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Tables 1 and 2 give the results of this analysis. It should be noted that these
viiues include factors for the fraction of time that an operator would be in the
plant vicinity, ATthough this usage factor could, perhaps, be more appropriately
included in calculating operator dose from the surrounding radionuclide
concentration, it is included with x/Q calculations i Reference l

Recent Calculational Advances

A series of reports and papers by J. V. Ramsdell, Jr. considered the methodology
of Murphy and Campe and proposed new methodologies to improve the predictive
capabilities of calculations of atmospheric dispersion in the presence of
building wakes. The first of these reports®’ made use of seven field
experiments %o illustrate that the Murphy and Campe methodology accounted for
little of the variability in concentrations affected by building wakes. ’n
empirical model was proposed that showed a significant improvement in predicting
centerline concentrations. The model is a multiple-1inear regress.on (linear in
@ log-log sense) that relates downwind distance. tuilding cross-sectional area,
wind velocity, and stability class to x/Q. Because circulation in building wakes
disiributes effluents entering the wake more widely than normal atmospheric
diffusion, it was also recommended that relatively wide wind-direction sectors
(perhaps as wide as 90°) be used in applying the methodology to evaluating
concentrations affected by these wakes.

The second of these reports™ generalized the statistical model into one that
had comparable dccuracy but had its basis in the physical mechanisms of
importance. It was noted that this model does not result in building wake
effects on concentrations Yery near the source; but the presence of buildings
becomes important in controlling the transition from wake to norma)l diffusion.
The concentrations near the source are seen to be directiy related to wind speed,
rather than the inverse r.lationship of previous models, It also shows that
building wake effects are important at greater downwind distdances than indicated
by previous calculational models. These Characteristics are borne out by the
empirical analysis.
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(Previous Analysis)® .

Release Point

Containment Building Edge
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Gaseous Waste Storage Vault

T:ple |

Design Basis (Exceeds 95% of) x/Q Values (sec/m’) at the
BVPS Control Room Intake for Postulated

Release Points Using Murphy.-Campe Methodology
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The third report'*’ further refines the theoretical framework for describing
building wake diffusion and extends the application to ground level. roof top
vent, short stack, and elevatid releases This latter repsrt also presents
guidance in implementing the mode),

The mode), as appiied to the Beaver Valley site, is an extension of the standard
Gaussian plume mode! for ground-leve! releases:

.‘:’nf r—' (1)

x « plume centerline concentration, ci/m®
Q = release rate ci/sec
U= wind speed, m/sec

2, = horizontal wake and natural turbulent diffusion
coefficient, m

£, = vertical wake and natural turbulent «iffusion
coefficient, m

The wake and natura) turbulent diffusion coefficients are a combingtion of the
two mechanisms such that:

I = wake and natural turbulent diffusion coefficients
(horizontal, I or vertical, L), m

o, = wake component of diffusion coefficients (horizontal,
o, Or vertical, o), m

o = natural turbulence cumponent of diffusion coefficients
(horizontal, o, or vertical, o,), m

Standard methods of estimation o' are applicable to the present model. The
wake component of the diffusion coefficients is described as:

PR p— 1-‘1'.Oﬁﬁﬁmsqqexy1~.0869 24
]

.0676U‘§5. | 4} (3)
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where:
K = a dimensional constant, 0.5 n'/sec?
A = projected building cross sectiona) area, m'

S5 = | for horizontal wake component, st.uflity parameter
for vertical wake component (vstability class,
where class A«], Be2,....)

d « distance from the release point to the receptor
location, m

The constant . 1s actually a combination of several terms in the theoretical
model, which cannot be easily evaluated with readily-available meteorological
data. A value of 0.5 was chosen by Ramsdel) sc that the mode! gave an unbiased
representation of the data he had available. The stabi)lity parameter used in the
description of the vertical wake component, S, was shown to be well represented
by the square root of the stability class. ™

Equation 3, & presented above, differs from the equations containe in Reference
4. The latter contains typographical errors'®, which are corrected here.

Model Application

The mode] presented above is applicable to a release from which the plume will
be entrained in the building wake. Such releases include those at ground- leve!
as well as some from roof-top vents. Roof-top vent releases are simulated using
@ weighting factor, which describes the portion of the plume entrained in the
building wake; the remainder of the plume is taken to be described as an elevated
release.“” The factor is a function of the ratio of vertical r'ease velocity
and wind speed. For ratios les. than one, the plume is taken to be entirely
within the building wake; for ratios greater than §, the plume is taken to be
elevated entirely above the building wake. For the postulated accident releases
at Beaver Valley, this ratio was taken to be less than I (1. , Tow velocity
releases). It is expected that, for the relatively short release-receptor
distances analyzed for Beaver Valley (95 meters maximum), such low velocity
(ground-level model) releates would yield larger receptor concentrations than
would elevated releases. Indeed, Ramsdell indicates that, "near the source, the
concentrations from roof-top releases are lower than concentrations from ground-
level releases. '™






Equation 4 is the mathematics) equivalent of taking the entire latera)
q :

Lross
section of the plume (i.e., contaminant content of the plume) and determining the
concentration 1f it were spread evenly over the width, W, Given that: '

/F Bt L2 (5)
e
then Equartion 4 reduces to
A‘q“ l
”\ .
X/ §) iong tetm” 1;- {f _‘_" (6)

The average concentration across the width of the plume (the width is taken as
$2L, or 4 standard deviations. within which 95 percent of the source 1s
contained) is then:

3

(x - ) R re—— T——

v L ,/6% (7)

However, a minimum long term width over which the plume is averaged can be

envisioned as one w'"d-direction sector (1716 of a circle, or 22d/16 meters) so
that:

1 i6

(X70) 1ong tera®MInimum of e e
U2 L ,/8%  Gup Jin? (8)

The short-term x/Q dveraging periods (e.g., 8 hours or less) assume that all of
the hourly metecrological data (1.e., wind speed, wind direction, and stability
C1a5s5) s available. If any of the data are missing, then x/Q values for periods
cortaining the mis.ing data are not calculated. For the long-term x/Q averaging
perivus (e.g., 24 hours or more) on the other hand, 3/4 of the hours contained
within a pericd must be available for a calculation to be viable. This is an
extension of EPA guidance, "' which allow up to 6 missing hours in any 24-hour
period for the calculation of air quality parameters,
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Model Results

The above-described model was applied to postulated accident releases at the
Beaver Valley Power Station Units 1 and 2 in order to calculate design basis
control room x/Q values.

On-site meteorological data for the 5-year period of 1986 through 1990 were
applied along with the physical parameters (building cross-sectional area,
direction from source to control room) appropriate for each of the 14 release
points (7 for ea:h unit).™® Figure 1 11lustrates the re'ative Tocation of the
release points and the control room; Table 3 gives t! #s of the phy.ical
parameters as.sociated with each release point.

Averaying periods of B, 24, 72, and 624 hours were considered. Although, as
dis.ussed previously, each of the latter 3 periods could have contained x/Q
values with up to 6, 18, and 156 missing hours of data, respectively, the actual
maximum number of missing hours imbedded in these averages were 6, 18, and 45,
respectively. Only one percent of the individual hourly data contained any
missing data.

Sequential x/Q values were simulated for the period of record and frequencies of
occurrence of these values calculated. The cumulative frequency distributions
for all of the 14 release scenarios are included in the appendix to this report.

Tables 4 and 5 contain the design basis x/Q values (exceeded only 5 percent of
the time) for Units 1 and 2, respectively. Comparison of these tables with
Tables 1 and 2 illustrates that the more recent methodology‘*’ leads to 8-hour
average x/Q estimates from 1.4 (Unit 2 Gaseous Waste Storage Vault) to 52 percent
(Unit 1 Auxiliary Building) of those using the preceding methodology.'"
Inspection of the tables also reveals that x/Q values decrease more rapidly as
the averaging period increases for the prior methodology than they do for the
present one. This is due, at least in part, to the fact that the former values
(Murphy-Campe methodology) include a usage factor that simulates the fraction of
time an operator would be within the plant boundaries. If this factor (0.4 for
624-hour average) is removed from the Table | and 2 calculations, then the
methodology of Ramsdel1'™ is seen to be lower than that of Murphy-Campe''’ by

9
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Table 3
Physical Parameter Values Used to Calculate
Design Basis x/Q Values for Various Release Points

' Building Cress ?e(tvona! Direction from Release to D!Sl?ﬂf@ to
Release Point Area (m°) Control Room {deg) Controi Room (m;
Unit i
Containment Bu-iding Edge 1600 203 72
Containment Building Top 1600 263 93
Auxiliary Building 1600 217 24
Main Steam Valve 1600 S 56
Service Building 62’ 231 75
Turbine Building 1844 273 £ |
Gaseous Waste Storage Vault 343 i63 46
Unit 2
Lontainment Building Edge 1600 45 74
Containment Building Top 1600 45 S5
Auxiliary Building 2094 52 30
Main Steam Valve 931 62 86
Service Building 2191 70 69
Turbine Building 2888 93.5 56
Gaseous Waste Storage Vault* 10.2 52 6l

*Postulated from the vault exit door. which is in a vestibule. It is assumed, for this release eniy, that
the "window"™ is 190°. Fur all other releases, the window is $30°
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Teble 4 .
Design Basis (Exceeds 95% of) x/0 Values (sec/m’) &t the

BVPS Contro) Room Intake for Postulated
Release Points Usirg Ramsdel) Methodology

—mg 10058 Point

Containment Building Edge
Containment Building Top
Auxiliary Building

Main Steam Valve

Service Building

Turbine Building

Gaseous Waste Storage Vault

4.23E-4
2.73E-4
4.30E-3
7.60E-4
6.25E-4
2.43E-3
5. 1164

(New Analysis)'™
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Table E

: i i L 3

Pesign Basis (Exceeds 5% of) x/0 Values (sec/m’) at the
BVPS Control Room Intake for Postulated
Release Points Using Ramsdel) Methodo)ogy

"

(New Analysis)™ - Unmit ¢

JAccident Period

e Bbloase Point  0-8 Mours  @:24 Hours L4 Days  4-30 Days
Containment Building Edge 1.88E-4 9.326-5 7.06€-5 4 18E-§
Containment Building Top 1.20E-4 $.91E-5 4 4585 2.64E-5
Auxiliary Building | .04E-3 5.15E-4 4 04f -4 2.46E-4
Main Steam Valve |.59E-4 7,86E-5 $.96E-5 3.76€-5
Service Building 2.21€-4 I 11E-4 8.5€-5 5. 17¢-5
Turbine Building 2.72E-4 | . 43[-4 1.10€-4 6.30E-5
Gaseous Waste Storage Vault |.74E-3 9.36E-4 7.69E-4 5.55€-4




factors of from .1 to 60 percent for the 624-hour dverages, a range similar to

that for the B-hour averege

sensitivity Analysis

The physical parameters corresponding to the containment butlding edge (see Table
3) were used as the basis for a sensitiv.ty study of the above-described results.
Besides analyzing the sensitivity of the design vasis (x/0Q exceeded 5 percent of
the time) results to changes in the physical parameters, variations in the size
of the "winduw" in the method of calculating long-term averages (1.e., the
lateral averaging interval), and in the assumption of 4 point source are
considered,

Table 6 gives some of the results of the sensitivity study. A change in the
direction from the source to the receptor, the contrc) room, of $3° (from 203°)
results in a change in calculated x/0 of approximately 7 percent. This change
15 a function of the directional distribution of the wind speeds and stability
classes at Beaver Valley; it is indicative that inspection of the near-surface
onsite distribution''® shows wind frequencies increasing from 180° (S) around to
225" (SW). A change in the distance from the source to the receptor of 3 meters
(out of 72 meters) results in a change in x/Q of approximately 8 percent, with
the concentrations decreasing (as expected for nonelevated releases) as the
uistances increase. The effect of changing building cross-sectional area over
the range of +50m° (out of lGOOm’) is seen to be negligible. A1) of these
changes are independent of averaging periods.

The analysis of x/Q in this report used a value of $30° for the "window." That
s, 1f the wind direction 1s within 30° of the direction from the source to the
receptor, then the plume centerline is taken to pass over the receptor; outside
of this window, the plume is taken not to effect the receptor. In terms of
defining extreme circumstances (e.9., x/0 exceeded 5 percent of the time), this
s & reasonable conceptualization. Plumes outside of the window, a'though
possibly affecting the receptor, will have smal) (off-centerline) concentrations
at the receptor; they, therefore, will not define extreme conditions. If this
window were increased to, for example, $+45° (i.e., winds blowing from an entire
quadrant would result in the centerline passing over the control room), then 8.

14
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Table 5
sensitivily of ntainment Building (.u\‘
Desigrn Basis ([xceeds 95% of) x/Q Vaiues (“ec/m’) at the

BYPS Contrul Room Intake to Changes in Parameter Value:

Accident ng od

e Sensivity to 0-8 Hours  8-24 Hours §d Days  ©30 Days
Direction from source to
receptor,
200 4. 094 1.92E-4 1.38E-4 8,345
203 4.33E-4 2. udE-4 | 46L-4 B.B4E-5
206 4. 62F-4 2.16E-4 1.55¢E-4 9.48f-5
Distance from source to
receptor, m
69 4 6BF-4 2.21E-4 1.58E-4 9.55¢€-5
12 4. 33E-4 2.04F -4 | . 46E-4 8.B4E-5
7% 4 .02f-4 |.89E-4 1.36F-4 8 19€-5
Bui) dwn? cross-sectional
area,
1550 4 34(-4 2.04F -4 1.47E-4 8.86E-%
1600 4.33F-4 2.04E-4 1. 46 -4 B.B4E -5
1650 4.32(-4 2.03E-4 1, 46E -4 8.83E-5
Window, 1°
15 ¢ 44 -4 1.12E-4 7.13E-5 4. 56E-5
30 4.33(-4 2.04E-4 ] . 46E-4 8.84F-5
45 5.87E-4 2.83E-4 2.11E-4 1.376-4
Long-term averaging width, m
30° window 4 33f-4 3.53€-4 2.63E-4 1.711-4
22.5° sector
(max.conc = centerline conc.) 4.33(-4 3.15€-4 2.27E-4 1.37£-4
Gaussian distribution 2.37E-4 1 .80E-4 ] .326-4 B.92E-5
Width of (1ine) source, m
0 4 33E-4
20 4.000-4
40 3,27€-4
Discharge flowrate, m*/sec
0 4 33E-4
50 4. 21E-4
100 4 07E-4
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Your average x/0 values would increase by 36 percent, while 624-hour average
values would increase by 55 percent As the averaging perici increases. more
hourly values will be iwonzerc, leading to larger increases ir these values
relative to those of the shorter averaging periods (whose eoxtremes dlready
reflect all, or nearly al), nonzero x/0s).

The Tong-term average calculations took the plume meander into effect and assumed
that the receptor saw an average (across the plume) concentration, with a minimum
averaging width of one wind sector (22.5%). Alternative methods of account ing
for Tong-term averaging were investigated. These analyses, the results of which
are included in Table 6, consisted of taking an averaging width (i.e., W in
Equation 4) corresponding to the "window," an dveraging width corresponding to
a 22.5° wind sector (with a maximum value of the plume centerline value as
calculated by Equation 1), and applying a Gaussian distribution in the lateral
direction (with no window). An averaging width corresponding to the window of
30° results in an increase of a factor of about 1.8 from the methodology
described by Equation 8, Reducing the averaging width to 22.5° would increase
the calculated x/Q (spreading the plume over a narrower width) but, if allowance
s made for the times when the calculatey average is greater than the center)ine
x/Q, then an increase of a factor of about 1.5 from the methodology used to
produce Tables 4 and § (Equation 8) is seen. Note that, for these first 2 cases,
the 8-hour average values do not change since the latter are based on centerline
rather than width-averaged values.

On the other hand, if the off-centerline concentrations, as given by the Gaussian
distribution in the lateral direction, are considered, then the 8-hour averages
could be recalculated as well. Table 6 indicates that such averages are about
0.5 of those used proviously in this analysis. For longer averaging periods, the
Gaussian distribution dverages are close to those calculated using Equation 8,
the ratio of the two increasing from about 0.9 (for 24-hour average) to 1.0 (for
624-hour average). This slight increase indicates that, as the averaging period
gets longer, the effects of using the "window" as a cutoff are less conservative
(but stil reasonable).

The use of a Gaussian distribution, as above, implies a straight-1ine trajectory
(no meandering within the measuring period of 1 hour). It implies a point source
(as described by Equation 1) about which the atmospheric dispersion results in

16



such a distribution; it also implies a zero discharge flow rate. At relatively
large a'stances from the source, where the plume flow 15 much greater than the
discharge flow and the plume cross section 18 much larger than the cross-section
of the source, the assumption of & zero flow point release is valid. Closer to
the source, the characteristics of the method of entry into the atmosphere are
important. Ramsdel!‘*’ accounts for the discharge flow rate by introducing a
term, F,, to the denominator of Equation | such that the plume concertration at
the release point is correct. The analysis presented in this report assumes that
Fo 15 small compared to the atmospheric dilution flow at the control room. Table
6 includes the effect of assuming an 1nitial 2 lution (discharge flow rate of 50
and 100 m'/sec) for the 8 hour average design basis x/Q (the ong-term averages
were not evaluated with a nonzero F, because this latter term was not included
in the derivation of the plume width-averaged x/Q0 [see Equation 4)]). The
assumption of a 100 m’/sec discharge flow would decrease the design basis x/0 at
the control room by 6 percent.

Table 6 also includes the sensitivity of the 8-hour average design basis x/Q
values to the assumption of a point release. (The long-term plume width-averaged
values are not included; they are based on integrating the plume contents and,
therefore, will be insensitive to the shape of the discharge.) Horizonta)l line
sources, simulated by a series of point sources, of 20 and 40 meters were
investigated. A source width of 40 meters would decrease the calculated x/Q by
24 percent,

Summary and Conclusions

Recent theoretical advances'®3® allow for more accurate simulation of

atmospheric dispersion in the presence of building wake turbulence than was
previously possible. These advarces wer: sed, together with 5 years of hourly
meteorological data from the Beaver Valley Po.er Station to calculate 4
sequential record of control room x/Q values associated with 14 release
scenarios, 7 from each of the 2 units on site. Frequencies were derived from
this sequential record in order to simulate cumulative distributions for accident
periods ronging from 0-8 hours to 4-30 days. Design basis x/Q values, which
surpass 95 percent of the sequential averages for each scenario, are presented
in Tables 4 and 5. 0-8-hour design basis x/Q values at the contro) room range
from 1.20E-4 (release from top of Unit 2 Containment Building) to 4.30E-3 sec/m’

17
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(refease from Unit | Auxiliary Building) The corresponding 4-30-day design
basis x/Q values at the control room range from 2.64E-5 to 9.25(-4 sec/m’. The
8-hour average x/Q values are from 1.4 to § percent of those calculated
previously™® (using an alder, less accurate methodology). Similar differences
between the 0 analyses are found for the lunger averaging timas, provided that
allowance 15 made for the fact that the older calculations implicitly inciude a
usaqe factor, while those presented in this report do not.

A sensitivity analysis of the calculations presented herein is a1s0 included.
It 1s shown that the x/Q va'ues are relatively insensitive to changes in
parameter selection; the maximum d: “ference from the x/Q values presented in this
report for the range of parameters investigated was less than a factor of two.
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APPENDIX A2

Cumulative Frequency Distributions of Control Room
x/Q Values Associated with Release from the Top of the
Unit 1| Containment Building of the
Beaver Valley Power Station
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APPENDIX A3

Cumulative Frequency Distributions of Control Room
x/0 Values Associated with Release from Unit |
Auxiliary Building of the
Beaver Valley Power Station
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APPENDIX A4

Cumulative Frequency Distributions of Control Room
x/0 Values Associated with Release from Unit )
Mzin Steam Valve of the
Beaver Valley Power S ation
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APPENDIX AS

Cumulative Frequency Distributions of Control Room
x/0 Values Associated with Release from Unit |
Service Building of the
Beaver Valley Power Station
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APPENDIX AS

Cumulative Frequency Distributions of Control Rocr
x/Q Values Associated with Release from Unit |
Turbine Building of the
Beaver Valley Power Station
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APPENDIX A7

Cumulative Frequency Distributions of Contro! Room
x/Q Values Associated with Release from Unit 1
Gaseous Waste Storage Vault of the
Beaver Valley Power Station
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APPENDIX A8

Cumulative Freqguency Distributions of Control Room
x/Q Values Associated with Release from the Edge of the
Unit 2 Containment Building of the
Beaver Valley Power Station
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APPENDIX A9

Cumulative Frequency Distributions of Control Room
x/Q Values Associated with Release from the Top of the
Unit 2 Containment Building of the
Beaver Valley Power Station
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APPENDIX A

Cumuliative Frequency Distributions of Control Room
Q Values Associated with Release from Unit 2
Auxiliary Building of the
Beaver Valley Power Station
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APPERDIX A

Cumulative Frequency Distributions

/0 Yalues Associated with Release from

Main Steam Valve of the
Beaver Valley Power Stat
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