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NIAGARA MOHAWK POWER CORPORATION/300 ERIE BOULEVARD WEST, SYRACUSE, N.Y, 13202/TELEPHONE (315) 474-1511

August 7, 1986
(NMP2L 0808)

Ms. Elinor G. Adensam, Director
BWR Project Directorate No. 3

U.S. Nuclear Regulatory Commission
7920 Norfolk Avenue

Washington, DC 20555

Dear Ms. Adensam:

Re: Nine Mile Point Unit 2
Docket No. 50-410

Enclosed is a summary report on the method of development of the Nine
Mile Point Unit 2 X/Q values. This report responds to NRC staff questions
raised during the July 31, 1986 meeting relative to the control room
habitability analysis.

After your review we would be pleased to discuss any questions on the
report at your earliest convenience.

Sincerely, .

Cm

C.V. Mangan

Senior Vice President
NLR/meg
Attachment
(1910G)

xc: W. A. Cook Resident Inspector
Project File (2)
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

In the Matter of )

Niagara Mohawk Power Corporation ) . Docket No. 50-410
(Nine Mile Point Unit 2) )
AFFIDAVIT
C. V. Mangan - , being duly sworn, states that he is Senior Vice

President of Niagara Mohawk Power Corporation; that he is authorized on the
part of said Corporation to sign and file with the Nuclear Regulatory
Commission the documents attached hereto; and that all such documents are true
and correct to the best of his knowledge, information and belief.

Subscribed and swocg to before me, a Notar biic in and for the State of New
York and County of __gﬁznmlggﬁg____, this day of , 1986.

otary Public in and for
—Méﬁ“— County, New York

My Commission expires:
JANIS M. MACRO

Notary Public In tho State of Now YOIR
Qualliied In Onondaga County No, 4784554
My Commission Explics March 30, 1
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INTRODUCTION AND SUMMARY

This report providesTthe methodology and data used in the calculation of tha -
Nine Mile Polnt-Unit 2 (NMP2) combinad radwaste and reactor building vent X/Q
values at the control room air intakes.

The combined radwaste and reactor building vent X/Q valus calcualtions were
performed using site specific meteorological data. Bullding wake effects
determined through the application of wind tunnel tests to the NMP2 site were
also used In thesa calculations, These X/Q values were calculated using two
different accident scenarfos-~(1) all NMP2 site buildings are standing, and
(2) only the seismicaily qualified NMP2 site buildings are standing., The )
radiological consequences of the postulated DBA LOCA use the most conservative
X/Q value resulting from the two different accident scenarjos.

FSAR Sections 2.3.4 and 2.3.5 summarize in detatl the accident X/Q values to

‘the EAB and the LPZ from the main stack and combined radwaste and reactor

building vent.

Since the main stack s more than twice as high as all adjacent structures, so
that the stack plume will be unaffected by the nearby structures. Therefore,
the accident X/Q values for the main stack to the control room air intakes are
calculated with the same methodology as those used for the EAB and LPZ. (See
FSAR Section 2.3) .






METHODOLOGY FOR COMBINED RADWASTE AND REACTOR BUILDING
VENT ACCIDENT X/Q VALUES AT THE CONTROL ROOM
VENTILATION AIR INTAKES
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INTRODUCTION @) | '
A release of radioactivity following an accident at the Unit 2 auclear
reactor may reach the atmosphere via (1) the combined radwaste and
reactor bullding vent or (2) the main stack. After dispersion in the
atmosphere, the radiocactive material may enter the main control room via

the fresh afr intakes.,

The combined radwaste and reactor bullding vent releases have been
analyzed by Dr. James Halitsky using the proceduras and methodology
described in Section III. All of the conversion factors, assumptions,

references, and intermediate calculations are detalled in this report.

PLANT ARRANGEMENT ‘

Figure 1 shows the plant arrangement for the all buildings stand
scenario. Figure 2 shows the plant arrangement for the sgismic buildings
stand scepario. In both figures, the fresh air intakes are shown by
gmall circles and numbers; the numbering scheme is given in Table 1. The
documgntation of seismic and non-seismic buildings, their dimensions and
the location of the fresh atr intakes were obtained from the plot plans

and the bﬁ11d1ng drawings of References 1, 2, and 3.

Figures 1 and 2 repre%ent the combined radwaste and reactor: building vent

release, with the 16 sectors centered at the release point and oriented

'to true North (14.5° clockwise from plant North).
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The terrain in the plant area is flat with a grade elevation of 261-ft.
MSL. The only large structure nearby is the natural draft cooling tower

whose center is about 1,000 ft. south of the reactor building.

The combined radwaste and reactor building vent release configuration is
a 5-ft. x 19-ft. rectangular duct terminating at elevation of 447-ft. or
186-ft. (56.7 m) above grade. The release is assumed to have zero exit

velocity (Reference 4).

COMBINED RADWASTE AND REACTOR BUILDING VENT ANALYSIS

Dispersion near buildings is strongly affected by disturbances created by
the bu{ldings. Conventional Gaussian equatioﬁs cannot be used because
the dispersion coefficients and the mean velocities vary in space in an
unknown manner. Reliance must be placed on information derived from
measurements of dispersion around buildings resembling the subject
buildings. The most detailed of such measurements are obtained in wind
tunnel model tests. It is believed that normalized concentrations (Kc
values) from model tests will give reliable predictions of full scale
concentrations under neutral stability conditions in the absence of heat
in the effluent, if geometric and dynamic similarity are preserved in

model and full scales and minimum Reynolds Number criteria are met.
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Conversion of Kc to Xuzoolo

The definition of Kc is

K.X/L, y/L, 2/ = ACU/Q) M
where:
Ko = concentration coefficient
(dimensionless)
X = real concentration (Ci m™3)
A = reference building area (mz)
u = reference wind speed (m s
Q = release rate (Ci s 1)
L = reference length (m)
X,¥,2 = receptor coordinates (m)

In model testing, X is measured at a variety of receptor locations for
known Q, u and A, and Kc is computed at each point by Equation 1.
isopleths of Kc are then drawn through the field along designated

surfaces.

When predicting Xu/Q for a new full-scale configuration that satisfies

the similarity requirements, Equation 1 may be rewritten as






L

.
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Xu/Q = K./A (1)
where:
K; = the model test value at the
normalized full scale receptor location
x/L, y/L, z/L
X,V,2 = full scale receptor coordinates
L = full scale reference length
A = full scale reference area

It is implied that u is measured at the same normalized elevation as in

the model test.

The most extensive body of data describing concentrations in the cavity
region of a building resembling the Unit 2 reactor building, is the set
of Kc isopleths for the EBR-II containment structure in Reference 5.
The shape of the EBR-II containment is an 80-ft. hemisphere on a 58-ft.
vertical cylinder of the'same diameter. The reference length was the
diameter D = 80 ft., the reference elevation for wind speed was z =
160 ft., and the full scale roughness length in the logarithmic wind
profile was 0.0492 ft.






The Unit 2 bas@tameter is 171 ft. (52.1 m); .refore. the Tinear scale
factor is 171/80 = 2.138 and the equivalent lengths are cylinder
“height = 124 ft., (37.8 m), wind speed}reference height = 342 ft.
(104.2 m) and roughness height = 0.105 ft. (0.032 m). The reference
area in the model tests was the cross-section in a vertical plane through
the building center. The equivalent area for Unit 2 s computed by
adding one-half the cross-sectional area of the hemisphere (1/2’Tr'r2)
plus the area of the base height times the diameter), Substituting the
equivatent Unit 2 values, the area Is equal to 1277 (85.5)2ﬂ+ 124 X

171 - 32,687 ft.2 (3,037 n?).

In calculating Xu/Q for a new building for a reference height other than
the equivalent EBR-II reference helght, the following adjustment factor,

- based on the logarithmic wind profile must be used:

?newluold = (In znew/zo)lcln zold/zo)' (2)

For the Unit 2 anemometer at Zhay ™ 200 ft,, Equation 2 becomes:

Upgo/U = ¢In 200/0.108)/(1n 342/0.108) = 0.834 (2a>‘

Combining Equations la and 2a and using A = 3,037 m2 gives:

-2
/Q (m‘ ) = (XU/Q)(UZOOIUZ = (Kc/3.037) (0.934)

XUa00
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Conversi'of EBR-II Isopleths to Unit 2 Qle
The first step in using the EBR-II KC fsopleths is to select those

which most plahsibly represent Unit 2 flow conditions. The shapes‘
of the two containment structures are not identical, as seen 1n
Figure 3 where the equivalent EBR-II containment {s superimposed on
the Unit 2 reactor building. The lack of a dome on Unit 2 will
createFa different Kc pattern in the vicinity of the combined

radwaste and reactor bullding vent release.

The selection technique was to ignore local disturbances, adopt the
isopleths which are in general conformity with source location on
the building, and adjust for the effect of major buildings as a
final step.

Gases released from the combined radwaste and reactor buliding vent
Wwill be caught in the airflow over the roof and will descend into
the reactor building cavity before passing downwind. In this
respect, the gas Wil behave in a simiiar manner to the EBR-II top
release (Figure 10 of Referance 5), The expected behavior in
easterly and westerly winds is il1lustrated in smoke photographs Nos.
6, 7, and 8 of Figure 6 of Reference 5. . In northerly and southerly
winds, where the vent is displaced laterally from the centerline.
strong asymmetry in high concentrations exists aloft, but the
concentrations at lower elevations are more symmetrically
distributed, as may be seen in the isopleths of Figure 14 of

Reference 5. The asymmetry dug to lateral source“disp1acement is

‘also seen in the smoke photographs of Figure 7 of Reference 5, but

the effect at lower elevations is exaggerated because of the lower
: e
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release .nt. Since the vent release 15Qarer the elevation of
the top of Phe dome (Figure 10 isopleths) than the fop of the
¢ylinder (F1qure 14 }sopleths). the %ormer were selacted as
rgprésentative of the combined radwaste and reactor building vent

raleases in all wind directions.

Thus, use OF the EBR-II K. isopleths, with adjustments to reflect
local wake dispersion, appear to offer reasonable estimates of Unit
2 {sopleths.

To make the transition from the nérmalized distance scales of
Reference 5 to the real scale (1 in = 207 ft.) of Figures 1 and 2,
Figure 4 was prepared and used as an overlay for transcribing the
isopleth contours. The reactor bullding diameter (171 ft.) was the
basis for the conversion, and adjustment was made for the drawing

sc%les of the Referance 5 figure.

Figure 4 for combined radwaste'and reactor building.vent releases,
contains prov!s10n’for variable roof height of the downwind
buildings. Reference-1 calls for X/vaalues at the interiors of
non-selsmic buildings at ground level. This condition caﬁnot be
fulfilled without knowledge of the interior air flow. If was
assumed that interior concentrations would be the same as roof-level
concentrations at standing buildings because of infiltration and
forced ventilation. The Unit 2 bulldings were assigned to three
roof-height groups corresponding to z/D = 0.25, 0.50 and 0.75.






The grbu‘g is shown in Table 2. The Fc” sets of isopleths in
Figure 4 represent plume concentrations at ground and at elevations
of 43 ft., 86 ft. and 128 ft.,.corresponding to the above

fractions. They were constructed from the isopleths in Figure 10 of

Reference. 5.

Using the aforementioned methodology, the Kc {sopleths obtained

for the combined radwasts and reactor building vent are presented In
Figures 5-20 for the all buildings stand scenarié. and in Figures
21-36 for the seismic buildings stand scenarfo. Specific¢ attention
should be given to the control room alr intakes (locations indicated

In Flgures 1 and 2).

The site specific Kc values by wind direction determined from
Figures 5-20 (qll builtdings stand scenario), and Figures 21-35
(seismic bulldings stand scenario), have been tallied for the
control room alr intake locations in Table 4 (all buildings stand)

and Table 5 (seismic buildings stand).

Determination of 0.5% Sector-Dependent X/Q Values

Accident X/Q values at the control room building fresh air intakes
due to releases from the combined radwaste and reactor building vent
are calculated using onsite meteorological data and site-specific
wind direction dependent K. values. These 0.5% accident X/Q

values are calcula?ed for two scenarios; all bulldings stand and

selsmic buildings stand.

- 10 -
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In order to determine the 0.5% probability sector-dependent X/Q
values, ﬂ onsite meteorological tower déa are employed. A
detajled description of the tower, the maeteorological instruments.
and accuracies, along with the data recovery, is given in Section

2.3 of the Nine Mile Point Unit 2 FSAR, Reference 6.

Hind direction and speed.data for the five-year period, January 1974
through Decembar 1976 and November 1978 through October 1980, are
used from the 200~Ft. tower leval transmitted by Referance 6. Wind
direction data from 100-ft. instrumentation are substituted for
missing 200-ft., directions. A cumulative frequency distribution of
the recibrocal of the wind speed (lluaoo) is calculated for each

of the 16-22.5° sectors in 1 mph wind speed increments by the MES
program named SECTOR. Calms are Eonservatively assigned a wind

speed of 1 mph. Calm hours with no directions are distributed in

‘proportion to the number of 1 to 3 mph wind speeds in each 22.5°

sector. For each of the distributions, the 0.5% probahility value
of l/u200 is determined by conservatively anveloping the data

polnts according to the methodology suggested by Markee in Reference
7. The 0.5%4 1/u200 by sector and the corresponding wind speed,
Uyogr 2re Tisted in Table 3.

The application of the sector-dependent, site~specific Kc values
by wind direction for the control room building fresh atr intakes
(Tables 4 and 5) and the use of the wind direction dependent 0.5%
l/u200 values in Equation 3 permit the calculation of wind
dependent 0.5% X/Q values. The highest 0.5% X/Q value independent
of wind direction is used as the 0.5% accident X/Q value at the
fresh alr intake. This 1-hour 0.5% accident X/Q value is assumed to
rep}eseﬂf the 0-2 hour 0,5% accident X/Q.

-1 -






Interpolation of the 0-2 Hour 0.5% X/d Values to Longer Time Periods

The use of site-specific meteorological data combined with
sector-dependent Kc values allows for the determination of annual
X/Q values. The annual X/Q values at the fresh air intakes are
calculated from the frequency of 1/u200 in 1 mph increments for
each sector multiplied by the corresponding sector-dependent Kc

value and the appropriate conversion factor of 3.1 x 1074,

The sum of the Kc values divided by the wind speed for each of the
1 mph categories multiplied by the corresponding wind speed
frequency (f) for all 16 sectors is the annual average X/Q value for

the fresh air intake release-scenario combination.

16 y = maximum
Annual X/Q = 2 S K/ f conversion factor
=1 -4
sector = 1 u = 1 . 4)

Using these annual X/Q values and the 0-2 hour 0.5% X/Q values, the

intermediate time period X/Q values are logarithmically interpolated.
Results

The control room air intake X/Q values for the combined radwaste and

reactor building vent release are presented in Table 7.

- 12 -
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TABLE 1

IDENTIFICATION OF FRESH AIR INTAKES

Distance (m)

Fresh

Air

Intake

No. Location

. 4a Control Room Bldg. - East Wail High
4b Control Room Bldg. - East Wall Low
9 Control Room Bldg. - West HWall High
10 Control Room Bldg. - Hest Wall Low

From
Contaiment

_Surface

39
39

57
48

NINE MILE POINT UNIT 2 RELEASE CHARACTERISTICS

Parameter

Release Height Above Grade

Exit Diameter

Combined Radwaste and
Reactor Building Vent

*Equivalent diameter for the rectangular vent.

1 of 1

5 N






GROUPING OF BUILDING ACCORDING TO

TABLE 2

HEIGHT

Bldg. Bldg.

No. ’ Name

3 Turbine

4 Radwaste

5 Screenvell

8 Control Room

14 Condensate Storage
15 Switchgear Penthouse
18 Switchgear

19 Di;sel Generator

Parapet

Height

H (ft.)

120.

1 of 1

O O ® © v ® o O

Bldg.

H/D

0.70
0.48

.41
.35
.34
21

o O O O O

.18

Assigned

H/D

0.75
0.50
0.50
0.50
0.25
0.25
0.25
0.25






" : TABLE 3

0.5% PROBABILITY SECTOR DEPENDENT (200~FT WIND SPEED)-!
JANUARY 1974 THROUGH DECEMBER 1976 AND
NOVEMBER 1978 THROUGH OCTOBER 1980

Wind Direction 0.5% (1/ u200) Equivalent usgg

Sector (°) (sec/m) (m/sec) (mph)
360.0 0.497 2.0 4.5
22.5 0.476 ' 2.1 4.7
45.0 0.533 1.9 4.2
67.5 0.447 2.2 5.0
90.0 0.533 , 1.9 4.2
112.5 0.476 2.1 4.7
135.0 0.678 | 1.5 3.3
157.5 0.699 1.4 3.2
180.0 0.799 1.3 2.8
202.5 0.658 1.5 3.4
225.0 0.639 1.6 3.5
247.5 0.722 1.4 3.1
270.0 0.799 1.3 2.8
292.5 0.639 1.6 3.5
315.0 0.559 1.8 4.0
337.5 0.466 2.2 4.8

1 of 1






TABLE 4

VALUES OF K. AT THE FRESH AIR INTAKES

COMBINED RADWASTE AND REACTOR™BUILDING VENT RELEASE - ALL BUILDINGS STAND

Wind Direction

Ventilation Air Intake N NNE NE ENE E ESE SE SSE S SSH

Control Room Building

West Hall
High 2.0 2.0 1.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Low 2.2 2.2 1.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
East HWall
High 1.9 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Low 1.9 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 of 1

(o N

[N

SH

oo

oo

WSK W WNW
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0

oo

oo

[N

oo

— —

oo







Ventilation Air Intake

TABLE 5

VALUES OF Ko AT THE FRESH AIR INTAKES
COMBINED RADWASTE AND REACTOR BUILDING VENT RELEASE - SEISMIC BUILDINGS STAND

Control Room Building
West Wall
High
Low

East Hall
High
Low

Wind Direction

*3

Y

N NNE NE ENE _E  ESE SE  SSE S SSH SH  MWSH M

0.0 2.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.
0.0 2.5 20 00 00 00 0.0 00 0.0 0.0 0.0 0.0 O.
2.3 1.0 00 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 oO.
2.3 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 oO.

1 of 1

oo
oo
oo
oo
oo
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[ X e
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TABLE 6

VENTILATION AIR INTAKE X/Q VALUES

COMBINED RADWASTE AND REACTOR BUILDING VENT RELEASE

A1l Building Stand
Ventilation Air Intake

Control Room Building
Hest HWall
High
Low

 East Wall
High
Low

Seismic Building Stand

Ventilation Air Intake

Control Room Building
Hest HWall
High
Low

East Wall
High
Low

(SEC/M3)
Time Period (Hours)

0-2 0-8 8-24 24-96 96-720
3.08E-04 1.90E-04 .50E-04 8.87E-05 4.20E-05
3.39E-04 2.11E-04 .66E-04 9.88E-05 4.70E-05
2.93E-04 1.72E-04 .32E-04 7.42E-05 3.25E-05
2.93E-04 1.72E-04 .32E-04 7.42E-05 3.25E-05
2.95E-04 1.65E-04 .24E-04 6.58E-05 2.68E-05
3.69E-04 2.13E-04 .62E-04 8.92E-05 3.80E-05
3.54E-04 2.05E-04 .56E-04 8.65E-05 3.70E-05
3.54E-04 2.05E-04 .56E-04 8.65E-05 3.70E-05

1 of 1
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