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ATTACHMENT 3

CONCENTRATION COEFFICIENTS IN ATMOSPHERIC DISPERSION CALCULATIONS

By James Halitsky, Ph,D.®

ABSTRACT

The concentration coefficient technique is a method for calculating the.concentration field in
the atmosphere in the vicinity of a building when an airborne substance i3 released from or
near the building. The operative parameter in the concentration coefficient X which, 4in the
majority of applications, is independent of substance release rate, wind speed, and building
size, but is dependent on wind direction, building shape, source configuration, and receptor
location. The prediction of real concentrations depends on one's ability to make an appropri-
ate estimate of K and to transforn it into a concentration estimate. This paper describes
available, data sources for K, examines its nature, and illustrates its use by a case study.

:

JXNTRODUCTION

Atnospheric dispersion is a mixing process whereby airborne matter {s apread over an ever-
increasing voluzme of airspace by the turbulent motion of the atmosphere, A continuous release
of zatter into a steady wind produces a stationary (time-independent) plume, characterized by
nonzero concentrations of the dispersed matter. This paper deals witk the calculation of such
concentrations in plumes created from sources noar building surfaces. Plumes of this type have
concentration distributions different from the Gaussian distribution that exists in free-strean
plunes lying well above the region of wind disturbance created by the building. The most accu-
rate nethod for estimating concentrations in stationary plumes from building sources is the
concentration ccefficient technique, .

A concentration ccefficient is a nondimensional ropresentation of a real concentration in
the same sense that a pressure coefficlent is a nondimensional representation of a real pres=-
sure. In both cases, the coefficient is found by dividing a measured quantity by an artificial
reference quantity constructed from the field boundary conditions. For a pressure field, the
reference quantity is the dynamic pressure. For a concentration field, the reference quantity
is an artificial concentration cret (azount/volume) created from the release rate Q
(amount/tine) of pure matter, the nsan wind velocity U (length/time) at a designated location,
and a characteristic area A (length“), producing

- (1
Cror = VAU,

For a concentration C (amount/volume) at a specified point x,y,z, the corresponding concontra-
tion coefficient K (dimensionless) is

= (2)
K = C/C_ 0 = CAU/Q.

® J. Halitsky is a consultant in Environmental Meéborology, 122 N. Highland Place, Croton-on-
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The usefulness of K derives from the fact that, in many cases, it remains substantially
constant for a wide range of magnitudes of Q, A, and U, This z=akes it possible to estimate C
in the full-scale atmosphere from K obtained in a wind tunnel model test, simply by using Equa-
tion 2 with full-scale values of Q, A, and U. The feasibility of the technique rests on the
availability of published K data and the validity of applying the data to a full-scale confi-
guration which doces not resemble the model configuration in detail.

This paper contains (1) a review of the available data base for estimating K, (2) a sec-
tion on the nature of K, (3) a case study to illustrate the application of the concentration
coefficient technique to a complicated building, and (4) an evaluation of the accuracy of the
tochnique by ccmparison of the estimated concentrations with concentrations neasured in a wind
tunnel model test of the study prototype.

W

DATA_BASE FOR K

K is usually reported in the literature as K isopleths in the airspace surrounding a building

or group of buildings. Only three fairly comprehensive studies have been zade on simple ”

geometric shapes, but these are important tecause such shapes can bte construed to resemble pore-
tions of larger, more complicated structures. The experiments that produced the K isopleths
vwere conducted with wind tunnel models; the full reports on testing procedures, data reduction,
and data interpretation are given in laboratory project reports References 1, 2 and 3.
Abridgenents of References 1 and 2 appear in the open literature as References X% and 5. An
abridgement of Reference 3 appears in Reference 6. References 7 and 8 present an up-to-data
(1980) compilation of research data on flow and diffusion near buildings and contain some of
the K isopleth drawings in'References 1 and 3.

HNATURE OF K . :

Rresentation

An exanmple of a K isopleth drawing, abridged from Reference 1, is shown in Figure 1. The
isopleths are drawn in the plane of each visible building surface and in the airspace in sec=
tions above and to the side of the building. Each isopleth is identified by a value of K rang=-
ing from zero at scme distance from the building to a maximun at the exhaust port. Each iso-
pleth line is, in fact, the intersection of a constant K surface with a building surface or a
section in space. A mental reconstruction will show that the space around the building is
occupied by a continuous field of K, made visible by discrete constant K surfaces,

The K fsopleth surfaces and lines were created by interpolating curves through an array of
K data points which had been obtained by transforning measurements of C in a wind tunnel test
to corresponding values of K by Equation 2 and plotting them in a space created by dividing all
real lengths by the buildigg height H. Therefore each data point represented a nondimensional-
ized concentration at a nondimensionalized location, i.e.,

C (x,¥,2,) =~ XK (x/H,y/H,z/H), (3)
and the constant of proportionality is crot of Equation 1.

Raference Quantities .

In establishing C of it 1is nece:éary to adopt some convention for the designations of Q,
A, and U. Invariabfy, the source strength Q is the flow rate of pure contaminant pasaing
through the exhauat port cross section., More floxibility is available for A and U.

It is preferable, but not mandatory, that A be associated with a distinctive feature of
the flow field around the building., This feature i3 a local zone of toroidal circulation,
called a cavity, lying within a large disturbed flow zone called a wake. The cavity and wake
originate, and are coincident, at the upwind edges of the building, but the cavity is finite in
length and maximum cross section, while the wake cross section grows continuously with distance
downwind until the wake disappears as free stream kinetic energy diffuses intao {t.
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Cavity flow controls dispersion near the building because the contaminant 1is usually
discharged within the cavity or sufficiently close outside to disperse in a flow field that
nust conform with the cavity shape. The building feature that contributes most to the creation
of the cavity (low 4is the building frontal area projected on a plane normal to the wind.
References 1 and 3 both employ the frontal area for A but with a difference that may be signi-
ficant if the building i3 long and narrow. 'The A in Reference 1 is the frontal area of the
largest side of the bullding; it is invariant with wind direction. The A in Reference 3 is the
frontal area projected on a plane normal to the wind; it varies with wind direction. The
latter is aore closely related to cavity size, but the former is simpler to use in calcula-
tions, Both are acceptable, but the isopleths in each reference were derived with the desig-
nated A and should recain associated with it in subsequent applications.

Two candidates for reference velocity are the exhaust stream velocity Ve and the wind
velocity U, Both, acting together, defire the total flow field, but the former dominates in
the region near the exhaust port while the latter is more important elsewhere in the cavity.
The latter 1is more commonly used because receptors near buildings will be in regilons of low
concentration away from the port vicinity. References 1 and 3 both use wind velocity at roof
height for U. The height specification is not inportant in Reference 1 because the wind had a
uniform mean velocity profile. Xt i3 significant in Reference 3 because the profile was of the
boundary layer type, 1.e., velocity increasing with height from zero at the ground as in the
natural atzosphere.

Use of frontal area for A and roof wind velooity for U is suitable for isolated structures
as in References 1 and 3. Practicality dictates other choices in other situations. For exam-
ple, in reporting full-scale tests of disperaion at a nuclear reactor complex in Reference 10,
A was defined as the frontal are of the reactor containzent structure alone, although many
other large buildings in the complex also contributed to cavity formation, and U was defined as
the wind velocity at the 6 o (19.7 ft) level on a tower located 600 m (1,969 £t) upwind of the
cozplex. K values derived from this reference nust be adjusted for use with A and U specified
in other building arrangements.

The only other reference parameter i3 the length used for nondimensionalizing real dis-
tances, Building height H was used for the block buildings in References 1 and 3. The builde
irg in Reference 2 was a half-sphere atop a vertical cylinder; the reference length was
selected to be tho diameter rather than the height. This convention, also, nmust be retained in
locating K values from Reference 2.

Configuration and Similarity

The constancy of K over a range of scales depends on invariance of the normalized Cflow
field 4in which the dispersion takes place. Such invariance occurs, according to the hydro-
dyramic equations of motion and dispersion, when the configuration is invariant and a ninimum
Reynolds Number is observed.

A configuration is a statement of normalized boundary conditions for a apecific flcw and
dispersion field. The field under consideration here is the atmoaphere in turbulent motion
over the building and surrounding terrain. Although the field is effectively infinite in
extent upward and horizontally outward from the building, it is convenient and sufficiently
accurate to consider only that portion in an imaginary box on the ground enclosing the build-
ing. The - walls and roof of the box are set only far enough away from the building to provide
wind properties in their planes essentially the same as if the building were absent. A dis-
tance of three building heights is usually required in the lateral, vertical, and upwind direc-
tions; a larger distance is required in the downwind direction to accommodate the slow decay of
wind disturbances created by the building.

The configuration has three components. The gecmetric configuration {s the shape of tho
faces of the box, five of which are orthogonal imaginary planes and ome, the bottom, is an
irregular solid surface conforming to the terrain and building exterior contours, continuous
except for the exhaust and intake porta. The dynamic configuration is the distribution of
velocities along the box faces. (Density and temperature are ignored in the present context
because differentials between building and atmospheric air are too small to make significant
changes from the flow patterns that would exist under isothermal conditions.) The source con-
riguration is the distribution of concentration across the exhaust port.

Two contiguratioﬁ: are said to be the same if the propertiea of one convert into the pro-
perties of the othor when multiplied by a single constant. The constant is the ratio of magni-
tudeas of a charactoristic property. For geonetrio similarity, it 1s the ratio of reference






lengths. For dynamic similarity, 41t is the ratio of reference wind velocities, For source
similarity, it is the ratio of reference source concentrations, which i3 proportional to the
ratio of source strengths when geonetric and dynanic similarity are present.

The mininum Reynolds Number, formed from the reference length, the reference velocity, and
the density, restricts the amount of turbulent energy converted to heat by molecular interac-
tion to a very small value, thoreby preserving the turbulent character of the field. This cri-
terion is important in setting wind tunnel test conditions because the small model size creates
a snall Reynolds Number. It is automatically observed when model-generated K isopleths are
used for estimating full-scale concentrations because the full-scale flow field will have a
higher Reynolds Number than that in tho test.

In practice, exact similarity of configurations between model and full scale is not possi-
ble or necessary, provided that substantial similarity is achieved in major features. For
exasple, in model testing of a given prototype building, ziror surface irregularities are cait-
ted and larger protrusions, recesses, and even other buildings located outaide the exhaust-
intake path are replicated only in crude block form. W%hen using model-derived isopleths to
estinmate full-scale concentrations for another building configuration, greater deviation from
similarity is to be expected; however, considerable deviation can be tolerated without too
great a penalty in reduced accuracy.

Characteristic Values of X

As an aid in estimating K when exact similérity is absent, 1t i3 useful to be aware of two
regions where K takes on characteriastic values (apart frcm K = 0 outside the pluzme).

One such region is the vicinity of the exhaust port. The exhaust mnixture crosses the
plane of the port through exhaust area A_with unifora velocity Ve and concentration Ce, carry-~
ing contaminant flow Q, all related by

= (%)
ce = Q/Aeve'

The corresponding K valte is found by setting C in Equation 2 equal to ce in Equation 4§ to
obtain

= (5)
Ky = (A/Ae)(U/Ve).

For example, in Figure 1 the mnodel building was a 0.38 o (15 in) cube with A = 0.145 n2
E) -

(1.56 ft the exhaust port was a 0.0127 m (0.5 in)_diameter oircle with A = 0.000127 n°
(0.00136 £t°), and U and V_ were each equal to 1.22 mes ' (4 fps), ylelding K. = 1,146. The
sane configuration for a ?ull-acale building in the atmosphere would have th® same Ko, since A
would be scaled by the same factor as Ae and U by the same factor as Ve.

It should be noted that K is a function of the building/port area ratio and wind/exhaust
volocity ratio. If either of these should change, K would also change and the Figure 1 iso-
pleths would no longer be exactly transferable to the full-scale building. However, if the
change still resulted in complete capture of the contaminant in the cavity, the changes in the
isopleth pattern would be localized to the exhaust vicinity. .

Another region where K takes on a special value i3 at the downwind end of the cavity.
Despite a small variation of concentration with height, which is responsive to exhaust port
conditions, a fairly uniform average concentration c" i3 created in the asawirly, highly-
turbulent cavity flow. c" is given by

= (6)

cw = Q{AHUw
wvhere A is the maximum cross-section area of the wake normal to the wind direction and U is
the average wind velocity in the contaminated region just downwind of the cavity, and Ku fol=-

lons by combining Equation 6 with Equation 2:

n
K, = (AR )(U/0), .






Measurezents show that

A = 2A and an average U_ = U/3; Equation 7 then yilelds K = 1.5.
That this 4s a realistic vaYue may be seen in Figure 1; XK is about 1.5 to 2 over the downwind
face of the cube where the exposure is mainly to well-mixed cavity concentrations in the return
flow,

Although Figure 1 is specific to a cubical building, similar K patterns appear with block
buildings having different proportions but all having roof exhausts. For example, three sets
of K isopleths for a block building having sides in the ratio 1:3:3 and with different faces
presented to the wind are shown in Reference 4, Figures 20, 21, and 22. All have K values of
about 1.5 at the lee face, although smaller values appear in the lower half of the tall narrow
building because of strong horizontal infusion of fresh air near the ground, (Note that the Ke
(= Knax) values in Figures 20 and 21 are incorrect; they should be interchanged.)

In Reference 6, for block buildings in a boundary layer, isopleths at the downwind wall
have about the same® average value of 1.5 as in Reference 3, although the range (fronm large at
the roof to small at the ground) is greater. The difference is due to the difference in confi-
gurationa. The Reference 6 buildings had very small exhaust ports and were iczersed in a deep
boundary layer. The wind stream separated at the upstream building edges but reattached to the
roof and walls and separated again at the downwind edges to form a lee cavity that was snmaller
than the Reference 4 cavity, with A" = A. This alone would double C and K, However, because
the release was in the smcoth flow, some of the contaminant diffused upward before reaching the
cavity and was not recirculated to the lee wall. The loss of contaninant and the reduced A
contributed in opposite ways to fortuitously producing an average K“ that was about the same 4in
both tests.

Round buildings, such as nuclear reactor containment structures, produce smaller: cavities
than sharp-edged buildings; therefore, K should.be larger, according to Equation 7. Reference
5, Figure 5.29¢, shows K, averaging aboul 3 at the end of the cavity (about 2.25 diazeters
downwind of the building center.

The prevalent appearance of an average K of 1.5 at the lee face of a sharp-edged building
is a powerful generalization that may be used in design of wall and ground intakes when the
exhaust is on the roof, but a few words of caution are warranted., The existence of K. = 1.5,
stexning from Equation 7, implies that all of the released.contaminant is trapped in the wake
and flows downwind through A . This is true for exhausts whose Jet velocity, diameter, and
elevation are insufficient go thrust the contaninant through the cavity boundary. Figure 1 is
an example of this condition. However, large-diameter high-velocity jets from stub stacks on
roof-rounted fans often have sufficient momentum to penetrate the boundary, allcowing scze of
the contaminant to escape and leaving the balance to create a reduced Q, say £Q, which creates
KK. The estimation of £ i3 beyond the scope of this paper since it requires familiarity with
the interaction of jet plumes with roof cavity flow. Appendix A provides some ccmments on this
subject. -

Yaluen of K in Roof Cavitiea ‘ ' .

Roof dispersion patterns are controlled by two factors; the presence or absence of a roof
cavity at the exhaust port and the strength of the exhaust jet, If a cavity is present and the
Jet is weak, the pattern is aimilar to Figure 1. If a cavity is absent, or if there is a cav=-
ity and the jet is strong enough to penetrate the boundary, the pattern is that of a plume fron
a short stack.

A roof cavity will te created whenever a sharp roof edge is presented to the wind. If the
edgs is normal to the wind, the cavity will extend the entire width of the roof and part or all
of its length, depending upon the building proportions and the approach wind velocity profile.
If the edge is at an angle to the wind, the cavity will cover a portion of the roof contiguous
to the edge, the size of the coverage decreasing with greater departure of the edge angle fron
nornal,

The portion of a roof not coverod by a cavity may be considered as a region of smooth flow
in the diresction, and at the velocity of, the approach wind. Such regions occur in normal
orientation downwind of the cavity when the building proportions and approach wind veloecity
profile are such as to create flow reattachment. Guidelines for eatimating the reattachment
region may be found in Referonces 7 and 9. Szooth flow regions also occur at the center of the
roof in orientatéons other than normal. Figure 2 (abridged from Reference 4) shows K isopleths
for a cube in 45 orientation; the smooth flow region lies between the X = 0 isopleths, and the
cavities are at the lateral corners. The plume, which is well formed over the building, des-
conds rapidly after passing the downwind corner and is wholly captured 4in the cavity. The
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average K on the lee face is about 3, owing to local downward diffusion of high plume concen-
trations, which augment the more diffuse concentrations in the return flow.

. In evaluating a proposed design, the wind direction should be allowed to rotate ‘through
360° and the locations of exhaust port and intake observed with respect to roof cavities, In
any one diraction, if both exhaust plune and intake are in the cavity, a K value at the dintake
should be selected frcm armong the published K isopleths and adjusted for the difference tetween
the design Ke and the published K_. HNote that this adjustment i3 greatest near the 3ource,
where K_ i3 dependent on A, and ¢ , and will not te necessary at the lee wall unless the frac-
tion of 8 retained in the cavity cﬁanges. If the exhaust plume and the intake are outside the
cavity, dispersion should be calculated as in the open atmosphere,

An ambiguity in the foregoing discussion is the criterion for establishing when an exhaust
plume 1s fully trapped in the cavity and when it can be considered to have escaped into the
free stream. Appendix A offers some suggestions in this regard.

CASE _STUDY

An estimate was,made receatly of dispersion of contaminated air relgased in several possible
modes near the surface of the reactor enclosure building of a nuclear power plant. The esti-
mate was followed by a wird tunnel test of the same plant. The estimate and the test results
provide an opportunity to illustrate how the K concept is applied in practice, to evaluate the
predictive technique in gereral, and to demonatrate how seemingly small deviations between the
conceptual and real configurations can produce significant changes in the concentration field,

Sonfiguration

The facility has two reactors, designated Units 1 and 2, each in its own enclosure build-
ing but served by a common control building and serving a common turbine building, all joined
to forn the irregular building in the center of Figure 3. Two large natural draft ccoling
towers (N), two mechanical draft cooling towers (M), an electrical switchyard, and various
buildings surround the central structure.

The ventilation exhaust system for each unit has two internal pathways, only one of which
will be in use at a given time. Each pathway terminates in a szall louvered penthouse, desig-
nated inboard vent (IV) or outboard vent (OV), on the roof of the unit's auxiliary bduilding. A
design alternative under consideration was a stack release whose port was at the elevation of
the roof of the enclosure building. A fourth (accidental) release mode was seepage through the
exterior walls of the enclosure building.

The receptor was considered to be in the control room 4in the Jinterior of the control
building. The contaminant could enter the control room via fresh air intakes spanning the west
wall of the control duilding at an elevation of 13.7 m (45 f£t) above -ground, or, if the intakes
are closed, by infiltration through the roof of the control building. An estimate of concen-
tration at the center of the wall intake (B) and at the center of the porous roof area (D) was
desired,

The pqototypo wind condition was a natural btoundary layer in neutral stability with U =
1.52 m-s, (5 fps) at anemometer height of 58.5 m (192 ft). This corresponds to a wind speed
of 1 =3 (3.3 fpa) at the 10 m (32.8°'ft) elevation, a conventional assumption Cfor nuclear
reactor accident dispersion calculations. (The atmospheric stability usually assumed in such
calculations {3 strongly stadble, with a consequent difference in the approach wind turbulence
and nean velocity profile. However, tho wind disturbance created by the building overwhelns
the approach wind characteristics, making the assunption of neutral stability valid,)

Selecti ¢ Reference K Isoplaet} . .

In selecting the appropriate set of X isopleths, it is necessary to evaluate the control=-
ling features of the [flow botween source and receptor. Both IV and OV for each unit are
located at the surface of a large composite structure consisting of the unit's combired enclo-
sure and auxiliary buildings. The small louvered penthouses over the exhaust ports destroy any
upward zomentum in the exhaust jets, ensuring that the relcase is at the surface of the struc-
‘ture. Receptors B and D are located about one structure diameter from its center. By






inspection, the critical wind directions (producing highest receptor concentrations) appear to
be WSW for Unit 1 and NNE for Unit 2. The receptors are ln the lee of the structure in these
wind directions. The effect of the four cooling towers, whose wakes and internally-generated
external air circulations alter the approach wind characteristics in a coaplicated manner, are
not considered in the estinmate.

The configuration suggests that, in each wind direction, the receptors are at the bottcn
of a large building cavity which is contaminated by releases from small surface ports. The
isolated containment structure tests of Reference 2 fulfill these criteria. Moreover, Refer-
ence 2 provides the only available set of isopleths in space downwind of a building. Figure 6
13 a reproduction of one of several K-isopleth drawings in Reference 2; it represents an upwind
nid-height release location.

Hatching of Configurations

The Reference 2 building, identified as the EBR-II contairment structure, is a circle in
plan view. Circular approximations to the Unit 1 and Unit 2 composite structures are shown as
dashed circles of 61.0 © (200 ft) diameter in Figures 4 and 5. (The orientation of these fig-
ures 1is such that the wind passes from left to right across the page.) The upper parts of the
figures are elevation sections through the centers of the circles, with the EBR-II building
shown 4in its .gorrect proportions. The placezent of the EBR-II building was such as to match

the najor dizensions of the ccmposite structures in plan view and at the top in elevation,

This resulted in an EBR-II base at 16.8 o (55 ft) below plant grade.

The K isopleths in Reference 2 are presented as seven drawings, each corresponding to a
small surface source at a different locatlon: top; midheight upwind, side, and downwind. The
appropriate set for use herein was chosen to provide matching source locations. For Unit 1 in
a WSW wind (Figure 3), the vents clearly are at the upwind location but the height 1s uncer-
tain. For Unit 2 in a NNE wind (Figure S) the vents are nidway between the side and downwind
locations and, again, the heights are uncertain.

To establish the effective vent height in proportion to the structure height, it is impor=
tant to consider the effective grade in the region of the cavity. The grade establishes the
frontal cross-section area A, which creates the cavity cross-section area A . Both these areas
contribute to the estadlishment of the average K" at the downwind end of tHe cavity frem which
the return cavity flcw toward receptors B and D arises (see discussion in connection with Equa=-
tions 6 and 7). -

The effective cavity grade is shown in Figures % and 5. It was calculated by an averagi
algorithn that took into account roof elevations along the section line as well aa at + 22.5
in azinuth from the section line as representative of the average height of the cavity base.
For Unit 1-WSW the effective cavityagrade was 13.3 m (60 ft) above plant grade, and the EBR-II
net A above cavity grade was 22017 ) (21,513 £t®). For Unit 2-NNE, the corresponding valtes
were 7.6 n (25 ft) and 2,667 n™ (28,710 £t°).

The height of the vents in proportion to the building height above cavity grade in Unit
1-HSH configuration 4s shown in Figure 6. It corresponds well to the midheight EBR-II source
height. Similar agreenment i3 obtaired in the Unit 2-NNE configuration (not shown), although
the vents are slightly above the source due to the lower effective grade,

It remains to be establishod that the K isopleths for midheight sources in Reference 2 can
be used in the present cdse in view of the violation of the requirement of geometric similar-
ity, 1.e., the building height/building diameter ratios are different, The only argument I can
offer 43 the observation proeviously made that the average K value of the lee wall for block
buildings have height/width ratios of 1 and 1/3 is about 1.5 for both, and the distributions
over the wall frem top to bottom are similar (higher at the top, lower at the bottom; see
Reference 4, Figures 20 and 21). By analogy, a vertical contraction of the EBR-II.isopleths in
the same proportion as the height contraction should te permitted. It was not necessary to
re-draw the isopleths to a contracted vertical scale as long as the receptors were placed in
the correct vertical relation in Figure 6.

The placement of B and D horizontally in Figure 6 was done straight-forwardly by dividing
real downwind and ¢rosawind distances by the scaled EBR-II diameter to obtain the x/D and y/D
coordinates. Vertically, both receptors were placed in the base plane, even though the propor-
tionate height procedure put B below grade and D above in the Unit 1-WSW configuration and both
above in the Unit 2-NNE configuration. The rationale for this in the case of D was that 4iso-
pleths in the ground plane do not change during vertical contraction of the field, and, since D
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was a point in the roof plane, it was more reasonable to leave it in the ground plare than to
sot it above a mathematical rigidity. In the case of B, a location below grade i3 meaningless
since no isopleths exist there.

The presence of Unit | in the cavity of Unit 2 in the NNE wind direction creates a conplex’
interference flow pattern whose effect on the isopleth pattern could not be predicted; it was
ignored for the estirmate.

Eatizates of K at Intakes B and D

The interpolated values of K at B and D for IV and OV sources are given in the upper rpart
of Table 1. The Unit 1-WSW values were obtained from Figure 6. The Unit 2-NNE values were
obtaired from similar figures based on Reference 2, Figures 11 and 15, At the wall (B), K
ranged fren 2.5 to 3.%. At the roof (D), K ranged from 2.3 to 2.8.°

K values for the stack releases were not estimated because of uncertainty as to how amuch
of the released Q would enter the cavity. Fractional capture was thought to be quite likely
since the stack release elevation was 12.5 m (41 ft) higher than the vents, and the stacks
were uncapped.

K values for the seepage release are given in Table 2, They were obtained .by averaging
the K values at B and D frocm all seven of the drawings of Refaerence 2, with the side release
drawings yielding two values, one for the receptors on the same side as the source and the
other for the receptors on the opposite side. The rationale for this procedure i{s that a
seepage release would occur over the entire exterior surface of the enclosure building. The
averaging procedure over all sources was considered to be the best representation. The average
K ranged from 5.9 to 10.1.

The estimating procedures described above differ from those in the pre-test estizate in
two respects, One is in the placezent of D at the base instead of at the proportional eleva-
tion; this produced only a minor change in the estimate., The other 13 the use of a nirne-point
average for the seepage release instead of a single release at the downwind midheight source.
This change was made because the wind tunnel test showed higher values of K by a factor of 2 %o
3 than were originally predicted. Hindsight sparked the realization that use of a uidheisht
source alone onitted the important base release contribution,

HIND TUNNEL MODEL STUDY

The test waalconducted in neutral stability on a 1/240 scale model with tunnel wind velocity U
z 3.1 D-s (10 fps) at the 58.5 a (192 ft) elevation and all other velocities (source and
cooling towers) doubled to maintain their correct relation to the wind velocity. The N tcwers
wore nade operational with internal axial flow fans, drawing tunnel air in at their bases and
discharging it through their tops. The M towers were made operational by an external cozpres-
sor that provided the correct outflow, but the air source was outside the tunnel.

The tesat program provided concentration measurements at a total of 42 taps in the wesat
wall and roof of the control building for eight release configurations (IV, OV, stack, and
seepage on two units) and 16 wind directions with M and N on and off (all combinations were not
tested). Sone tests were also done with Unit 2 removed,

The test results were reporteqd, in accordance with conventional practice in nucloar plant
evaluation, as full-scale CU/Q (m “). K was found by applying Equation 2 to obtain

K= A(CU/Q)teat ®

with A as given previously for the WSW and NNE directions.

To provide K values for comparison with estimates, four wall taps (Nos. 15-18) were aver-
aged to represent B, and 16 roof taps (Nos, 27-4%2) were averaged to represent D. The lower
parts of Tables 1 and 2 show test values for B and D in the Unit 1-WSW and Unit 2-NNE confi-
gurations.
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In the Unit 2-NNE configuration, the naxinum test K for a vent release occurred at D with
N and M off; 4its value was 2.6. The estimate for the same configuration was 2.3. For the
seepage release with N and M off, the test value was 11.8; the conparable estimate was 9.7.
The agreement is good (although the estinating procedure was changed in retrospect, as dis-
cussed previocusly).

On the other hand, very poor agreement was found in the Unit 1-WSW configuration. The
maximum teat K for a vent release was 0.1, whereas the estimate was 2.8, The zmaximuzm test X
for the seepage release was 16.6 at D with N on and M off; the estimate was 5.9. The magni-
tudes of the discrepancies and the fact that they occurred in opposite directions warrants an
attenpt at explanation.

In the Unit 2-NNE configuration, the vents were at the point of flow separation at the
south end of the auxiliary building roof. This ensured complete descent of the release into
the cavity, and the near presence of Unit 1 in the lee of Unit 2 created a blockage that
strengthened the cavity circulation. These two factors provided ror ccnplete capture of the
release in the cavity flow, producing the expected value of K.

In the Unit 1-WSW configuration, the vents were at the upwind corner of a diagonally=-
oriented building and the plume developed vertically upward in traversing the roof, thereby
placing scme of the effluent above the capture zone downwind of the enclosure building roof.
Second, Unit 2 was in a position to deflect some of the wind passirg around the west side of
Unit 1 into the cavity reglon. Third, the turbine building intercepted the downflow at the
end of the cavity and turned it downwind instead of back to Unit 1. The combination of frac-
tional escape of the developing plume, wind injection by Unit 2, and downflow interception by
the turbine building resulted in almost no portion of the release reaching the receptors, For
the seepago release, the low-level wind flcw pattern in the cavity was altered by the presence
of the 1lee unit and the turbine room to produce a flushing action at D for the Unit 1-HSVW
release, therby creating larger values in the latter configuration.

The IV releases produced higher K values than did the OV releases, indicating sone loss of
Q prior to entry of the plune into the cavity in the latter case. Therefore, the OV location
is preferable.

The stack produced significantly lower X values., The maximum was 0.7 at D for Unit 2-NNE,
compared to 2.6 for the 1V release. This is attributable to the larger escape fraction with
the higher release point.

Of conaideradle interest is the lower K values at wall intake B. The test maximum was 1.0
conpared to 2.6 at the roof. This is attributable to the lateral inflow of uncontazinated wind
along the ground, striking the wall and flowing upward, thereby preventing the contaminated
cavity flow at D from descending to B.

The effect of the cooling towers appeared in the NNE orientation, as expected from their
upwind placement. Operation of N reduced the maxinmum K at D from 2.6 to 1.8, with sisilar
reductions for the other vent and the stack. Operation of M reduced K from 2.6 to 0.2. These
reductions are attributable to wind disturbances created by the cooling tower plumes, The cir-
culation in a transverse jet plume is a pair of counter-rotating helical vortices, up along the
pluze centerline and down on each side, and longitudinally downwind. Since N and M straddle
Unit 2 in the NNE orientation, each plume produces a downflow at the unit. In addition, N pro-
duces a flow toward the east near the ground, while M produces a flow toward the west. The
helical circulations alter and displace the Unit 2 cavity so that the receptors are in regions
of lower concentration than in an undisturbed NNE wind. The effect is more pronounced when the
wind velocity is low, as in the teat. The influence of M is stronger than that of N because
the M plume is closer to the ground (exit ports at elevation 17.% m {S7 ft]) while the N plume
is high (originating as elevation 121.9 n [%00 ft])).

®

CONCLUSIONS

.

The concentration coefficient technique i3 generally believed to be quite accurate for predict-
ing full-scale prototype concentrations from scale-model test measurements since auch tests are
designed to provide exact similarity in the important shape and flow characteristics. It also
performs well in providing estimates of K in cases of nonexact similarity, provided that the
release can be associated with an isolated, cavity-producing structure for which K disopleths
are available,






The method is less accurate when the release point 13 near the cavity boundary, since
small changes in distance from the building surface may create large changes in the fraction of
the plume captured by the cavity. It is also less accurate when wind flow aberrations are
introduced by nearby portions of the structure or by more distant structures, such as cooling
towers, which generate persistent helical circulations for long distances. It seems unlikely
that X 1isopleths for configurations having these variations will be available in the near
future, . .

« The alternatives for the designer are to improve one's ability to extrapolate beyond the
available data by study of the references, or to be consoled by the observation that in the

present tests the maximum increase above the estimated value was 51% (K = 11.8 increasing to
16.6 for the seepage release in the Unit 2-NNE configuration). In dispersion calculations, a
factor of + 2 is considered acceptable. . .
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y APPENDIX A
Penetration of a Jet Plume Through a Cavity Boundary

The following discussion is based on jet plume properties presented in detail in Reference
100

Peretration of a cavity boundary by a jJet plume is a nuch under-inveatigated subject.
Plume rise increases with emission veloeity ratio V_/U and decreases with rate of infusion of
cavity air into the exhaust jet., In comparison with ?ree strean conditions, the 1local cavity
wind 4is slower and more turbulent. The slower velocity creates a higher V_/U and induces
greater plume rise., The higher turbulence and wind shear produce more rapid infusion of cavity
air 4into the Jet, producing less rise. The two effects tend to cancel each other. I know of
no analytical procedure or experimental data to quantify these trends.

I suggest that the plume rise be calculated as 4if the cavity were nonexistent and a
separate estimate nade of the cavity boundary. Tho plune would then be considered to have
escaped the cavity if the calculated plume centerline lies at least 9, above the cavity boun-
dary, and to have been completely captured if the centerline lies below, at all distances up to
the receptor. This is a crude compromise based on the concept that most of the plume will des-
cend into the cavity due to the high cavity turbulence when the centerline lies along thae cav-
ity boundary, and most of the plunme will escape if the centerline 1is 20z above the boundary.
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TABLE 1
K Values for IV and OV Releases

\

- Unit 2-NNE
Wall Roof Wall Roof
B D B D
Estizated Values of K from ERR-II Figures
Squrce Ref, Fig, Ho.
upwind midheight 9 2.5 2.8
downwind midheight 11 3.8 2.5
opp. side midheight 1% , 3.0 2.0
Average . 3.4 2.3
Hind Tunnel Test Values of K
Cooling tovers
Source —N_ M
inboard vent IV on of f 0 0.1 0.3 1.8
inboard vent IV off off 1.0 2.6
inboard vent IV on on 0.6 0.2
inboard vent IV off on 0.5 0.1
outboard vent OV on off 0 0.1 0.3 1.3
outboard vent OV off | off 0 0.1 0.8 2.1
outboard vent OV on on
outboard vent OV off on 0.2 0.4
stack on off 0 0.1 0 0.2
stack off off 0.1 0.7
stack on on ’
stack off on Q 2.1
TABLE 2

K Values for Seepage Releases

Wall Roof  Wall Roof

B D B D
Eatimated Values of K from EBR-II Figures
Source Ref. Fig. No.
upwind base 8 20 6 7 20
upwind midheight 9 3 3 3 2
top 10 2 5 5 2
downwind midheight 1" 3 1] 3 2
downwind base 12 19 13 25 17
source side base 13 35 10 15 35
opp. side base 13 § 5 5 4
source side midheight 14 3. 3 4 3
opp. side nidheight 13 —_=_. 3 3. 2
Average 10.1 5.9 7.9 9.7
Hind Tunnel Test Values of K :
Looling towers
S . S , S
on oft 0 16.6 0.1 12.8
off off 1.7 11.8
on on 2.7 5.9
off on 6.5 9,2
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Figure 1. K isopleths for a cube in normal orientation to the wind,

ﬂ (Abridged from Reference 4, Figure 16.)
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Figure 2. K isopleths for a cube at h5°' orientation to the wind.
(Abridged from Reference 4, Figure 19.)
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Figure 3. Plan view of building at case study site.






—— WSH HIND ——e
o EBR 11 ANEMOM.
STACK €8
veurs-l EBR 11
. 345 PLANT ANEMOM. .
a1 < !
wo [ [ 1§ i
whi—T —a— $
N} | 5 as\| 60
| | AR ek
5 .1 ! \_ \_pLanT craoE
| 1008 }— AVERAGE CAVITY GRADE

m

LEVATION SECTION A-A

LENGTHS IN FT

Figure 4. Local configuration for releases from Unit 1 in a WSW wind.

]






B ————
N
¥}

~——— NNE WIND ——

EBR Il
_k-l STACK

—t=ad VENTS

/ B :
o AVERAGE CAVITY GRADE
| lp- * O 25
! [
1 1
. " - I
——— L N\CPLANT GRADE

' VERTICAL SECTION B-B

LENGTHS IN FT

Figure 5. Local configuration for releases from Unit 2 in a NNE wind.
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