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STATEMENT OF PROBLEM

This calculation forms part of the analyses carried out by

Corporate Radiological Engineering (CRE) in support of the power

uprate program at JAF. Specifically, it deals with the

computation of atmospheric dispersion factors (based on current

methodologies) needed for re-analysis of the radiological impact

of design-basis accidents at the new operating power level.

Consideration is given to releases from the main stack and from

the turbine building, and the locations of interest include

receptors at the site boundary (SB) and the low-population zone

(LPZ), and the outside-air intakes of the Control Room (CR) and of

the Technical Support Center (TSC).

Note:

This calculation supersedes JAF-CALC-RAD-00007 Revs. 0 and 1

in their entirety. Differences between the various revisions are

addressed in Sec. 1 (Introduction).
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1. INTRODUCTION

This calculation forms part of the analyses carried out by CRE

in support of the power uprate program at JAF. Specifically, it

deals with the computation (based on current methodologies) of

atmospheric dispersion factors needed for re-analysis of the

radiological impact of design-basis accidents (DBAs) at the new

uprate power level.

For the analysis of radiation exposures to receptors of

interest, there are two post-DBA primary release points to the

atmosphere which should be considered at JAF, as follows:

(a) The main stack (an elevated release), where airborne

radioactivity within the reactor building is exhausted

via the standby gas treatment system, and

(b) The turbine building (a ground-level release), which

becomes contaminated following either a steam-line

break outside containment or a control rod drop accident

(with release of radioactivity via the condenser).

Following release to the atmosphere, effluent radioactivity

will be transported by the prevailing winds to the following

receptor locations typically considered in the radiological

assessment of DBAs:

(a) The site boundary (SB)

(b) The low population zone (LPZ), and

(c) The outside-air intakes of the control room (CR) and of

the technical support center (TSC).

The purpose of this calculation is to determine the time-

dependent atmospheric dispersion factors which will dictate the

transfer of the released radioactivity to the said receptors.

Consideration is given to the following dispersion parameters:

(a) The concentration (X/Q)s, needed for determination of:

- Airborne concentrations of released radioactivity

at the various receptors,
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- Internal radiation exposures due to inhalation, and

- External exposures due to beta radiation,

and

(b) The finite-cloud gamma (X/Q)s, needed for the

computation of external gamma radiation exposures from

finite-size radioactive clouds.

Data for these two parameters are needed as input to the CRE

computer codes DORITA-2 (Ref. 18) and/or ELISA (Ref. 26) for the

radiological assessment of the various DBAs.

The atmospheric dispersion analyses documented in this

calculation were carried out using the CRE computer code AEOLUS-3

(Ref. 1). Thorough descriptions of the analytical models

incorporated in the code may be found in the reference manuals. A

summary of its capabilities, and general remarks on the current

application appear in Sec. 3 of this calculation. Details on

assumptions and input data are described in Sec. 4, and the

analyses and results are presented in Sec. 5. An overall summary

appears in Sec. 2 which follows.

The calculation supersedes its earlier releases in their

entirety. Differences between the various releases are as

follows:

Rev. 0 to Rev. 1

(a) The meteorological data base for calendar years 1985-1990

(which was made use of in JAF-CALC-RAD-0007 Rev. 0) was

updated by Niagara Mohawk Power Corporation (Ref. 21) to

adjust a minor (few-degree) miscalibration in the wind

direction sensors.

(b) For consistency with the dispersion data in the latest

release of the JAF Offsite Dose Calculation Manual (ODCM)

(Ref. 22), the meteorological data base was extended to

include 8 years' worth of hourly values (1985 through

1992),
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(c) New information on onshore flows at the site (Ref. 23)

was used to determine which receptor locations (SB, LPZ

and/or CR and TSC) can be affected by the prescribed

assumption of fumigation conditions at the time of a

design-basis LOCA.

Rev. 1 to Rev. 2

(a) The atmospheric dispersion factors for stack releases and

the CR and TSC outside air intakes were reanalyzed to

accommodate possible short-term meandering and looping

effects. The new model places the intakes at that

distance from the stack where the concentrations would

peak (based on the straight-line Gaussian plume model for

elevated releases, and a 5% exceedance probability with

all sectors combined.)1.

This distance was determined to be 405m from the stack,
as compared to the actual distance of 185m.
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2. SUMMARY OF RESULTS

The dispersion parameters for the two release points and the

various receptor locations of interest are presented in tabular

form at the end of this section. The basic models, assumptions

and data employed in their determination were as follows:

(a) Use of atmospheric dispersion models which are consistent

with the guidance in:

- Regulatory Guides 1.145 (Ref. 3) and 1.111 (Ref. 2) for

both turbine-building and elevated releases, and for

offsite receptors (SB and LPZ),

- Regulatory Guides 1.145 and 1.111 for elevated releases

and onsite receptors (CR and TSC),

- The Murphy/Campe (Ref. 4) multi-sector exposure model for

turbine-building releases and close-in receptors (with

releases being transported toward the CR outsiqe-air

intake with winds from the W, WNW, NW, NNW, N, NNE, NE,

ENE and E, and toward the TSC intake with winds from the

W, WNW, NW, NNW, N, NNE, NE and ENE),

(b) Use of 8-years' worth of hourly meteorological data collected

on site (by Niagara Mohawk) during the period 1985 - 1992

under approved QA/QC procedures (Refs. 11 and 12), with a

96.8% recovery at the 30' elevation and a 96.5% recovery at

the 200' elevation,

(c) Extrapolation of the wind speeds from the measurement

level at 200 ft to the stack height using the extrapolation

coefficients in Regulatory Guide 1.111,

(d) Classification of the wind speeds into 11 groups, with a

finer mesh at the low end of the wind speed range (in line

with the guidance in ANSI/ANS Standard 2.5, Ref. 5),

(e) Presence of a 4-hour fumigation condition (stability F and 2

m/sec) for stack releases and receptors at the SB and the LPZ

(but not at the CR and TSC outside-air intakes),
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(f) Terrain elevations extracted from geodetic survey maps (Ref.

10), and

(g) Selection of a conservative noble gas mix for the finite-

cloud gamma (X/Q), so as to permit application of the

dispersion parameters at all post-DBA times (based on test

runs using various decayed post-LOCA mixtures as well as

a pure Xe133 source, with the latter yielding the most

conservative results at all receptor locations).

For stack releases and offsite receptors, analyses for

various distances showed that ground-level concentrations would

peak at about 4 miles from the stack, i.e., beyond the LPZ at 3.4

miles. This is primarily due to the presence of the hills which

rise to about 240 ft above plant grade at about 5 miles south of

the plant. Finite-cloud gamma radiation exposures would peak at

the LPZ.

The peaking effect observed near the LPZ is of no

significance for receptors at the site boundary. This is because

the exposure time interval at this location (viz., 2 hours) occurs

during the 4-hour fumigation condition which is assumed to prevail

at the time of an accident. And, for fumigation conditions and

relatively flat terrains, both the concentration and gamma (X/Q)s

decrease with distance from the release point.

As noted in the introduction, and in order to accommodate

short-term plume meandering and looping effects (which are not

accounted for by the straight-line Gaussian diffusion model), the

actual location of the CR air intake vent with respect to the

stack was ignored. Instead, the intake was conservatively placed

at that distance from the stack (and at 17 m above grade) where

the concentration of stack releases would peak. This distance was

determined iteratively using the straight-line Gaussian model

along with an exceedance probability of 5% and all sectors

combined (i.e., with all wind directions blowing toward the CR
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intake). The peaking distance was determined to be 405 m, as
compared to the actual stack-to-intake distance of 185 m; there is
about a 100-fold increase in the concentration (X/Q) from 185 to
405 m. The (X/Q) vs. distance curve is similar in shape to those
shown in Regulatory Guide 1.3 (Ref. 17) for stack releases.
However, at the JAF site there is a second peak in the
concentration (X/Q) beyond the LPZ, which is due to the presence
of hills in the S sector. The magnitude of the concentration
(X/Q)s at the two locations is approximately the same.

Note that, where applicable, the (X/Q)s cover a post-accident
time interval of 30 days, the last entry in the time array
covering the 26-day period from the 5th day to the 30th. The
entries in this last time interval may be conservatively assumed
to apply for 27 days if the need exists to extend the
post-accident exposure time from 30 days to 31 days (as is the
case in the JAF UFSAR).

As for a comparison of the dispersion parameters determined
in this calculation versus corresponding data in the JAF UFSAR and
Safety Evaluation Report (Refs. 7 and 19), the differences, which
in some cases are significant, were attributed to the following:

(a) Use of up-to-date dispersion models and of site-
specific hourly meteorological data in the current
calculation, and

(b) Assumption, in the UFSAR, that fumigation conditions at
the time of the accident will only prevail at the LPZ,
with the site boundary being too close to the stack for
uniform vertical mixing to take place.

In general, it is noted that there is better agreement
between the current calculation and the SER than with the UFSAR.
With respect to the UFSAR values, use of the dispersion parameters
determined in the current calculation will yield:

(a) Higher thyroid exposures for stack releases and
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receptors at the site boundary and the LPZ, and about

the same exposures in the CR,

(b) Lower thyroid exposures for TB releases and receptors

at the site boundary and the LPZ, and higher exposures

in the CR.

As for the external gamma radiation exposures, assessment of

the relative impact of the new dispersion parameters [gamma

(X/Q)s] is not straightforward due to differences in the

analytical models between the current methodology and that in the

UFSAR. Such an assessment would require detailed radiological

analyses and is outside the scope of this calculation.
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POST ACCIDENT DISPERSION PARAMETERS - SE AND LPZ

Time
interval

(hr8)___ ___

Site Boundary (sec/rn)

Conc. X/Q Garma X/Q
_________ --- ------

LPZ (sec/r 3 )

Conc. X/Q Gamma X/Q
_________ ---------

STACK REL.

0 - 2
0 - 4
4 - 8
8 - 24

24 - 96
96 - 720

5.24E-5
_____

4.75E-5 _____

2.04E-5
2.17E-6
9.53E-7
3.90E-7
1.08E-7

_____

1.90E-5
3.91E-6
1.52E-6
5.68E-7
1.38E-7

TB RELEASES

0 - 2
0 - 8
8 - 24

24 - 96
96 - 720

1.79E-4 1.32E-4
_____ 2.OOE-5

1.34E-5
5.59E-6
1.60E-6

_____

1.61E-5
1. 06E-5
4.27E-6
1.16E-6

POST ACCIDENT DISPERSION PARAMETERS - CR AND TSC

Time
Interval
(hrs)

________

Control Room (sec/r 3 )
C_____________________
Conc. X/Q Gamma X/Q
_ _ _ _ _ _ _ _ _ - - - - - - - - -

TSC (sec/r3)

Conc. X/Q Gamma X/Q
_ _ _ _ _ _ _ _ _ - - - - - - - - -

STACK REL.

0 -
8 -

24 -
96 -

8
24
96

720

9.26E-7
6.75E-7
3.39E-7
1.26E-7

3.24E-6
2.45E-6
1.34E-6
5.60E-7

9.26E-7
6.75E-7
3.39E-7
1.26E-7

3.24E-6
2.45E-6
1.34E-6
5.60E-7

TB RELEASES

0 - 8
8 - 24

24 - 96
96 - 720

3.29E-3
2.81E-3
2.OOE-3
1.22E-3

4.06E-4
3.48E-4
2.49E-4
1.54E-4

3.56E-3
3.03E-3
2.14E-3
1.29E-3

4.OOE-4
3.41E-4
2.42E-4
1.48E-4
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3. METHOD OF SOLUTION

The atmospheric dispersion parameters documented in this

calculation were determined through use of the CRE computer code

AEOLUS-3. Complete details on the analytical models incorporated

in this code may be found in Ref. 1. For the moment, it suffices

to note that the code:

(a) Accommodates the NRC guidance in Regulatory Guide 1.145

(Ref. 3) on short-term atmospheric dispersion models for

the assessment of consequences of potential accidents at

receptors which are not too close to the release point

(such as receptors at the site boundary and the low

population zone), and

(b) Has the capability of making use of the Murphy/Campe

methodology (Ref. 4) for receptors close to the release

point [such as the outside-air intakes of the Control

Room and of the Technical Support Center (TSC)].

The subsections which follow present the general features of

the code, the definition of the gamma (X/Q) (which is used for the

computation of external gamma radiation exposures from finite

clouds of radioactive material), and a description of the Murphy/

Campe model.

3.1 General Features of AEOLUS-3

AEOLUS-3 was developed for implementation of the regulatory

requirements for estimating atmospheric transport and dispersion

of gaseous effluents released during both routine operations and

under accident conditions. The code includes a number of

significant features, such as dispersion and deposition in open

terrains, at coastal sites and in deep river valleys, and can be

used for the determination of the following parameters:

* The concentration (X/Q), or simply (X/Q)C, which converts

effluent release rates of radioactivity to ground-level
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concentrations. at receptors of interest (with and without

depletion in transit)

* The gamma (X/Q), or (X/Q)g, which is used for the

computation of external gamma doses from finite clouds

of radioactive material (as described further in Sec.

3.2), and

* The deposition factor, (D/Q), which is used for the

assessment of radiation exposure from standing on

contaminated ground and from ingestion.

Briefly, AEOLUS-3 includes the following basic models and

features:

* Use of multi-year hourly meteorological data (wind

direction, wind speed, vertical temperature difference,

and, optionally, rainfall and solar radiation),

* Preparation of joint-frequency distributions (atmospheric

stability, wind direction and wind speed; rainfall; sea

breezes; up-valley and down-valley flows and associated

rainfall),

* Straight-line trajectory models with Gaussian diffusion

(for gaseous releases in open terrains, at coastal sites

with sea breeze effects, and in deep-river valleys),

* Concentration (X/Q) and gamma (X/Q) models (plume

centerline and sector-average),

* Depletion and deposition models (two options):

(a) the models in Regulatory Guide 1.111, and

(b) models making use of the deposition-velocity

concept,

* Extrapolation of wind speed with height,

* Partial plume entrainment at the release point (split-H

model, with part-time elevated and part-time ground-level

releases),

* Building wake effects,
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* The Murphy/Campe (Ref. 4) building-wake methodology for

close-in receptors,

* Plume meander effects,

* Plume rise effects (buoyant or momentum),

* Terrain features,

* Vertical reflection correction in all cases, and

horizontal reflection correction in valley flows,

* Recirculation correction factors (built-in values for

open terrains, or user-specified values),

* In-transit decay correction (two user-specified decay

constants, one for noble gases and one for halogens),

* User-specified halogen and noble-gas relative isotopic

concentrations, or gamma spectra, for the finite-cloud

gamma (X/Q)s, and

* Continuous, intermittent and accidental release options,

with all of the above features in each case.

For routine, continuous releases, the main parameters in the

AEOLUS-3 output are:

* The plume centerline concentration (X/Q):

(a) undecayed, undepleted

(b) decayed, for noble-gas-release applications

(c) decayed and depleted, for halogen-release

applications

* The sector-average concentration (X/Q),

(a) undecayed, undepleted

(b) decayed, for noble-gas-release applications

(c) decayed and depleted, for halogen-release

applications

* The plume centerline finite-cloud gamma (X/Q),

(a) undecayed, undepleted

(b) decayed, for noble-gas-release applications
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(c) decayed and depleted, for halogen-release

applications

* The sector-average finite-cloud gamma (X-/Q),

(a) undecayed, undepleted

(b) decayed, for noble-gas-release applications

(c) decayed and depleted, for halogen-release

applications

* The plume centerline decayed (D/Q), and

* The sector-average decayed (D/Q).

For intermittent and accidental releases, use is made of the
hybrid model described in the XOQDOQ code (Ref. 5) and in
Regulatory Guide 1.145. The model makes use of log-log plots of
the 1-hour plume centerline values [for the concentration (X/Q),
the gamma (X/Q) and the deposition factor (D/Q)] and their
corresponding sector-average values averaged over the
joint-frequency distribution, to compute 'hybrid' values at.
intermediate time intervals of interest. For intermittent
releases, the main parameters in the AEOLUS-3 output include the
time-averaged values listed above for the continuous releases
along with the following:

* The hybrid concentration (X/Q):

(a) undecayed, undepleted

(b) decayed, for noble-gas-release applications

(c) decayed and depleted, for halogen-release

applications

* The hybrid finite-cloud gamma (X/Q),

(a) undecayed, undepleted

(b) decayed, for noble-gas-release applications

(c) decayed and depleted, for halogen-release

applications

and

* The hybrid (D/Q).
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For accidental releases, the main output of the code includes

tables of hybrid values at the times of interest of undepleted and

undecayed concentration and gamma (X/Q)s and decayed (D/Q)s for

each sector independently and for the overall site. For elevated

releases, the output also includes concentration and finite-cloud

gamma (X/Q)s as would be applicable during fumigation conditions.

3.2 The Finite-Cloud Gamma (X/Q)

As pointed out above, the analytical models in AEOLUS-3 make

use of two dispersion parameters:

(a) The concentration (X/Q), which is used for the

determination of airborne concentrations at offsite

receptors of interest and the ensuing radiation

exposures due to immersion in semi-infinite clouds, and

(b) The gamma (X/Q), which is employed for the computation

of external gamma radiation exposures due to exposure

to finite clouds of radioactive material.

The manner in which these parameters are applied in the

assessment of offsite radiological impacts is presented below for

additional clarification.

By definition, the (X/Q), is a measure of the ground-level

relative airborne concentration of released radioactivity at a

given distance from the source. That is, if the release rate is

defined as Qi', then the airborne concentration at the receptor of

interest is:

Xi = Qi' (X/Q)C (Eq. 1)

where

xi = airborne concentration of radionuclide i (gCi/m3)

Qi -= release rate of radionuclide i to the atmosphere

(pCi/sec)

(X/Q)c = concentration dispersion factor (sec/m3).
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Exposure to this concentration could result in both

inhalation and external radiation exposures. If consideration is

given to a number of released radionuclides, the-basic equation

for thyroid dose exposure has the form:

Dthy' = (X/Q)c B Qi ' (DFT)i (Eq. 2)

i

where

Dthy' = thyroid dose rate (mrem/hr)

B = individual breathing rate (m3/hr)

(DFT)i = dose conversion factor for nuclide i (mrem per

gCi inhaled).

With respect to the computation of radiation doses from

external gamma radiation, two models may be employed:

* The semi-infinite cloud model, which is conservatively

applicable only for ground-level releases (a simplistic

model based on the assumption that the airborne

concentration at the receptor of interest is the same

everywhere), and

* The finite-cloud model, which takes into consideration

the actual plume dimensions, elevation above the

receptor, and gamma radiation spectra.

For the semi-infinite cloud model, the applicable equation

for whole body dose due to external gamma radiation is as follows:

Dwb' = (X/Q)c QO' (DFB)i (semi-infinite cloud) (Eq. 3)

i

where

Dwb' - whole body gamma dose rate (mrem/hr)

(DFB), = gamma dose-to-body conversion factor for

radionuclide i (mrem/hr per jJCi/m3)
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and the other parameters are as previously defined. The model has

two drawbacks:

* It could be overly conservative for receptors close to

the release point (for ground-level releases under stable

-conditions with limited plume dispersion) due to the fact

that the high concentration at the receptor location is

assumed to exist everywhere, and

* It is not suitable for elevated releases since gamma

radiation emanating from the radioactive cloud could

still reach a receptor on the ground even though the

plume is still aloft (i.e., even though the concentration

(X/Q) at ground level is equal to zero).

In the models that deal with the determination of external

gamma exposure from finite plumes, the equations contain complex

integrals representing the spatial distribution of the

radioactivity in the plume and the transmission of radiation

through air. The desire to have one form of equation which would

apply for both finite and semi-finite cloud models, has prompted

the definition of the wgamma (X/Q)", as described in detail in

Ref. 1 (Sec. 4.2). Indeed, through use of this parameter, the

finite cloud whole body gamma dose rate equation takes the form:

Dwb' (X/Q)g Z Qi' (DFB)i (finite cloud). (Eq. 4)

The form of this equation is identical to the semi-infinite

cloud equation above, the only difference being the replacement of

the concentration (X/Q) by the gamma (X/Q). Thus, physically

speaking, the gamma (X/Q) for a given finite cloud is numerically

equivalent to the relative concentration of a semi-infinite cloud

which will yield the-same gamma radiation exposure as the finite

cloud. Indeed, at distant receptors, where the plume dimensions

approach limiting conditions, the gamma (X/Q) equations reduce to
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those for the concentration (X/Q).

Note that the finite-cloud equation applies for both ground-

level and elevated releases, and that the gamma radiation spectrum

associated with the airborne radioactivity is properly accounted

for by the gamma (X/Q). Also, the concentration (X/Q)s and the

gamma (X/Q)s in the above equations represent either plume

centerline or sector-average values, the former being for

estimating short-term dispersion effects, and the latter for

dispersion during relatively longer periods of time.

3.3 The Murphly/Campe Dispersion Model

Murphy and Campe (Ref. 4) provide a number of atmospheric

dispersion equations in connection with their methodology for

designing nuclear power plant control room ventilation systems

which meet General Design Criterion 19. Their methodology has

been endorsed by the NRC and its use is recommended in the

Standard Review Plan (Ref. 20). Of particular interest is their

model for multi-point leakage from a building and a single point

receptor. According to this model, a special formula is used to

account for the increased dilution as a result of building wake

effects; and, in contrast to the regulatory models for distant

receptors, there is no limitation on the magnitude of the wake

effects.

Murphy and Campe also provide guidance as to the number of

22.5-degree wind direction sectors which result in receptor

exposure. The number of sectors to be selected depends on the

ratio of (x/dc), where x is the distance from the surface of the

building causing the wake and dc is the equivalent diameter of the

building. The relationship is approximately as follows:
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Approx. (x/dd) No. of Sectors
Ratio Leading to Receptor Exposure

0.00 - 0.37 10
0.37 - 0.50 8
0.50 - 0.63 7

0.63 - 0.83 6
0.83 - 1.25 5
1.25 - 2.50 4

> 2.50 3

AEOLUS-3 was programmed to accommodate partial implementation
of the Murphy/Campe building wake model. The difference between
AEOLUS-3 and the Murphy/Campe model is that in AEOLUS-3 use is
made of the actual meteorological data and of the other applicable
models for dispersion during accident conditions. In other words,
there is no need to rely on the wind-speed, wind-direction and
exposure-time adjustment factors in the Murphy/Campe methodology.

In short, AEOLUS-3 was programmed to accommodate the
Murphy/Campe building wake formula and to account for single
receptor exposure when the wind is blowing into more than one
sector. As described in Sec. 4.1.10 of Ref. 1, application of
this model requires activation of the valley model of the code for
the purpose of directing wind flow from many sectors into a single
sector (i.e., towards the receptor of interest). In addition, it
requires the definition of an up-valley or down-valley direction
(which includes the sectors leading to receptor exposure), using
as guidance the (x/d,) ratio in the table above. The receptor is
to be positioned within the 'valley' at the appropriate distance,
and the valley shape parameters are to be selected to represent
the valley as a flat terrain.

The Murphy/Campe model in AEOLUS-3 was used for the
determination of the dispersion factors which would govern the
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transfer of post-accident releases from the turbine building to

the outside-air intakes of the control room and of the TSC. See

Secs. 4.6.2 and 4.6.3 below for the assumptions and data employed

in its implementation.

3.4 Sea Breeze and Fumigation Conditions

Regulatory Guide 1.145 (Ref. 3) specifies that, for nuclear

power plants with stack releases, a fumigation condition should be

assumed to exist at the time of the postulated design-basis

accident. At JAF, a coastal site, fumigation conditions are

driven by sea breezes. The subsections which follow present a

discussion on the nature of sea breezes and their formation, a

brief description of the dispersion model, and the NRC position

regarding the directional dependence of fumigation with respect to

the shoreline.

3.4.1 The Nature of Sea Breezes

Sea breezes commonly occur during spring and summer along the

coastline. Because the land warms more rapidly than the water on

a sunny day, the air temperature over the land is often higher

than the temperature of the air mass over the water. Thus, when

the synoptic flow is generally weak, a circulation develops from

the water to the land at low levels and from the land to the water

aloft.

As described by Slade (Ref. 14, Sec. 2.3-5), during the

morning hours of a clear spring or summer day with light winds,

the sea breeze will begin as a gentle breeze. As the intensity of

the solar radiation increases, the breeze becomes stronger and

penetrates further inland, up to 15 to 20 miles. By midafternoon,

the sea breeze has developed to the greatest extent and begins to

weaken as the sun sinks. After the sun sets and the sea breeze

has dissipated, a land breeze frequently forms. The land breeze,
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which is usually weaker than the daytime sea breeze, is caused by

a water temperature which is higher than the temperature over the

land. The land breeze reaches its maximum development during the

winter.

The wind structure during a sea breeze is shown in Fig. 3.1.

The cold air over the water surface can be characterized as

stable. During an onshore wind, the cool and stable marine air is

heated from below by the land surface and becomes unstable in the

lower levels. The depth of the unstable layer increases with
inland distance until the marine inversion is destroyed. The

layer of unstable air beneath the marine inversion is known as the

thermal internal boundary layer (TIBL).

The importance of a TIBL in the behavior of effluents can best

be understood with the aid of Fig. 3.1 for releases above the

TIBL. The effluent plume is transported inland at a given height

above the ground surface. When the plume begins to intercept the

top of the TIBL the material in the plume is mixed rapidly

downward in the unstable air within the TIBL. This rapid downward

mixing is known as fumigation, and leads to ground level

concentrations which are higher than would otherwise be predicted.
As the TIBL continues to grow, more material is entrained until

the plume is entirely within the TIBL. At greater downwind

distances, the continued growth of the unstable layer provides a

greater mixing volume and the ground-level concentration begins to
decrease.

For releases which occur at ground-level, the material is

trapped within the TIBL. This lid limits the mixing depth for the
area around the site and can result in higher ground-level

concentrations.
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Fig. 3.1 - Typical Fumigation Plume During a Sea Breese
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3.4.2 Criteria for TIBL Formation

Criteria and meteorological conditions suitable for the

formation of TIBLs are as follows:

(a) TIBLs can occur only during spring and summer when the

land-water temperature difference is suitable. A sea

breeze season extending from April through September is

typical.

(b) TIBLs can occur only during daytime when there is

sufficient solar intensity (typically between 0800 and

1800 hours during the sea breeze season).

(c) The wind direction must be onshore with an overwater

fetch sufficiently long to stabilize the air mass. A

fetch of five to ten miles will result in a marine

inversion several hundred feet deep.

(d) The wind speed must be in an appropriate range. Too low

a wind speed will not support a TIBL. If the wind speed

is too high, mechanical turbulence will overcome any

thermal effects and a TIBL will not be formed. A range

of wind speeds between 2 and 10 (m/sec) characterizes the

conditions of interest.

(e) Solar radiation must be sufficiently strong since it is

the heating of the land which causes the development of a

TIBL (typically 0.35 Langleys/minute or more). This

magnitude of solar intensity occurs early and late on

bright days and is approximately 1/3 the peak midday

values during clear summer days.

3.4.3 TIBL Geometry

The best basis for defining the depth of the TIBL as a

function of inland distance is a field measurement program at the

site of interest. Visible tracers, turbulence measurements,

temperature soundings, and other techniques have been used at some
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sites to locate the interface between the TIBL and the stable
layer.

As described in Ref. 23 (ESEERCO, Eastern Lake Ontario On-
Shore Flow Field Study, Sec. 1.1.1), no studies have been made on
the formation of TIBLs specific to Lake Ontario. However, based
on studies conducted on the other Great Lakes (including Lake
Michigan and Lake Erie), Sigma Research Corporation (Ref. 25)
recommends that one of the following empirical (robust)

expressions be used to approximate the TIBL height (HTIBLI in
meters) as a function of inland distance (X, in meters):

OCD Model (Ref. 27)

HTIBL = 0.1 X when X < 2000 m
HTIBL = 200 + 0.03 (X -2000) when X > 2000 m
Hsu (Ref. 28)

HTIBL A X0 5

where

A = Over-land stability dependent constant equal to

4.9 for Class A

2.7 for Class B

1.7 for Class C and

1.2 for Class D.

These expressions are being referred to as robust in that they
are not apt to produce excessively large or small TIBL heights due
to variations in input data. TIBL heights as a function of
distance from the shore line are shown in Fig. 3.2. The OCD TIBL
height model is the most conservative (for releases initially
above the TIBL) and requires the user to determine only if
appropriate conditions for TIBL development exist. The Hsu model
is slightly less conservative and requires more detailed
assessment of the over-land stability. The OCD model has been
recommended (Refs. 23 and 25), and is used by Niagara Mohawk.
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3.4.4 Dispersion Model

Details on the atmospheric dispersion model for use during
fumigation conditions may be found in the AEOLUS-3 technical
manuals (Ref. 1), and in Regulatory Guide 1.145 (Ref. 3). For the
purposes of this calculation, it suffices to note the following:

(a) Plume rise effects under accidents conditions are not

allowed,

(b) The over-land atmospheric stability is F, and the wind

speed is 2 m/sec,

(c) The inversion layer is at the height of the stack, and
(d) The dispersion equations are for uniform vertical mixing

between the inversion layer and the ground.

3.4.5 Regulatory Position

Regulatory Guide 1.145 (Ref. 3) specifies that, for nuclear
power plants located at coastal sites (specifically, at a distance
less than 2 miles from large bodies of water, such as JAF), a
fumigation condition should be assumed to exist at the time of the
postulated design-basis accident. This requirement is in line
with that in Reg. Guide 1.111 (Ref. 2) for routine releases which
states that, for coastal sites, consideration should be given to
the characteristics of sea or lake breezes, the variation of the
mixing layer height with time and distance from the shore, and the
effects of shoreline bluffs or dunes.

According to Reg. Guide 1.145, fumigation conditions are to be
assumed at the time of the postulated design-basis accident. At
coastal sites, the duration of fumigation is 2 hours at the site
boundary (i.e., for the entire exposure interval), and 4 hours at
the Low Population Zone (LPZ).

This prescribed fumigation assumption is conservative in that
it does not consider the frequency and duration of fumigation
conditions as a function of airflow direction. However, as
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provided by the Reg. Guide, the assumption may be relaxed, "if

information can be presented to substantiate the likely

directional occurrence and duration of fumigation at a site".

Hence, as part of the present calculation, a review was carried

out of new information on onshore flows at the site (Refs. 23, 24

and 25). It was concluded that fumigation conditions need only be

considered for receptors at the site boundary and the LPZ, but not

for the outside-air intakes of the Control Room and the Technical

Support Center. Details are presented in Sec. 4.7.
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4. INPUT DATA AND ASSUMPTIONS

4.1 Meteorological Data Base
The meteorological data base used in the analyses consists of

8 years' worth of onsite hourly values collected by Niagara Mohawk
during calendar years 1985 through 1992. The data were collected
and verified in accordance with applicable NMP Procedures (Ref. 11
and 12) and were provided to CRE by Mr. Thomas Galletta of Nine
Mile Point #1.

The 8 data files (one for each year) were broken up into a
total of 96 monthly records for direct use by AEOLUS-3. A 2-line
header was added to the beginning of each file for identification.
This was followed by a 3-digit integer (in columns 1 - 3)
identifying the number of hourly records in the said file. Refer
to the AEOLUS-3 outputs in Attachment B for reference samples.

Each hourly record in the data files consists of two entry
lines, 80 columns each. The contents of each record are in line
with the NRC guidance in Regulatory Guide 1.23 (Ref. 29) and are
presented in the table which follows.
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CONTENTS OF EACH HOURLY METEOROLOGICAL RECORDPROVIDED AS INPUT TO AEOLUS-3

ColUmns Format D e a C r i p t i o n
LineI

1 - 6 I6 Identifier
7 - 8 F2.0 Calendar year9 - 11 F3.0 Julian day (1 to 365/366 days)12 - 13 F2.0 Hour (24-hr clock, 0 to 23)14 - 15 F2.0 Other (currently set as '00')

16 - 20 F5.1 Upper measurement level (200.0 ft)21 - 25 F5.1 Wind direction (degrees)26 - 30 F5.1 Wind speed (mph)31 - 35 F5.1 Sigma theta (degrees)36 - 40 F5.1 Ambient temperature (deg. F)41 - 45 F5.1 Moisture (not available)46 - 50 F5.1 Other (none available)

51 - 55 F5.1 Intermediate measurement level (100 ft)56 - 60 F5.1 Wind direction (degrees)61 - 65 F5.1 Wind speed (mph)66 - 70 F5.1 Sigma theta (degrees)71 - 75 F5.1 Ambient temperature (deg. F)76 - 80 F5.1 Moisture (not available)

Line 2

1 - 5 F5.1 Other interm.-level parameter (N.A.)
6-10 F5.1 Lower measurement level (30 ft)11 - 15 F5.1 Wind direction (degrees)16 - 20 F5.1 Wind speed (mph)21 - 25 F5.1 Sigma theta (degrees)26 - 30 F5.1 Ambient temperature (deg. F)31 - 35 F5.1 Moisture (not available)36 - 40 F5.1 Other (none available)

41 - 45 F5.2 Temp. diff. (upper - lower ) (deg. F)46 - 50 F5.2 Temp. diff. (upper - interm.) (deg. F)51 - 55 F5.2 Temp. diff. (interm. - lower) (deg. F)
56 - 60 F5.2 Precipitation (inches of water)61 - 65 F5.2 Solar radiation (not available)66 - 70 F5.2 Visibility (not available)71 - 75 F5.2 Barometric pressure (in of Hg)76 - 80 F5.2 Other (none available)
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The hourly entries of interest for each of the two release
points and the read formats provided as input to AEOLUS-3 are asfollows:

'Read' format for stack releases:
(6XF2.0,F3.0,F2.0,F2.0,5X,F5.1,F5.1/

4 0XF5.2,10XF1.0,4XF1.0)

'Read' format for turbine building releases:
(6XF2.0,F3.0,F2.0,F2.0/lOX,F5.1,F5.1,30X,F5.2,Fl.0,4X,,F1.0)

Parameters of Interest

SeQ.
____

Format D e s c r i p t i o n Line
____

Columns
…______

Stack Releases

1
2
3
4

F2.0
F3.0
F2.0
F2.0

5
6 F5.1

7
8
9

F5.2.
F1.0
F1.0

Turbine Building

Calendar year
Julian date
Hour of day
Month (not available)

200-ft wind direction
200-ft wind speed

Temp. diff (upper - lower)
Precipitation (not used)
Solar radiation (not used)

Calendar year
Julian date
Hour of day
Month (not available)

30-ft wind direction
30-ft wind speed
Temp. diff (interm - lower)
Precipitation (not used)
Solar radiation (not used)

1
11
1

1

2
2
2

41 - 45
56
61

7 - 8
9 - 11

12 - 13
14 - 15

21 - 25
26 - 30

1
2
3
4

F2.0
F3.0
F2.0
P2. 0

11
1

79
12
14

- 8
- 11

- 13
- 15

5
6
7
8
9

F5.1
P5.1
F5.2
P1.0
P1.0

1
2
2
2
2

11 - 15
16 - 20
51 - 55

56
61
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The hourly data extracted from the monthly records were
converted to the appropriate units by providing the following
multipliers as input to the code:

P a r a m e t e r Multiplier Final units

Wind speed 0.447 m/sec
Temperature diff. 0.5556 deg. C
Precip. (not used) 25.4 mm of water

The upper-limit entries in the data base acceptable as valid
observations were set at 540 degrees for the wind direction, 67.1
mph (or 30 m/sec, from Sec. 4.2) for the wind speeds, 20 0 F for
the temperature differences, and 9.9 units for precipitation and
solar radiation.

4.2 Joint Frequency Distributions
One of the functions of AEOLUS-3 is to convert the input

hourly meteorological data to joint frequency distributions for
use in the computation of the dispersion parameters. In the
analyses documented in this calculation, two sets of
joint-frequency distributions were prepared, one for each of the
two release points of interest (namely the main stack and the
turbine building). The tower data and other variables used in
each case were as follows:

Stack Releases

* Wind speed and wind direction as measured at the
200 ft elevation of the meteorological tower

* Temperature difference as measured between the 200 ft and
30 ft elevations (sensor separation = 170 ft = 51.82 m)
(Use of these elevations is in line with the guidance in
ANSI/ANS Standard 2.5, Ref. 9, Sec. 4)
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Turbine Building Releases

* Wind speed and wind direction as measured at the

30 ft elevation of the meteorological tower

* Temperature difference as measured between the 100 ft and

-30 ft elevations (sensor separation = 70 ft = 21.34 m)
[See Note at the end of this subsection regarding the

classification of stability for ground-level releases.]

The file hourly data on wind variability, rainfall, solar

radiation, temperature and pressure were not used.

The wind speeds were classified into 11 groups, as defined in

the following table:

CLASSIFICATION OF WIND SPEEDS

Wind speed Wind speed range Median Speed
Group < (M/sec) < (r/sec) (mph)

…_________ ---------------- ------- -----

1 0.0 - 0.268 0.134 0.30
2 0.268 - 0.5 0.384 0.86
3 0.5 - 1.0 0.75 1.68

4 1.0 - 2.0 1.5 3.36
5 2.0 - 3.0 2.5 5.59
6 3.0 - 5.0 4.0 8.95

7 5.0 - 7.5 6.25 13.98
8 7.5 - 10.0 8.75 19.57
9 10.0 - 15.0 12.5 27.96

10 15.0 - 20.0 17.5 39.15
11 20.0 - 30.0 25.0 55.93

Group 1 was reserved for calms, i.e., for all observations

where the wind speed was less than the starting threshold of the

wind vane (0.268 m/sec, or 0.6 mph). Calms were assigned a wind

speed equal to half the vane starting speed and were distributed

(by AEOLUS-3) to the 16 direction sectors in proportion to the
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distribution of observations in the second wind speed group for

each stability.

Note that the wind speed classification contains a finer mesh

at the low end of the wind speed range. This is because it is the

low wind speed observations which eventually dictate the values of

the dispersion parameters to be used in the assessment of

design-basis accidents. The selected distribution is in line with

the guidance in ANSI/ANS Standard 2.5 (Ref. 9).

The joint-frequency distributions are not of interest in this

calculation and will not be addressed any further. They may be

found in the AEOLUS-3 outputs in Attachment B, Run Cases 1 and 9,

output pages 13 through 15.

Note - Stability Classification for Ground-Level Releases

Proposed Reg. Guide 1.23 (Ref. 30) states that at coastal

sites the primary meteorological tower should be in such a

location that the upper measuring level is within the TIBL during
onshore flow conditions, while still maintaining a 50-m separation

between measurement levels. At NMP/JAF, the meteorological tower

does not meet these criteria, and TIBLs typically intercept the
tower. Hence, use of the temperature difference between the 200-

ft and 30-ft elevations of the tower for the classification of

near-ground atmospheric stabilities (i.e., under the TIBL) is not

appropriate.

A detailed analysis of the onshore flows at the NMP/JAF site
appears in Ref. 23. Sec. 2.5 of that reference recommends that

for near-ground releases use should be made of the sigma-theta

method from either the 2 to 10 m micrometeorological tower, or the
30 ft level of the main tower. This recommendation was based on

examination of the correspondence between "objectively determined"

stability classes (based on solar radiation and wind speed during

the day, and temperature difference between the 2 and 10 m of the
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micrometeorological tower at night) and those determined using

other information from the main tower. The correspondence

referred to (summarized from data in Ref. 23) is- as follows:

Frequency of Occurrence (%)
Stability
Class

A
B
C
D
E
F

A, B, C
D
E,F

Case 1

4.3
16.9
16.7
22.0-
18.0
21.4

37.9
22.0
39.4

Case 2 *Case 3

3.3
9.2

35.2
27.6
20.2
4.4

47.7
27.6
24.6

26.0
4.5
4.5

28.0
23.7
12.6

35.0
28.0
36.3

Case 4

8.5
4.5
5.6

39.4
26.6
13.9

18.6
39.4
40.5

Case 1: Objectively determined
Case 2: Sigma-theta at the 30-ft level of the main tower

(Ref. 23, Table 2.15)
Case 3: 100-ft to 30-ft temperature difference (Ref. 23,

Table 2.18)
Case 4: 200-ft to 30-ft temperature difference (Ref. 23,

Table 2.19)

Review of the above results shows that both Cases 2 and 3 (and

not only Case 2 as recommended in Ref. 23) have reasonable

correspondence with Case 1. In fact, Case 3 matches better the

objectively determined stabilities when the classification is

based on unstable (classes A, B and C), neutral (class D), and

stable (classes E and F) conditions. In addition, Case 2

significantly underestimates the most critical atmospheric

stability for short-term (accidental) releases (namely, class F).

Based on the above, the temperature difference between the

100-ft and 30-ft elevations of the tower was used for the

classification of atmospheric stability for near-ground releases.
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4.3 Wind Speed Extrapolation Coefficients

In AEOLUS-3, the extrapolation of wind speeds from the height

at which the measurements are taken to the height of interest is

accomplished through use of the equation:

Unew = Uold (haew/hold)

where

ups, = extrapolated wind speed (m/sec),

Uold = measured wind speed (m/sec),

hold = height of instruments (ft or m above station

grade),

ha,= height of interest (ft or m above station grade),

and

q = stability dependent power coefficients.

All parameters (except q) are user-specified. As for the

power coefficients, the user has the option of either providing

his/her own data or letting the code default to the following

built-in values (as used in the XOQDOQ and PAVAN computer codes,

Refs. 5 and 13):

q = 0.25 for Pasquill stabilities A, B, C and D, and

q = 0.50 for Pasquill stabilities E, F and G.

In the current application, it is these values which were

used in the above equation to extrapolate the wind speeds measured

at the upper instrument level of the meteorological tower (200 ft

above grade) to the release height of the main stack (385 ft above

grade).
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4.4 Mixing Depths

Vertical diffusion of plumes is inhibited by the existence of

a stable atmospheric layer (an elevated inversion) aloft. The

extent of vertical mixing is reduced in such cases and the stable

layer can be considered as an effective lid on the vertical

transport of pollutants.

The impact of such a lid on the relative ground

concentrations becomes significant only in cases where the plume

vertical standard deviation (sigma z) is of the same order of

magnitude as the mixing depth. Such situations typically occur

with unstable conditions, and as a result the presence of the lid

has practically no effect on the short-term accident (X/Q)s which

are representative of stable conditions. (Note: Uniform vertical

mixing is attained when sigma-z is approximately twice the mixing

depth.)

Although there are many hours in any given year which are

characterized by unlimited mixing depths, AEOLUS-3 can only

accommodate a single average mixing depth for the entire period

represented by the joint frequency distributions. In the present

calculation, this mixing depth was set equal to 600 m. Typical

annual average values at the JAF site range between 630m during

the morning hours and 1275 m in the afternoon (from Ref. 6, for

Buffalo, NY; see Attachment A for pertinent excerpts). The

selected value of 600 m is conservative. Its overall impact on

the accident (X/Q)s is negligible.
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4.5 Release Points and Associated Parameters

As noted earlier, there are two potential post-accident

release points at JAF: the main stack and the turbine building.

For releases from the turbine building, the time-dependent

dispersion parameters dictating the transport of released

radioactivity to the outside-air intakes of the control room and

of the technical support center were computed (by AEOLUS-3) using

the Murphy/Campe model described above in Sec. 3.3. For

application of this model, it was necessary to convert the

rectangular turbine building into a cylinder with the same

cross-sectional area (top view). The height of the cylinder was

set equal to that of the actual building and the vertical

cross-sectional area of the cylinder causing building-wake effects

was set equal to the product of the diameter times the building

height. The equivalent cylinder was centrally located with

respect to the turbine building.

Data for these two release points were extracted from JAF

Drawing 11825-FA-2G and Fig. F-1 of the JAF ODCM (Ref. 8); they

are presented below along with other pertinent information and

assumptions. Portions of the drawings are included at the end of

this subsection for reference (Figs. 4.1 - 4.3).
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DATA PERTINENT TO THE RELEASE POINTS OF INTEREST

Stack Releases -

All Receptors
Release elevation
Grade elevation
Release height
Adjacent building

wake effects
Plume rise effects

656'-6"
271'-6"
385 ft = 117.3 m above station grade

None
None assumed

Turbine Building Releases

Site Boundary and LPZ
(Reg. Guide 1.145 Model)

East/West Projection
(Turbine Building)
Release height : Ground
Building height 380 ft - 272 ft = 108 ft = 32.9 m *
Cross-sect. area 275 ft x 108 ft = 29,700 sq ft

= 2759 sq m

North/South Projection
(Reactor Building)
Release height Ground
Building height 434.8 ft - 272 ft = 162.8 ft = 49.6m
Cross-sect. area 151 ft x 162.8 ft = 24,580 sq ft

= 2284 sq m *

* Conservatively selected for use with all direction sectors

Control Room and TSC
(Murphy/Campe Model)

Release height
Building height
Building equiv.
diameter

Building equiv.
projected area

: Ground
: 380 ft - 272 ft = 108 ft = 32.9 m

2.0 x [(275 x 130)/3.14159]°5
= 213.35- ft = 65.0 m

108 ft x 213.35 ft = 23,040 sq ft
= 2140 sq m
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4.6 Receptor Locations and Relative Elevations

4.6.1 Site Boundary and Offsite Receptors

The tables which follow present data pertinent to the

site boundary and other offsite receptors for releases from the

main stack and from the turbine building. These tables were

prepared using the following data and assumptions:

(a) For stack releases, the site boundary distances are

measured from the main stack; for turbine building

releases, the distances are measured from the outer

surface of the building.

(b) In line with the guidance in Regulatory Guide 1.145 for

accidental releases, the site boundary distance for

each of the 16 sectors refers to the shortest distance

from the release point (stack or building surface) to

the boundary within a 45-degree sector centered on the

compass direction of interest. These distances were

determined using the JAF Site Plan on Drawing 11825

FY-2A.

(c) For sectors leading to the shoreline, the site-boundary

distances were set equal to 975 m, the shortest site

boundary distance on land.

(d) For stack releases, analyses at offsite receptors were

carried out not only at the LPZ (3.4 miles), but also at

1.7, 4, 4.5 and 5 miles from the plant. The analyses at

the non-LPZ distances were carried out to examine if the

concentration (X/Q)s for stack releases peak at

distances beyond the LPZ. At JAF, the potential of

such a situation is enhanced by the presence of hills

which rise to about 240 ft above plant grade at about 5

miles south of the plant.
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(e) Terrain elevations were determined by examining the

site topography maps (Drawing 11825 FY-12B, Sheets 1 -
9) and the pertinent geodetic survey maps for the area

(Ref. 10). In line with the requirements in Regulatory

Guide 1.111 (Ref. 2), the final entries in the tables

refer to the highest elevation (m above station grade)

between the release point and the given receptor. For

ground level releases, the terrain elevation has no

impact on the final results and is set equal to 0.

Note that receptor locations at the site boundary and beyond

were determined to be subject to fumigation conditions at the time

of a postulated design-basis accident, as prescribed by Regulatory

Guide 1.145. This is discussed further in Sec. 4.7.
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JAF - SITE BOUNDARY DISTANCES AND TERRAIN ELEVATIONS
RELATIVE TO STATION GRADE

Downwind
Sector

Stack Releases
_________________

S.B. Terrain
Dist. Elevat.
(m) (m)

Turbine Bldg Rel.
_________________

S.B. Terrain
Dist. Elevat.
(m) (m)

N
NNE
NE
ENE

E
ESE
SE
SSE

S
SSW
SW
WSW

W
WNW
NW
NNW

975*
975
975
975

975
975
975

1290

2040
2040
2040
1635

975
975
975
975

0
0
0
0

975
975
975
975

4
6

12
18

15
10
10
6

0
0
0
0

975
975

1090
1330

2220
2220
2140
1040

975
975
975
975

0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0

* For sectors leading to the shoreline, use was
shortest on-land site boundary distance.

made of the

Note: For the assessment of accidental releases, as specified
in Regulatory Guide 1.145, the site boundary distance for
each of the 16 sectors refers to the shortest distance
from the release point (stack or building surface) to the
boundary within a 45-degree sector centered on the compass
direction of interest.

Also, in line with the requirements in Regulatory Guide
1.111, terrain elevation-in this table refers to the
highest elevation (m above station grade) between the
release point and the given receptor. For turbine building
releases, which are at ground-level, the plume is assumed
to follow the terrain and terrain height is not employed.
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JAF - OFFSITE TERRAIN ELEVATIONS RELATIVE TO STATION GRADE

Downwind
Sector

Terrain Elevations (n) at Specified Distance*
…_______________________________________________

1.7 m$ 3.4 m$ 4.0 m$ 4.5 m$ 5.0 m$
______ ----- … ------ ---- -- - -----

N
NNE
NE

*ENE

0
0
0
0

E
ESE
SE
SSE

11
12
17
18

0
0
0
0

11
12
40
58

60
45
30
6

0
0
0
0

0
0
0
0

11
12
40
58

68
63
30
6

0
0
0
0

0
0
0
0

11
12
42
58

73
63
39
6

0
0
0
0

0
0
0
0

11
12
52
58

73
63
39
6

0.
0
0
0

S
SSW
SW
WSW

21
15

9
6

W
WNW
NW
NNW

0
0
0
0

* Terrain elevations in this table refer to the highest
elevations (m above station grade) between the release
point and the given receptor (Reg. Guide 1.111 requirement)

Note: The LPZ is at 3.4 miles
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4.6.2 Control Room Outside-Air Intakes

The primary outside-air intake of the control room is located

on the roof of the administration building (Hood.#3, Drawing

11825-FA-16B, coordinates V-9.6, approximately). The roof

elevation is 322 ft and the intake vent is at El. 326 ft

(approximately, from Drawing 11825-FA-1G).

The control room is also equipped with a secondary intake

located on the west side of the administration building (at

approximate coordinates B-9.7 and Elev. 305'-60, from Drawings

11825 FB-32G and FB-32K, vertical section 15-15). Due to its

location, the potential concentrations of radioactivity at this

intake are expected to be lower than those on the roof of the

building. Hence, no further consideration was given to this

intake, and outside-air intake into the control room will be

assumed to be from the primary vent.

Data pertinent to the control room primary intake with

respect to the two release points are presented below.

Stack Releases

With respect to the main stack, the CR primary outside-air

intake is at an approximate distance of 608 ft (185 m). This

distance was determined from Fig. F-2 of the JAF ODCM (Ref. 8)

which places the stack at Mercator coordinates (E 549100, N

1282950) and the CR intake at approximately (E 549000, N 1283550),

the distance between the two points being [(549100 - 549000)2 +

(1283550 - 1282950)2]0.5 = 608 ft.

From Sec. 4.4, the grade elevation at the main stack is

271'-60. Hence the elevation of the air intake with respect to

the stack grade is (326 - 271.5) = 54.5 ft = 17 m (approx.).

It was determined that the CR outside-air intake is not

affected by the fumigation conditions assumed to prevail at the

time of a postulated design-basis accident (as prescribed by Reg.

Guide 1.145). This is discussed further in Sec. 4.7.
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Hence, the applicable dispersion model for stack releases and

the CR intake is the standard straight-line Gaussian. However, in

order to accommodate short-term plume meandering.and looping

effects (which are not accounted for by the straight-line Gaussian

diffusion model), the actual location of the CR air intake vent

with respect to the stack was ignored, and the intake was

conservatively placed at that distance from the stack (and at 17 m

above grade) where the concentration of stack releases would peak.

This distance was determined iteratively using the straight-line

Gaussian model along with an exceedance probability of 5% and all

sectors combined (i.e., with all wind directions blowing toward

the CR intake). The set of distances employed in the analysis

were as follows:

* 185 m (the actual stack-to-CR distance),

* 403, 405 and 407 m (to determine the peak),

* 600m,

* 800m,

* 1000m, and

* 1200m.

Turbine Buildinci Releases

As noted in Sec. 4.5 for releases from the turbine building

and nearby receptors, the rectangular turbine building was

converted into a cylinder with the same cross-sectional area (top

view) for use in the Murphy/Campe dispersion model. The cylinder

was centrally located with respect to the turbine building, and

the diameter (dr) of the equivalent cylinder was determined to be

213.4 ft = 65 m.

From the diagram at the end of this subsection, the projected

horizontal distance of the control room primary intake from the

center of the turbine building is (275/2) + 63.5 = 201 ft. Hence,

the corresponding distance from the cylindrical surface is
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x = 201 - (213.4/2) = 94.3 ft = 28.7 m.

From the above, the (x/dc) ratio in the application of the

Murphy/Campe model is (28.7 / 65) = 0.44. Hence, -from the

tabulated data in Sec. 3.3, it is seen that the number of

wind-direction sectors which should be assumed to contribute to

the airborne concentrations at the CR intake is 8. Due to the

symmetry between the turbine building and the CR intake, the

number of sectors was conservatively increased to 9. That is,

transfer of turbine building releases will be assumed to be

transported toward the control room intake whenever the wind is

blowing from the W, WNW, NW, NNW, N, NNE, NE, ENE and E.

The source/receptor geometry for this case, and excerpts from

pertinent JAF drawings are shown in Figs. 4.4 through 4.9 which

follow.
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4.6.3 TSC Outside-Air Intake

The outside-air intake of the technical support center is

adjacent to the secondary CR intake supply (at the same elevation,

305'-60, and at coordinates B-10.5, approx. 20 ft away from the CR

intake). Data pertinent to this intake with respect to the two

release points are presented below. Refer to Fig. 4.7 in Sec.

4.6.2 for details.

Stack Releases

With respect to the main stack, the TSC outside-air intake is

at an approximate distance of 642 ft (196 m). This distance was

determined from Fig. F-2 of the JAF ODCM (Ref. 8) which places the

stack at Mercator coordinates (E 549100, N 1282950) and the TSC

intake at approximately (E 548935, N 1283570), the distance

between the two points being [(549100 - 548935)2 + (1283570 -

1282950)2]o-5 = 642 ft.

From Sec. 4.4, the grade elevation at the main stack is

271'-60. Hence the elevation of the air intake with respect to

the stack grade is (305.5 - 271.5) = 34 ft = 10 m (approx.).

As was the case for the CR, it was determined that the TSC

outside-air intake is not affected by the fumigation conditions

assumed to prevail at the time of an accident. This is discussed

further in Sec. 4.7. Similarly, in order to accomodate short-term

plume meandering and looping effects, the actual location of the

TSC air intake vent with respect to the stack was ignored, and the

intake was conservatively placed at that distance from the stack

where the concentration of stack releases would peak. As a

simplication, the elevation of the intake above grade was

conservatively increased from l0m to 17m to match that of the CR

intake vent, such that the (X/Q)s computed for the CR intake vent

would also apply to those for the TSC intake. Refer to Sec. 4.6.2

for further details.
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Turbine Building Releases

In similarity to the control room analysis in Sec. 4.6.2, the

diagram which follows shows the overall source/receptor geometry

for TB releases and the TSC outside-air intake. Note that the

projected horizontal distance of the intake from the center of the

turbine building is [{(275/2)+39)2 + 652]o05 = 188.1 ft. Hence, the

corresponding distance from the cylindrical surface is x = [188.1

- (213.4/2)] = 81.4 ft = 24.8 m.

From the above, the (x/dc) ratio in the application of the

Murphy/Campe model is (24.8 / 65) = 0.38. Hence, from the

tabulated data in Sec. 3.3, it is seen that the number of

wind-direction sectors which should be assumed to contribute to

the airborne concentrations at the TSC intake is 8. Based on the

source/receptor geometry shown below, transfer of turbine building

releases will be assumed to be transported toward the TSC intake

whenever the wind is blowing from the W, WNW, NW, NNW, N, NNE, NE

and ENE.

The source/receptor geometry for this case is shown in Fig.

4.10.
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4.7 Fumigation Conditions

The results of analyses documented in Ref. 24 show that the

southeastern Lake Ontario shoreline is under the. influence of

strong fumigation conditions over 15% of the time during May, June

and July. On an annual basis, fumigation conditions are noted

approximately 5.4% of the time. The best meteorological

conditions for fumigation occur during the spring and early

summer, and are limited, mainly, to daylight hours. Hence, the

NRC requirement that fumigation conditions be assumed to prevail

at the time of a design-basis accident is appropriate.

Nonetheless, as noted in Sec. 3.4.5, review and assessment of

new information on onshore flows at the site (Refs. 23, 24 and

25), lead to the conclusion that fumigation conditions need only

be considered for receptors at the site boundary and the LPZ, but

not for the outside-air intakes of the Control Room and the

Technical Support Center. This determination was based on the

following:

(a) Review of the onshore wind directions which can support a

sea breeze condition, and

(b) Assessment of the TIBL height at the JAF stack (to

determine whether the stack penetrates the TIBL).

Details are presented in the subsections which follow.

4.7.1 Onshore Wind Directions for Sea Breeze Conditions

Review of readily available literature showed that there exist

various sets of wind direction ranges which can be classified as

onshore flows and which can support the formation of TIBLs at the

NMP/JAF site, as follows:

(a) 270-40 degrees (through N) for onshore flows, and 325-15

degrees for fumigation (ESEERCO, Ref. 23, pg 1-14)

(b) 240-69 degrees for onshore flows (ESEERCO, Ref. 24, pg 8)
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(c) 245-65 degrees for onshore flows, and 270-55 degrees for

fumigation (NMP criteria, personal communication).

Refer to Fig. 4.11 for a view of the area out to 50 miles and

the wind direction ranges listed above.

Since the JAF CR and TSC outside-air intakes are almost

directly N of the stack (see Fig..4.9), and the potential of

having a fumigation condition with a S wind is non-existent, it is

obvious that fumigation conditions need not be considered in the

radiological analyses for the CR and TSC.

However, fumigation conditions can affect the worst-receptor

locations at the site boundary (in the SE sector, from AEOLUS-3

Run Case #1, pg 34) and at or near the LPZ (in the S sector, from

AEOLUS-3 Run Case #4, pg 14). This is discussed further in Sec.

4.7.2.
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4.7.2 TIBL Heights and Stack Releases

As noted in Sec. 3.4.3, the OCD model (Ref. 27) provides a

simple (and preferred) formula for definition of the TIBL height

as a function of inland distance. For a TIBL height equal to the

JAF stack (117.3 m), the OCD formula requires a distance of 1173 m

from the shoreline. [Note: The corresponding distances based on

the Hsu formulas are 573 m, 1887 m, 4761 m and 9555 m for near-

ground stabilities A, B, C and D, respectively.]

From JAF Drawing 11825-FY-2A, the closest distance from the

JAF stack to the shoreline is 378 m (approximately). The compass

directions along which the overland distance to the shoreline is

equal to 1173 m are 276 degrees (in the W sector) and 67 degrees

(in the ENE sector). Hence, under the assumption that the OCD

formula is reasonably accurate, the majority of fumigation

conditions [which, can occur with onshore flows between 270 and 55

degrees (the widest range from Sec. 4.7.1)], the TIBL would

intercept the main stack. Under these conditions, releases from

the stack will be into the stable layer above the TIBL, and would

be carried further inland (and farther away from the CR and TSC

intakes). Eventually, the releases would intercept the TIBL and

fumigate to the ground, as shown in Fig. 3.1. The discussion

which follows addresses the offsite receptors.

Site Boundary

From JAF Drawing 11825-FY-2A, the shortest distance from the

shoreline to the site boundary (which includes the stack

centerline) was determined to be about 1620 m (in the ESE sector

from the stack). At such a distance, the OCD formula predicts a

TIBL height of 162 m. That is, stack releases along this

direction under fumigation conditions would initially be above the

TIBL, would intercept the TIBL within about 570 m, and would then

fumigate down toward the receptor. In short, the prescribed
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assumption for fumigation conditions at the time of the postulated

design-basis accident is appropriate for receptors at the site

boundary.

As a simplification, fumigation conditions were assumed to be

applicable to all receptors at the site boundary, and the TIBL

height was set equal to the height of the stack (as specified in

Reg. Guide 1.145).

LPZ

From Sec. 4.7.1, the worst-receptor location beyond the site

boundary is in the S sector, at 4 miles (6473 m) from the stack,

or 6850 m from the shoreline. The TIBL height at this distance

(based on the OCD formula) would be about [200 + 0.03 x (6850 -

2000)] = 346 m. This is well above the stack height, and the

conclusions arrived at for the site boundary are also applicable

at the LPZ. Note that the simplification of ignoring the increase

of TIBL height with distance from the shoreline (and setting it

equal to the stack height) yields results which are conservative

by about a factor of 3.5.
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4.8 Radionuclide Inventory

As noted above in Sec. 3.2, the gamma (X/Q) is a function of

the radionuclide mix in the released cloud. However, the

variation in the gamma (X/Q) is small in relation to the change in

the energy spectrum. In general, the relationship between gamma

(X/Q)s and gamma energies is as follows:

(a) For ground level releases, the gamma (X/Q) increases

(slightly) with decreasing energy; this is because

the gamma-ray mean free paths in air decrease with

decreasing energy and therefore the semi-infinite cloud

conditions are attained within a shorter distance.

[Note: For a ground-level release, a twenty-fold

decrease in gamma energy (from 2 MeV to 0.1 MeV) leads

to an approximate increase in the gamma (X/Q) by a

factor of only 2; see Ref. 14, Sec. 7-5.2.3].

(b) For elevated releases and elevated plumes, on the other

hand, and for cases where the ground concentration is

negligible, the gamma (X/Q) for an elevated plume would

increase with increasing energy, since the mean free

paths in air would also increase and more gamma photons

would reach the ground. However, if the plume is

not high enough and the ground concentration is not

negligible, the gamma (X/Q)s may either increase or

decrease with increasing energy.

One of the objectives of this calculation was to provide

gamma (X/Q)s which can be conservatively applied to all potential

DBA releases and at all times following the accident. As a

result, test runs were carried out using a DBA LOCA mix following

various decay times, and also for Xel33 alone (the long-lived

noble gas nuclide of primary interest). The results are

documented in Sec. 5. The table which follows presents the LOCA

mix following 0, 1 day, 4 days and 15 days of radioactive decay.
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The t=O mix was extracted from Ref. 15, and the decayed activities

were calculated using the CRE ALLEGRA computer code (Ref. 16); the

ALLEGRA output appears in Attachment B.

4.9 Time Intervals of Interest

It is standard practice to compute post accident radiation

exposures by assuming selected atmospheric conditions to prevail

during specified time intervals. As noted in Sec. 3.1, the model

in AEOLUS-3 (which is based on Regulatory Guide 1.145) makes use

of the 1-hour plume centerline values (for the concentration

(X/Q), the gamma (X/Q) and the (D/Q)) and their corresponding

sector-average values averaged over the joint-frequency

distribution to compute 'hybrid' values at intermediate values of

interest. These intermediate time values are user specified and,

in this application, were selected to be as follows:

2 hours - For use during the first 2 hours of a release

(turbine building releases and receptors at

the site boundary, only) (Note: these are

numerically equal to the 1-hour (X/Q)s, as

specified in Regulatory Guide 1.145.)

4 hours - For use during the 4-hour time interval from

4 hours to 8 hours, following the end of

fumigation conditions (stack releases and

receptors at the LPZ)

8 hours - For use during the first 8 hours of a release

(stack releases and receptors in the CR and TSC;

turbine building releases and receptors at the

LPZ, CR and TSC)

16 hours - For use during the 16-hour time interval from 8

to 24 hours (all types of releases, and exposure

intervals in excess of 8 hours)
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72 hours - For use during the 3-day time interval from 1

to 4 days, (all types of releases, and exposure

intervals in excess of 1 day) .

624 hours - For use during the 26-day time interval from 4

to 30 days (all types of releases, and exposure

intervals in excess of 4 days)

These time intervals are in line with the guidance in

Regulatory Guide 1.3 (Ref. 17), in Ref. 13 (pg 3) and in Ref. 4

(Table 1). For convenience, the time values listed above were

used in all the AEOLUS-3 computer runs. Only the applicable

results were then extracted from the computer outputs.

Note that for stack releases, and as required by Regulatory

Guide 1.145, fumigation conditions (characterized by Stability F

and 2 m/sec) must be assumed to prevail for the first 4 hours

following a design-basis accident. Values for these conditions

are included in the AEOLUS-3 output. Since fumigation conditions

were determined not to be applicable for the CR and TSC, only the

fumigation values at the site boundary and LPZ are of interest in

the calculation.
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Relative Concentrations Following Given Decay

Nuclide
_______

0 hours I day
_________

4 days
_________

15 days
_________

Kr 83m
Kr 85
Kr 85m

Kr 87
Kr 88
Kr 89

Xel3lm
Xe133
Xel33m

Xe135
Xel35m
Xe137
Xe138

7.952E+06
7.643E+05
1.707E+07

3.275E+07
4.639E+07
5.770E+07

4.010E+05
1.401E+08
5.843E+06

1.810E+07
2.641E+07
1.230E+08
1.169E+08

8.965E+02
7.643E+05
4.167E+05

6.822E+01
1.323E+05
.OOOE+00

3.783E+05
1.234E+08
4.258E+06

3.025E+06
.OOOE+00
.OOOE+00
.OOOE+00

.OOOE+00
7.639E+05
6.059E+00

.OOOE+00
3.068E-03
.OOOE+00

3.177E+05
8.387E+07
1. 647E+06

1.247E+04
.OOOE+00
.OOOE+00
.OOOE+00

.OOOE+00
7.624E+05
.OOOE+00

.OOOE+00

.OOOE+00

.OOOE+00

1.674E+05
1.984E+07*
5.065E+04

.OOOE+00

.OOOE+00

.OOOE+00

.OOOE+00

* Note the prevalence of Xel33 with increasing decay time.

I
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5. ANALYSIS AMD RESULTS

Atmospheric dispersion factors were computed using the

AEOLUS-3 computer code along with the data and assumptions

described in Sec. 4 of this calculation. The overall effort

included a total of 20 final computer runs, and consisted of the

following:

(a) Test runs for the selection of the appropriate

post-accident radionuclide mix (namely, a pure Xel33

source),

(b) Test runs for identification of the worst-case receptor

beyond the LPZ,

(c) Test runs to define the distance from the stack where

concentrations (at an elevation above grade equal to that

of the CR intake) would peak, with that distance becoming

the assumed distance for the CR and TSC intake vent

locations, and

(d) Final implementation runs for the selected radionuclide

mix and the receptors of interest.

A listing of the various computer cases analyzed appears in

Attachment B along with copies of the computer outputs. The

subsections which follow present:

- Summary tables of the results,

- A comparison of the concentration (X/Q)s with those in

the UFSAR and in the Safety Evaluation Report, and

- An assessment of the radionuclide mixture on the gamma

(X/Q)s and selection of Xel33 as the representative

nuclide for all releases and post-accident decay times.

5.1 Final Results

Results are presented in the tables at the end of this

subsection for different sets of sector combinations as described

below. Selection of these combinations was based on the guidance
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in Regulatory Guide 1.145 (Ref. 3) which can be summarized as

follows:

(a) "Using the (X/Q) values calculated for each hour of data

... , a cumulative probability distribution of (X/Q)

values should be constructed for each of the 16 sectors.

Each distribution should be described in terms of

probabilities of given (X/Q) values being exceeded in

that sector during the total time. For each of the 16

... (distributions), the (X/Q) value that is exceeded 0.5

percent of the total number of hours in the data set

should be selected. ... The highest of the 16 sector

values is defined as the maximum sector (X/Q) value."

(b) "Using the (hourly) (X/Q) values ... , an overall (site)

cumulative probability distribution for all directions

combined should be constructed. ... The ... (X/Q) value

that is exceeded 5 percent of the time should be selected

(c) "The (X/Q) value ... for evaluation(s) should be the

maximum sector (X/Q) ... or the 5 percent overall site

(X/Q) ... , whichever is higher."

In the current calculation, the general NRC guidance above was

adapted as follows:

(a) For both stack and TB releases and receptors at the site

boundary and the LPZ, identification of the "maximum

sector" (X/Q) was limited to the sectors with on-land

receptors (namely ENE, E, ESE, ... WSW for the site

boundary, and E, ESE, ... WSW for the LPZ); it is

identified as the "Maximum On-Land Sector" in the tables

which follow. The final (X/Q) selection was then based
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on a comparison of the "Maximum On-Land Sector" (X/Q)

with the direction-independent "Overall Site" (X/Q), the

latter including both on-land and over-water receptors.

Results for the maximum sector (at the 0.5% exceedance

probability, identified as the "Maximum Sector Overall"

for clarity) are presented for information only and were

not used in the analysis.

(b) For stack releases and the CR and TSC intakes, the

analysis was based on the assumption that winds from all

directions would be blowing towards the intakes; i.e.,

the overall-site model and its associated 5% exceedance

probability were invoked. Concentration (X/Q)s were

determined for a number of distances from the stack, and

the worst-case results were selected.

(c) For TB releases and the CR and TSC intakes, where

radioactive effluents are assumed to be transported

toward the intakes with the wind blowing from any of 9

sectors for the.CR and 8 sectors for the TSC, the

"maximum sector" was selected to be the single sector

representing the combination-of sectors. The exceedance

probability level was set at 5%, similar to the "Overall

Site" model, and the "Overall Site" model was ignored.

In addition to the above, and as described in Sec. 4.7 of this

calculation, fumigation conditions were assumed to apply only for

receptors at the SB and the LPZ. Summaries of the concentration

and finite-cloud gamma (X/Q)s (for a pure Xel33 source) are

presented in tabular form on the pages which follow. They were

prepared by extracting the pertinent information from the AEOLUS-3

outputs in Attachment B. Specifically, refer to the following

computer runs and output pages for the selected entries:
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AEOLUS-3
Run No. D e s c r i p t i o n Output Page (s)

______________

Case #1 Stack release - Site boundary 33, 34, 38, 39

Case
Case
Case
Case
Case

#2
#3
#4
#5
#6

Stack release
Stack release
Stack release
Stack release
Stack release

- 1.7 miles
- 3.4 mi. (LPZ)
- 4.0 miles
- 4.5 miles
- 5.0 miles

13,
13,
13,
13,
13,

14,
14,
14,
14,
14,

15,
15,
15,
15,
15,

16
16
16
16
16

Case #7 Stack release - Control Room 16, 19, 29, 32,
42, 45, 55, 58,
68, 71, 81, 84,
94, 97,107,110

Case #8 Stack release - TSC (See Case #7)

Case
Case
Case
Case

#9
#10
#11
#12

TB release
TB release
TB release
TB release

- Site boundary
- LPZ (3.4 mi.)
- CR
- TSC

33,
13,
37,
13,

38
15
40
15

In general, the final accident (X/Q) values selected fit the

following categories:

Stack releases

SB and LPZ

CR and TSC

Maximum on-land sector [with a minor
exception for the LPZ gamma (X/Q)]

Overall Site, worst-case distance
(Fumigation not applicable)

TB releases

SB and LPZ

CR and TSC

: Overall Site

: 9 combined sectors for the CR and 8
combined sectors for the TSC
(Overall Site model not applicable)
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The tables which follow include entries [such as Worst Sector

Overall (X/Q)s, and time intervals in excess of 2 hours for the

site boundary] which are presented for information only. The

final selected values are marked by double stars (**) for

identification. Refer to Sec. 2 above for an overall summary.

Note that for stack releases and offsite receptors, analyses

for various distances showed that ground-level concentrations

would peak at about 4 miles from the stack, i.e., beyond the LPZ

at 3.4 miles. This is primarily due to the presence of hills

which rise to about 240 ft above plant grade at about.5 miles

south of the plant. Finite-cloud gamma radiation exposures would

peak at the LPZ (3.4 miles). Also, for stack releases and offsite

receptors, the Maximum On-Land Sector and the Maximum Sector

Overall are the same. For stack releases and the CR intake vent

(at an evelation of 17m above grade), the worst-case distance is

405m from the stack; the same (X/Q)s were conservatively applied

to the TSC intake vent.
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POST ACCIDENT DISPERSION PARAMETERS (sec/r3) - STACK RELEASES

Condition or
Time Interval
_____________

Max. On-Land
Sector*

Max. Sector
Overall*

Overall
Site

SITE BOUNDARY

Conc. X/O
Fumigation
2 hours
4- hours
8 hours
16 hours
3 days
26 days

Gamma (X/O)
Fumigation
2 hours
4 hours
8 hours
16 hours
3 days
26 days

5.243E-05*
1.638E-06
1.127E-06
7.758E-07
5.339E-07
2.384E-07
7.682E-08

4.754E-05*
7.065E-06
4.503E-06
2.870E-06
1.829E-06
7.762E-07
2.617E-07

5.243E-05
1.638E-06
1.127E-06
7.758E-07
5.339E-07
2.384E-07
7.682E-08

4.754E-05
7.065E-06
4.503E-06
2.870E-06
1.829E-06
7.762E-07
2.617E-07

_____
1.271E-06
8.990E-07
6.357E-07
4.495E-07
2.119E-07
7.200E-08

5.800E-06
4.022E-06
2.789E-06
1.934E-06
8.740E-07
2.794E-07

1.7 MILES

Conc. X/O
Fumigation
2 hours
4 hours
8 hours
16 hours
3 days
26 days

Gamma (X/O)
Fumigation
2 hours
4 hours
8 hours
16 hours
3 days
26 days

2.258E-05
2.152E-06
1.464E-06
9.965E-07
6.782E-07
3.074E-07
1. 030E-07

2.626e-05
6.458E-06
4.232E-06
2.795E-06
1. 846E-06
7.506E-07
2.062E-07

2.258E-05
2.152E-06
1.464E-06
9.965E-07
6.782E-07
3.074E-07
1.030E-07

2.626E-05
6.458E-06
4.232E-06
2.795E-06
1.846E-06
7..506E-07
2.062E-07

______

1.785E-06
1.262E-06
8.928E-07
6.314E-07
2.977E-07
1. 012E-07

6.337E-06
4.190E-06
2.770E-06
1. 831E-06
7.459E-07
2.055E-07

* Same/different sector(s)
Site boundary on-land sec
On-land sectors at 1.7 mi

at different time intervals.
:tors: ENE, E, ...... WSW
iles : E, ESE ....... WSW

** Selected entry
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POST ACCIDENT DISPERSION PARAMETERS (sec/m3) - STACK RELEASES

Condition or
Time Interval

_____________

Max. On-Land
Sector*

____________

Max. Sector
Overall*

___________

Overall
Site

___________

LPZ (3.4 mi)

Conc. X/O
Fumigation
2 hours
4 hours
8 hours
16 hours
3 days
26 days

Gamma (X/O)
Fumigation
2 hours
4 hours
8 hours
16 hours
3 days
26 days

2.030E-05
2.890E-06
1. 929E-06
1.287E-06
8.590E-07
3.571E-07
1. 013E-07

1.901E-05**
6.301E-06
3.909E-06**
2.425E-06
1. 504E-06
5.372E-07
1.294E-07

2.030E-05
2.890E-06
1. 929E-06
1.287E-06
8.590E-07
3.571E-07
1.013E-07

1.901E-05
6.301E-06
3.909E-06
2.425E-06
1. 504E-06
5.372E-07
1.294E-07

_____

2.032E-06
1.396E-06
9.591E-07
6.590E-07
2.919E-07
9.064E-08

5.947E-06
3.776E-06
2.397E-06
1.522E-06**
5.679E-07**
1.379E-07**

4 MILES

Conc. X/O
Fumigation
2 hours
4 hours
8 hours
16 hours
3 days
26 days

Gamma (X/O)
Fumigation
2 hours
4 hours
8 hours
16 hours
3 days
26 days

2.036E-05**
3.282E-06
2.174E-06**
1.439E-06
9.532E-07**
3.898E-07**
1.080E-07**

1.599E-05
5.923E-06
3.730E-06
2.349E-06
1.479E-06
5.422E-07
1.284E-07

2.036E-05
3.282E-06
2.174E-06
1.439E-06
9.532E-07
3.898E-07
1.080E-07

1. 599E-05
5.923E-06
3.730E-06
2.349E-06
1.479E-06
5.422E-07
1.284E-07

2.014E-06
1.389E-06
9.575E-07
6.602E-07
2.947E-07
9.256E-08

_____

5.646E-06
3.569E-06
2.257E-06
1.427E-06
5.275E-07
1.264E-07

* Same/different sector(s) at different time intervals
On-land sectors: E, ESE, SE, SSE, S. SSW, SW and WSW

** Selected entry
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POST ACCIDENT DISPERSION PARAMETERS (sec/m3 ) - STACK RELEASES

Condition or
Time Interval

Max. On-Land
Sector*

____________

Max. Sector
Overall*

___________

Overall
Site

4.5 MILES

Conc. X/O
Fumigation
2 hours
4 hours
8 hours
16 hours
3 days
26 days

Gamma (X/O)
Fumigation
2 hours
4 hours
8 hours
16 hours
3 days
26 days

1.766E-05
2.968E-06
1.933E-06
1.277E-06
8.437E-07
3.432E-07
9.433E-08

1.409E-05
5.740E-06
3.529E-06
2.170E-06
1.334E-06
4.740E-07
1.116E-07

1.766E-05
2.968E-06
1. 933E-06
1.277E-06
8.437E-07
3.432E-07
9.433E-08

1.409E-05
5.740E-06
3.529E-06
2.170E-06
1.334E-06
4.740E-07
1.116E-07

_ _ 2-_ _
1. 982E-06
1.352E-06
9.226E-07
6.295E-07
2.746E-07
8.344E-08

_____

5.276E-06
3.314E-06
2.082E-06
1.308E-06
4.768E-07
1.120E-07

5.0 MILES

Conc. X/O
Fumigation
2 hours
4 hours
8 hours
16 hours
3 days
26 days

Gamma (X/O)
Fumigation
2 hours
4 hours
8 hours
16 hours
3 days
26 days

1. 541E-05
2.735E-06
1.764E-06
1.154E-06
7.604E-07
3.074E-07
8.374E-08

1.257E-05
5.316E-06
3.257E-06
1.996E-06
1.223E-06
4.223E-07
9.865E-08

1.541E-05
2.735E-06
1.764E-06
1.154E-06
7.604E-07
3.074E-07
8.374E-08

1.257E-05
5.316E-06
3.257E-06
1.996E-06
1.223E-06
4.223E-07
9.865E-08

1. 876E-06
1.272E-06
8.623E-07
5.847E-07
2.517E-07
7.502E-08

4.999E-06
3.122E-06
1.950E-06
1.218E-06
4.385E-07
1.012E-07

* Same/different sector(s) at different time intervals
On-land sectors: E, ESE, SE, SSE, S, SSW, SW and WSW
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POST ACCIDENT DISPERSION PARANETERS (sec/r 3 ) - STACK RELEASES

Distance
(m)

Time Interval
…_______________________________________________

8 hr 16 hr 72 hr 624 hr

CR AIR INTAKE

Conc. (X/O)

185
.403
405
407
600
800

1000
1200

7.514E-09
8.631E-07
9.261E-07**
8.537E-07
8.354E-07
7.656E-07
7.030E-07
7.129E-07

5.370E-09
6.330E-07
6.745E-07**
6.270E-07
6.022E-07
5.428E-07
4.970E-07
5.073E-07

2.590E-09
3.230E-07
3.391E-07*
3.208E-07
2.959E-07
2.574E-07
2.343E-07
2.425E-07

9.091E-10
1.229E-07
1.263E-07**
1.226E-07
1.067E-07
8.816E-08
7.955E-08
8.405E-08

Gamma (X/O)

185
403
405
407
600
800

1000
1200

2.921E-06
3.224E-06
3.237E-06**
3.236E-06
3.282E-06
3.626E-06
3.725E-06
3.767E-06

2.215E-06
2.441E-06
2.449E-06**
2.448E-06
2.398E-06
2.562E-06
2.580E-06
2.576E-06

1.215E-06
1.334E-06
1.337E-06**
1.335E-06
1.214E-06
1.205E-06
1. 164E-06
1. 130E-06

5.130E-07
5.605E-07
5.603E-07**
5.591E-07
4.566E-07
4.081E-07
3.709E-07
3.459E-07

All sectors combined - 5% exceedance probability

TSC AIR INTAKE

Above results for the CR air intake conservatively apply.

** Selected entry
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POST ACCIDENT DISPERSION PARAMETERS (sec/r 3 ) - TB RELEASES

Time Interval
_____________

Max. On-Land
Sector*

____________

Max. Sector
Overall*

___________

Overall
Site

___________

SITE BNDRY

Conc. X/O
2 hours
4 hours
8 hours
16 hours
3 days
26 days

Gamma (X/O)
2 hours
4 hours
8 hours
16 hours
3 days
26 days

1.290E-04
8.711E-05
6.071E-05
4.253E-05
1. 964E-05
6.478E-06

1. 063E-04
6.947E-05
4.540E-05
2.967E-05
1.241E-05
3.858E-06

2.565E-04
1. 819E-04
1.290E-04
9.145E-05
4.338E-05
1.487E-05

2.021E-04
1.379E-04
9.412E-05
6.422E-05
2.802E-05
8.520E-06

1.794E-04**
1.310E-04
9.571E-05
6.991E-05
3.535E-05
1.328E-05

1.318E-04**
9.315E-05
6.585E-05
4.665E-05
2.193E-05
7.445E-06

LPZ (3.4 mL)

Conc. X/O
2 hours
4 hours
8 hours
16 hours
3 days
26 days

Gamma (X/O)
2 hours
4 hours
8 hours
16 hours
3 days
26 days

2.331E-05
1. 478E-05
9.372E-06
5.943E-06
2.277E-06
6.251E-07

2.376E-05
1.471E-05
9.103E-06
5.634E-06
1.989E-06
5.073E-07

6.217E-05
4.049E-05
2.636E-05
1.717E-05
6.769E-06
1.779E-06

5.773E-05
3.635E-05
2.289E-05
1.442E-05
5.387E-06
1.315E-06

4.455E-05
2.982E-05
1.996E-05**
1.336E-05**
5.593E-06**
1.602E-06**

3.719E-05
2.446E-05
1.609E-05**
1.058E-05**
4.265E-06**
1.157E-06**

* Same/different sector(s) at different time intervals.
Site boundary on-land sectors: ENE, E, ESE . ...... WSW
On-land sectors at 3.4 miles : E, ESE, SE . ..... WSW
Maximum Sector Overall (all cases): NW

** Selected entry
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POST ACCIDENT DISPERSION PARAMETERS (sec/r 3 ) - TB RELEASES

Murpby/Campe Dispersion Model

Time
Interval

____________

Conc. (X/Q)
(sec/m3)

___________

GAiMM (X/Q)
(sec/m3)

CONTROL ROOM

2 hours
4 hours
8 hours
16 hours
3 days
26 days

4.510E-03
3.852E-03
3.290E-03**
2.810E-03**
1.996E-03**
1.221E-03**

5.532E-04
4.741E-04
4.064E-04**
3.483E-04**
2.492E-04**
1.542E-04**

TSC

2 hours
4 hours
8 hours
16 hours
3 days
26 days

4.913E-03
4.182E-03
3.559E-03**
3.029E-03**
2.135E-03**
1.292E-03**

5.476E-04
4.677E-04
3.995E-04**
3.412E-04**
2.423E-04**
1.483E-04**

Conditions: Number of sectors contributing to
material transfer to the outside-
air intakes is 9 for the Control Rm
and 8 for the TSC.

The exceedance probability is 5%.

** Selected entry

Note: The calculated 8-hour control room concentration (X/Q)
(3.290E-03 sec/m3) corresponds to Stability F and a wind speed of
1.5 m/sec (Murphy/Campe model); the values for the other intervals
(16 hrs, 3 days and 26 days) are approximately 1.4, 1.6 and 2.2
times higher than those which direct application of the
Murphy/Campe methodology (as described in Ref. 4) would have
yielded.
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5.2 Comparison with UFSAR and SER Data

The following table presents a comparison of the site

boundary, LPZ and control room concentration (X/Q)s as determined

in this calculation versus corresponding data in the JAF UFSAR and

Safety Evaluation Report (Refs. 7 and 19). The differences

between the various cases are "interesting", to say the least, and

are attributable to the following:

(a) Use of up-to-date dispersion models and of site-

- specific hourly meteorological data in the current

calculation, and

(b) Assumption, in the UFSAR, that fumigation conditions

at the time of the accident will only prevail at the

LPZ, with the site boundary (and also the control

room, as determined in the current calculation) being

too close to the stack for uniform vertical mixing to

take place.

In general, there is better agreement between the current

calculation and the SER than with the UFSAR. With respect to the

UFSAR values, use of the (X/Q)s in the current calculation will

yield:

(a) Higher thyroid exposures for stack releases and

-receptors at the site boundary and the LPZ, and about

the same exposures in the CR,

(b) Lower thyroid exposures for TB releases and receptors

at the site boundary and the LPZ, and higher

exposures in the CR.

As for the external gamma radiation exposures, assessment of

the relative impact of the new dispersion parameters [gamma

(X/Q)s] is not straightforward due to differences in the

analytical models between the current methodology and that in the

UFSAR. Such an assessment would require detailed radiological

analyses and is outside the scope of this calculation.

It is also of interest to note that the CR/TSC concentrations

(X/Q)s, at the assumed location of 405 m from the stack, are in

good agreement with the data in Regulatory Guide 1.3 (Ref. 17).
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POST ACCIDENT DISPERSION PARAMETERS - STACK RELEASES
COMPARISON OF RESULTS (sec/r3 )

Time
Interval

(hrs)
________ ;

Current
Calculation
___________

UFSAR
Sec. 14.8.1.5
_____________

SER
Sec. 2.5

_____________

Site Boundary

0 - 2 5.24E-5* 6.24E-06 5.1E-05*

0 -
4 -
8 -

24 -
96 -

4
8

24
96

720

2.04E-5*
2.17E-6
9.53E-7
3.90E-7
1.08E-7

______
______

______

______

______

2.6E-05*
6.2E-06
4.4E-06**
1.7E-06**
5.5E-07**

0 - 4
0 - 2
2 - 24

24 - 120
120 - 720

1.22E-05*
2.87E-06
1.91E-06
1.40E-07
7.OOE-08

Control Room

0 - 8
8 - 24

24 - 96
96 - 720

9.26E-7
6.75E-7
3.39E-7
1.26E-7

1.OE-06
5.OE-07
2.OE-07
1.5E-07

* Fumigation conditions

** From Reg. Guide 1.3 (height = 50 m, distance = 5470 m)
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POST ACCIDENT DISPERSION PARAMETERS - TB RELEASES
COMPARISON OF RESULTS (sec/er)

Time
Interval
(hrs)

________

Current
Calculation
___________

UFSAR
Sec. 14.8.1.5
_____________

SER
Sec. 2.5

_____________

Site Boundary

0 - 2 1.79E-4 3.62E-04 1.3E-04

LPZ

0 - 8
8 - 24

24 - 96
96 - 720

2.OOE-5
1.34E-5
5.59E-6
1.60E-6

_ _ _ _
______

______

1.5E-05
3.2E-06

_____

0 - 2
2 - 24

1.28E-04
8.56E-05

Control Room

0 - 8
8 - 24

24 - 96
96 - 720

3.29E-3
2.81E-3
2.OOE-3
1.22E-3

6.5E-04
______

______



NYPA - CALC.# JAF-CALC-RAD-00007 REV 2 PAGE 7- OF 9_°
PROJECT: JAF PRELM [ I PREPARED BY DATE e LL4;

FINAL [X3 CHECKED BY Q DATE
TITLE: Power Uprate Program - Onsite and Offsite Post-Accident

Atmospheric Dispersion Factors

5.3 Gazma (X/Q)s and Noble Gas Mixtures
As noted in Sec. 3.2 of this calculation, the gamma (X/Q) is

a function of the energy spectra associated with the radionuclide
mix in the released cloud. One of the objectives of this
calculation was to provide gamma (X/Q)s which can be
conservatively applied to all potential DBA releases and at all
times following the accident. This was accomplished by carrying
out AEOLUS-3 test runs using a design-basis LOCA mix subjected to
various decay times, as well as a pure Xe133 source.

The results for the various release points and receptors are
summarized in the table which follows. They were prepared by
extracting the pertinent information from the AEOLUS-3 outputs in
Attachment B. Specifically, refer to the following computer runs
and output pages for the selected entries:

AEOLUS-3 Output
Run No. D e s c r i p t i o n Page(s)

_ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -… - - - - - - - -

Case #1 Stack rel. - SB - Xe133 source 39
Case #1A Stack rel. - SB - LOCA/No decay 16

Case #4 Stack rel. - 4 miles - Xe133 source 15, 16
Case #4A Stack rel. - 4 miles - LOCA/No decay 15, 16
Case #4B Stack rel. - 4 miles - LOCA/1 day dec. 15, 16
Case #4C Stack rel. - 4 miles - LOCA/4 day dec. 15, 16
Case #4D Stack rel. - 4 miles - LOCA/S15 day dec. 15, 16

Case #7 Stack release - CR - Xe133 source 45
Case #7B Stack release - CR - LOCA/No decay 15

Case #9 TB release - SB - Xe133 source 38
Case #9A TB release - SB - LOCA/No decay 15

Case #10 TB release - LPZ - Xel33 source 15
Case #1OA TB release - LPZ - LOCA/No decay 15

Case #11 TB release - CR - Xel33 source 40
Case #11A TB release - CR - LOCA/No decay 15

The results presented correspond to the 'selected' values in
Sec. 5.1 above. For the sake of simplicity, and where applicable,
the entries in the table include only a few of the time intervals
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of interest. The results for intermediate intervals range between

the values listed in the table. Note that, for all release points

and receptors, a pure Xe133 source yields gamma (X/Q)s which are

higher than the decayed LOCA mixtures by factors ranging from

approximately 1.0 to 2.4. The Xe133 values are approached as the

decay time increases. Therefore, Xel33 was conservatively

selected as the representative source for the final 'application'

(X/Q)s (as presented in Sec. 5.1 above, and in the summary table

in Sec. 2).
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POST ACCIDENT DISPERSION PARAMETERS - STACK RELEASES
IMPACT OF RADIONUCLIDE MIX ON TEE GAMMA (X/Q)s

Gama (X/Q) (sec/=3 ) - Selected Sector(s)*
___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ __Radionuclide

Source Fumigation
__________

4-hr interval 26-day interval
_______________

Site Boundary

Xe133 source

LOCA/no decay
(Xel33/LOCA)

4.754E-05

2.103E-05
(2.26)

4.0 M4les**

Xel33 source

LOCA/no decay
(Xe133/LOCA)

LOCA/l-day d.
(Xel33/LOCA)

LOCA/4-day d.
(Xel33/LOCA)

LOCA/15-day d
(Xel33/LOCA)

1. 599E-05

8.603E-06
(1.86)

1.521E-05
(1.05)

1.595E-05
(1.00)

1. 598E-05
(1. 00)

3.730E-06

2.260E-06
(1.65)

3.569E-06
(1. 01)

3.722E-06
(1. 00)

3.727E-06
(1. 00)

1. 284E-07

9.728E-08
(1.32)

1.244E-07
(1.03)

1.282E-07
(1. 00)

1.283E-07
(1. 00)

CR Intake

Xe133 source 4.279E-06

LOCA/no decay
(Xe133/LOCA)

3.522E-06
(1.21)

5.603E-07

4.715E-07
(1. 19)

* Refer to the corresponding table in Sec.
identification

5.1 for

** SSW sector in all cases, except for the LOCA
no decay, which is for all sectors combined;
fumigation values are at 4 miles, and not at
selected for the final results.

case with
also, the
3.4 miles as
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POST ACCIDENT DISPERSION PARAMETERS - TB RELEASES
IMPACT OF RADIONUCLIDE MIX ON TEE GAMNA (X/Q) 8

Radionuclide
source

Ganna (X/Q) (sec/m3 ) - All Sectors Combined
…____________________________________________

8-hr interval 26-day interval
_ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - -

Site Boundary

Xel33 source

LOCA/no decay
(Xel33/LOCA)

1.318E-04*

5.546E-O5*
(2.38)

LPZ (3.4 Miles)

Xe133 source

LOCA/no decay
(Xel33/LOCA)

1. 609E-05

8.552E-06
(1.88)

1.157E-06

6.554E-07
(1.77)

Control Room**

Xe133 source

LOCA/no decay
(Xel33/LOCA)

4.064E-04

1. 852E-04
(2.19)

1.542E-04

6.967E-05
(2.21)

* 2-hour interval
** 9-sector exposure
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POWER UPRATE PROGRAM - ONSITE AND OFFSITE POST-ACCIDENT
ATMOSPHERIC DISPERSION FACTORS

ATTACHMENT A

COPIES OF REFERENCES PERTINENT TO THIS CALCULATION

Presented in the pages which follow are copies of the following
references (or excerpts thereof):

4. K. G. Murphy and K. M. Campe, "Nuclear Power Plant
Control Room Ventilation System Design for Meeting
General Design Criterion 19," USAEC, 13th Air Cleaning
Conference (1974)

6.* G. C. Holzworth, Mixing Height, Wind Speeds, and
Potential for Urban Air Pollution Throughout the
Contiguous United States,N U. S. Environmental Protection
Agency, Division of Meteorology, Report AP-101 (January
1972)

21. Niagara Mohawk Power Corporation letter # NMP86969
addressed to J. Hamawi, from Tom Galletta, titled "The
Validity of the Nine Mile Point (NMP) Meteorological Data
(1985-1990) Sent for Use in Updating the Offsite Dose
Calculation Manual (ODCM)" (2/23/93)

23.* Empire State Electric Energy Research Corporation
(ESEERCO) Technical Report No. EP 91-28, "Eastern Lake
Ontario - On-Shore Flow Field Study," prepared by Galson
Corp. (4/94)

* Excerpts only
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NUCLEAR POWER PLANT CONTROL 
ROOM VENTILATION SYSTEM 

DESIGN

FOR MEETING GENERAL CRITERION 
19

K. 6. Murphy and Dr. K. M. Campe

Directorate of Licensing

U. S. Atomic Energy Commission

Abstract

The requirement for protection 
of control room personnel against

radiation is specified 
in General Design Criterion 19 of Appendix A.

10 CFR Part 50. The evaluation of a control 
room design, especially

its emergency ventilation 
system, with respect to radiation protection

primarily consists of 
determining the radiation doses to control room

personnel under accident conditions.

The accident dose assessment 
involves modeling and 

evaluation of

radiological source terms, 
atmospheric transport of airborne 

activity,

and protection features 
of the control room ventilation system. 

Some

of the assumptions and 
conservatisms used In the dose analyses are

based on the technical 
review experience of existing 

or proposed

control room designs. A review of over 50 control room designs has

revealed a great variety 
of design concepts, not 

all of which seem to

have been based on radiation 
protection criteria.

4

-f V
A summary of the basic control 

room protection requirement

design features, dose acceptance 
criteria, and an outline of the

methods used by the Regulatory 
staff for accident dose evaluation are

presented.
I. Introduction

The General Design Criterion 19 of Appendix A, 10 CFR 
Part 50.

includes a specific requirement 
with respect to control room personnel

protection against radiation 
under accident conditions. 

According to

Criterion 19, control room design should provide 
radiation protection

such that control room 
personnel do not receive radiation 

exposures in

excess of 5 rem whole body, 
or its equivalent to any part of the body,

for the duration of the 
accident.

The assessment of a particular control room design in terms of

Criterion 19 doses includes 
the following considerations:

1.-- Radiation source term identification 
and evaluation.

2. Radiation transport, either 
by airborne contamination 

or via

-direct streaming through 
shielding and other structures.

3. Control room radiation protection 
with respect to airborne

and direct streaming radiation 
sources.

4. Control room dose calculation 
models.

& , lrtCAJ-LcQ-O Pp'~r oO c9OZa t
iirf
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K> .-> A relatively large number 
of control room designs have been

reviewed. As a result, it has been 
possible to identify and charac-

terize several distinct 
ventilation system design 

concepts for pro-

tecting control room operators from airborne contaminants 
associated

with postulated accidents. 
Each concept can be described 

in terms of

its advantages and disadvantages, 
as well as its performance capabili-

i ties for short-term and 
long-term contamination 

situations. These

attributes, when applied 
to a specific nuclear power plant configura-

tion, are used to assess 
the acceptability of a 

proposed control room

ventilation system.

II. Basic Protection Considerations

An accidental release of activity can 
result in control room

operator exposure. The operators can be exposed to external gamma

radiation from activity 
outside the control room. The concrete walls

of typical control buildings normally reduce 
this contribution to

acceptably low levels (less than one rem whole 
body exposure for the

worst postulated accidents). 
Stream ing through wall 

penetrations

(e.g.. door openings) is 
normally the only design 

feature that

requires specific review 
with respect to external 

radiation.

The operators also can 
be exposed to both direct and internal

radiation from activity 
buildup within the control 

room. The expo-

C sures consist of whole 
body gamma and beta skin radiation. If radio-

'Z active iodine is present 
the operators may also 

be subject to thyroid

exposure.
- - ~ - ... %e4 racsp.i :

_"T

1;-7w, Thyroid exposure is the limiting 
consideration tu reuce-the

Charcoal filters are installed to remove iodine 
and thus reduce the

thyroid exposure to acceptable levels. The difficulty with respect to

iodine protection is the assessment of the level of activity inside

the control room as a consequence of various 
postulated accidents.

Aside from estimating source terms and diffusion 
parameters. the

problem centers around the 
control room design itself, namely the

analysis with respect to charcoal filter effectiveness for removing

iodine and the determination 
of control room air infiltration (amount

of air entering the control 
room when it is isolated). 

These consid-

erations usually have the 
greatest impact on the outcome of 

the review

of current control room designs. Subsequent sections will 
discuss

these, as well as other considerations 
in depth.

III. Review of Current Control 
Room Designs

Since July of 1973 a total of 50 applications, in various stages

of review, have been studied to determine 
control room design adequacy

with respect to Criterion 
19. It was found that most of the control

room emergency systems have 
very little in common. Very few of the 50

designs are identical. 
Designs developed even by 

the same A/E firm

differ significantly. For example, there are four basic design

categories: once-through filtration. 
recirculating filtration,

bottled air, and dual inlets. Very few of the systems within 
a cate-

gory are identical. Equipment capacities. component selection, as

well as component arrangements 
vary. For instance, control room iso-

lation is implemented by 
a variety of damping devices 

ranging from

slow acting, leaky dampers, 
to fast acting, leak tight butterfly

valves. Charcoal filter flow capacity ranged 
from 1,000 cfm to .

4102
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43,500 Cfm. Charcoal depths varied from the usual 2 inch depth to asmuch as 18 inches. Diversity was observed in the use of componentredundancy: some designs show duplicate components connected to acommon ductwork (component redundancy), whereas others have two com-pletely separate systems (system redundancy).

Much of the observed design variations are caused by differingopinions as to the degree of protection that must be provided. Insome cases, one has to conclude that the dose analyses were performedafter the ventilation system design had been established. Doseanalyses exclusively for the sake of satisfying safety documentationrequirements is not a recommended practice. Rather, it should be usedas a tool for system design and component selection.

The section on Control Room Dose Evaluation should provide thebasis for consistency in evaluating the protective requirements andcapabilities of control room ventilation equipment. A consistent
evaluating technique in conjunction with an appreciation for goodversus poor design details will help reduce the number of designvariations and allow for future standardization of these systems. Adiscussion of the presently proposed concepts should help in achievingthis objective. The balance of this section describes the four con-cepts, their application, and their advantages and disadvantages.

A. Isolation with Filtered Pressurization

In this concept, the control room is automatically isolated uponan accident signal or upon a high radiation signal at the fresh airinlets. The operator has the option of manually initiating emergencypressurization (make-up air being directed through a standby charcoalfilter train). Pressurization flow rates between 400 and 4000 cfm aretypical. Five percent of the plants reviewed rely on this method ofprotection.

Isolation is normally sufficient for accidents resulting in anactivity release of short duration. Accidents resulting in releasesof long duration, such as a LOCA, may require use of the charcoalfilters.

Filtered pressurization is relatively ineffective in protectingagainst iodine. The Regulatory staff allows an iodine protectionfactor (IPF)* of 20 for charcoal filters that meet Regulatory Guide1.52 requirements. In most cases, only plants with high stacks(greater than 100 meters) would meet Criterion IS with this system.

A basic drawback of this type of system is the fact that when thefilter is in operation, the unfilterable activity (comprised of noblegases) is being drawn into the control room a'nd contributes to thewhole body gamma exposure. Usually the recommendation is made thatthese systems be modified to allow the filter~to be used either in apressurization or a recirculation mode. This feature adds flexibilityto the system as discussed below.

- *See Section V-D., the parameter IPF is defined as the ratio of thedose assur;irig no iodine removal over the dose assuming iodineremo va l.



B. _Isolation with Filtered Recirculated Air

In this concept the control room is automatically isolated and

kj -~ the emergency recirculating charcoal filters started with the same

accident or high radiation trip. Control room air is withdrawn,

filtered, and returned to the control room. Typical recirculation

rates vary from 4000 cfm to 15,000 cfm depending 
principally upon the

leak tightness of the zone serviced by the system and on the calculated

- activity levels in the unfiltered air. About 40 percent of the plants

reviewed proposed this-method of protection. 
The majority of these

systems offered the option of manually pressurizing 
the control room

with filtered air. This mode would be'selected only if it was

determined that contamination is being introduced 
into the control

room within the building housing the control room.

These systems have a much higher potential for controlling iodine

than those having once-through filters. IPF's ranging from 20 to over

150 can be achieved. These are designs used mostly for plants having

vents located at containment-roof level. A system having a recircula-

tion rate of 5000 cfm and a filter efficiency of 
95% would be rated as

follows:

Infiltration (cfm)* IPF**

200 25

100 49

( 50 96

25- 191

In addition to control of iodines, systems with low infiltration

rates will provide significant protection against 
noble gas exposure

as discussed in Section V-E.-

A design problem common to recirculation systems is the enhanced

infiltration from isolation dampers. Typically, these dampers are

located on the inlet side of the recirculating fans and may be exposed

to several inches of negative pressure. Systems that are designed for

low infiltration solve this problem by installing 
%zero' leakage

butterfly valves.

C. Isolation with Filtered Recirculation and Pressurization

This system is essentially the same as the one described 
in B.

Calculated values will be acceptable for infiltration rates of 0.06

volume changes per hour or greater (for dose calculation purposes).

Smaller infiltration rates will be allowed only if infiltration test-

ing is performed periodically during plant operation. 
For design

purposes infiltration rates less than 0.015 volume changes per hour

normally are not considered achievable.

i* Within the range of interest, IPF is directly proportional to recir-

culation flow rate times filter efficiency.

1nt
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However, the designer has chosen to operate the system in the pres-
surized mode during long-term accidents and therefore the system must
be approved on this basis. About 15 percent of the designs reviewed
used this method of protection.

The advantage of pressurization is that it minimizes the amount
of unfiltered air entering the control room by infiltration. The
leak tightness of the control room then becomes only a secondary
consideration. Of course,'the disadvantage is that the noble gas
exposure will be maximized since outside air is being intentionally
admitted to the control room. In most cases, however, the whole body
gamma exposure from the noble gases would still remain below Criterion
19 guidelines. The iodine protection factors for this type of system
are given below for the case of a 5000 cfm, 95% efficiency filter
(flows in cfm):

IPF (Assuming
IPF (Assuming No 10 cfm

Make-Up Air* Recirculated Air Infiltration) Infiltration)

400 4600 238 159

750 4250 128 101

1000 4000 96 80

The Regulatory staff normally assumes a 10 cfm infiltration rate,
notwithstanding pressurization.' This is to account for the possibili-
ty of backflow of contamination into the control room when doors are
opened or closed. This flow would be reduced or eliminated if the
design rules out the possibility of backflow by installing devices
such as two-door vestibules.

A question that has not been answered satisfactorily as yet, is
whether isolation with recirculation or 'pressurization' is the best
continuous mode of operation. This depends primarily on the assump-
tions as to unfiltered inleakage. The Regulatory staff plans to
measure infiltration on a number of actual control rooms to help
determine the best operational mode. Isolation with recirculation.has
the advantage of limiting the entrance of noble gases (not filtrable)
and it is also the better approach when the accident involves a short
term Opuff release." However, with pressurization there is a feeling
of more security in that the question of infiltration becomes mute.
Also, with the addition of a second charcoal filter in the inlet duct
(assuring double filtration of make-up air) the pressurization design
becomes very effective against iodine.

- tMake-up air should be sufficient to pressurize the control room to at
least 1/8 inch water gauge. If the make-up rate is less than 0.5
volume changes per hour, supporting calculations are required to
verify it. If the make-up rate is less than 0.25 volume changes per
hour, periodic vtrifidation testing is required in addition to the

calculations.
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D. Dual Inlets

This concept utilizes two remotely located inlets. The inlets
.> . normally are placed such that any potential release point lies between

the two inlets, thus assuring that one of the two inlets is free of
contamination. This guaranteed supply of fresh air is used to pres-
surize the control room for minimizing infiltration.' About 35 percent
of the plants reviewed proposed dual inlet systems.

The viability of the dual inlet concept depends on whether or not
the placement of the inlets assures one inlet free from contamina-
tion. This possibility depends, in part, on building wake effects.
terrain, and the existence of wind stagnation or reversal. For
example, consider a case where the inlets are located at the extreme
edges of the plant structures; e.g., one on the north side and one
on the south side. It is conceivable that under certain low proba-
bility conditions both inlets could be contaminated from the same
point source. The designer who is skeptical about this possibility
is encouraged to witness a smoke visualization test either in a wind
tunnel or at an actual site. These tests show that the complex
turbulence patterns set up in and around a group of buildings can
result in contamination spreading throughout the complex, up'wind as
well as downwind of the release point.

If the inlets were to be located several hundred feet outboard
of the structure the probability of both being covered probably would
approach zero. The staff normally requires at least a once-through
charcoal filter for the make-up air in those cases where the inlets
are located on or close to the plant structures. Filters usually are
not required for plants with inlets 200 feet or more away from any

K '' plant structure (provided of course that all potential source points,
-r" including toxic material containers, are located such that simultane-

ous contamination of both inlets is not possible).

The acceptance of a dual inlet system is based primarily on
assuring that the inlet selected for operation can deliver pressuri-
zation air while at the same time assuring that the closed inlet does
not allow any flow. The review involves a careful examination of
the ducting and damping of the system. The ducting should meet
seismic Category I criteria as well as be protected against missiles.
The damping devices (normally butterfly valves) must meet the single
active failure criterion. This results in each inlet having a
parallel set of two valves in series (4 valves total). When applying
the single failure of an active component criterion it should be noted
that there must be a guarantee of both flow and no flow in each inlet.

E. Bottled Air

In some plant designs the containment pressure is reduced below
atmospheric within one hour after a design basis accident (DBA). This
assures that after one hour significant radioactive material will not
be released from the plant. This type of design makes it feasible to
maintain the control room above atmospheric pressure by use of'bottled
air. Normally the staff requires periodic'pressurization tests to
determine that the rated flow (normally about 300 to 600 cfm) is
sufficient to pressurize the control room to at least 1/8 inch water
gauge. It is also required that the system be composed of several

4n6
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separate circuits (one of which is assumed to be inoperative to
_. account for a possible single failure). The staff also requires at

least a once-through filter system for pressurization as a stand-by
for accidents of long duration. About five percent of the plants
reviewed proposed this method of ooperation.

IV. Dose Acceptance Criteria

The Criterion 19 dose guideline of 5 rem whole body or its equivalent
is used to determine system acceptability. The following specific
criteria are applied:

1. Whole body gamma radiation from direct shine radiation
of sources external to the control room and from the airborne activity
within the control room should not exceed a total of 5 rem.

2. Beta skin dose from airborne activity within the control
room should not exceed 30 rem. The dose is evaluated by assuming a
7 mg/cmx depth dose (this takes into account the shielding effect of
the insensitive superficial skin layer) and a semi-infinite cloud

A geometry.

3. Thyroid dose from the inhalation of radioactive iodine should
= not exceed 30 rem. The dose is determined by use of ICRP Publication
, No. 2 parameters and a breathing rate of 3.47 x I0- m3/sec.

V. Control Room Dose Evaluation

Each of the three dose components;i.e., the thyroid dose due to
inhalation of iodine radioisotopes, and the whole body gamma and beta
skin doses due to exposure to noble gas radioisotopes, is calculated
on the basis of source strength, atmospheric transportdosimetry, and
control room protection considerations, as illustrated in Equations 1
through 3.

IODINES

Dj1= C'. (x) T. E; So. (1)
IPF

NOBLE
GASES

< Ca * tic) E EYS.; + I(2

N ORLE
CASES

2 - ca0s I
2 {< _2 __Ei )E Sp; + I

PFr (3)

where :
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DJ, D1 .D,= the thyroid, whole body gamma. and beta skin dose, res-

-J _pectively. (rem)

I time interval index, intervals of 0 to 8 hrs, 8 to 
24 hrs,

1 to 4 days. and 4 to 30 days are typical

_C 294, dose on ersion factor (includes breathing 
rate of

IPF = iodine protection factor, ratio of integrated iodine dose

at inlet to integrated iodine dose within control 
room

(see Subsection D)

xIalO= meteorological factor (see Subsection B) (seconds/meter3)

isotope index

TV= effective half-life in the body 
(days)

E = effective energy absorbed in thyroid 
(Mev/dis)

Si= quantity of isotope released in 
jth time interval (see

Subsection A) (Ci)

C2= 0.25, semi-infinite cloud dose conversion 
factor

GF= geometric factor, converts 
semi-infinite gamma dose to a

finite dose (see Subsection C)

PF= purge factor, corrects for-slow increase in concentration

in the case of a tight. isolated control 
room (see Sub-

section E)

EY = average gamma energy (Viev/dis)

I= symbolic indication of iodine contribution, 
represents a

negligible fraction of dose when iodine 
filtration is used

EaP= average beta energy (Mlev/dis)

The major input parameters defined in 
the equations above are

based on the following considerations:

A. Source Term (5)

The source terms should be based on design 
basis assumptions

acceptable to the AEC for purposes of determining 
adequacy of the

plant design for meeting the criteria contained 
in 10 CFR Parts 50 and

100. For the most part, these design basis assumptions can be 
found

in Regulatory Guides that deal with radiological releases. For

instance, when determining the source term for a loss-of-coolant

accident (LOCA), the assumptions given in Regulatory Guides 
1.3 and

1.4 should be used. Guides 1.5, 1.24, 1.25, and 1,77 should be

referenced for the evaluation of other 
design basis accidents.

4 08
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In the case of a LOCA, 100% of the 
noble gases and 25t of the

iodines present in the 
reactor core are assumed 

to escape to the

containment and are initially 
available for release. The'reduction of.-

the amount of material available for release by containment 
sprays,

recirculating filters, or 
other engineered safety features 

is taken

into account. Reference to the respective Guides should be made for

fg the balance of the assumptions. 
The source term for each isotope 

of

'- iodine, xenon, and krypton 
is calculated in terms of 

curies released

within each time interval of interest. The release rate for accidents

of relatively short duration, 
such-as a waste gas decay 

tank rupture

or a main steam line break 
for a BWR, should be determined in such 

a

way as to maximize control 
room operator exposure.

B. MeteorolOgy (XlQ)

The term XIQ in Equations 
1-3 denotes the degree of dispersion of

the activity as it is transported 
from the point of release 

to the

receptor. The parameter is normally 
referred to as relative concen-

tration for it can be visualized best as the 
ratio of the concentra-

tion at the receptor (X) to 
the activity release rate 

(Q) as shown

below:
X C71n3 sec

a cilsec -3-

(4)

t ?:_7

K>;,.

Relative concentration is difficult 
to determine when both the

release point and the receptor 
are located within or near 

the turbu-

lence created by a complex 
of buildings. A number of wind tunnel and

field tests (References 1-6) 
have been performed on specific 

building

configurations. Though these efforts have 
resulted in usable infor-

mation for specific situations, 
general applicability is not 

possible.

In order to provide a basis 
for evaluation, the staff has formulated

an interim position using conservative 
interpretations of the availa-

ble data. The procedure consists of 
first determining the five

percentile X/Q(defined as the X/Q value exceeded 5% of 
the time at the

specific site in question). 
This value is used as the XIQ for the

first post-accident time interval. Then the value of XIQ is reduced

on the basis of averaging 
considerations for each subsequent time

interval. The detailed procedures are described below.

1. Determination of Five Percentile 
Relative Concentration

a. In-line, Point Source - Point Receptor

The following relation is used 
when activity is assumed to leak

from a single point on the 
surface of the containment, 

or other

structure, in conjunction with 
a single point receptor (e.g., 

single

operating air intake), which 
is located a distance x' from the point

source (the source and receptor 
having a difference in elevation 

of

less than 30% of the containment 
height):

{3X

XIQ = 3UMoyaz)O

where:

X10 - relative concentration at the 
plume centerline (sec/mi3)

h 09



oy'oZ = standard deviation of the gas concentration in the horizontal
crosswind and vertical crosswind directions, respectively,
both being evaluated at distance "x" (m)

K U = wind speed at an elevation of 10 meters (m/sec)

3 = wake factor based on Regulatory Guides 1.3 and 1.4

The parameters a .c, and U are determined on the basis of site
--- meteorological data. Yihe data are statistically analyzed to determine

that combination of oy. cz. and Uare Indicative of the five ercentile
dispersion condition at the site. Typically, cy and az are Eased on a
Pasquill OF" condition (see Reference 7 pages 102 and 103). Five
percentile winds speeds of 0.5 to 1.5 meters/sec are typical.

b. Diffuse Source - Point Receptor

The following relation is used when activity is assumed to leak
from many points on the surface of the containment in conjunction with
a single point receptor: V1 . /s e C

X/Q -U(VoyoZ+ K()] (6)

where: =f95 Om{. @

f=^ K (sld)lA Cz F)V

s = distance between containment surface and receptor location

K.> ,.f d = diameter of containment

2
a = projected area of containment building (m )

The above equation is also appropriate in the following cases:

Point source - point receptor where the difference in elevation
between the source and receptor is greater than 30% of containment
height,

Point source - volume receptor; a volume-receptor being
exemplified by an isolated control room with infiltration occurring
at many locations.

c. Point or Diffuse Source - Two Alternate Receptors

This section applies to those designs having two or more control
room fresh air inlets each of which meets the single failure criterion
for active components, the seismic criteria, as well as any applicable
missile criteria. The design details must assure that the most con-
taminated inlet is isolated and the least contaminated inlet remains

.--;in operation to provide control room pressurization.

(1) Dual Inlets Located on Seismic Category I Structures-The dual
inlets are most conveniently placed on the seismic Category I struc-
ture contiguous to the control room. The inlets should be located to

410
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maximizethe benefit of the alternate inlet concept. For instance, of

. the first three locations depicted 
in Figure I, only locations B and C

would be acceptable, assuming 
that the containment is the location 

of

the major points of release. Location A would be unacceptable because

both inlets can be simultaneously 
contaminated. With good inlet

placement, the relative concentration is calculated 
by use of Equation

M (6). In this case the standard deviation 
parameters are evaluated for

A the inlet closest to the point 
of release and with K being set 

to

zero.

(2) Remote Air Intakes-When the dual 
inlets are placed about 180

degrees apart from the potential 
release points and each inlet is

located well away from any major structure (typically 200 feet or

more, see Figure 1. location D),the 
probability of both inlets being

exposed to contamination at the same time is reduced significantly.

However, wind shifts and unusual 
meandering of the wind may still

cause simultaneous exposure of 
both inlets. This would occur infre-

quently and the contamination level at the operating inlet would be

low.

The staff estimates this level of contamination by assuming a

plume that spreads out in all directions 
and is evenly dispersed in

the vertical direction. The appropriate equation is:

XIQ 0.16/LUX (7)

K.> Jwhere:

L= vertical mixing layer, m

X = distance from source to closest inlet, 
a

In the cases where activity is 
released within the wake of the

containment, L is taken as the containment height divided 
bydr2(the

height is divided by4l to be consistent 
with the policy of restrict-

ing the wake. factor to one-half 
of the projected area of the contain-

ment building). It is assumed that the contamination 
level calculated

by Equation (7) will cover both 
inlets one-half hour per day.

Further adjustments in the X/Q, 
as discussed in the next section,

apply to all methods using Equations 
(5) and (6), but do not apply in

the case of remote air intakes.

2. Determination of (f.L21i

The five percentile X/Q is used for 
the first time interval in

the calculation (normally 0 to 8 
hours after accident occurence). 

For

subsequent time intervals, the XIQ is reduced to account for long term

meteorological averaging. Consideration of other factors may 
require

further reduction of X/Q. For instance, an allowance may be consi-

dered for the time the operator leaves 
the plant vicinity. This is

defined as the occupancy factor. Typical values for this factor

appear in Table 1. Note that the table also presents two other

factors involving wind speed and wind direction. These factors

fill
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account for the effects of changes in wind speed and direction over

progressively longer periods of time.

Typically, wind speeds of about 1 m/sec represent 
the five

percentile case whereas speeds of 3 m/sec represent the 40 to 50

percentile case. The staff allows credit for higher-wind speeds

during long term accidents as indicated in Table 2. The values shown

in Column 1 of the table can be used when meteorological 
data are not

available. When available. the factors can be calculated by use of

the wind percentiles given in Column 2.

When determining wind speed from site meteorological data, only

the wind direction sectors that result in receptor exposure 
are used.

Figure 2 defines the number of 22.5 degree sectors that is considered

in obtaining the short term and long term wind speeds. The s/d ratio

in the figure is the distance from the building surface to 
the

receptor divided by the diameter or width of the building 
normal to

the direction of t.he wind. Figure 2 was determined by analyzing the

growth of the lines of equal concentration in planes parallel 
to the

ground using results from Reference 2.

Figure 2 also is used to determine the fraction of time the 
wind

is blowing from the sectors in question. The average wind direction

frequency F is obtained by summing the. annual average wind direction

frequency of the sectors in question. Table 3 is then used to

evaluate the appropriate wind direction factors. Column 1 of the

;-_ table is used when F is not available and Column 2 is used when F has

been determined.

h12
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A%
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TABLE 1 a

EXAMPLE OF FACTORS USED TO CALCULATE 
EFFECTIVE

RELATIVE CONCENTRATIONS FOR SELECTED 
TIME INTERVALS

P-a

X -

.V I . Ito t- 0 - eo 7 ? +
Adjustment

factors

Occupancy

Wind speed

Wind direction

O - 8 hrs

I

8 - 24 hrs

1

0. 67

I - 4 days

0.60

0.50

4 - 30 days

o.4o.

0.33

0.88 0.75 0.50

Overall reduction I 0.59 0.23 0.066

-1
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TABLE 2

WIND SPEED FACTOR
. ._

Time after
accident

0 - 8 Hrs

Column 1
Representative wind

Speed Factors*

Column 2
Corresponding wind
speed percentile

1 5

O - 24 Hrs

1 - 4 days

4 - 30 days

0.67 10

0.50 20

0.33 40

TABLE 3

WIND DIRECTION FACTORg.44
V _~.

' j.IN:.

Time after
Column 1

Representative wind
direction factors **

- Column 2
Relations used to estimate
wind direction factor when

F has been determined

I
0 - 8 Hrs 1

8 - 24 Hrs

1 - 4 Days

4 - 30 Days

0.88 0.75 + F/4

0.75 0.50 + F/2

0.5 F

*Defined as the ratio of the five percentile wind speed to the 
wind

speed appropriate, for the time interval in question.

** Defined as the fraction of time the wind is blowing activity 
toward

the receptor.

h14. 
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C. Geometry Factor (G)

The whole body gamma dose 
from noble gas radioisotopes 

is easily

evaluated on the basis of immersion in an infinite cloud.' 
Since

control structures are usually effective in shielding 
out most of the

gamma radiation from outside 
the control room, the dose inside the

control room is substantially 
less than what the infinite 

cloud model

:S\ predicts. A correction for this effect can be made 
by using a

-.' geometry factor which is a ratio 
of infinite-to-finite cloud 

doses,

namely: **E i-I AR M
DOSE FROM N zrnruIn

DOSE FROM AN LODF1 I c OLUMEV

GF=DOSE FROJIA CLOUDOF VOLUMEVY
,LW,

where V is the control room volume. Taking into account geometric

effects and gamma attenuation (using 0.733 Mev as the average gamma

energy for noble gases considered 
in control room dose analyses) by

air, it can be shown that Equation 
(8) becomes:

GF = -
(9)

k>-i_
T, A_;,

|_-t

where the control room geometry is represented by 
a hemisphere of

volume V(cubic feet). Equation (9) is plotted in Figure 
3.

D. Iodine Protection Factor (IPF)

As outlined in Section III, 
there are several control room

ventilation-filtration configurations 
which are used in reducing the

iodine radioisotope concentration 
within the control room atmosphere.

Iodine reduction is expressed 
in terms of the iodine protection 

factor

(IPF) which is evaluated by-considering 
an equilibrium balance.between

iodine sources and losses within the control room. Figure 4(a) shows

a typical configuration, where:

4

F1 = rate of filtered outside air 
intake

F2 = rate of filtered air recirculation
! s v i _ z A _

F4 = rate of unfiltered outside air in iltratlon

The balance of activity due to iodine can be written as:

dA = A0 F1 (1 - q) + AoF3 -AF2 + AF2( -1 w- AM1 F3 )
7T

(10)

... . _.

where:

A = specific activity within the control 
room

AO = specific activity outside the control room

n = filter efficiency/llO

t = time

1i15
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Under equilibrium conditions the left hand side of Equation (10)
can be set to zero and the resulting equation yields the following
equilibrium ratio of outside to inside specific activity,

AG F1 4qF2 + F3  (11)

A I(-wi)F +F3

1 3

Since dose is proportional to the specific activity, then the
iodine protection factor can be expressed as:

DOSE WITHOUT PROTECTION AO (12)
aPF- (2

DOSE WITH PROTECTION A

The expression for IPF in Figure 4(a) is based on combining
Equations (11) and (12).

The iodine protection factor for filtered recirculation with
isolation is illustrated in Figure 4(b). It is obtained by letting
F1  0 in Equation (11).

Figure 4(c) shows a double filtration configuration. The iodine
protection factor equation for this system has the same form as

- Equation (11), with the exception that. -in the denominator is
:replaced by ad. The term (1-0 F in Equation (11) represents activity
- inflow after single filtration ol contaminated air. With double
- filtration the same term would normally .be written as 11 _q)2 F
;However, the effectiveness of two filters in series is limitel by

'; 7. Regulatory Guide 1.52. For example, two 2 inch deep charcoal filters
each having a e of 0.95 is treated as a single filter of 4 inch depth
having a i? of 0.99.

Figures 5 through 7 illustrate the dependence of iodine protec-
tion factors on F1, F2, and F3, for each of the configurations shown
in Figure 4.

Aside from the design, testing, and maintenance criteria given in
Regulatory Guide 1.52, the filter designer should review Reference 8
which provides some helpful observations on filter Installation and
design, based on the field inspection of the filtersystems of 23
nuclear plants.

E. Purge.Factor (PF)

Control rooms characterized by a high degree of leaktightness
can benefit by the relatively slow build-up of activity within an
isolated control room followed by a purge of the control room
atmosphere at appropriate times after a release.

Given a finite isolation time, a non-equilibrium build-up of
activity in the control room, followed by a purge, will result in a

- lower dose than in the case of instant equilibrium. It can be shown
that the ratio of equilibrium to transient doses for an isolated

y , control room followed by a purge is given by

416
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K>- PF=1 - 1 eRt) (13)
Rt

where

R = air exchange, rate, air changes per hour

t = isolation time, .hpurs

Figure 8 shows PF as a function of R and t. Equation (13) is

based on the assumption that the control room is immersed in a cloud

of constant activity concentration for a period 
of "t" hours and that

immediately after the cloud passes the control room is instantaneously

purged of activity. A conservatively large value of Kty should be

used, depending on the specific circumstances, since the operator

must 1) recognize that the external activity has fallen to a low

value and 2) manually initiate control room purging. For a typical

control room it is reasonable to assume that several days will elapse

before conditions warrant purging.

VI. Control Room Infiltration

Infiltration is defined here as any unintentional inleakage of

air into the control room. Pressure differences across-the boundary

of the control room air space cause infiltration through various leak

- . paths. Typical examples of leak paths include crackage around the

perimeters of doors, or duct, pipe, and cable penetrations. Struc-

tural joints, damper seals, and miscellaneous 
discrete cracks or

openings are also candidate leakage paths. Good control room design

practice minimizes microscopic openings of this 
type by gasketing,

weather-stripping or sealing techniques. However, it should be noted

that continuous distributions of microscopic capillaries 
and pores are

possible. as in concrete, for example. Thus, complete elimination of

infiltration is not always feasible.

In most cases, the principal cause for pressure 
differentials is

due to 'natural phenomena, such as winds, temperature differences, or

barometric variations. Pressure differences also can exist between

the control room air space and adjoining enclosures (e.g., mechanical

equipment room, turbine building, battery room, etc.) brought about by

flow imbalance in the overall ventilation system.

Precise evaluation of control room infiltration is difficult.

Although various empirically determined formulas 
are available for

predicting infiltration across individual leak paths of known size

and shape, this in itself is of limited value for a realistic 
assess-

ment of infiltration when the control room is in the design phase.

Even after construction, the control room infiltration measurement is

difficult since it is sensitive to the combined effect of a number 
of

independent variables., For example, wind direction, building geometry,

internal building pressure distribution, air columns 
(i.e., elevator

shafts, stairwell etc., can combine in a number of ways, resulting
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in different infiltration rates. Thus, to measure infiltration pre-
cisely in a specific case would require many test runs covering the
entire range of environmental conditions.

Current practice is to estimate an upper limit on control room
infiltration. This can be done on the basis of a gross leakage evalu-
ation. The most direct method is to pressurize an isolated control
room and record the pressurization flow rate required for maintaining
a constant pressure. In the design phase, the pressurization flow
rate can be estimated analytically by taking into account all identi-
fiable leakage paths and applyinC appropriate pressure-flow rate
equations.

The above approach characterizes the control room leak tightness
in terms of a gross leakage rate. The calculated or measured gross
leakage is used to determine the design basis infiltration rate that
will be applied to the evaluation of the radiological consequences
of postulated accidents. This rate is determined as follows:

1. The leakage from a control room pressurized to 1/8 inch
water gauge is calculated on the basis of the gross leakage data.
One half of this value is used to represent the base infiltration
rate.

2. The base infiltration rate is augmented by adding to it the
estimated contribution of opening and closing of doors associated
with such activities as the required emergency procedures external

a--. to the control room.

3. An additional factor that is used to modify the base infil-
., tration rate is the enhancement of the infiltration occurring at the

dampers or valves upstream of recirculation fans. When closed, these
dampers typically are exposed to a several inch water gauge pressure
differential. This is accounted for by an additional infiltration
contribution over the base infiltration at 1/8 inch water gauge.

It is anticipated that a better understanding and improved
methods of evaluation of control room infiltration will be available
in the future. An experimental program is planned for precise in-
filtration measurements of typical control rooms. The program will
involve the use of tracer gases in a series of concentration decay
measurements under a variety of atmospheric conditions. One of the
objectives is to establish an empirical correlation between control
room configuration, construction quality, and ventilation characteris-
tics and its infiltration characteristics.

VII. Summary and Recommendations

Acceptance of a control room design with respect to General
tesign Criterion 19 is measured by its capability for protection
against postulated accidents within or in the vicinity of the plant.
The Regulatory staff reviews control room acceptability by evaluating
radiation source and transport terms, and by applying conservative
modeling of the control room ventilation system. A similar approach
should be used by A/E firms in conjunction with control room design
and equipment selection. This would provide for an earlier establish-
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ment of an acceptable control room protcctIoh 
system, as well as re-

duce the efforts associated with 
design modifications resulting from

- Licensing technical review activities.

The approach outlined in this paper should be considered as

the first step in establishing standard 
design specifications of

control room ventilation systems. 
Combined efforts on the part of

industry and the government should produce standard designs that are

proven and that meet all applicable 
safety criteria, including

Criterion 19.

The following recommendations are made on the basis of the pre-

sent status of control room protection systems :

1. Consistent evaluation techniques 
should be employed when

determining system acceptability 
under Criterion 19. This paper

should supply much of the methodology 
required for consistent dose

evaluation.

2. Dose analyses should be used as a 
design tool, at least

until such time as the systems have been standardized 
and approved on

a generic basis.

3. The capacity of the charcoal filters 
should be based on the

dose evaluation. The design, installation, and maintenance of the

filter systems should be based 
.on recommendations provided in Regula-

* tory Guide 1.52 and Reference 7 (WASH-1234).

4. Careful attention should be given to the placement of fresh

' air inlets. They should be kept away from exhaust 
vents or other

IkeY potential release points of toxic or radiological 
materials.

5. The structural details of the control 
room should be such

as to limit infiltration when the room is isolated. All penetrations

should be sealed, doors should be made leaktight with high quality

weatherstripping, low leakage dampers or valves should 
be used,

exhaust fans should be stopped, and the air balance of the entire

control building reviewed to assure that inadvertent enhancement of

inleakage will not occur as a result of poor systemn design or opera-

tion.

6. All emergency conditions (e.g., fire, smoke, toxic gas,

including radiological releases should be identified and the proposed

concepts for control room emergency ventilation systems reviewed

against the entire spectrum of postulated 
events to assure adequate

protection.
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D ISCUSS1ION

SULLIVAN: This may be a little bit off the subject. Have
you seen any designs for the incorporation of devices In control
room ventilation systems that take into account possible hazardous
chemical releases, namely chlorine? ' .

MURPHY: For chlorine, I think that immediate isolation
Of the control room Is the first defense against such a release.
Unfortunately, I think we also have to rely on breathing apparatus
for further protection in very severe accidents (we'll call them
design basis type accidents) where we assume the entire chlorine
car -ruptured. We know that charcoal filters can be effective -
against chlorine.; We believe that their use in chlorine accidents
will help mitigate most of the lower spectrum of such incidents.

SULLIVAN: The reason I asked the question is that at the
Midland Plant, we are going to be supplying process steam to the
Dow Chemical Company. Being close to Dow presents some unique
problems for us in this respect.

MURPHY: A regulatory guide specifically for the problem
Of chlorine is now underway and hopefully will be in the public
document room within a month or two. This will help to determine
the necessary control room protection..

DODDS: Do you have, any data that has come out from
jlants to justify your infiltration assumptions?

MURPHY: To my knowledge there are no data on control
room Tnfiltration or infiltration of a similar structure that is so
leak-tight. Of course, we know about infiltration for conventional
buildings. The National Bureau of Standards, under an AEC contract,
will be doing tracer tests on control rooms to determine inriltra-
tion rates and, in this way, we will be able to determine whether
our present assumptions are valid.

MOELLER: You showed bottled gas being used to pressurize
the control room. What is the comparison or the efficiency of -using
bottled air for that versus using it as a source of individual air
supply to the people in the room?

MURPHY: It's much poorer. You see, what we're hoping
to do here is to keep a shirt-sleeve environment inside the control
room. We might be hurting in terms of whether we used bottled air
to pressurize the entire room versus its use in breathing apparatus.
However, I think we gain an awful lot in maintaining a shirt-sleeve
environment during emergencies.

KOVACH: On the completion of the NJBA study, will you
cons&Ter revising the new guide?

h29
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MURPHY: Which guide is this?

KOVACH: Your assumption is based on 10 CPM. I believe
the rates are considerably lower.

MURPHY: We will adjust our assumptions to bring them in
line with our test findines.

PASSISI: I notice you used the paper or Halitsky as a
source. I'm wondering, considering some of the discrepancies in
the original Halitsky paper, if you had considered using another
dilution model?

M4URPHY: We have looked at the applicable wind tunnel
tests-and all of the field tests that are available to us and we
rind nothing in all or these tests to show that our modeling is
not appropriate. Our position is an interim one. It requires
further study, I'm afraid, in terms of both the wind tunnel testing
and actual field testing, to determine whether this interim position
is far off.

PASSISI: You also made reference to a 95 percent efficient
charcoal filter. I wonder if you have considered the removal of
particulate iodine by HIEPA filters. *Are you making an assumption
that a certain fraction of the particulates of iodine that would be
left in the containment after the initial spray action would be the
type of iodine released?

MURPHY: Under most circumstances the iodine that is
released to tne environment is principally organic and not parti-
culate.

PASSISI: That's contrary to Regulatory Guide 1.4 in
erms Orf the fractions of particulate iodine left after the spray
has eliminated the bulk of the elemental iodine. In a PWR with
sprays, 40% of the iodine left after the first half hour of spray
operation will be particulate.

MURPHY: We usually do not take any credit for the re-
inova Vof particulate by the HEPA filter, since it usually results
in a small dose reduction. It should be noted that the particulate
will be reduced to low concentrations after about ten hours of spray
operation. The iodine that is subsequently released will be
essentially all organic. Nlevertheless, an allowance based on HEPA
filtration of particulate would probably be acceptable to the
Regulatory staff.
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N V NIAGARA
LAU MOHAWK

NINE MILE POINT NUCLEAR STATION IP.O. BOX 32 LYCOMING, NEWYORK 13093/TELEPHONE (315) 343-2110

NMP86969

February 23, 1993

Dr. John N. Hamawi
New York Power Authority
123 Main Street
White Plains, New York 10601

RE: The validity of the Nine Mile Point (NMP) Meteorological Data (1985-1990) sent for
use in updating the Offsite Dose Calculation Manual (ODCM)

Dear John:

This letter is a follow-up to our recent telephone conversations summarizing the resolution of

Niagara Mohawk Deviation Event Report (DER) #1-91-Q-1385. The DER described a
problem with an out-of-adjustment wind direction test fixture that was used to calibrate the
NMP main meteorological tower wind direction sensors. The original assessment estimated
the test fixture was out of adjustment by approximately 8 degrees. Final analysis showed
this error to be somewhat less.

A thorough and extensive analysis was conducted. Calibration results were reviewed and
tabulated back to 1985. A Niagara Mohawk survey team resurveyed the land mark used for
the orientation of the wind direction sensors.

The results of the investigation found two bias errors, a test fixture error of +1.6 degrees
and an orientation error of -4.6 degrees, for a combined error of -3.0 degrees.

An error of this magnitude is not viewed as significant because the regulatory guide accuracy
for wind direction is ±5 degrees.

I do plan, however, to incorporate the corrections for these biases into the data base for any
future data that is sent out. For your information, the individual biases both began in 1986
and continued through the end of the data period.



Dr. John N. Hamawi
NM86969
February 23, 1993
Page 2

Please forgive the inconvenience ftis may have caused you or your organization. As soon as
a new data tape is made, I will send you the NMP meteorological data for the period 1985-
1992.

Thank you for your patience. If you have any further questions, do not hesitate to call me at
(315) 349-2715.

Sincerely,

Thomas A. Galletta
Environmental Protection Coordinator-

Meteorological

Ijm
pc: H. Flanagan, NMPC

A. McKeen, NYPA-JAF
B. Gorman, NYPA-JAF
N. Avrakotos, NYPA-JAF
G. RK NYPA-WPO
K. Rao, NYPA-WPO

bugh%-m.Wag
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Abstract

The Eastern Lake Ontario On-Show Flow Field Study was designed to address several nuclear-
specific meteorological issues In the coastal zone near Lake Ontario. Specifically, the following issues
were investigated: Location md height of elevated stability layers; stability classification problems;
vertical variation of wind speed; dat bases for model validation studies; and suitability of new remote
sensing technology. These issues were studied through one-year of continuous site-specific
meteorological monitoring using acoustic sounders, meteorological towers, a microwave profiler, and a
Radio Acoustic Sounding System (RASS). Continuous monitoring data was supplemented with
intensive observations to collect detailed Information during targeted meteorological conditions.

Acoustic sounders were used to observe the occurrence of elevated mixed layers and stability
gradients. The monitoring failed to identify a statistically significant number of tiermal internal
boundary layers (IBL). it is recommended that TIBL heights be estimated using robust empirical
expressions. No justification for relocating the tall meteorological tower was deteWmined. The current
tall tower should be used to estimate release height winds. A 10 m tower located inland should be
used to provide flBL stability. Permanent installation of an acoustic sounder is also recommended.

A micrometeorological towe was installed and operated for a one-year period to measure stability
using several techniques and investigate stability classification problems in ar-shore areas. The
results show that local conditions must be factored Into detemining the most appropriate stability class
for dispersion modeling. In cases involving complex meteorology (i.e. coastal zones), consideration
should be given to the collection of stability data at heights close to release elevation.

The vertical variation of wind speed was investigated by obtaining wind speed measurements at
potential release elevations using a tethersonde and concurrent measurements from the 200 ft
meteorological tower. The results indicated dimculty In estimating instantaneous wind speed at release
elevations using established empirical expressions. Continuous measurements at release elevations are
recommended for emergency response applications along with refined profile exponents for average
winds used in routine release impact assessments.

Detailed measurements of meteorological regimes were collected in order to develop detailed data for
the development and validation of numerical models for predicting the transport and dispersion of
pollutants in shoreline environments.This data, combined with the oterd measurements taken during
this study should provide researchers with a data set suitable for developing and validating conceptual
and numerical models of the dispersion meteorology along the southern shore of Lake Ontario.

A 915 MHz Profiler and RASS were operated for a period of one year to evaluate the technology as a
possible replacement for existing tall meteorological towers at nuclear facilities. It was concluded that
the new technology is not a replacement for tall towers but can provide important supplemental
information Combined with an existing 200 ft meteorological tower mnd sodar for profiling in the
lowest portion of the boundary layer, the profiler and RASS can provide valuable infonmation on
plume level wind and temperature structure.

This study focussed on the unique meteorological problems faced by power generating facilities
located in coastal environments. The information and findings are applicable to facilities which must
make estimates of the downwind dispersion of air pollutants in a coastal environment

hi



Section 1.0

Monitor Coastal Transition Zone Internal Boundary Layer

his Section summarizes the results of a monitoring program to dete the existence of coastal internal

boundary layers along the southeastern shore of Lake Ontario and make recotumendatons as to the

placement of a meteorological tower at the Nine Mile Point Nuclear Station (NMP). A brief

background description of the coastal internal boundary layer phenomena investigated during tUis

study is presented in Section 1.1 and the study goals presented in Section 1.2 Descriptions of the

equipment, monitoring program, and data analysis approach are provided in Section 13, with the data

analysis results summarized in Section lA. Section 15 presents some conclusions and

recommendations resulting from this portion of the study.

1.1 Background

1.1.1 Meteorology of the Coastal Transition Zone

At the coastal land/waer interface, there is a unique step-change in the surface characteristics over

which air flows. Mhe water is characterized by high heat capacity and low surface toughness; thus,

the temperature of the air over water is slow to change and flow is relatively smooth On the oher

hand, land surfaces are distinguished by large temperr anges and high surface toughness: thus,

air over land experiences large tmperature variations and flow is moae tubulent.

As air flows from one surface type to the other, it is modified at the bottom, gradually taking on the

characteristics typical of air resident over the new surface. The depth of the modified surface layer

incinases with distance over the "new" surface type. The layer of modified air near the surface is

referred to as an Intemal Boundary Layer (IBL) because it gows within another boundary layer

associated with the approach flow or the unmodified air. Two types of IBLs have been identified: the

aerodynanic internal boundary layer (AIBL) resulting fmrm changes in surface toughness, and the

thetmal internal boundary layer (MlBL) resulting from changes in surface temperture.
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The AIBL and T1BL each have important implications for the assessment of stability in the coastal

zone and, hefore. the transport and diffusion of pollutants- A step change in surface roughness.

such as going from relatively smooth flow over was to more turbulent flow over land develops an

AIBL, producing a wind profile modification (Figure 1-1) and a change in Stability. A step change in

surface temperature results in an adjustment In the vertical temperature profile (Figure 1-2) and

likewise, a change in stability. mhe change in stability from inside to outside of the TIBL can be

measured in terms of the standard deviation of vertical velocity (Figure 1-3).

To consider the AIBL and TIEL separately in the coastal zone is not really appropriate since both are

occurring simultaneously. However, the surface toughness change is essentially constant over most

temporal scales while the surface temperature (land and water) has dramatic variations on time scales

ranging from several hours to one year. As a result, the TIEL is substantially mome difficult to

quantify since it depends on a number of continually changing meteorological paraneters.

The most dramatic IBLs occur when cold stable air over a lake or ocean surface moves onshore over

land heated by the daytime sun. Mmis condition develops a TIBL In orter for a TEL to develop, the

following conditions must exist

K>
* Wind direction onshore (ie. air flow horm water to land).
* Stable vertical temperatu gradient over water.
* Neutral or unstable vertical temperature gradient over land.

Tme TIBL conditions occur only with unstable vertical temperate gradients over land. Shoreline

fumigation under neutral stability classifications is possible, but most often results from mechanical

mixing rather tha temal imbalances.

The TIBL Is important to dispersion meteorology since a phenomena known as shoreline fumigation

can occur when a pollutant plume intersects the boundary between an elevated stable layer and a

surface-based unstable layer. When an elevated point sourse exists near the soelin, the resultant

plume would initially be emitted into the stable layers above the TIBL provided the wind is directed

on-shore. However, the plume may eventually intersect the growing TIBL, where downward mixing

of the plume occurs in the unstable air of the TIBL. The sudden downward mixing of the pollutant

plume is referred to as shoreline fumigation. The occurrence of shoreline fumigation leads to sudden
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increases in ground-level pollutant concentrations closer to the source than would be expected if the

x phenomena was not occurring.

The NMP facility is located on the southeastern shore of Lake Ontario near Oswego in New York

State, and is therefore subject to the potential of a T[7BL meteorological regime. A previous frequency

analysis using two years of site-specific meteorological data determined that on-shore flow occurs

approximately 50-percent of the time in the vicinity of the NW facility (Galson, 1990). The analysis

also showed that on-shore flow with meteorological conditions appropriate for the development of a

TIML occur approximately 5 percent of the time on an annual basis, and over 15 percent of the time

during the months of May, June, and July. It was concluded that the occurrence of TIBLs and

associated shoreline fumigation conditions is potentially important when describing the tanport and

diffusion of pollutants in the vicinity of NM? and other power generating facilities with coastal

locations.

As part of the Eastern Lake Ontario Meteorological Study-Phase m, a literature review of

observations and ABL formulations was conducted (Hannah 1991). The review found that no studies

of TIBLs have been made specific to the Lake Ontario shore. However, several studies have been

conducted on some of the other Great Lakes, including Lake Michigan (Lyons, 1975), and Lake Erie

(Poctelli, etal, 1982). Hanna (1991) compared previously developed formulas to describe the TIBL

height as a function of inland distance with observed TIBL heights from several field studies.

Empirical TIBL height equations were also compared to the observations.

Hanna (1991) identified the following difficulties with theoretical expressions for TIBL height when

compared to the existing condition:

1) The vertical position of the 1TBL is difficult to verify, since it can be defined as a

temae, wind speed, and/or turbulence discontinuity.

2) Some observation studies have shown that there may actually be two TOBLs, the top of

the layer modified by the surface and the top of a second Inner layer In which the

boundary layer has reached an equilibrium with the undelying surface. ihis situation

is further complicated by TEBLs which form inside sea (lake) breeze circulations.

3) The wind speed profile (an important input to some TBL height expressions) is not

spatially consistent, and can be different over water, at the coastline, and over land.
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4) Sensible heat flux is not constant with distance from the shoreline. It is expected that
boundary layer feedhwk wi cause the heat flux to increase as the boundary layer
deepens.

5) The over-wat temperature gradient is not likely to be constant with height. Most
boundary layer teories and observations suggest that the potential temperatu
gradient is greatest near the surface.

6) Water and surface temperatures are poody defined. Temperature shows its largest
variation near the surface, and can vary by several degrees between surface scin
teprtr (Ic. air temperature 0.1 m above the surface) and the standard temperature
measurement level.

To describe the TIBL height on the southeastern shore of Lake Ontario, Hanna indicated that

theoretical equations would be preferable to empirical equations. However, in real-wordd applications,

the values of some of the parameters necessary to solve theoretical equations are difficult to define.

In addition, the equations may give unrealistic answers for certain combinations of parameter values.

Therefore, Hanna recommends using "robust" empirical equations to estimate TIBL height. Such

equations are stable with respect to input data, and agree reasonably well with the results of field

experiments.

Specifically, Hanna (1991) recommends using one of the following empirical expressions developed to

approximate the TBL height (H=L, in meters) as a function of inland distance (x, in meters):

* OCD (1985): HIL = O.lx when x!2000m
HTmL= 200m + 0.03(x-2000) when x>2000m

* Hsu (1988): HrmL = Ax where A = 49, 2.7, 1.7, and 1.2 for over-land
stability classes A, B, C, and D, respectively

The TIBL heights predicted by these expressions ae shown in Figure 1-4. The TIBL height equations

all show a similar pattern, with the steepest slope near the shore, and decreasing slope farther inland.

The deepest IlBLs are expected when instability is greatest Cie. Pasqulil Stability Class A). This

makes intuitive sense since the convective currents are most intense unde high thermal instability,

thus mixing through a deeper lay is supported themodynamically. As mentioned previously, TIBL

existence under nmeutl boundary layer conditions (ie. Pasquill Stability Class D) is mainly a result of

mechanical mixing, and the TIBL is weake and moe difficult to define. Te OCD TBL height
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model is the most conservative of the approaches, and requires the user to determine only if

appropriate conditions for TIBL development exist The Hsu model is slightly less conservative, and

requires a slightly more detailed assessment of the overland stability.

As compared to the unstable TIBL, the reverse situation of warm air advection over a colder surface

has received very little attention. This situation may exist in winter along the southeast shore of Lake

Ontario when warm lake air moves on-shore over cold, often snow covered land. Raynor et. al.

(1979) reported on the stable IBL on the souffiern shore of Long Island, and developed an empirical

relationship to predict growth of this type of IBL. Like the TIBL, the stable IBL also presents a

problem when it is necessary to estimate the proper stability. In general, a plume release into or

intersecting the stable EBL will remain in the stable layer where more traditional methods are adequate

for estimating dispersion. Tberefore, this study was intended to focus on the more volatile conditions

presented by an unstable TIBL, and cold air advection over a warm surface.

1.1.2 Applications to Nuclear Facilities

The meteorological program at Nine Mile Point Nuclear Power Station sad all other power generating

facilities employing nuclear technology in the United States is subject to Federal Regulation

IOCFR50.47. The regulation is in place to provide protection for the general public by requiring

nuclear power generating facilities to have adequate facilities to allow the" assessment and monitoring

of actual or potential offsite consequences of a radiological emergency." The Nuclear Regulatory

Commission has issued the following documentation to provide guidance to nuclear facilities in

meeting the requirements of the regulations:

* "Recommendations for Meteorological Measurement Programs and Atmospheric

Diffusion Prediction Methods for Use at Coastal Nuclear Reactor Sites" (NUREG/CR-

0936)
* "Meteorological Programs in Support of Nuclear Power Plants' (NRC Safety Guide

1.23 Revision 1*)

Meteorological data collected in support of the meteorological programs are used for short- and long-

teni dose calculations, and emergency response plume trajectory and arrival times. Regulations and

guidance make specific statements regarding the need, location, availability, quality, and type of
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meteorological measuremet.

The guidance documents listed above specifically identify coastal internal boundary layers (ie. TIBLs)

as a 'problem area" with respect to deteHmining transport and diffusion from nuclear facilities located

in coastal areas. Currently, the dispersion models employ robust, transportable methods for simulating

the effect of shoreline fumigation on downwind impacts for pollutant plumes. In order to support

dispersion estimates in areas where coastal internal boundary layers may be a factor, the above

guidance docmentation makes the following recommendations with respect to monitoring the TIL:

1) Mhe primary meteorological tower should be located so that the upper measuring level
Is always within the internal boundary layer.

2) A secondary meteorological tower should be placed at a location where measurements
representative of the unmodified marine air can be obtained.

3) Instrumentation heights on the primary meteorological tower should be representative
of conditions within the internal boundary layer while maintaining adequate separation
between levels so that likely differences measured are greater than the uncertainty of
the instumentation.

ibis task is designed to further investigate the TlBL, and provide recmendations for assessing the

significance to the problem, specifically to nuclear facilities located in shoreline areas.

1.2 Study Objective

The objective of this study is to make measurements of the TIBL in order to deteumine the most

appropriate location for a meteorological tower to satisfy NRC guidance. Knowledge of the TEBL

height will assist in assessing the stability of the air into which specific plumes are released, and

provide required infonmation for the modeling of transport and diffusion of releases from coastal

nuclear facilities, specifically the Nine Mile Point Nuclear Station and JA. Fitzpatrick Nuclear Power

Plant.

1.2.1 Study Goal

The following specific goals were identified as necessary to address the task objective:
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* BSTR2.FOR - Decode xaw backscatter data
- Calculate average backscatter data

* MDETFOR - Bin data and smooth (33 bins with 27 m increments)
- Identify scattering layers
- Output numbs, depth, and strength of scattering layers

* MIXFEQFOR - From MXDETFOR output, determines the occurrence and
frequency of multiple mixing layers by identifying layers with Ab>25

In addition to the robust automated procedure outlined above, mixing height data was reviewed by a

meteorologist familiar with the project to verify the results. The results of the multiple mixing height

frequency analysis are presented in Section 1.4.

1.33.2 Identification of lTBLS

The identification of TIBLS proved to be extremely difficult due to the apparent dominance of

synoptic scale mixing layers, the variable nature of onshore flow conditions, and the complexity of

performing detailed review of the digital backscatter data files.

The first step to identifying TIBLs, was to identify hours of onshore flow at NMP. This was

performed using available meteorological data from the NMW main meteorological tower (9MP) and

the ELOOFFS micro-meteorological tower (MMT). For the purposes of this analysis, periods of

onshore flow were identified using tet following criteria:

1) Wid direction at 9MF 30 ft leve between 270 and 40 degrees
2) Wind direction at MMr 10 m level between 270 and 40 degrees

3) Wind direction criteria must be met at both 9MP and MMT for at least 2 consecutive

hours

Over 2,300 hours were selected as meeting the onshore flow criteria. In order to identify potential

onshore flow cases which were more likely to support a T7BL across the acoustic sounder "network",

the wind direction criteria were .further refined to better distinguish periods with onshore flow

perpendicular to the shoreline at NMP. In addition, a wind speed criteria was added to eliminate

consideration of light and variable wind conditions. Night-time hours were also eliminated from

consideration. The potential 1lBL criteria are as follows:
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1) Wind direction at 9MP 30 ft level between 325 and 1 degrees
2) Wimd direction at MMT 10 m level between 325 and 15 degrees
3) WInd speed at 9MP 30 ft level greater than 1.5 ms
4) Wind speed at MMT 10 m level er than 1.0 m/s
5) Solar radiation at MMT greaterhan 0.02 Langleys/min

Apprximately 231 hours were identified as potential TIBL hours using this selection criteria. It

should be noted that the acsa number of pottial TBL hours at NMP duning the one year

monitoring period is higher, however, the wind directions for the eliminated hows would not have

been favorable for investigating lBLs over the sounder network.

Finally, the best time periods for potential TIBL development were identified using the following

additional data reduction cfiteia in order to assure that conditions sufficient for the development of

unstable lapse rates over the land existed:

1) Solar radiation measured at MMT greater than or equal to 75% of total possible.
2) No snow cover reported on ground at the National Weather Service Office in

Syracuse, New York (nearest inland snow cover reporting station)
3) Air temperature measured at the 2 m elevation of the MMT tower should be greater

than the climatological lake temperature (no reliable observed lake temperatu data
was available for the period of record).

Following this final stratification of the data, appmximately 84 hours remained for detailed TIBL

investigation. The specific time periods Identified as potential TIBL hours are detailed in Table 1-2.

Each of the 84 hours of potential TIBL data was manually inspected by a meteorologist familiar with

the project. The hourly averaged backscatter data produced from the routine BSTR2. FOR described

above were used rather than the 10 minute data since the fomnat of the higher resolution data was very

cumbersome and tended to be extremely variable.

The results of the TIBL identification and height analysis ae presented in Section 1A.
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Figure 1-4
TIBL Height vs Distance Inland Using Robust Formula (Hanna, 1991)
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JAF-CALC-RAD-00007 - Rev 2

POWER UPRATE PROGRAM - ONSITE AMD OFFSITE POST-ACCIDENT
ATMOSPHERIC DISPERSION FACTORS

ATTACHMENT B

COPIES OF COMPUTER OUTPUTS

Included in this attachment are copies of the computer outputs
pertinent to this calculation. They appear in the following
order:

ALLEGRA (Radioactive Decay)

Case #1 - Post-LOCA noble gas mix inventory versus time

AEOLUS-3 (Atmospheric Dispersion)

Case
Case
Case
Case

Case
Case
Case
Case
Case

#1
#1A
#2
#3

#4
#4A
#4B
#4C
#4D

Stack release
Stack release
Stack release
Stack release

Stack release
Stack release
Stack release
Stack release
Stack release

- Site boundary
- Site boundary
- 1.7 miles
- 3.4 mi. (LPZ)

- 4.0 miles
- 4.0 miles
- 4.0 miles
- 4.0 miles
- 4.0 miles

- Xel33 source
- LOCA mix/No decay
- Xel33 source
- Xe133 source

- Xe133 source
- LOCA mix/No decay
- LOCA mix/Id decay
- LOCA mix/4d decay
- LOCA mix/15d dec.

Case #5
Case #6

- Stack release - 4.5 miles
- Stack release - 5.0 miles

- Xe133 source
- Xe133 source

Case #7 - Stack release - Control Room - Xel33 source
(Various distances for worst-case determination)

Case #7B - Stack release - Control Room
(Worst-case receptor - 405 m)

- LOCA mix/No decay

Case #8 - Stack release - TSC (See Case #7)

(Note: In similarity with the CR analysis, the TSC
intake vent location was conservatively assumed to
to be at the worst-case distance from the stack.
For simplicity, it was also conservatively assumed
to be at an elevation of 17 m above station grade,
same as that for the CR. Hence, the CR results
apply also to the TSC intake.)

Case #9 -
Case #9A -
Case #10 -
Case #1OA-

TB release
TB release
TB release
TB release

- Site boundary
- Site boundary
- LPZ (3.4 mi)
- LPZ (3.4 mi)

- Xe133 source
- LOCA mix/No decay
- Xel33 source
- LOCA mix/No decay



JAF-CALC-RAD-00007 - Rev 2

POWER UPRATE PROGRAM - ONSITE AND OFFSITE POST-ACCIDENT
ATMOSPHERIC DISPERSION FACTORS

Case #11 - TB release
Case 1l1A- TB release
Case #12 - TB release

- CR - 9 Sectors - Xe133 source
- CR - 9 Sector - LOCA mix/No decay
- TSC- 8 Sectors - Xe133 source

(Note: Only Cases #7 and 7B were rerun in Rev. 2 of the present
calculation; and Case #8, for stack releases and the TSC, was
deleted.)
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POWER UPRATE PROGRAM - ONSITE AND OFFSITE POST-ACCIDENT
ATMOSPHERIC DISPERSION FACTORS

ATTACEMENT B

COPIES OF COMPUTER OUTPUTS
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