations according to corresponding parameter comparison
and quantify the estimates by means of the program.

4.4. Tables and Figures

The most important tables and figures for the computations of emission rates
under the different parameter constellations of the six parameter blocks
follow.
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[E- = 10 ]

Emissions in curies per second
For nuclide: L = -6
Parameter list:

s tar. .1.Joaot.Jo dimensionless ,

SL1 443-t&72 *

Lat i 1,13| 13 */A
ist ( 9,11) 13 !/5

2.74!-Ja 1 5.54t-Je i d.J3t-on I 1.111-31 1 1.392-43 1 1.e71-43ar ( 1,1rJ)I d.0
.l---- --. .

3.4 1 1.J72-47 l-1.211-17 t-1.14t-4 7 |-? .442-47 l-1.6 4 8-J' t- ? .731-47 I-1.922-07 g

1.111-43 |=1.3at-17 g-1.14t-47 |- 1. s 4 3-0 7 g ' . 7 C E- 37 l-1.521-47 t-2.131-47 |-2.352-47 3

2. 221-43 1 - 1. 311-4 7 t - ! . 212-G 7 |- 1. 6 3t-47 i=1.44!-07 l-2.191 47 g-2.att-07 t-2.742-47 3

1.311-43 t-4.901-44 t- 9.141-47 t= 1.7;t-07 t =2.'375-J 7 |-J.4;t-4 1-2.772-07 l-3.11E-47

s.ast-03 |-4.471-44 1-1.53?-47 l-1.821-47 t-2.14 t-37 g -2.6f t-97 l-1.362-07 l-3. sal-47 3

5. 5 4 t-3 3 t-9. 5 5-;4 1- 1. 4 4 t-4 7 I- 1.122-4 7 t ' . * J:- 37 i - 2. 3 ? ?-J7 |-3. 331-J 7 1 3. 741-47 1

e. 67t-a s i-+.2.t-:4 i- i . . + t-v 7 i- 2.J it 7 2.55 -47 i 3. 3 ' r-o ? . 3.snt-o? i . 3ar-of i

-

Figure and Table 4.1.2. Block 1 - Blowdown Deminerali::ation. Emission
rates as a function of blowdown rate ABS for variable steam emission rates
D and DFABS " I' __
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*'' Emissions for L = -6 i.an . l.0 coot.celes-

' ' *
::: Parameter.

i values:
: ' ( " d 7..fe5

d 4. N&

i ed 9.Me

,, n x* ' = = =
- . - - i. ... .s

. ..===
. x. ..

I
'

: . -
. , , _
*

.;:.
"

Is

: : I-

,
I * * : : . .

=. . .
- :-.

.
.

'14 *
_g. ge N 3. 30.g e.gegg g.ggse e.ggyggfg9 8.0040 0.0830

,

SL1 a85-RATE //. ( OF=10
'

,

s +

\

.
~

[E- = 10 ]

Control parameter
PLOTCCu?30La11 80KCu3= 2

Emissions in curies per second
For nuclide: L = -6

Parameter list: ark = 1.aoac r.v 1 dimensior.less
BL1 &83-I&!! ,

Ill P ( 1,10) IN /S
l.17 ( 9, 131 13 T/S

ar ( 1,1011 0.3 | 2.Tet-Ja | 1.54!-44 8 8.33t-44 | 1.112-QJ l 1.J92-03 1 1.471-0J l
0.0 i=1.3't-4' t -1. 213-0 7 i =1. J s t-O' | 1.13 3- J7 |-1. 6-t-47 |-1. 78 E-07 |-1. 9:2-47 I
1.111-43 J.551-3) i 1.11 -38 1 1.311-05 1 1. alt-4s 1 1.5:1-08 i S.322-08 1 1.991-08 Ii

!

2.221-0J l 5.301-3) a 4.114-19 4 7.211-49 I 9.37?-49 8 1.491 J9 1 1.06E-08 | 1.172-c4 1
3.331-03 3 3.J d -J9 I a.19 4-99 I 5. t-09 I 4. * 1 Nv i 7.J14-d* eJ * 921-09 I s.a22-19 i.

s. set-03 3 2.35t-19 | 3.te:-J4 I . 152-49 a.9 1-49 1 1. tat-da i '.53E-09 I 7.J2E=J9 3
. - --. .-- -. ,

5.Se t-03 'l 2.Jek- 3-J | .'5"-Je 3.861-39*

.I 4.2*t-d1 1 4.9a:-J. I !.t9E-09 I t. *1 E- 39--.I
'

.------- - -- . ---; - .

6.e71-as a t.72:-)+ 1..a.-19 e 1..o:-). e 1.ser-se a ...-t-a* I ?.121-09 3 5. set-01 1.i- - - - . . . .- _.,

-

Figure and Table 4.1.3. Block 1 - Blowdown Deminerali:ation. Emission rates as
a function of blowdown rate ABS for variable steam emission rates D and CF

| L ABS == 10.
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Emissions for L = -6 .Aa . i.accat. cates

ie - "

Parameter:_
values:!
. n, i.

o * == 5<M
.

.

4 .* L FT14*es
.. s.um.

x* L a===,, n
= ,. . . . . . .

I - . . . .
.; . s_..

r.. g
i

I r,,_
"

1 I~ . e g
3 eT * = .

I ' * : : :
= -1 e . .
** *

i e .
+ e

e

i s -*
e e. seis e.coao s. aen e.w.e s.nesa . s.aoes e.seret,9

SLt 085 9 ATE // 4 CF.100*
1

I
.

[E- = 10')
.

Control parameter
FLOTC05T10Lati N UE4:0Je 2

Emissions in, curies per second
For nuclide: L = -6
Parameter list:oru . .aao02 02 dimensionless

3L1 133-9 ATE 7

117 ( 1,tJ) . Z3 f/S
lif ( 9 ?I) II 7/5 .-

97 ( 1,10): 3.0 I 2.79&ds 5.5et-4 I d.JJ1-v4 1 1.112-41 1 1.392-03 3 1.67?-03 1

0.0 3 -1.31 -4 7 1- 1. J 1 C-4 7 - 1. 34Z-01 i = 1.5 3!-07 |-1.4 e t-47 t-?.79 2-0 7 l-1.921-07 |

| 1.112-03 | 9.131-JJ e 1. Jet Je 1.2%t-Ju g 1.ast-c3 g 3.373-43 i '.731-04 3 1.89t-04 1
.

.

2.222-43 1 4.77!-39 i S.421-49 | 1.57I-49 t 7.82!-09 I 4.991-49 t 1.002-00 | 1.711-48 I
J.JJt-43 1 3. 2J1-0 4 I .. J 7 -w , 3 a. #42- 39 | 5.782-49 i 4.60t-4r I ?.*St-09 I 8.292-09 I
a.4*t-03 g 2.4at-J9 J.14 r-s 4 g 3. f s c-0, g ..e$;-01 i f.39 3-46 3 6.1:t-09 3 6.46E-09 |

s. set-Qa i 1.9es-29 a 2. e s:-o . -: 3. set- w i 3.ves-o, i . 4=1 9 i t.32t-99 i s.99t-09 :
I

l s.67t-os : 1.4.t-n i :. :7t-w , i 2. ver .os 3.5::-u i . 1st- a a. 92-os i s.412-os
. _ -----_.. -- .- . _ -- _---

,
-- .

Figure and Table 4.1.4. Block 1 - Blowdown Demineralization Emission Rates
as a Funct:cn of Blowdown Race ABS for Variable Steam Emission Rate DL

and DFABS = 100. _ _ . . _
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ces Emissions for L = -6 ta= . i.cccot.osti5.

ug Parameter,

values:
* 8 '= H6

ca **
. s e. nm-

. i.nemo

U a 5m==x
, . ..). o- . . . . . . .

G
. ..mm-en

, me

3
I

'
. ,.-

'
! 3:-

2 ! 3
~ *

** ' :*:
*e * .*o .
o. ,

.

...
_

0 8.08,8 8.3838 0.8830 4. Seet 8.3958 8.9000 0.0479ffg

- SLt RSS-MTE // 1, OF.1000
.

. .

~

[E- = 10 ]

Control 'arameterp
PLOTc:stsoL=11 30scose 2

Emissicns in curies per second
For nuclide: L = -6
Parameter list: Orat, . i. coast.c3 dimensionless

3L1 183-t&T!

137 ( 1,90) IT T/S
157 ( 9,13) I4 !/S

8F ( 1,1031 0.0 1 2.533-Js j 5. 5e r-Ca I 8.331-Ca g 1.115-03 | 1.391-03 1.47t-03 3
,

0.0 t='.07?-07 1 '. 213-0 7 |- 1. 3 4 I- 19 | *.3 C-c7 t-1. 6 6!-47 1-1. 721-07 |-1. 9 2 2-47 1

1.11Y-03 | 9.09t-09 i 5.07:-49 I 1.23t-JA 1 * .0!-ce 3 1.54 tw4 g 1.725-ce : 1.392-og |.

2 222-03 I a.75t-19 5.79:-49 8 4.ast-09 1 7.202-49 I 6.93:-45 | 9.97t-49 1 1.102-44 1 -

3.3J2-0J I'3.21t-4* I a. 'J 5 t-0 9 1 a. 39 t-09 5.73t-c9 3 6.57t-49 8 7.*01-09 1 8.2st-49
e. et-03 1 2.a31-49 1 3. t o r-vv i 3. s v t-o f 3 .. e:t-03 1 5.Jtt-di I 6.09t-09 3 6.321-09 i

5.561-03 1 1.951-09 | 2.420-49 8 3.:*t-of I ?.45!-C9 1 . 52!-09 I 5.29t-49 1 5.951-09 I
6.671-c3 1.631-a# , .. 5:- o i :.4 1-o. : 3.tet-us a ..'::-av i s.75t-o9 i 5.37t-o9 :

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

Figure and Table 4.1.5. Block 1 - Blowdown Deminerali:ation Emission Rates ,

as a Function of Blowdown Rate ABS for Variable Steam Emission Rate Dg
't.7d DF = 1000. '

ABS

l

-134-

;

|
- - _ _

_ _ -_



= .
~ -- -- --. - . . ~ , . . - - - .

. .

.

. - .

.
.

..

ces
Emissions for L = -6 1.5" * 1.0000E 08t/S

e: Parameter
- values:

g .'o & 4
a

e
s. s. rme-a

. s.seems.es

3. 8.daearst

''' ,- i.ai..s es
- -

. i.

* z i.eung-es

J.
"

1
*

r' ' _" * 3 g
- + . !
I ; ! .!

" *

L . . .
" -1 o . +

J. ;* -

-
r

s o -'s e.seio a. seas e.sese e. oe.e e.aese o.aose e.sereyfg

1
- !!L1 ABS-MATE // a 0F=10000g

-

.

~

[E- = 10 ).

Control parameter
Pt.CTCCE TIC La t t 3ggCO3e *

~Emissions in curies per second
For nuclide: L = -6
Parameter list: cru. = i.coooto* dimensionless

St.i us-mt .

.
i 159 ( 1,10) da T/S

139 ( 9.1J) IN T/S
SP ( 1,10l! 0.3 4 2.711-4a 3 5.542-Ca | 4.133-go | 1.112-03 1 1.391-03 | 1.671-43 i

G.0 |-I.373-07 |- 1. 21!-J 7 I- 1. 3 et-0 7 | * . 5 3!-47 1- 1.4 + 3-0 7 1-1.79 E-07 t -1.9 2I-07 I
t.118-43 g 3. J g t- 1 ) 3 * )?t-gg 3 1. 2.1 -g a | '.s*t-G8 | 1.362-44 i f.72Z-06 1 1.882-08 |
2.22t-43 I a. 7a t- 19 | 5.7)t-19 g 5. d s:-C 9 8 7.440-49 | f.12:=ds 1 9.97 -09 | 1.1Jt-43.

3.J31-03 8 3.212-49 I ..35t-49 4 4.d?!-49 I 4.?)t-49 i 4.5tE-99 6 T.e42-49 | S.2*t-49 4
a. set-03 3 2. 4 ] t-3 9 J. ',!-0 9 g 1. 4 s t-J 9 : a . 2!- 19 3 5.J!!-3) 1 8. 081-4 7 3 6.8 2 t-49 3

5.541-43 1 1.95!-99 8 2.32:-48 | 1.21!-Ji 1 2.152 Jd | . 62Z-J9
- _ .4 3. : A t _3 9 | 5.951-09 t----.~ - --.- .---- _ --.... - .- -.

e.671-03 1 1.63t-J1 1 2.05 -31 1 2. Ant-Ce 4 1. 3 ;.Y- J i i m. ' 2 I-J1 t .ta t-09 3 5. 373 g9 g

'

Figure and Table 4.1.6. Block 1 - Blowdown Deminerali::ation Emissicn Rates
as a Func* ion of Blowdown Rate ABS for Variable Steam Emission Rate D

b
,and DFABS = 10,000.
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.t/3 Emissions for L = .6 Lan - 1.occat.astr5.

'' i Parameter
: values:
1 ( g g-T e s.:

{ .. s. m,

,s , . _

g g s. m.s..en

, ......s.

. ..

x ..
,

. < ,
=
I I

. t 1
-

) I I.
-

.1-

.e
= a.

:
I

. .

,e *
e e.seia e.esas e.sen s. se.e e.sess e.asse e.nreffs
Bl.lA ABS-MATE u 0, e =0.0

,

.

~

[E- = 10 ]

Emissions in curies per second
For nuclide: L = -6'

Parameter list:
3rac . t.30002+04 dimensionless
r (10, 93 0.0 zu s

SL14 135-8428

137 ( 1,10) II t/S
' |EP ( 9,13) Z3 T/3

* st ( 1.1011 0.3 1 2.785-05 1 5.562-04 3 8.333-04 1.39t-03
1 1.112-33 1.. .......-.1 1.678-03 |

- . .
3.3 1 1.375-07 1 1.213-07 1 1.368-07 |-1.50t-07 f.1.642-37 |-1.782-07 |-1.922-07 I

: . _ .-. . ..

1.112-03- 1 4.622-09 I 5.252-09 3.5.892-09 | 6.532-09 3 7.171-09 3 7.80t-09 I 3. set-09 |-. .. . - . - . . _.

2.222-03 1 2.368-09 1 2.582-09 1.3.014-09 1 3.345-09 1.3.662-39 1 3.978-09.. - . .. .I.a.312-09 I. ..... - . . ... .. _

.

3.J32-03 1.1.582-09 | 1.802 09 | 2.022-09 | 2.2st 09
. ... ........ . ~ ... . - . .3.2. set =09 | 2.688-09 | 2.t93-09 |. .. .......... .... _ .

e.442-03 | 1.195 09 | 1.365-09 | 1.522-09 1.852-09 2.312-09 | 2.188-49
.... - .... . .... .... . . 1 1.682-09 |.. ... ........1........ _ .. ~ . .I

5.562-03 | 9.562-10 | 1.393-09 | 1.222-09 | 1.352-09 | 1.eSt-09 | 1.613-09 1.7st-09
,, . .................................................. ......................3...... ...i

5.672 03
7.983-10. .1.9.373-10 1.1.023 09 |... ..... ~ ..1.1.232-39 1.1.362-09 1 1.655-09 I1.132-09

.. ... 1 ......... ......... ......... .._...

Figure and Table 4.1.7. Block 1 - Blowdown Deminerali::ation Emission Rates
'

as a Function of Blowdown Rate ABS for Variable Steam Emission Rate D
L

and DF.BS = 0.0%.
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a

.

-136-

__ .

-w- +e ,g_.,

aer



* .

. .

. .

- ,

.
.

, ...
C/9

Emissions for L = -6 Ld" - i.ocooc-cali$
' ' '

: Parameter
+ values:+

o .3 . F. 48*

a M. .n.=, .
3

..

-
''" y x .um.

, - . ...ms s

. .. ==s

2. i.a==.as.

~ s
t
1 s' ' .

: * ! g

I. .I 3

* * .
* =
a . .

I "e
*s ..
e

- 3

s9 *
s s.seis e.aeae s.asse s. ae.e o.aese a.aase e. se re tit

SLIA ABS-MATE // ( % =0.65

~
' '[E- = 10 ]

Emissions in curies per second
For nuclide: L = .6
Parameter list:

or&t 1.00003 0. dimensionless
r (10. #1 = 6.6460s-01 38 s

SL11 185-8123

iSP ( 1,10) II 2/5 .
~

187 ( 7,13) 13 f/3
1.112 03 | 1.398-03 | 1.672-03

1.1011 3.3. . - . ~ .1 2.78E-04- . 3 5.568-04..I.8.333 0a 1.... . .. .. - - .a87 (

1..1. 372-07 1 1.21E-07 1 1.363 07 1 1.508-07 1 1.6 48-0 7 1-1. 78 8-07 1 1.923-07 3
.3.3

. ... . -- : - . . . . . .

--.1. 9. 38 8-0 9 |........ - . ~ .1 1. 23 3 08 | 1.a08-04 1 1.562-04 3 1.725-08 1 1.34E-08 |1.112-03 1.375-08
. .- .. .

5.793-09 f.373-09 1.10E-08 |
.. - . . . 3 6.468 09 1 7.483-09 1 3.922-09 1_ ....... .

1..1 4.748-09 32.222-03
. - . ..

. . ....... .I .7. 4 0 E -0 3 1...... . - .. - .I
6.542-09 8.2st-49

...... ...........1 4. 4 9 8-0 9 I 5. 73 E-0 9 34.052 09
. -

3 3.213-09 |3.J32 03
..--.-.

.. . . - ..... ~ . .I 6.08t-09 i S.422-09 |a.623-09 | 5.35 t 0?
. . 1.2.432-09 I.3.168-09 1.3.89E.09 |4.442 03

.. ..... .... ........... .......

. .......3 5.15t-09- ..I
5.2st-095. 5 6 t-0 3 3.952-01 4.623-39

- . ...1.1.95t-01 1.2.62E-09 I 3.233-09 1..... ........... .. .1...........I.........

. - 3.4.7st-09..... .I.5.172-09 i
s.12s.09

.. ~ ....... ...1.3.502 09. .1.. ~ . ....i .1.63r-09 1.2.25s-09 |6.67t-03 2.str.39
.... .. .......

Figure and Table 4.1.8. Block 1 - Blowdown Deminerali::ation Emission Rates
as a Function of Blowdown Rate ABS for Variable Steam Emission Rate D

L
and DFABS = 66's.
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sme ssie

''' Emissions for L = -6 Law . i.0coct.0stes.

'' 's e a a a i a a Parameter.
*

I values:
7 au in

m..i.
.

o
.. i.umm

,, . . 6 a < * *
. i.use.=

x .* l.m
'8"; ,. ...mm

;: , . . -

*
. .

-

>. .. . ..

, -

*
. is- :* "-

,- t ,

t. u
.

o

ii *
.

is a . ,

is. is -a ind sea x
4f/MBL2 F-OE // ALPHA.M. 3 .

~

[E- = .0 ]
Emissions in curies per second
For nuclide: L = -6
Parameter list: ~* st ( 3.13) . 1.1111t=03 23 t/s

BLJ F-Os

IF f 1. 31 23 5
3AL 8

F ( 1. 318 1.00E*C0 3 1.30s*01 | 1.00t.02 | 1.003 03 | 1.002 3s i 1.308 05 |
_ . - . ... . .

1.003-04 1 9.023-07 | 1.74t*07 | 2.238 4s 3 s.692-09 I 2.732-09 3 2.523 09 I
. - . . - . . . - -

2.50t=44 1 0.323 47 I 1.74t=07 | 2.243-08 I 4.113-09 | 2.978-39 | 2.77E-49 |
. . . - . --: . . - . - . - .

6.2st-04 8 9.*2t-07 1 1.7st-07 | 2.273-04 | S.415-09 1 3.148-09 | 3.3st-09 1
..... . - .. .. .... -

- . - .1 9.028 _07 | 1.753-07 1 2.383-04 | 6.483-09 I 4.732-09 | 4.3 6 t-4 9 |1.563-43
. -. , -. .: .. i

3.918-43 1 9.023-07 | 1.75 g.07 3 2. a s t.d e 3.s03 09 | 6.772-09 1 6.471 49 3

9.773-03 I.9.323-07 1 1.772-07 g 2.748-08 8 1.10t-08 1.9.29E-39. . . - ..-4 9 I| 9.f3t
-. ... . . . . . - . . ..

- - .I 9.028-07 3 1.823-07 1 3.412-08 8 1.333-08 8 1.148-08 1.1.128-08 I2.448 02
. . . - . . . . . - - . . . . .. ...

6.103-0 2 .|
9. 022-4 7 | 1.313 07 | 3.s13 48 | 1.472 00 .1.1.272-00 | 1. 2 S E-0 4 |

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

. Figure and Table 4.2.2. Block 2 - High Pressure Section Emission Rate as a

.
; Function of Residual Moisture F for Variable Phase Distribution Factorgg
a with Dg = 4 t/hr.H,

_
_ _ _ _ _ _ .

+e- m
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C/1 Emissions for L = -6 W= 1.00 cot.co us
ie- Parameter

values:
| e, 4.-et4- ,

. . . . . . .
. .-..m

x* 8.as gwe.*

, 4. sms.es

e
* ,

4

e e o e
,

m
"

a s a m x 1

*
.

, . . . .

.

*
<

. . . . .

.

8
s e e o o

,,1
is * .e s . e .e is.

!L2 F-0! // n, ALPHA =to
s

[E- = 10"]
Emissions in curies per second
For nuclide: L = .6
Parameter list: 66 s 1.00003 01 dimensionless

sta r-os--

it t 1, 3; Is s
lar ( 3,1J) Is t/s

( 1, Ji.l 5.$41-04 1 1.112-03 1 1.673-03 1 2.222-03 1 2.788 42 It
. : -- . _ ....

1.005 04 | 1.068 07 | 1.74t=07 1 2.402-07 1.3.058-07 3.3.883 07. .. - ....I: . . . ,,~ .

- . ~ ..1 2.403 47 1 3.053 07 1.3.635-47 I1.745 072.305 04 1 1.048 07 3
. .. ..

1 1.064-07 1.1.745 07 1 2.512-47 1 3.0$t-07 1 3.698 07 I6.2s t= 44
. .... .-

- .. - ....

| 1.563-03 1 1.063-07 1 1.75 3-07 1 2.513-07 1,.3.06 2-07 3.3.6 9 2-0 7 |'

. ~ . _ . . . ~ ...... .. ... .

3.913 03 1 1.072-07 | 1.752-07 3.2.s22 07 1 3.083-47 1.3.712-07 I.. . .- . . .. . ... ..

. - . 3 2.458-07 1.3.112 07 1 3.752-07. _..I1.083-47 | 1.772-079.77t=03 |
. - - . .

.

: . - 1.3.452-07 IJ.195-07
.-. -.I .1.112-0 7 .| .1. 32 2-0 7 3.2. $ 12-0 7 |2. net.02 ... .......... . ..... ..

- -.1.1.16 2-07 1.1.913 07 3 2.433-07 .| 3. 34 5-43.4.322-07 I
76.103 02 ... ....... .... .......... .. _ ...

Figure and Table 4.2.3. Block 2 - High Pressure Section' Emission Rate as a
and

| Function of Residual Moisture F.G for Variable Steam Emission Rate DH
i

s
I sH = 10.

.

I

|

|
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tis Emissions for L = -6 Lan = t.cocer.Ost/S
so =

Parameter. ,.

values:
e , ..".' = 4O. si

-
. i

.
,

.. . . . . .. ,

, , .. ..-
*

, . . i x- u==
.

= .. e-.,_
<

- .. .
. . .

e
d'#,

.
*

. .

*. .
e.

t'

e
*o e e

so-
ie. i. . i4 ...

E'.2 F.0E // 4, ALPHA =100

Emissions in curies per second [E- = 10']For nuclide: L = -6
Parameter list:

to a = t.00003 02 dimensionless
ats F-os

IF i 1, 31 II 1
taf ( 3. 131 23 T/S

F ( t. 3)I S.565 04 | 1.11t.03 | 1.672 0J 1 2.222 03 1 2.78t.03 3*
-. .- ~ ... ~ .. .- .. .. .. .

1.003 04 | 1.372 08 | 2.23 *06 | 3.092 08 1 3.942 04 I s.805 00 |
. . ... . .. .-. .... . - - . - . - . .

2.503 04 | 1.383 08 | 2.248 08 | 3.118 08 3 3.973 08.8 4.423 00 |.....--; _. . ...

: ...1 2.272 08 |- . ...-. .1.4. 0 2 3 08 | 8.8 92 08, |6.253 4s | 1.40s.04 3.158 08
. .. .....

... . . ... . 1 3.248 00 1 4.1st.04 1 5.033 0a'..|1.568 03 1 1.448 08 | 2.3st.08
. . .. ..

3.112 03 |
: 3 2.48E.08- .....13.442 08 1 4.408 00 | 5.358 04 |1.522 04

.- . .-.~ ..
9.773 03 2.7st.04
~ . 1.~1.6 4 3 0 s.- - , - .....3 3.313 0e 3 e. set.os i .S.$23 08 |. .. - ... .. ...,

2. e s t.02 3 1. 39 2 0 3 .| 3. 09 L.08 |. .... - 1 5.493 00. ..3 6.6ds.38 |s.292 05t .

| . . ... .........

..- _...............e 3.stt.Os a s.7st.Os : 6.062.ca | 7.373.Os :6.102-02 2.ast.0a
_. .... . ...... - - .. ... ....

, Figure and Table 4.2.4. Block 2 - High Pressure Section Emission Rate as a
'

Function of Residual Moisture F for Variable Steam Emission Rate D and
| SG H

H = 100.a
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Emissions for L = .6 t.cocct-astes

ie .* Parameter,
. .

1 value.s:
.

a,, i y
1 o . t-

,. . . . . . -

. .. ..
, ,

E x. LamaE=eg
+

. y g .* L FT'W48
*e

m *'
. , .

+. = .
'' a= . . ,,

,
* a"

. . .
. .

,

*.

1
*

.

.

.

is *
. . . Sea ie d ie- ,.

, !!L2 F.0E // 2g ALPA.1000

'

Emissions in curies per second .

For nuclide: L = -6.

Parameter list:
at : 1.aeoot.03 dimensionless

S&2 F-os

IF ( 1, 31 13 1
ISP ( 3, 13) 13 T/S

. - .3 1.473 03 | 2.222 03 | 2.78t-03 |F- ( 1, 363 S.36taca 3 1.118-03
... ....-

7.323-09
1.003-04 | 2.13E.09 3 a.59E-09. . 3.6.262-09 8. - . - . ~ .3 9.382-09 .I.. -- . . . .

: - 3.4.918-09| 6.368 09 i 8.21t*09 | 9.858-09 |
~2.303-04 1 3.262-09

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

4.2s t-84 8 3.58t.09 i..s.41t=09 | 7.268-49 .| 9.112-09 | 1.102-08 |
. . ... .. - .. - ....

1.363-03 1 4.202-09 3 6.488-49 1.8.762-09 | 1.102-04 | 1.332-06
-... . . . . . .I- . . . ..

8.403-43 | 1.15t-08 | 1.455-04 1.758-08
. - .I.5.368-09 13.911-03

. . ... - ..... . . - . .3- . - . .i
2.313-04 |1.10E-08 | 1.50 2-08 | 1.911-08

9.772 03- .3.6.582-09..... 1 . .t........ .. - . . . . .

- . - .8 1.322.Os 1 2.322-08.1.2.422-08.........i
1.333-08. - . - ....-09. .I

8.2732.448-02 1
.. - . .

. ... . _ .... ... - ...8.2.383-08. ...1 3.142-081.472-08 | 2.032-04 |
6.103-02_....19.142-09 |

- . . . .

Figure and Table 4.2.5. Block 2 - High Pressure Section Emission Rate as a
Function of Residual Moisture F for Variable Steam Emission Rate D and

SG H

H = 1000.
* a
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Cel Emissions for L = -6 Lan . i.cocct-osti5
' ' * Parametery,

4 values: *

4 '= 0. 4
0* ' m **

& d 5 6titildt

.d 6.85B1448

x* L M 40

g* LFMugs*

o . . . . < . .
J; E N E E W E E

4,,3 . .. . . .

. . . . . . .
.

A
e e e e < e ey

;
.

.

a
is . -. iB is< i..

SL2 F-CE // a,, ALPMa= 1

.

[E- = 10 ]
~

Emissions in curies per second
For nuclide: L = -6

- Parameter list:
66 t = 1.00003 00 dimensionless

sta t-05
.

IF ( 't. Ji II $
IRP ( 3,13) It 2/3

F ( 1, 3) | 5.562-04 | 1.113-03 | 1.671-03 1 2.223-43 | 2.782-03 |
.... ._ . . - . .

f.003-04 | 5.798-07 9.022-07 | 1.113 06 | 1.e41-06 1 1.662-06 3
.- .. - -,8 -. . -

9.025-47 | 1.193-06 | 1.4 4 8-06 | 1.662-06 |
.t.5.793-07 |

-2.549-04
- :- + _. .

6.2SE.04 | 5.79t-07 8 9.022-07 | 1.192-06 1 1.se t-06 3 1.6 6 3-06 |
-.- :

1.563-03 .| 5.79 8-07 | 9.222-07 3 1.192-06 1
1. sat-06 | 1.66t-06 |

... . -...w-

5.792-07 1.192-G6-1 1.443 06 | 1.645-64 |... . - I .9.022-07 |3. 912-03 |
. . - . -- .:.

-.. .....-06 || 1.6689.773-03 | 5.798 07 | 1.023 07 | 1.192-06 | 1.442-06
... . . - ..... . .

..
3 1.662-04........3

1.442 06
2.44 8-02 1.5. 79 8-07 1 9.022 07 |

1.193-06 1
.. . ...... .. ..

6.103-02 | 5.79t-07 8 9.023-07 | 1.192-06 | 1.4*t-06 | 1.662-06 1

*

Figure and Table 4.2.6. Block 2 - High Pressure Section Emission Rate as a
Function of Residual Moisturc. F for Variable Steam Emission Rate D" and
H = 1 and 1 = 10-' sec
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C/1 Emissions for L = -6 t.am . 8.0000E 00t/s

' ' ' ' - Parameter
values:
e

-.0,, < = N.,

a* n ****sde
,, , , , ,- , , ,

. .. m.

* ** '. "rm"s *. ,m 4 m u i a a
e a

.

. . . . < . .
,

.

> s s a s < s s

.

.

n e o e *e e o

e s ..
iea is* ie* is.

!!L2 F.0E // g ALPMA= 1

~

[E- = 10 ]
.

Emissions in curies per second
For nuclide: L = -6
Parameter list: .

al. 2 1.0000t.00 dimensionless
SL2 F=OR -

IF ( 1 . 33 It 1
ISP ( 3.13) It T/s .

F ( 1. 311 5.562 04 | 1.118 33 | 1.671*03 1 2.22t.03 1 2.788 03 .I.. ..: . ._ - ..

2.40t*13 3.502 13 | E.808 13 1 6.302-13'l1.003 04 | 1.233 13 |.-.-.3.-- : :. -.

3 1.208 13 .| 2.802 13 | 3.608 13 1 4.80E.13 1 6.308 13 1
2.302 04

~. .. . - . - . ....

. .. . - . - - .3_3.50s.13 1 4.80t.13 1 6.005-13 || 1.208-13 | 2. set.136.232 04
- . . - .. ..

.. . . ... .1 2.402 13 1 3.60s.13 1 4.802 13 | 6.305-13 |1.562 03 | 1.202 13
. ..- --.: . ...

. .. ...1 2.40t-13 .I .3.40s.13 1 4.802 13 3 6.002-13 .I3.311 03 | 1.203 13
- . - . . - .. . -.....

.... ..3 2.402 13 8.3.432 13 1 4.30E-13 1.6.30E=13 |9.772 03 | 1.232 13
.. .. . - . . -. .. - . .

. .. . 1.1.20 3 13 1 2.aos.13 3 3.50t.3 3 3 a. sot.13 g 6. 3 02 13 |2.ast.02
... ....... ..... . .. ... .....

.. _............1.2.50s.13 1.3.833 13 I..a.803-13 3.6.303 13 .|6.108 02 | 1.235 13
..... . ._.. ........ .........

.

.

Figure and Table 4.2.7. Block 2 - High Pressure Range Emission Rate as a
Function of Residual. Moisture F for Variable Steam Emission Rate D andSG H
H = 1 and 1 = 1 sec 1s
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.us Emissions for L = -6 Lan . i.cocct-estes.

. " " . , Parameter
+ values:
* o, =k41 e $ ===*

J. a. . . . . .

. ..,

x me= 4,

, , s.rmade

.< . .

=sr u i w u,,m

. < . .

?
Ds, a 4 .a a
. .

; .

en o e o e.

I

a .*. .. m .. m .. .n .. .. m .. .. m

g Noble gasSL2A F-CE //

9

; . . . -

[E- = 10']

Emissions in curies per second
For nuclide: L = -6
Parameter list:
st2a r.oS Noble gas.

IF ( 1, 3) It S
lar ( J.138 18 t/S

| 1.112-03 |
..

1 2.22E-03 1 2.788-03 IF- ( 1, 31.I 5.56E-04 1.672-03.

. . . .

- 4.3.323-09 I 5.762-09 1 8.203-09 8 1.062-08 1 1.312-08 |1.005-04
.. . -. ...

2.503-04 1.3.322 09 3 5.76E-39 1 8.232-09 | 1.062-08 1 1.312-04 3... ~ ..
'

. -

6.25E-04 1 3.328-09 I 5.76E-09 1 8.231-09 | 1.362-08 1 1.J 13 08 |
. .

1.568-03 1.3.322-09 3 5.768 09 1.8.*02 09 | 1.063-08 1 1.312-08 3. ... ..... . - .... -: - .....

, 3 913-03 1.3.328-09 .I 5.762-09. - . 1 8.232-09 | 1.362-08 |
1.J12

. . . .-04 1i
_.. . _ . . . . , ..

9.772 03 1 3.322-09 I 5.768-09 1 8.232-09 1.1.362-08 | 1.313 08 |. ......-. . ... . ._ . . .. .. .

2.64 2-02 1 3.322 09 I 5.762-09 1 8.23E-09 8.1.06 8-08 1.1.313 0 8 |..e....... ............ .. ..... . . - .. .. ~ ....-~

6.10E-02. 1 3.322 09 I.5.762-09 1 8.233-09 1.1.065-08 | 1.312-08 |,

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

l
Figure and Table 4.2.S. Block 2 - High Pressure Section Emission Rate as a
Function of Residual Moisture F f r Variable Steam Emission Rate D f#

SG H
Noble Cases with A = 10-' sec-1
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US Emissions for L = -6 tm . l.cocct+cous
is a Parameter

, | values:
. ( ta $.e(

g L essus-a*

1. . . . . .
, , .

- '-

1. - L-
< . .

, = . Lvnesae

.

. .D. . .

.

me e 4 e e
.

.

*
.

0

se e 0 e e
'

.. . |
s e.m .. m .. m .. .. m .. m .. . n

SL2A F-CE // g Noble gas

~

(E- = 10 ]
.

Emissions in curies per second
-For nuclide: L = -6 '

Parameter list:
st2A r.02 Noble gas

IF t 1, n ta s
Ier ( 3. 131 23 f/S

F ( t, 311 5.$48-04 1 1.112-03 I t.672-03 1 2.223-03 1 2.783 33 1 -

.%.. .: -. .- .

1.003-04 I t.203-13 1 2 302-13 3 3.608-13 I s.802-13 3 6.305-13 I
. .. : . -.

.... - - - .I .a. sot =13 1 6.303-13 83 I 3.603-t3
-.1

1.203-13 3 2.408-12.502-04
, . . .. - .. . _ .
| e.802-13 3 6.302-13 |

_ 8 1.233-13 1.2.s03-13 3 3.643-13 |6.252-04I
-. .... .. - .... - . .: .

[

. 1 1.232-13 1 2.403-13 1 3.603-13 1 4.802-13 3 6.003 13 .|1.$48-03
I . - - . . .... . -~. .. ..
'

.. - . . . . ...... ...1 3.602-83 .I a. set.13 1 6.302-13 I3.915-03 | 1.232-13 | 2. set-13
- .. . - .. . .

...- .. _ -.1.6. 0 3 2 13 3
t.802-13

9. 773-03 .| .1. *3 t- 13 1 2.a c t- 13 .I 3.6 0 3 13 | ... ....
- . ... . - ....

i

... ......._.-.1 6. 3 0 2- 13 1a.act-13
. - ......I..t.235-13 1 2.403-13 1.3.405-13 |2.4st-02

( ................ .........

6.138-02 1J | 6.305-13
.

1 f.235-13 .|.2. sot.13 3 3.633 13 I .a.301-- . - .............I,'

... ... . ......
e

.

.
r

Figure and Table 4.2.9. Block 2 - High Pressure Section Emission Rate as a
Function of Residual Moisture F for Variable Steam Emission Rate D for

SG H
i -1
l Noble Gas with 1 = 1 sec
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Emissions for L = -6 Laa . s.c000t.0stes

ne' Parameter: . o a
e. . .

3 values: ,*

.L ..i..A o
. ..

,

, . i. sam e
,

ea X a. 3,m.g3

se *
$ g a. I.em-ses
*

. i.

..

.

. .

*
<.. .*

.
.

, as .
. x, ,

; = *
, <. *"

I *=
A .
4

.

is *
e a.sena e. sees e. sees e. sees s. asis e.aot a s.seio e. seis s.ee'istis
EL3 3 // AM AL/AM=103 ABS =12T/Mi. . .

[E- = 10')

Emissions in curies per second
For nuclide: L = -6
Parameter list:

.

1.00003.cz dimensionlessat t .
. sF ( 1,10). 3.33333 03 23 t/3

363 ..

lar ( 9,133 25 t/s
IAL I

SP ( 9,1J3 3 1.00E.00 | 1.00s.01 1.1.00r+02 | 1.00t.03 | 1.00to0a
..... - . : - _ - _ .. ....i.1.00t+05 |

0. 0
.1 5.38 8 07 1 8.79E.08 8 1.1s t.0e 4 3.213 09 1 2.392 09.. -3.2.312 09 |.- .... . ~ .. . - . .

2.78E.0a i.4.05E.07 1 1.003 07
..... .. - . ....1.1.J32 08 | e.053 09- . - ..I 3.113 09 3.3.022-09 i.. ~ .. .-. .

5.561 04
.... -.3 6. 7 0 2 0 7 | 1.12 3-0 7 | 1.132 44 3.738 09

. .. . . - . . ..1 a.892 09 8 3.8e2 09 |.. ...... .I-.-.

.. .i 7.33 2 07 I
8.J33.Ge t.158 07 | 1.733 08

... . ~ . ......... - 3.5.733 09 3.4.563 09 i s.45t.09 I. ~ ..... .. .... . -.

-- 1.7. 9 5 t.0 7 8.1. 3 71 0 7 1.1. 5 2 3 3 s 16. 5 6 3 09 i ..S. 2 9 3 0 9.........I . 5.16 t.01 1
1.112 03

......... ..... . .. . . - . . . .. ...
1.391 03 1 0.562 07 | 1.49E.07

. - .. . e..... .... ......1 2.122 08 1.7.aot.09 3.6.011 09... ..I.5.888 09 |... . . ...... ... . .
1.673 03

...... ...1.9.135 07 I.1.611 07 | 2.J13 08 | 8.342 09 | e.7st.09 | 6.593 09
. - .......... ......... .... ... .... ........3.... ...

Figure and Table 1.3.2. Block 3 - Low Pressure Section Emission Rates as
a Function of Steam Emission Rate D for Variable a *

H
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Emissions for L = .6 L8" * L 0000E 081/3
' * * = Parameter

val :3 me= u e s. , ,
-

. i. .,
- o . e.e _

3 . i.e = e.g
ied .. uss==a

I x- 5~
.

+* il ,e e.aussee

t
-- ,

..,

o
ie e.,

8,3
. , ..

4>

>

ie *.,
'* o ,*

, .

,
3' ,

M , 1| .

. . o .g
4 ,

is I -
.se is. ies see sea ie s

SL3 AM // 4BS AL/AM=100 ( =2T/H

(E- = 10']

Emissions in curies per second
For nuclide: L = -6
Parameter list:

se t 9.r33. s.sssst.0 Es 2/s
1.0000t*02 dimensionlessAL UAk e

sLJ 13 // nas, &L/At=100 -
~

las I dimensionless
ler ( 1, 101 !! t/s

AL 5 10.0 1 1.57E-33 1 3.33t=0J l S.002-03 1 6.873 33 1

1.003 00 | 1.723-06 1 9.448 07 1 6.705-07 I 5.135-07 I a.16E 07 I
-. .- .. ..--.. : :

1.00E*01 | 1.308 04 | 2.068-07 | 1.f13-07 1 7.745-08 3 5.905 38 i,

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

1.00t*02 |
.. - .... .....1.2.348-08 | 1. s3 5-0 8 |4.083-07

. - .4 8.171-09.1
1. Jet-04

.. ..... .. ....

. ... ..1-1.363-07 | 8.738-09 | 4.393-09 | 3.5s3 09 | 2.385-09 |1.083*03
....... . ..... . .. ... ....... . ..

... . 1..1.038-07 1.6.692-09 1.3.442-09 |. . ... .. .. .....I1.00E*04 2.ast-09 | 2.385 09
.... . .......

1.00E*05 1 9.333 02 i.G.498 09 | 3.734-09 | 2.712-09 3.2.292 39 I.. - ...... . ........... . . .. .. .....

Figure and Table 4.3.3. Block 3 Low Pressure Section Emission Rates as
a Function of Phase Distribution Factor g for Variable Blowdown Rate ABS.
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sev Parameterg.

9 values:
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se t
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t
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7 is*
is* see see '' e s ie. seei

SL3 AN // AL/AN A =2T/M A85-12T/M
*

.

~

[E- = 10 ]

Emissions in curies per second
For nuclide: L = -6
Parameter list:

se t 9.11| = s.s s ss e.04 zu r/s*

5p ( 1.10) = 3.33333 03 1s T/s
BL3 45 // &L/48

s ar, a dimensionless
| AL L/Al4

&& E | 1.008+00 3 1.00t+01 1 1.00E+02 | 1.00E+03 |

1.00t+00 1 7.722-07 3 5.8*t*07 i 6.70E-07 3 4.79t-07 |- . - ~..o _. :
1.008+01 1 1.14r-07 3 '..si..-i? g 1.122-07 3 1.122-07 3. ;-<- .,, _ .._-_. .

1.00t+02 3.1. 53t* % .!*f J3 1 f.s32-08 I t.s32-08.. . . .... . . . - .: ..
1.00E*03 | 4.89,.Cs , J. 3i s.898-09.'-. . . 3 4.892-09 3 ,

.. .
. . . . . . . _ . ~ , , ...........

1.00E+0e 1 3.84t-9 | 3.3ag.of 3.ast-09 | 3.848-09 |

1.00E*05 1 3.73 E-09 1.3. 73t-09 3. 3.7J t-09 | 3.732-09 I. .... _ . ....... . _ ..

Figure and Table 4.3.4. Block 3 - Low Pressure Section Emission Rates as
a Function of Phase Distribution Factor a f r Variable Ratio a /a 'H g H
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BL5 leakage // AM F-CE=.257, 4 = 10 f /'t

.

~

[E- = 10 ]

Emissions in curies per second
For nuclide: L = -6
Parameter list:

F (1 si. 2.sanot.as ta s ~
IF 3 2.77788*4J 13 2/3sLs leakagev as r.(ot 13) =.2ss 1

ILeak Is r/s
j&t 8

Leak i 1.cotwei i 1. sos.o2 1. sot.os 1. sos.ca i 1. ac t.o s

2.783-oS I 5.312-47 | 9.212 48
- . - - . .

3 2.883-48 1 2.253-os 1 2.1ar.oS :
. - - . . -.

2 733 44 | 6.918-46 | 9.212-07 1 2.483-47 8 2.231-07 1 2.18E-07 1

2.783-03 3 6.913-o5 4.5.213-06 I 2.883-06 3 2.258-46 1- . .- .. . .I
2.183-06

- - - ... ..

Figure and Table 4.5.2. Block 5 - Extremal Computation Emission Rates
as a Function of Leakage for Varied aH'# SG = 0.25%.
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Emissions for L = -6 Lan = t.occot-osus
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' ' '3 Parameter.
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: values:
I aa i.

. . . .

|
.

. . . . -

ie -+_ --

.

., .. .. .,

X* ..a.un e.
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. se _- . .
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-
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.
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ets leakage // AM F-:E=6.25% .0,.10T/M
.

~

[E- = 10 ]

Emissions in curies per second
For nuclide:

,

Parameter list:
F ( 1, 3) = 6.2s002 02 23 5
EP ( 3,13)= 2.77788-03 23 t/SBLS leakage // as F-ot-6.2ss

: Leak zr I/S
sar. :

Leak : t. Cot.o1 1.002.s2 1.0o2 03 1.002 0e a 1.cos.os :..- _. ....- . ..

2.78r-45 1 7.545-07 | 1.57t-07 i 8.808 0e 3 4.392-08 I 8.022-08 1: -

--.
2.705-04 1 7.668-06 3 1.572-06 8.502-0 7 | 9.09E-07 1 4.022-27 |

.

'

_2.78t-03 1 7.46t-05 | 1.575 05
. .-. _ _ .1 8.80t-06 8 8.093-06 1..a.022-06..-.. .!..

.

Figure and Table 4.5.3. Block 5 - Extremal Computation Emission Rates
as a Function of Leakage for Varied a for E = 6.25%.g gg,
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SL5 F-0E // AM leaE=100MG/M a, =107/M

.

~

[E- = 10 ]
.

...

Emissions in curies per second
For nuclide:
Parameter list:

,*
- Leak 2.nten.cs Is t/s ,

ar ( J.131 a 2.77788 03 13 t/s
3L5 t.03 // 13 leak =100Ks/s 183=10t/s 3

Ir ( 1. 31 13 5-
l u, t

| 1.00t*05P ( 1 3).I .1.00t*01 1 1.00t *02 .|.1.002 03 4 1.00tt 24 . _ .-.....I. ._. - .

2.181 042.508 03 I S.912 07 8 9.212 08 4 2.832 08 1 2.252-04 1... _ _ . 1.. . . .

.. _ 1 7.072 07 1 1.15 t 07 i .S.4 6 3 0 8 .i s. 46 8 08 6 4. 3 0 8 0 8_ ,11.253 42
. . . .. - .. . _ . .

S.092 04 8.023 048.258 02 1 7.66t*07 I 1.572 07 4 4.302 08 |... .. _ .. - . .8..... ...1- _ ..

3.128 01 I 8.7st 07 4 1.433 07 1 1.0s t.0 7 I 9.563 48 I toa s t.48 I
_ _ ........... . ..... _ ..... .. _ . _ ....

Figure and Table 4.5.4. Block 5 - Extremal Computation Emission Rates
as a Function of Residual Moisture F for Variable g and a Leak Rategg
L = 0.1 t/hr.
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Emissions for L = -6 Lu = 1.occot-cates
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ie -= i s -s io -. ...t
2L5 F-CE // AM leak;.1E3nG/M s, = LOT /Mi,

-

[E- = 10 ]

Emissions in curies per second
_ For nuclide: L = -6

Parameter list:
lear = 2.777st-ce ts 2/3
sp ( 3,133= 2.77785-03 ts t/s

SLS F-Ot // as leak.133t0/e a

if ( 1. 31 II 5
|A1 E

F ( 1, 311 1.003 01 | 1.00t*02 | 1.03t+03 | 1.00t*04 | 1.00t*05 1

,., ... - .I.6.91E-06 I.9.212-07 | 2.84t-07 I 2.252-07 | 2.182 07 I2.532-03
. .... .: . -; .

1.252-02 1 7.072-06 | 1.152-06 3 5.462-07 I a.862-07 I a.802-07 |

6.252-02- 1 7.66t-06.. .1 1.572-06 | 8.802-07 8.021-07
. ... .... ..8 8.092-07 i.. .. .....I

, . . 1.8.7st.06 i.1.832-06........1
3.122 01

1.042. -06 8.9.563-07 8.9.sas-07 1. .... .. ... _ .. .........

Figure and Table 4.5.5. Block 5 - Extremal Computation Emission Rates
as a Function of Residual >!oisture F r Variable a and a Leak Rate

SG H
L = 1 t/hr.
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A5 F-0! // AM leak.=lE4MG/M g =10T/M
.

. . .

~

[E- = 10 ] .

Emissions in curies per second
For nuclide: L = -6
Parameter list: .

= 2. m er.03 In r/sleak
89 ( 3.13) e 2.77788-03 23 f/S

SLS F-tt // &E leak et te t3/E S

IF ( 1, 3) IE S
ILL t

ti .J) i 1.00E.01 1_1.30E*02 1 1.00t+03 3 1.002 04 3.1.00r*05 .IF ( -
.. ...

.. . _. _.

2.532-03 .I 6.918-05 I 9.212-C6. 3 2.383-04 3 2.25t-C6 3 2.188-06 .I.. .
_- ..

I 1.253-02 1 7.072-05 1 1.1SbOS ( S.46E.-06 1. 4.842-06 3 4.80E-46. -.1
,

:. . . -;

..
I 8.803-0s 3 8.091-06 3 8.322 06 I1.572-05

. _ .
1 7.868-05 |6.252-02

-

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

.. _ . _ . 1 1.542-06 8 9.482-06.. . .I| 3.f1 F 01's 8.748-05 3 1.832-05 | 1.09E-05
| . .

._ .. .. _

Figure and Table 4.5.6. Block 5 - Extremal Computation Emission Rates
as a Function of Residual Moisture F for Variable og and a Leak Rate3g

i of L = 10 t/hr.
.
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3 Parameter
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o + i. -ee
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4 0. 384 *SDX

; ,. a.euma-o

I
i t

*
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,
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. a,

a
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- . e
+

I
.

o
"

.e -a
.e a i s -e sea see t

E.,5 F-DE // AH g = t T/M Ieak',= lE3MG/N

~

[E- = 10 ]
Emissions in curies per second
For nuclide:

Parameter list:. Leak
*

2.777st.0. : tes
IF ( 3,13t= 2.77788-04 13 t/s

- sLs F-se // as Leak =183t8/8 6

- IF ( 1 3) II 5
| AL 5

| 1.00E*05
. 3 1.00t*01- - 1 1.30t*02 i f.00E+03 1 1.00t*04 ..-i1. 33F (

- - . . . .
,

2.50s 03._ .3.1.315-06 | 2.003 07 | 8.413 0s- .. _ 1.7.23E-Os I7.34t-C3
.. .. . .

1.202-07-

1.252-02 ,1 1.343-06 1 2.423-07 | 1.312-07 3 1.212-07 1.-
i

. .: ...

.... 3.3.172-07 t .1.923-07 | 1.79E-07 | 1.74E-07 |1.458-066.23r-02 |
. . . . . . . - . . . - . .

_ . _31.651-06 1.3.6at-07 | 2.232-07 1 2.06E-07 |_ ... ....I3.123-41 2.3st-07
.... .. ... . - .

!

Figure and Table 4.5.7. Block 5 - Extremal Computation Emission Ratas
as a Function of Residual Stoisture F for Variable a and Steam Emissiongg H
DH = 1 t/hr.,
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C/1 * Emissions for L = -6 Lan . s.cocet-asus
ie d Parametero-

* values:I e *
a n.-

g i amums se.

. i.m-se
-

. - . i. -.a
.

x. i.emma o.
4 * i.amm-se-- ,

a

e '

is' * ,
*

I 3
+

+
-

.

- .

8
.

n.

so -*
to -* is -* isa see 1

SL5 F-DE // AM 4. =l0T/M leak =lE3MG/M

-

[E- = 10 1]
.

Emissions in curies per second
For nuclide: .

Parameter list: -
-

leak 2.777st-ce Is res
= 2.7778t-03 II T/s

( 3.13) leak 183 ses
IF

7
.

-
sus F-os // sa

IF ( 1, 3) 23 5
las s .

- .. - ,1 1.00t+02 1.1.00t*03 1 1.0 te s.i 1.00t*05 |3)I 1.00t*01 0 dF ( 1,
.. . : .

2.502-03 1.6.312-06 3.9.212-07 3 2.888-07 3 2.253-07 3 2.188 07 I.. . -. -- ..
. - ..

1.252-02 3 7.072-06 .|.1.152-06 1 5.a63-07 1 4.848-07 1 4.80E-07 I- .. ... - .. .. .
.

-_

8.022 078.098-07 1..I6.252-02 1 7.66t-06 1.1.571-06..I.s.30 2-07 |.: -. ....

3.122-01 3 8.742-06 1 1.432 06 3 1.048-06 I 9.563-07 | 1.sSt-07 I
.

Figure and Table 4.5.8. Block 5 - Extremal Computation Emission Rates
f r Variable a and Steam Emissionas a Function of Residual Moisture FSG H
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- . . .
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} @ An le -q q
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*

a i.ammm.er
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T .
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I-
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*
.

s
e

ie *
. i e -* ..ie a i. e xie '
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BL5 F-DE // AM a, =100T/M leak =1E3MG/M

Emissions in curies per second
For nuclide: L = -6 [E- = 10']Parameter list: ~

leak 2.777st.O. It r/s
sr ( 3.133 a 2.77788 02 It t/3

sLs r-st // at leak.=1tJE0/s e

-
IF ( 1, 3) It I
laL s

F ( 1, 31 1 1. 00 t * 01 1 1.00t*02 1 1.003'03 1 1.00E*0s i 1.00t*05
+ -. 1. . , ...: .

2.503-03 1.5.262 _05 1 7.13t*06 | 2.312-06 3 1.73E-04 1 .I
1.672-06

. . ._ . -.

1.233 02 .i S. 36 8-05 .|.9.9 78-06 3 a.6 3 06 3 a.10 2-06 1 4. 052-06 |
- - .. . . . .. _ ....

6.252-02 37- _ - .1 48-05 |
. . ...

4 7.648*061.362-05 1
7.028 06 1.6.362-06..- . 1: . .

3.122 01 1 6.518-05 | 1.583-05
_ _ . - .1 1.043 _06.3 8.33t-06 I 8.262-06 3_ _ _ _ ..

Figure and Table 4.5.9. Block 5 - Extremal Computation Emission Rates
as a Function of Residual Moisture F for Variable a and Steam Emission3g H
Dg = 100 thr.
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Emissions for tritium tan . i . 771pic.os t / s
.

' ' ^ ^ Parameter
1 values:
A 8

a.m
4=&o ,.,

- a -. a.rms es
. .. a.mu a

.

.

. . . .
*; *

,,_
'f'

I
t . . . .

I
.L

1
PJ

is '8 ,

..ta = ie* *se a ie 4

SLSTRI F-FG // leak =1E3MG/M

Emissions in curies per second
For nuclide: tritium
Parameter list:

'

leak = 2.771s -0 r/s
SLSTRI F-t9 // oE leak =lEJE3/E 2

|F ( t, 31 I3 1
let t 3.13) Z2 T/s

F L 1, 311 2.785-04 | 2.783-03 1 2.7SE-02 3

2.50E-03 1.5.555-05 | 1.313-Os i 1.332-os | .
. . . . - . .: ,

1.253-02 1 5.538-05 I 1.312-04 | 1.333-04
.1.- . - ..- . . ..

6.253-02 1 $.$58-05 | 1.312-04 | 1.333-04 I ,

2.123-Ot a s.ss -Os i 1.31 -as 1.32r.Os :
.

,

t

Figure and Table 4.5.10. Block 5 - Extremal Computation Emission Rates
as a Function of Residual Moisture F for Variable D .gg g
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5. Emission Computations for Operational Leaks and Their Evaluation

- Introduction

Specific emission computations with boundary conditions as can occur in normal
operation are carried out and evaluated in this section.

Let us refer to the results of the systems analysis of Section 2 for the
initial values. Nuclide-specific emissions are evaluated by comparison of
emission computations with statutory allowable immission limits.

Allowable dose limits for realistic conditions are already exceeded in steam
generator leaks of 25 and 50 kg/hr.;

5.1. Emission Computations

Section 2.4 shows that continuous adherence to statutory maximum I 131 live
steam concentration is not guaranteed since, on the one hand, false parameters
are used in the corresponding computations even today (compare minutes
of discussion deadline for Neckarwestheim II, December 1981) (for example
pure residual moisture transport.of I 131) and, on the other hand, continuous
measurement of I 131 main steam concentration during power operation is not
stipulated.

Adherence to statutory maximum allowable I 131 main steam concentration is
not guaranteed by the N-16 signal of the reactor protection system either.
Therefore in emission computations we must take into account that statutory
upper I 131 main steam concentration is exceeded. However, it can be assumed
that an activity concentration of greater than 10-' Ci/t I 131 in main steam
would last only a limited period of time.

' The aforementioned indicates that maximum operating leaks in the steam generator
cannot be extrapolated from statutory I 131 main steam concentration as is
common in official evaluation of nuclear facilities (compare Bibliography
3, 4, as well as Sections 2, 4).

A leak of 25 and 50 kg/hr in a steam generator is assumed in the computation.
The other three steam generators are assumed to be perfectly sealed.

Table 5.1.1 which follows lists which nuclide-specific emissions cause a
leak of 25 kg/hr in the steam generator. The values derived in Section 2
(Table 2.3.1.2.1) on the basis of measurements without a spike were selected
as the primary activities, for the iodine isotope the design values of the,

KWU as cited were chosen.'

In order to select an operating state of maximum realism,the completely intact
blowdown demineralization system with a flow rate of 8 [t/ht] per steam generator
was assumed. Design residual moisture of 0.25% as well as average phase
distribution factors (a values)~ were adopted in the steam generator. The
emissions were computed for a steady-state activity distribution and are
listed in Ci/sec.
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TABLE 5.1.1. NUCLIDE SPECIFIC P0lVER HOUSE Eh!ISSIONS IN [CI/SEC].
STEMI GENERATOR LEAK 25 [KG/HR]; STEMI GENERATOR RESIDUAL 510ISTURE 0.25%.

NUCLIDES IVITH A < 10- " ARE LISTED AT THE BEGINNING OF THE TABLE.s

.

.

_

Nuclide Emission Nuclide Emission
LA 138 2.750-26 3 238 2.380-26
ND 144 2.67D-25 NP 236 1.49D-21
55 147 2.97D-22 NP 237 2.600-17
55 148 1.34D-26 PU 242 S.66D-17
GD 152 4.46D-2.9 CL 36 '1.61D-22
TH 232 3.200-27 RB 87 1.09D-21 -

U 234 1.26D-17 ZR 931 2.83D-20
U 235 1.41D-18 1R 93 1.71D-19
0 236 2.30D-17 PD 107 1.71D-17

.

!

I -
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r TABLE 5.1.1. NUCLIDE-SPECIFIC POWER ll0USE EFilSSIONS IN [C1/SEC] . .
'

STEMI GENERATOR LEAK 25 [KG/Illl{; STEMI GENERATOR RESIDUAL 610lSTURE
0. 25'. . NUCLIDES WITil 16 10- ARE LISTED AT BEGINNING OF TABLE.

Nuclide Emission Nuclido Emission Nuclitle Emission
. ,

a 3 1.92D-06 AS 78 3.38D-11 Ka 88 1.27D-09
J BE 10 1.23D-16 GE 78 1.76D-13 as 88 6.86D-10
| SI 31 1 11D-14 AS 79 7.36D-12 Da 89 1.98D-14
' - P 32 1.32D-11 SE 79 1.88D-16 ga 89 7.40D-10

P 33 3.51D-11 SR 795 4.12D-14 BB 89 6.73D-12
i S 35 2.33D-15 AS 81 1.42D-12 sa 89 1.92D-10
, CA 45 5.890-17 Ka 81 1.19D-21 Ka 90 2.65n-10*

SC 46 7.84D-15 SE 81 8.04D-13 BB 90 1.55D-12'

as 90N 6.61D-13 *
SC 47 1.11D-14 SE 81R '7.63D-14 *

4

Ca 51 9.710-11 Ba 82 6.68D-12 SR 901 3.82D-19
su 54 1.23D-11 Ba 825 6.43D-14 SR 90 1.78D-11
FE. 55 1.07D-10 AS 83 5.54D-13 r 91 2.59D-10
BW 56 1.62D-12 Ka 838 2.36D-10 I 915 1.16D-11
CO 58 5.38D-11 Sg 83 3.190-13 Ka 91 4.340-11

FE 59 8.54D-12 SE 83R 5.02D-1g Ka 91 1.63D-11 6

b MI 59 2.83D-14 ga 84 1.98D-11 BB 91 6.46D-13
$ CD 60s 1.33D-12 Ba 84N 1.800-13 SR 91 1.27D-10

CD 60 2,46D-11 SR 84 4.050-13 Y 92 7.59D-11'

Co' 61 1.42D-1) Ba 85 2.09D-12 RB 92 1.72D-14
.

| ut 63 4.300-12 Ka 85 2.24D-11 SR 92 6.21D-11
i CU 64 1.01D-11 Ka 85R 1.61D-09 Y 93 1.7DD-10
i ut 65 1.77D-12 SE 85 3.60g gg no 93 1.65D-18
' tu 65 8.350-13 Ba 86 3.90D-13 dB 935 2.97D-17

Ga 72 3.06D-15 Ba 865 1.300-14 BB 9'3 2.000-14
i ZM 72 5.99D-11 RB 86 1.16D-12. SR 93 3.54D-12

GA 73 4.170-15 SR 86 2.650-14 Y 94 0.0
GE 75 1.080-14 Ba 87 9.52D-13 M8 94 3.94D-20
AS 76 7.80D-13 ga 87 9.06D-10 '

AS 77 7.27D-11 SE 87 4.90D-15
GE 77 1.090-13 Ba 88 2.25D-13

.

m

.

|:, . ,



.

.

.

TABLE 5.1.1. NUCLIDE-SPECIFIC POWER ll0USE EMISSIONS IN [Cl/SEC].
~ *

STEAM GENERATOR LEAK 25 [KG/IIR{; STEAM CENERATOR RESIDUAL MolSTURE
0.251.. NUCLIDES WITil A 4 10-1 ARE LISTED AT BEGINNING OF TABLE.

*

,

Nuclide limission Nuclide Emission Nuclide Emission
,

BB 94 2.17D-15 no 101 1.40D-11 AG 1995 6.07D-14
SR 94 4.76D-13 38 101 4. 2 tu * 4 PD 109 3.19D-11-

i.

Y 95 5.87D-12 TC 101 8.45D-12 P'D 1995 1.48D-13
NB 95 3.6BD-10 18 101 1.29D-18 au 109 7.53D-14
MB 95M 2.43D-12 50 102 1.05D-11 RH 1995 2.21D-14
SR 95 1.230-13 NB 102 1.01D-14 30 109 2.79D-14
ER 95 3.67D-13 TC 102 1.90D-14 AG 110 1.970-14
I 96 4. 31 D- 14 1B 102 1.75D-18 as 110N 1.41D-12 *

MB 96 3.35D-13 50 103 8.20D-13 RM 110 9.19D-15
MB 96 9.80D-15 all 193N 2.19 D- 11 ' RU 110 3.22D-14j
SR 96 1.10n-16 RU 103 2.65D-10 AG 111 1.13D-11

Y 97 2.54D-16 TC 103 4.03D-13' AG 1115 1 919-14
MB 97 4 60D-11 50 104 6.62D-13 PD 111 2.98D-13
MB 978 4.06D-13 BM 104 2.86D-13 PD 1115 5.400-14

, ,

i o, Y 98 1.190-16
. TC 104 9.02D-12 BB lil '1.12D-141R 97 1.07D-13g

no 105 2.79D-13 na 112 1.250-12
WB 98 3.100-11 BR 105 1. 31 D- 10 PD 112 2.380-12'

1R 98 2.42D-16 BH 105R 4.85D-14 AG 113 1.2]D-12.

'

MG 99 1.52D-12 RG 105 6.43D-11 CD 113N 6.54D-15
,

50 99 5.90D-10 TC 105 3.09D-12 PD 113 5.59D-15
TC 995 3.60D-13 50 106 2.02D-14 IM 1145 4.06D-16
TC 99N 1 47D-10 RH 106 5.70D-14 PD 114 5.38D-15
TC 99 2.90D-15 BR 1065 1.090-12 AG 115 3.78D-15
FC 99 5.90D-18 BU 106 8.16D-11 CD 115 1.98D-12
1R 99 3.74D-18 TC 106 1.19D-13 CD 1958 2.20D-13
TC 100 3.77D-14 BH 107 3.52D-12 In 1155 6.03D-13

' 1R 100 2.98D-17 RU 107 5.46D-13 IN 116 3.50D-14
TC 107 4.67D-13 CD 117 2.99D-13
AG 108 8.50D-21' CD 1175 2.21D-13
RU 108 4.43D-13 lu 117 6.58D-14

.

t

|
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NUCLIDE-SPECIFICPOWER110llSEEMiSSIONSIN[C1/SEC].
.

TABLE 5.1.1. -

S7EAM GENERATOR LEAK 25 [KG/IIR{
STliAM GENERATOR RESIDUAL MOISTURE

0. 2 5'. . NUCLIDES WITil 14 10-1 ARE LISTED AT BEGINNING OF TABLE.

Emission
Nuclide Emission Nuclide Emission Nuclide .

'

15 117s 2.380-13 Su 127 3.100-12 J 134a . 2.59D-12
SN 1175 4 79D-12 SN 127h 5. 4 0 D- 14 CS 134 5.44D-11

CD 118 1 86D-13 TE 127 2.59D-11 CS 134M 8.21D-12

IN 119N 3.96D-14 TE 1275 6.41D-12 gg 134 5.05D-11
*

Su l195 4 05D-12 J 128 1.04D-12 J 135 1.94D-08, '

SN 121 1 46 D- 12 SM 128 3.44D-12 B1 135m 3.750-14

SW 128a 2.34D-16 J 134 3.18D-09 CS 135s 2 09D-14
SB 129 4.61D-09 CS 135 2.18D-16

su 122 5.23D-11
SN 123 4.89D-13 TE 129 1.89D-11 TE 1.35 1.20D-13

* *

Su 123s 3.67D-13 FE 1295 2.450-11 gg 135 1.300-08
rg 123 3.96D-28 YE 1295 7.92D-13 gg 1355 3.39D-08

J 130 2.87D-11 J 136 3.15D-82
TE 123N 6.41D-15

,

J 1305 5.27D-13 J 136M 1.05D-12,

Sa 124 2. 4 4 D- 10
Sa 125 3.94D-10 SW 130 4.09D-13 CS 136 1.44D-11,

'

s SN 125 2.43D-12 J 131 u.35D-09 J 137 1.18D-13,

5" SM 125m 5.25D-14 58 131 1.20D-09 Ba 1375 8.74D-14

1 ? TR 1255 9.63D-13 Su 131 7.90D-14 CS 137 5.44D-11 *

TE 1255 2.81D-13 TI 131 3.19D-11 Tg 137 4.62D-15
SB 126 2.96D-11 TE 1318 4.03D-11 Ig 137 8.66D-08
SB 126 5.02D-13 ER 1315 1.12D-09 J 138 5.43D-14'

58 127 3.94D-09 J 132 6.35D-09 CS 138 7.390-10
PU 243 1.12D-11 Sg 132 2,719 14 CS 1385 2.13D-13
l's 243 1.12D-11 TE 132 6.31D-10 gg 138 1.25D-07
na 244 5.540-12 J 133 3.200-08 81 139 5.170-11
CN 244 1.71D-13 53 133 6.85D-11 CS 139 1.25D-11,

Cn 245 2.30D-17 gg 133 1.12D-11 Ig 139 2.400-08
Cu 246 4 680-18 TE 133N 3.260-11 BA 140 3.83D-10
TC 108 2.16D-15 gg 133 3.96D-00 CS 140 1.090-12

IR 1335 7.24D-09 L1 140 3.35D-10
1R 140 5.57D-09

|'

.
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I - TABLE 5.1.1. NUCLIDE-SPECIFIC PONER 1100SE EMISSIONS IN [CI/SEC] ., '

STEAM GENERATOR LEAK 25 [KG/llit{; STEAM GENERA'IDR RESIDUAL MOISTURE ..

D.25%. NUCLIDES WITil A < 10~ ARE LISTED AT BEGINNING OF TABl.E.s
.

Nuclide limission Nuclide Emission : Nuclide Emission
~

BA 1415 1.10D-11 P8 148 6.05D-11 Ta 161 2.33D-13
CE 141 2.87D-16 CE 149 2.58D-15 pt 165 2.310-14
CS 141 2.59D-13 ND 149 1.31D-11 pt 166 1.01D-13-

,,

CS 141 2.59D-13 Pa 1993 1.40D-11 MO 166 1.84D-14
i LA 141 1.140-10 Pa 149 1.15D-10 HD 1663 3.27D-19

BA 14 2 5.85D-12 PR 149 4. 4 4 D- 14 T1 182 4.66D-12
CS 142 1.2UD-15 Ps 150 6. 3 6 D- 14 W 185 4.28D-13

i La 142 5.07D-11 Pt 150 7.66D-15 TU 230 2.82D-22 |
| PR 142 9.68D-12 ND 151 8.92D-13 PA 231 4. 4 6 D- 16
'

Pk 1428 9.01D-14 Pa 151 3.45D-11 g*232 7.43D-20 *

DA 143 1.09D-13 SR 151 5.35D-14 0 233 1.86D-21
CE 143 2.64D-10 EU 152 9.66D-16 PA 233 2.42D-17
CE 143 2.64D-10 ND 152 5.60D-13 U 237 7.75D-11
LA 141 7.77D-12 Pa 152 7.82D-13 Ps 237 2.65D-16

,

i PR 143 3.263-10 Pa 1525 8.62D-15 up 238 3.10D-11
$ Bh 144 3.95D-14 GD 153 1.11D-14 PU 238 2.08D-13

,
CE 144 2.67D-10 Pa 153 1.62D-13 0 239 6.370-11'

CE 144 2.67D-10 EU 154 3.79D-12 MP 239 1.410-09
PR 144N 3.59D-14 Pa 154 2.47D-14 PU 239 2.38D-14
BA 145 6.390-15 Pg 154R B.67D-15 EP 240 3.600-13

i, CE 145 l.010-12 EU 155 2.23D-12 Ps 240 3.640-14
CE 145 1.01D-12 Sn 155 3.31D-13 An 241 5.65D-15
La 145 1.18D-13 EU 156 5.37D-11 13 241 5.65D-15
CR 146 4.030-12 SN 156 2.79D-12 PU 241 8.170-12i

CE 146 4.03D-12 EU 157 2.18D-12 Am 2423 6.17D-16
CE 146 4.03D-12 SR 157 4.11D-14 AN 242 3.16 D- 12
LA 146 1.45D-14 EU 158 1.53D-13 13 2423 6.17 D- 16
CE 147 1.74D-13 EU 159 2.75D-14 CR 242 2.52D-12i

ND 147 1. 4 4 D- 10 GD 159 8.05D-13 1R 243 1.34D-15
Pa 147 2.90D-11- 78 160 2.22D-13 CN 243 3.12D-16

i _
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5.2. Estimation of Emissions

To some extent the nuclide-specific emissions differ by more than 10 orders
of magnitude. Estimation of all nuclides with regard to their contribution
to immission load was not possible within the framework of this study. In
this case the following would have to be taken into account in particular:

-- For short-lived nuclides the effects of . daughter products formed therefrom;

-- Long-term effects for nuclides with long half-life;

-- The effects of all nuclides which are known simultaneously as essential
trace elements or as potential essential trace elements (compare Section
2.3).

In the following, emissions of iodine, cobalt and tritium are examined in
greater detail. Using the example of iodine isotope 131,it is shown that
a steam generator leak of 25 kg/hr within 20 hrs leads to emissions by means
of which the boundary values of the Radiologic Protection Ordinance are far
exceeded under realistic and even more dramatically unfavorable boundary
conditions (for example rain).

The emission or immission load upon failure of the blowdown demineralization
system is the highest.

At this point let us point out that the. Baden Technical Supervisory Association
assumes for computations within the framework of a guideline to Section 28,
paragraph 3 of the Radiologic Protection Ordinance [4] that the blowdown demineraliza-
tion system operates only 7-14 days annually.

In addition Tables 5.1.1 and also 5.2.1 show that the power house emissions
of short-lived iodine isotopes are to some extent considerably greater than
I 131 emissions.

This means that this isotope must be considered unconditionally in corresponding
expert reports on secondary emissions since otherwise effects are underestimated.

In this regard let us refer to a corresponding evaluation of the Reactor
Safety Corporation for the Neckarwestheim II Nuclear Power Plant (5] in which
only the load by iodine 131 is considered.

.

|
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TABLE 5.2.1. POWER HOUSE EMISSIONS OF SELECTED NUCLIDES AND DNISSION
COMPtTTATIONS FOR I-131, TIME-DEPENDENT COMPITTATIONS.

2'
|1

.

M 'p:j cipij a pij w p!j w pij cip i c p,j u|pij w.

. . l.. .. .. .-- l . .. ! ..

||.;s,
|

. . .. ... . . . ..

, , . . . .. . . . ... . . .
, ,3 .. a. i.9 a.m . 83 37 . 87 3.3 . 75
, ,n ,, i.,, . .n . . . , , . . ..

3 =,=g g.gisej=p; gga4=a.g;=,g;;j ,5==a>4 4. as 4ans 'WL ,

4=====' ',I '"" '" '" '" "' * ''S~
6m: , ;

*

7: |7-r_ a me . = = . . 3 ,. ii see

Key: 1. Emission conditions E
2. Leak

3. Radiation dose for load pathway of I 131 pasture-cow-milk-child
(thyroid) [ mrem). Boundary vslues normal cperation 90 mrem,
boundary values accident 15,000 mrem.

4. Scenario 1

5. Realistic cc..ditions
6. Scenario 2

7. Conservative conditions

ABS: Blowdown demineralization system, flow rate per steam generator.

Leak: Leak in one steam generator, the other three steam generators are sealed.

a: Phase distribution factor in high pressure section, residual moisture ofH
steam generator = 0.25%.

The scenarios are specified in Table 5.2.2.

i
,

t
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The emission data in Table 5.2.1 show the cumulative power house emissions after.

20 hrs under different conditions. During the 20 hrs of emission the emission
rates rise at varying rates corresponding to the conditions. An emission
time of only 20 hrs was. assumed although there are many factors which suggest
that emissions can last wcsiderably longer than 20 hrs.

Leaks of 25 and 50 kg/hr apply as operational leaks and initially do not
deleteriously affect reactor operation. Only when the maximum I 131 main
steam concentration is exceeded is intervention into operation planned.
However, it must be first established that the main steam concentration has
been exceeded. It is easy to imagine that the following procedure lasts
longer than 20 hrs:

Recognition of cause, thereupon measurements in main steam and
evaluation of measurements, reaction thereto including notifica-
tion of authorities.

Computation of Radiation Exposure by I 131 Via Pasture-Cow-Milk-Child Exposure
Pathway

A scenario model was used for computation of the expected radiation exposure
which takes into account variation of different parameters. The data used
are summarized in Table 5.2.2. Data fer the air + milk transfer, milk consump-
tion rate and dose factor were derived from the evaluation of Bleck-Neuhaus
[6].

TABLE 5.2.2. PARAMETERS OF SCENARIOS FOR EXPOSURE PATHWAY I-1313
PASTURE-COW-MILK-CHILD (THYROID)

Scenario Acnosphede Transfer factoE .Mi@
no. Propagation milk / air Dose factorconsumption

stant High High - Highi (realistic '
*

conditichs) ;w,ind
c on

. . .s . i e-a .< it . m een eiu is . i ve seem a u ==cts

dir!$$n. ; | High (with rain) High (g [h[8V*
a

mum)(unfavorable wind speed
conditions: , ,,,so. , ,,. u. iu rs . i um ion = n ====<=ca ,s

. i

1 Average site with 30% wind direction frequency in sector, with constant
wind direction.
"According to Bleck-Neuhaus,1981 [6] .
3According to [5] the chemical form exclusively as I was assumed.

.
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The short-term ratios must especially be taken into account based on short
emission time.

Thus, for example, it is more realistic to assume a higher value for the
air + milk transfer factor in the case of brief power house roof discharge
than use the annual average for this value (compare 7, 3) .

The low emission height of the power house roof (approximately 40 m) was
taken into account.

Scenario 1 - realistic conditions: Assumes average propagation conditions
with a constant wind direction in a 30* sector. The values derived from Bleck-
Neuhaus [6] for the other parameters represent realistic data confirmed by
measurements which are especially applicable to short-term conditions (as
in this case).

.

The results of this scenario show that the allowable immission limit for
iodine 131 (maximum thyroid exposure 90 mrem) can be exceeded with a steam
generator leak of 25 kg/hr during full-time operation of the blowdown demineraliza-
tion system.

Scenario 2 - unfavorable and therefore conservative conditions: Also takes
into account special meteorological situation of the stable weather pattern
with low wind speed in which case the air + milk transfer is especially high
due to rain. This is caused by the higher deposition of I n wet surfaces.2

The higher dose factor as well represents measured conditions as is explained
in greater detail by Bleck-Neuhaus [6, 7] . *

Accordingly, scenario 2 describes unfavorable but realistic conditions as
must be taken into account at the least for 5 45 of the Radiologic Protection
Ordinance [9]:

Extract from 5 45 of the Radiologic Protection Ordinance:
.

"This radiation exposure must be taken into account for the....

least favorable influence sites with regard to all relevant
exposure pathways including the food chain;" . . . .

The results of this scenario show that the maximum immission limit for iodine
is exceeded by a factor of 41 for a steam generator leak of 25 kg/hr during
full-time operation of the blowdown deminerali:ation system. When the ABS
fails and with a steam generator leak of 50 kg/hr.the allowable accident
immission limit for iodine 131 of.15,000 mrem is more than 70% reached at
11,000 mrem.

Table 5.2.2 summari:es the initial parameters of the individual scenarios
once more.

Figure 5.2.1 graphs the results of immission computations for I 131:

I
'
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a avg. value a conservative valueH H
Residual moisture 0.25% Residual moisture 0.25%

Figure 5.2.1. Radiation Dose for Pasture-Cow-Milk-Child
(Thyroid) Exposure Pathway of I 131 [ mrem].

In the case of secondary loop emissions,not only iodine emissions, but also
other nuclides are of importance, especially if spiking phenomena are considered
at the same tirr.e.

By way of example let us discuss tritium H3 and cobalt 58 at this point.

Tritium: H3

For Biblis B stack emissions of tritium in 1976 were 3.5 Ci [10]. This corres-
ponds to an average discharge of 8 m Ci in 20 hrs. For a leak of 50 kg/hr
in the steam generator the tritium emissions above the power house roof based
on the primary loop activity of 0.5 Ci/t are 40 m Ci after 20 hrs. Therefore
they exceed the aforementioned averaged stack emissions during this time
by a factor of 5.

Cobalt: Co 58

For the Esenshamm Nuclear Power Plant 0.125 Ci/yr emissions were authori:ed
for aerosols. According to the model mixture of the Federal Ministry of
the Interior [11] these emissions consist of 25% Co 58. This corresponds
to an average discharge of 7.13 10-5 Ci in 20 hrs. Under conservative
assumptions (without ABS) 5 10-5 Ci in 20 hrs above the power house roof
were determined for a steam generator leak of 50 kg/hr. This value is of
the same order of magnitude as the average stack emissions in 20 hrs derived
above. Since, however, in the case of Co 58 concentration increases (spikes)
of the primary loop concentration involved linearly in the power house emission
were found up to 10,000 (compare Table 2.3.1.2.1), this value. may be consider-
ably higher.
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Under unfavorable conditions the annual emission for aerosols approved for
Esenshamm can be exceeded after a few hours by power house emission of Co 53
and without this emission being measured.

These results show by way of example that in addition to iodine isotopes,
other nuclides as well must be taken into account in secondary loop emissions.
This applies especially when primary loop activities multiply erratically
based on the anticipated spikes.

Power house roof emissions not subject to measurement can also plausibly
explain discrepancies between emission and immission measurements in the
Obrigheim Nuclear Power Plant.

Between 1971 and 1975 radiation doses between 50 and 250 mrem /yr above the
natural radiation level were measured in the vicinity of the Obrigheim Nuclear
Power Plant using dosimeters by the State Institute for Environmental Protection
of Baden-Wuerttemberg [12]. The unusual level of these values cannot be explained
by the stack emissions of the Obrigheim Nuclear Power Plant during this period.
As shown in Table 2.4.1.1, however, during this same period at the Obrigheim
Nuclear Power Plant considerable steam generator heating tube leaks occurred
to some extent which led to corresponding activity releases from the secondary
loop above the power house roof. These emissions which were not reported
and measured by the operator of the plant may explain the high radiation
exposures in the vicinity of Obrigheim Nuclear Power Plant.

In summary it can be ascertained that steam generator leaks of 25 and 50
kg/hr under realistic conditions lead to a case in which allowable immission

burdens are far exceeded by I 131 alone. Releases of iodine isotopes I 132,
I 133 and I 135 exceed the emissions of I 131 and their immission burdens
are added to the computed immission burdens by I 131.

The examples of tritium and Co 58 show that other nuclides than the iodine
isotope must be taken into account in secondary loop emissions and the resulting
immission burdens.

These results may also explain the inconsistencies between the emission measure-
ments and immission measurements of the Obrigheim Nuclear Power Plant in
a simple manner.
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6. Emission Computations and Evaluation for Accidents with Steam Generator
Heating Tube Ruptures

- Introduction .

Steam generator heating tube ruptures should be considered LOCA under certain boundary
conditions.

Depending on the number of steam generator heating tube ruptures, extremely small
or small LOCA are involved. Contaminated primary coolant reaches the secondary
loop through steam generator heating tube failure. Some of the coolant is released
to the environment in certain accident sequences.

It was shown in Section 2.4 that steam generator heating tube failure is possible
in the steam generators used in the FRG and must be incorporated in risk analyses.

The safety philosophy that the designs of materials used in the FRG precludes
steam generator heating tube failure can no longer be maintained.

The accident in the Robert F. Ginna (U.S.A.) pressuri:ed water reactor [1]
at the beginning of February 1982 shows in conformity with our results, that
steam generator heating tube failure should be analyzed not only in conjunction
with feedwater line rupture or main steam line rupture.

Minutes after the steam generator heating tube rupture, secondary side relief valves
in the Ginna reactor opened by means of-which radiation was released into
the environment.

In order to minimi:e these emissions,the primary-side relief valve ~ of the
pressure vesse,L was repeatedly opened and closed; after the fifth repetition
the valve, however, failed and remained in the " partially open" position.
Fortunately it was possible to reach a cold shutdown of the reactor 33 hrs
after the beginning of the incident.

This accident sequence again highlights the " valve failure" weakness after
Harrisburg.

Accident sequences with steam generator heating tube ruptures are analyzed both
qualitatively and quantitatively in the following section using a single-
fault concept [2,3]. In this case it is shown that allowable i= mission limits
are far exceeded according to the Radiologic Protection Ordinance in case
of incidents.

In addition a review of accident studies of the Baden
TSA [4] is presented.

6.1. Application of the Single Fault Concept to LOCA by Steam Generator Heating
Tube Ruptures

It has been established by the Federal Minister of the Interior incthe safety
criteria for nuclear power plants [2] and principles for application of the
single fault criterion [3] that a single fault should be assumed following
coolant losses for residual heat removal.

The text reads:
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Safety Criteria for Nuclear Power Plants, Section 4, Criterion 4.3:

" Residual Heat Removal Following Coolant Losses:

A reliable redundant system for emergency cooling (emergency cooling
system) of the reactor core for coolant losses must be available and designed
in such a manner that for the rupture magnitudes, rupture sites, operating
states and transients in the reactor coolant system under consideration

1. The emergency cooling system can perform its safety task even during mainten-
ance processes with simultaneous occurrence of single fault in the system.

2. The specified limits for fuel elements, core internals and for the containment
are not exceeded.

3. The general chemical reactions are restricted to a safe level."

The utilization of the single-fault criterion is specified in interpretations
of the safety criteria for nuclear power plants of the same importance and
force as the safety criteria. Under item (1) it reads:

'* Wit:1 a single fault, a random additional fault in the safety systems
not recogni:ed before it is called upon and which does not occur as a result
of a demand case in standard operation or in the case of accident is involved.

8A fault occurs when a system component of the safety systems has not performed
its function when called upon. A possible operating error resulting in a
fault in the safety systems is equivalent to a single fault.

Reasons for the assumed fault generally need not be specified.

'The concept " system component" comprises all components of the functional
unit itself and supply, positioning and auxiliary equipment necessary (and
in some cases even redundant) for proper safety functions."

If the steam generator heating tube failure is assumed as the cause of a loss
of coolant, the failure of the secondary side relief valve (failure to close
after opening) should be required as single fault, for example, in the. case
of residual heat removal.

There are good reasons (for example effects of two-phase flow) to assume valve
failure as the result of steam generator heating tube ruptures.

This yields the following accident sequence:

So much primary coolant reaches the secondary loop due to steam generator
heating tube failure and increases the pressure there that triggering of the relief
valve occurs.

The relief valve of the defective steam generator fails in the "open" or " partially
open" position (single fault) .

Release of radioactive substances into the environment is caused thereby.
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Accident Seouence:
.

-- Steam generator heating tube failure (initiating event)
.

-- Triggering of secondary side relief valve of the defective steam generator-

-- Failure of secondary-side relief valve in "open" or " partially open" position
(single fault)

results from application of the single fault criterion to residual heat removal
during losses of coolant and actually occurred in Ginna U.S.A., as concerns
the first two items.

A detailed description of the accident sequence as well as emission computations
under different boundary conditions and their evaluation are cited in the

*

following.

6.2. Description of Accident Sequence

Primary coolant enters the secondary loop due to failure of the 10 steam generator
heating tubes. After approximately 10 see reactor scram occurs by the signal
"N16 > max" and after another 15 sec delayed turbine trip.

At this time, approximately 25 see after initiation of the accident, the trigger
pressure for the secondary-side relief valves is reached.

According to the single fault criterion a failure of the relief valve in the
"open" or " partially open" position is assumed.

Three different scenarios with different boundary conditions are established
for the continued accident sequence. I 131 was selected as the principal
nuclide. The design activity was admitted due to the transients which occur
with spiking factors between 25 and 100.

Determination of Boundary Conditions Which Apply to All Scenarios

-- Only the activity release during the first 30 min after initiation of the
accident was computed. This assumption is not conservative since emissions
must still be expected even after this time.

-- Approximately 1 min after initiation of the accident (depending on the
scenario somewhat variable) the main coolant pumps are shut down by the " pressurizer
water level < minimum" signal. Since the " primary pressure < minimum" signal
is also present, loop feed begins through the safety injection pumps. In
this case only two (of four) injected pumps were taken into account.

This is not implicitly a conservative assumption since main coolant leak into
the secondary part of the defective steam generator increases when three or
four high-pressure injection pumps are taken into account.

-- During the first 25 see after the beginning of the accident. steam emissions
from the high pressure section of 1 kg/sec and from feedwater degasification
of 0.5 kg/sec were assumed.

-- In order to determine the activity release via the relief valves into the
environment, only the amount of primary coolant discharged from the relief
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valve of the defective steam generator was considered.

-- It was assumed that after approximately 30 see no more feedwater is fed
to the defective steam generators as make-up.

-- The first 20 see after the beginning of an accident the average primary
* coolant leak in the secondary loop (in the following called the primary coolant

leakage) is approximately 310 kg/sec.

The primary coolant leak drops to 280 kg/sec between 20 and 25 see after the
beginning of the accident. Subsequently the amounts of leakage vary depending.

on the scenario.

Boundary Conditions for Scenario 1

-

A spiking factor of 25 f6r I 131 is assumed.

0-25 see after the beginning of the accident

- Average residual moisture in steam generator 30%.

25-300 see after beginning of the accident

. - Average residual moisture in steam generator 20%.

- Primary coolant leak drops from 280 kg/see to 80 kg/sec.

- Steam emission from the defective relief valve (" partially open"
position) of the steam generator with heating tube failure (in the
following called steam emission) is on the average 120 kg/sec.

300-1800 see after beginning of the accident

- Average residual moisture in steam generator 5%.

- Primary coolant leak drops, on an average measures 40 kg/sec.

- Steam emission drops and on an average measures 20 kg/sec.

Boundary Conditions for Scenario 2

A spiking factor of 50 for I 131 is assumed.

0-25 sec after beginning of the accident

- Average residual moisture in steam generator 30%.

25-100 see after beginning of the accident

- Average residual moisture in steam generator 20%.

- Primary coolant leak drops froa 280 kg/see to 140 kg/sec.

- Average steam emission 150 kg/sec.
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100-1800 sec after beginning of the accident

- Average residual moisture in steam generator 10%

- Primary coolant leak drops and on the average measures 70 kg/sec

- Steam emission drops and on the average measures 50 kg/sec.

Boundary Conditions for Scenario 3

A spiking factor of 100 for I 131 was assumed.

0-25 see after beginning of the accident

- Average tesidual moisture in steam generator 30%.

25-1800 see after beginning of the accident

- Average residual moisture in steam-generator 20%.

- Primary coolant leak drops and on the average reasures 140 kg/sec.

- Steam emission drops and on the average measures 150 kg/sec.

It would be desirable to examine in detail these as well as other
scenarios by continuing studies, if necessary, using measurement programs.

In this case it would be especially important to ascertain at what number
of steam generator heating tube ruptures (relief valve in "open" failure position)
a care meltdown would occur. In this case some of the core inventory could
be released directly into the environment by means of which the emissions
of the aforementioned scenarios would be multiplied.

6.3. Computation of I 131 Emissions and Their Estimation

Activity releases were computed with the SEKEM4 program under the stipulated
boundary conditions.

Figure 6.3.1 which follows shows emissions as well as emission rates during
the individual time intervals for scenarior 2 by way of example.

The emissions relate to the time period described.

.
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Figure 6.3.1. Emissions or Emb sion Rates of Accident According
to Scenario 2. To the extant given, the source strength is the product
of the time-dependent primary concentration and time-dependent
leak rate.
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To the extent given, the source strength is the product of time-dependent primary
concentration and time * dependent leak rate.
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The table that follows lists I 131 emissions of individual scenarios during
the first 30 min after beginning of an accident.

In addition the inhalation dose (only I 131) for adults as well as the thyroids
of fetuses is stiluated under boundary conditions.

*

TABLE 6.3.1. EMISSION OF I-131 IN [CI] AND INHALATION DOSE [ REM] .

Accident Inhalation dose Dose forI-131

scenarios for adults [ rem] fetal thyroid
-

emissions
g [ rem]

Scenario 1 165 12 31 -- 250
,

Scenario 2 830 54 140 - 1100

Scenario 3' 14400 940 2400 - 19800

.

-

Accident limit: ?a [ rem].

Accident sequence: Steam generator heating tube failure and relief valve
failure in "open" or " artially open" position.

The table shows that the accident limit of 15 rem for fetuses in all cases
and for adults in scenarios 2 and 3 is exceeded by inhalation alone.

In the case of scenario 2 the limit for adults is exceeded by a factor of
3.6 and in scenario 3 by a factor of 60.

Exposure by all other emitted nuclides is added.

It was assumed that in the case of these accidents tne consumption of food
| from the contaminated areas can be officially prohibited.

Thus only the inhalation dose of emitted I 131 was computed. Consideration
of ingestion exposures would multiply the dose values.

Computation of Accident Dose

Inhalation dose D under accident conditions is computed as:

D=A*X * V D/Qi,

with A = amount of released radionuclides [Ci]
3x = short-term propagation factor [sec/m ]

V = Respiration rate [m /Ci]

D/Qi = Inhalation factor [ rem /Ci].
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The following values were used:

-- The released I 131 activities are listed in Table 6.3.1 for the individual
scenarios. .

- 3-- The Hannover TSA cites a value of 2 x l') 4 (sec/m )
at a distance of 150 m as the short-term pAopagation factor for discharges
from the power house. In this case the buoyar.:y of the cloud of activity
is already taken into account by the simultaneously released large amount
of superheated steam.

3-- The value for adults, 20 m /d (a 2.31 10-" m /sec) as the respiration rate
was adopted from [7].

The inhalation dose factor for the thyroid (I 131), 1.4 10s rem /Ci was also
derived from the same source.

As described in detail by Steinhilber-Schwab and Franke [8] the thyroid of
the fetus represents the "least favorable influence site" via the " inhalation
of I 131" exposure pathway.

Table 6.3.2 shows the ratio of fetal thyroid dose to reference value according

to [7].
Accordingly the fetal thyroid dose exceeds the reference value by a

; factor af 2.6 to 21.

TABLE 6.3.2. ' COMPARISON OF I-131 INFALATION DOSE OF ADULTS,
CHILDREN AND FETUCES (ACCO'.tDING TO [8]).

i Dose for iodine RelativeDose factor Respiration 131 air concen- thyroid dose,
(BMI 1979) rate- tration of 1 pCi/ adults (BMI)-(in mrem /pci) jns (in mrem /d) =1

-2
| Adults 1.4 x 10- 20 m /d 2.8 x 10

-2 3 -2Children 1.2 x 10 2 m /d 2.4 x 10 0.85
(in quiescent
state ICRP 23)

3 -26 m /d 7.2 x 10 2.6
i (in activity

ICRP 23)

Fetus I 131 concentration 27 m /d 7.5 x 10- to,

l' in fetal thyroid 2-12 (for slight -1
times that of the activity ICRP 23) 4.5 x 10 ""6 - 163

'

adults according to, ,

-1
! BMI (1979) 36 m*/d 1.0 x 10 to 3.5 - 21

| (for increased 6 x 10'I
| activity ICRP 23).

:
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In summary it can be ascertained that the accident immission limits can be
exceeded several-fold when using the single-fault criterion by means of the
LOCA under consideration. In the case of adults the limit is exceeded by
a factor of 60 only by i*nhalation of I-131.

In the described accident sequence: steam generator-heating tube rupture (initiating
event), failure of relief valve in "open" position (single fault), core melt-
down accidents resulting in considerably greater releases of activity cannot
be precluded.

This accident sequence should be assigned particular importance in future
risk assessments. In addition the accident would have to be considered a
design accident in the nuclear licensing procedure.

The dangerous aspect of this accident is the fact that the activity is released
via steam generator-relief valve through almost all safety barriers into the
environment (comp 9 te Figure 6.3.2) .
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1 Reactor pressure vessel 6 Feedwater pipe
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4 Reinforced concrete shell control valves)
5 Main steam pipes 0 Activity

I
| Figure 6.3.2. Activity Release Under the Assumption
! All Safety Barriers are Bypassed. Accident sequence:

! Steam generator heating tube failure - relief valve in
"open" position.

6.4. Review of Accident Studies of the Baden Technical Supervisory Association [TSA]

The Baden TSA analy:es accidents with secondary loop
! emissions (power house roof) in its study " Activity Release During Accidents
[ in Nuclear Power Plants with thR Via Vent Air Pathway Within the Framwcrk of

a Guideline to Section 28, paragraph 3, of the Radiologic Protection Ordinance
(status December 14, 1979)". Here the KKP II Plant currently under construction
is used for analyses of the KWU pressurized water line (Philippsburg, Baden).

|
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Two accidents of interest in conjunction with this study are discussed in
detail from the list of accidents examined in the cited analysis. They are:

1. Rupture of the steam line outside the containment with simultaneous failuru
of 10 steam generator heating tubes.

2. Rupture in feedwater system outside the containment with failure of one
steam generator heating tube.

There has been no opportunity to check the KWU programs modified by the Baden
TSA and the systems analysis upon which they are based. Therefore the correctness
of the computer programs as well as the computer plot with regard to the algorithm
in addition to the systems analysis is assumed a priori.

Therefore accident sequences can be detailed only to the extent that special
emission-relevant items occur therein. Data concerning activity releases
receive special attention here.

6.4.1. Accident 1 - Rupture of a Main Steam Pipe Outside the Containment
with Simultaneous Failure of 10 Steam Generator Heating Tubes

The TSA computes the amount of activity released above the power house for
30 min as a result of main steam pipe rupture with simultaneous steam generator
heating tube failure (10 heating tubes) at the beginning of the accident from
the main steam pipe leak and then via the atmospheric exhaust stations of-
the steam generator.

,

The accident is not considered conservative since only the failure of 10 steam
generator heating tubes in one steam generator is assumed. There are more than
4,000 U-shaped heating tubes overall in a steam generator. According to our
findings the failure of at least 20 heating tubes must be assumed for the
transients which occur.

Emission is derived from the amount of primary coolant and its specific activity
released into the environment.

In the TSA computation the primary coolant release of 191.63 kg with the specific
activity of 21.6 Ci/t with an iodine 131 fraction of 0.92 Ci/t is assumed.

Both data are questionable.

1. The primary coolant discharge of approximately 200 kg is too low by a factor
of approximately 27 as can be checked from in-house TSA data and assumptions.
In this case correction of the untenable assumptions concerning steam generatar
residual moistures has not been underte. ken.

2. The specific activity of the primary coolant of 21.6 Ci/t is stipulated
by the TSA is too low at least by a factor 4.6 for a medium spike and 19.3
for a maximum spike.

Thi:. stipulated specific activity of the primary coolant can be exceeded in
a short time as a result cd load changes during normal operation (small transients).
This spiking effect increases with the magnitude of the transients. Under
the assumed accident conditions with large pressure transients,it can be expected
that design activities will be maximally ' exceeded. Therefore design activities
must take into account the spiking factors (compare Section 2.3.1.2) .
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Above and beyond the spike aspect, it must be considered that in TSA Tables
3.22 and 3.23 to which all computations of activity release relate not all
relevant nuclides are included and the data consistently ignore tritium activities.

In conjunction with the accident discussed here, main steam pipe rupture with
steam generator heating tube failure, let us suggest analysis of this accident
with an additional relief valve failure in the "apen" or " partially open"
position in accordance with the single fault criterion.

In this case heating tube failure could be regarded as an induced fault of
the main steam pipe rupture. Considerably higher emissions could be expected
in this accident based on relief valve failure.

6.4.2. Accident 2 - Rupture in Feedwater System with Simultaneous Failure
of a Steam Generator Heating Tube

'

Following rupture of the feedwater line, the contents of the feedwater system are
drained at its lowest point together with the percentage of main steam through
the evaporator overhead condenser to the power house roof (a total of 730 t)
in which case some (approximately 170 t) is vaporized and discharged into
the environment above the power house roof. ,

A total of 88 kg of water with primary loop activity reached the outfall ditch
via the power house sump system. It is assumed by the TSA that these 88 kg
of heating tube leak reached the feedwater tank with main steam via the evaporator
overhead condenser up to delayed turbine trip (30 sec).

,

In this regard the following can be ascertained:

1. The accident sequence contains some non-conservative assumptions:

Only a single heating tube failure is assumed. Even in the case of rupture
of only two heating tubes, the trigger pressure of the relief valves (86 bar
for KKP II) would be exceeded., Considerable additional emission would occur
(compare accident 1 - main steam pipe rupture).

As detailed in Section 2.4, without previous. operating transients spontaneous
failure of steam generator heating tubes can be expected. Therefore failure
of at least 10 heating tubes can be assumed especially during accident-induced
transients. In this case the conservative assumption would also have to be
made that not all heating tube leaks occur in only one steam generator.

2. The computation of the activity release is contradictory.

2.1. Thus it is assumed that 88 kg primary coulant are discharged through
the feedwater line leak without some, together with the 170 t, being vapori:ed
and discharged above the roof.

If it is assumed that the 88 kg are uniformly distributed within the 730 t
of total leakage water, 20.5 kg primary coolant would have to be vaporized
concomitantly. In this case it is assumed that 170 t of the vaporized amount
are correctly computed. The activity of at least 2.1 Ci sufficient for this
amount of primary coolant for medium, and 8.5 Ci for maximum spikes, was not
taken into account by the IMU.
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2.2. .The equation used to compute the main steam activity during operating
leaks is inadequate. The equation does not take into account activity back-
flow from the feedwater tank into the steam generator (as Section 4, Sensitivity
Analysis, ~ shows, this backflow is considerable for the main steam concentration) .

2. 3.- The main steam activities cited in Table 3.22 indicate discrepancies
for those values .which are computed from the given equation. A comparison
of main steam values with the data of Table 3.23 "Nuclide Specific Activity :

in Steam Generator Water" indicates that the TSA has utilized excessively
high decontamination factors throughout, measured at the current state of
the art. This results in an underestimation of emission.

In summary it can be ascertained that.the accident sequences of the two examples
analyzed here are not conservative in any respects. This leads to under-
estimation of emissions. This applies especially to the nue.ber of failing
steam generator heating tubes and primary loop activities. The accident boundary
value can be exceeded by I-131 by considering the aforementioned factors.
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7. Conclusions .

7.1. Consequences from Results of the Study

Emission computations for operating leaks zri the steam generator as well as
for steam generator heating tube ruptures show that the primary loop concentrations
represent central input parameters.

In order to minimite risks associated with an increase of primary loop activities
during normal operation.we propose that the reactor protection system be supple-
mented on the primary loop side by a continuously operating instrument to
measure activity concentrations of individual major nuclides. When an established
limit is exceeded, the reactor should be automatically shut down (compare Biblio-
graphy [5] and [1]). Osetek et al. in [1] proposes a special gamma-spectrometer
with which fission product activity of the primary coolant can be continuously
measured. -

,

The accidents analy:ed with steam generator heating tube ruptures show that
the corresponding secondary emissions have been previously quite underestimated:

If we take into account additional failure of the secondary-side relief valve
in the "open" or " partially open" position as we use the single-fault criterion
for steam generator heating tube rupture, computations show that the accident
linit is exceeded by ir.halation for iodine 131 by a factor of 60 in adults.

1

These results call into question the statement of the " German Risk Study"
[3]:

"A leak in the pressurizer or in the steam generator itself is
controlled by the safety system just as a leak in a main coolant*

line."

This statement does not apply with regard to the aforementioned accident which
we propose in an application of the single-fault criterion to include as a
design accident in the series of accidents taken into account within the framework

'

of guideline to 5 23, paragraph 3, of the Radiologic Protection Ordinance,
since spontaneous steam generator heating tube failure canno.t be precluded ~
even without major transients (campare the Ginna accident, U.S. A. , February 1982).

In the accident: steam generator heating tube rupture with failure of secondary-
side relief valve in "open" position a core meltdown cannot be precluded as
a result of loss of coolant. This would result in release of some of the
core inventory via the secondary-side relief valve. The Institute for Reactor
Safety (IRS) has studied the effects for the environment in detail [2].

In order to minimize the disastrous consequences of an accident of this type
(the concept " accident" is intentionally selected since the accident sequence
is dictated by the application of the single-fault criterion to LOCA), we propose
construction of a containment in order to prevent direct release from the
secondary-side relief valve into the environment. In this connection let
us also mention construction of a subterranean safety tunnel into which the
relief valves can discharge steam [4] .

In addition, the following conclusions should be drawn from the results
of the study:
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-- The air conditioning plant in the valve building for the control room,etc.
receives its humidity (approximately 160 kg/hr) from the auxiliary steam supply
system. The. auxiliary steam supply system itself is supplied either by the

high pressure tap system,, the main' steam system or the auxiliary steam generator
system depending on the operating state of the power plant. This should be
modified immediately since in case of steam generator heating tube leaks the
activity which reaches the main steam is distributed by the air conditioning
system.

-- The scram limit of the N-16 signal should be coupled to the reactor power
since otherwise at 50% power compared to 100% power steam generator leakage
can be approximately twice.as-high before N-16 scram triggers.

-- Not only residual moisture transport but also direct steam transport should
be taken into account especially in the steam generator for most nuclides
since otherwise both the. main steam activity and the emissions are under-
estimated.

-- Adherence to statutory maximum main steam concentrations for I-131 should
be checked by continuous measurements. Otherwise excessive values can be
expected.

-- Power house emissions would have to be measured by instruments. As long-
as this is not the case, repeated occurrence of differences between emission
and immission measurements as in Obrigheim cannot be precluded since unmeasured
activity releases can occur.
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