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4.6 ke of Field Study Data for Air Quality Model Development

The tracer and meteorological data collected during the California
Delta field tests offer a very comprehensive data base describing the
transport and dispersion characteristics of the region. In this report,
particularly in Volume II, we have presented all of the pertinent,
available data which might be necessary for development and testing of
atmospheric dispersion models.

A11 of the tabulated tracer and meteorological data in Volume II
has been compiled on computer cards and is available from the California
Air Resources Board upon request. Also available are digital topography
data in 200 foot increments for the region extending from 37° to 39°
Tatitude and 121° to 123° longitude; this encompasses all of the San
Francisco Bay Area and the California Delta Region as far east as
Sacramento and Stockton.

In the next section we present a short analysis of the applicability
of a simple air quality model. This analysis is an example of how the
field study data can be used to calibrate or validate other atmospheric
models.

4.7 Applicability of the Gaussian Plume Model in the California Delta Region

The commonly used Gaussian plume model provides a simple and rapid
means of predicting pollutant concentrations downwind of a continuous
point source. Although the Gaussian model is restricted by assumptions
related to stationary and homogeneous turbulence, and by the availability
of empirical dispersion parameters, it is often used by industrial planners

and regulatory agency personnel as a means of estimating the impact
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of industrial emissions. For this reason, we will test the Gaussian
model in the California Delta Region hy using it to predict the tracer
data. In this manner, we can estimate the suitability of the Gaussian

model as an impact analysis tool for industrial development in the Cali-

fornia Delta Region.

The Gaussian plume model may be used in the form given by Turner

(1970):
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where u is the average wind speed, Q is the release rate, H is the effective
stack height, and L is the height of the mixing layer. The dispersion
parameters, Oy and 0,s can be taken from the empirical curves given by
Turner as functions of the Pasquill stability classes. These empirical
curves were determined from data taken over flat, open terrain.

The topography of the Delta area can be characterized as relatively
flat, open country. This description suggests that the Gaussian model
used with the dispersion parameters from Turner (1970) may be suitable

for application in the Delta region. However, the comparison of the tracer
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dispersion curves with Pasquill's curves in Section 4.5 indicate that the
unique wind patterns of the region effect the dispersion to a much greater
extent than might be expected. . Although the Gaussian model may be
applicable, it appears that it may be best applied using the experimental
dispersion parameters. To test the Gaussian mode] and the two available
sets of dispersion parameters, the Gaussian expression was

used to predict the centerline tracer concentrations from the automobile
traverses for each test. In this prediction, o, and c, were taken from the
best-fit lines through the tracer data for each test. If a curve for o,
were not available, the curve from Turner was used. The effective stack
height, H, was set equal to the release height, 5m, and the release rate,
Q, was assumed to be equal to the average release rate for each test as
given in Table 2 . The value of u for each test was obtained by vector
averaging hourly wind data from all stations downwind of the tracer release
point.over the time of interest. The mixing height, L, was determined by
averaging the hourly heights from the available stations for the test
period.

The predicted resylts for the automobile traverse tracer data are
given in Figures 97-109in térms of ground-level centerline concentrations
as a function of downwind distance.. In each figure, the experimental maxi-
mum 10-second and hourly averaged concentrations are also plotted as a
function of downwind distance. Additionally, predicted concentrations
using the dispersion curves from Turner are shown for each test.

The predicted results based on Turner's Oy and g, fall very close to
the measured concentrations in Test 1 for class C stability. The curve

based on the experimental dispersion data underestimates the concentrations
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at 40 to 65 km but predicts the experimental concentrations very closely
at 10 km. Note that there is essentially no difference between the 10-
second and hourly averaged experfmenta] concentrations. Test 1 stability
conditions were determined to be close to classes B-C from the meteorology.
The predicted curves for the Test 2 release from Martinez for class C
conditions do not fall very near the experimental data. The Turner curve
under class D conditions serves as an upper bound on the data. Conditions
during Test 2 were Pasquill classes B-C. The Turner curves for the Test

2 release from Dow lies fairly close to the experimental data under class

D stability. The California Delta curve overestimates concentrations less
than 20 km from Dow and underestimates the data point taken 60 km from

Dow. The predicted results for Test 3 using Turner's oy and g, represent
the data relatively well under class E conditions. The curve obtained
from the experimental dispersion data correctly predicts the tracer concen-
trations between 40 and 50 km. downwind, but the curve overestimates the
data at 10 km. The California Delta curve comes much closer to the data

in Test 4. However, the Turner curve also fits the Test 4 data fairly

well under class E stability. The data from Test 5 is predicted almost
exactly by both calculated curves under class C stability conditions.

The California Delta curve for Test 6 fits the tracer concentrations at
10km fairly well, but the curve overestimates the data obtained at 45 km.
The curve from the Turner parameters provides a very poor fit of the data
under the same conditions. The tracer data from Test 7 is widely scattered
and appears to be fitted best by the California Delta curve. Results for
class C conditions indicate that the curve using the parameters from

Turner serves as an upper bound for the data. The single data point from
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the Test 7 Dow release is predicted quite closely by the California Delta
curve, Note that the curve from Turner could be made to predict the data
point by adjusting the stability condition and wind speed. The data from
Test 8 is not represented very closely by either calculated curve for
classes C or D. The Turner curve for class D conditions serves as an
approximate upper bound to the data.

The results of the Gaussian prediction show that in most of the cases
considered, the Gaussian plume model predicts the experimental data reason-
ably well. Where the model was used with the empirical dispersion curves
from Turner and for the stability classes determined from the meteorology,
reasonable fits of the tracer data were obtained for Tests 1, 3, 4, 5, 7
and 8. In cases where the experimental dispersion parameters were used,
‘reasonable fits of the tracer data were obtained for Tests 1, 3, 4, 5, 6,
7 (Pinole) and 7(Dow).

It appears that both sets of dispersion parameters can be used with
the Gaussian plume model with a measurable degree of success. Notably,
the predictions appear to fit the tracer data best under the more stable
evening and nighttime conditions; these are the periods where it appears
worst-case impact can occur. During the daytime in Test 5, the data are
perfectly predicted. However, weak northerly winds prevailed during the
day and the strong jet of air over Montezuma Hills was not present., In
the absence of the strong westerly flow, the dispersion process appeared
to follow the classical Pasquill dispersion pattern. Data obtained during
the Martinez and Pinole releases were more scattered than for Dow releases.
In the Bay Area releases, plumes appeared to diverge widely across the

Delta region; the automobile traverses in some cases did not cover the
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entire width of the plume. During Test 7, the data suggest that the
plume split into at least two streams upwind of the Montezuma Hills.
It is very difficult to apply the Gaussian model under these conditions.

This presentation of predicted and experimental results indicate that
averaging the wind field and mixing heights is a reasonable and, probably
the most straightforward method of supplying the necessary input data
to the model. In view of the large wind velocity gradients present 1in
the region, the apparent usefulness of average input values is somewhat
surprising.

The availability of detailed concentration profiles as obtained from
the automobile traverse data is extremely rare. Also, the Gaussian model
is rarely used to predict more than plume centerline concentrations. How-
ever, because the data are available and the model can be used to determine
concentration profiles, we have presented the calculated and experimental
traverse profiles for four evening and nighttime traverses in Figures 110
-112.  The input values for Figures 110 and 111 represent the overall average
conditions during the test. The two smooth curves were calculated with
the dispersion parameters from Turner and from the field study. In
Test 3-Traverse 6, the Delta curve fits the data almost perfectly; the
Turner curve underestimates the peak concentration and overestimates the
plume width. Further downwind in Traverse 10, the Delta curve slightly
underestimates the peak value, and gives a reasonable approximation of the
plume width. The Turner curve again overestimates the maximum concentra-
tion, but predicts the plume width fairly well. The results from Test 4,
51 km downwind, are extremely impressive; using overall average input

values, both curves predict the tracer data almost perfectly. In Traverse
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TEST CAL3  TRAVERSE 6

ORTE:s  8/05/76 TIME: 0259-0306

TRAVERSE RCUTE: NOGRTH OGN HWY 160

STARTING POINT: NOARTH SIDE OF SAN JOROUIN RIVER, ON HWY 180
ATM, STABILITY CLASS: E SOURCE: OOW

O X (KM) 7.3 L (M) B80. U (M/SEC) 3.3
S —SF6 ORTA
o
P
—
ool /
0_.58 Calif, Delta —
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DISTANCE N. OF HWY U-HWY 160 JUNC. CKM.)
TEST CAL3 TRAVERSE 10
DATE: 89/05/76 TIME: (OU32-0517
TRAVERSE ROUTEs ERST ON HWY 12, SOUTH ON RT JB
STARTING POINTs JUNC. HWY 160 AND HWY 12
ATM, STABILITY CLASS* E SOURCE: DOW
X (M) 39.5 L (M) 860. U (M/SEC) 3.3
S —SF6 DRTA
Ios)
—
|._
o Turner
0.
= Calif. DelE?“
()
=
O
]
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A c.,‘ié A MAALAITIAS: "
DISTANCE ALONG TRAVERSE (KM.)>
Figure 110. Crosswind tracer profiles compared with crosswind profiles predicted
using the Gaussian plume model. The "Turner" curve is based
upon Pasquill dispersion parameters given by Turner (1970); the
"Calif. Delta" curve is based upon experimental dispersion parameters.

Meteorological data represent the average values for the region
during the test.
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TEST CALY  TRAVERSE 2

DRTE*  9/06/76 TIMEs 2130-2217

TRAVERSE ROUTE® SOUTH ON HWY 99, WEST ON HWY 120, 1205
STRARTING POINT: JUNC. HWY 12 AND HWY 89S

RTM. STRBILITY CLASS: E SOURCEs DOW

X (HM> S0.8 L (M> S510. U (M/SEC) 3.3

S —SFE OATA
0 N
— ‘Cah‘f Delta
H ’ '. -
o :
o Turner
~ O
o S
. =
Q)
=
©O
O
Oy oaass , PO MOAAAS MAAAAAASS
0 22 Yy 66
DISTANCE ALOGNG TRAVERSE (KM.)
TEST CALY  TRAVERSE 3
DRTEs 8/06/76 TIME: 2132-2140
TRAVERSE RGUTE: SOUTH ON HWY 160
STRRTING POINTs THE 7BEAN POT? ON HWY 160 .
ATM. STABILITY CLASSs E SOURCE: OOW
8 X (KM 7.3 L (M> S10. U (M/SECY 3.3
& —SF6 DATA
-1l
N\
— O '
8:;89 - |—Calif. Delta
~y i
c_)‘é -
& “i
O ] x;Turner

3 | | | g 12
DISTANCE N. OF HWY 4-HWY 160 JUNC. (KM.)“

Figure 111, Crosswind tracer profiles compared with crosswind profiles
predicted using the Gaussian plume model. The "Turner" curve
is based upon Pasquill dispersion parameters given by Turner
(1970); the "Calif. Delta" curve is based upon experimental
dispersion parameters. Meteorological data represent the average
values for the region during the test.
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TEST CALY  TRAVERSE 2
ORTE: 9/06/76 _ TIME: 2130-2217
TRAVEASE ROUTE* SOUTH ON HWY 99, WEST ON HHY 120, 1205
STARTING POINT: JUNC. HWY 12 AND HWY 99
ATM, STRBILITY CLASS* E  SOURCE: DOW
X (KM) 50.8 L (M) S10. U (M/SEC) 2.6
__SF6 DATA -

1200

N\— Calif. Delta

(PPT)D
800
]

Turner
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400
|

0

e 4 AL

S T 66
DISTANCE ALONG TRAVERSE (KM.)D

TEST CALY  TRAVERSE 3

DRTE:*  8/06/76 TIME: 2132-2140
TRAVERSE ROUTE: SOUTH ON HWY 160
STARTING POINTs THE ?BEAN POT? ON HWY 160
ATM, STARBILITY CLASSs E SOURCE: DOMW

Eg X (KM) 7.3 L (M) 510. U (M/SECY 7.1
S __ 56 DATA
™
PN
el Calif. Delta
oo
o
S8l
5=
o Turner
a I

3 6 S 12
DISTANCE N. OF HWY U-HWY 160 JUNC. (KM.)
Figure 112. Crosswind tracer profiles compared with crosswind profiles
predicted using the Gaussian plume model. The "Turner" curve
is based upon Pasquill dispersion parameters given by Turner
(1970); the "Calif. Delta" curve is based upon experimental
dispersion parameters. Wind speeds for Traverse 2 and Traverse

3 were averaged from measurements taken at Venice Ferry and
the Dow site, respectively.
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3, just 7 km downwind, the Delta curve overestimates the peak concentra-
tion by a factor of two. In Figure 112 however, where average wind
speed measured at the release point was used for Traverse 3, the Delta
curve gives a very accurate description of the data. The average wind
speed for Traverse 2 in Figure 112 was measured at Venice Ferry for the
duration of the release. The use of this wind speed does not change the
predicted results significantly. |
This exercise in detailed Gaussian modeling indicates that under the
test conditions, the Gaussian model provides a simple and accurate method
for determining pollutant impact. Peak concentrations and plume widths
~ were more than adequately predicted for these traverses. Calculations
show that this is true for most of the data obtained during these tests.
Although tracers were released near the surface in every test, the
results of the tracer tests can be extended to include effective stack
heights which might be typical of industrial chemical facilities. We
have seen that the Gaussian expression can be used to predict tracer
concentrations given the average meteorological variables as input data.
It is also possible to input stack characterisitics into an appropriate
plume rise model to determine effective stack heights under a variety
of wind and stability conditions. The resulting value of H, the effective
stack height, can then be used in the Gaussian expression in order to
determine the sensitivity of the regional dispersion processes to stack
height. Preliminary design data available for the Dow project include
stack heights, stack diameters, stack gas temperatures, and exit

velocities (Moyer, 1977). These are listed in Table 12 . We have taken
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TABLE 12

STACK CHARACTERISTICS FROM MONTEZUMA PLANT
(Moyer, 1977)

Source Stack Stack Gas Exit Exit
Height Diameter Temgerature Velocity
(m) (m) (% K) (m/sec)
Stack 1 A 36.6 3.8 450 9.60
Stack 1 B 36.3 3.8 450 9.60
Stack 1 C 19.8 3.4 450 8.40
Stack 1 D 19.8 3.4 450 8.40
Stack 2 19.8 2.1 450 8.40
Stack 3 A 15 1.5 450 12.44
Stack 3B 15 1.5 450 12.44
Stack 3 C 45 3.0 450 9.34
Stack 4 15 1.7 450 8.25
Stack 5 15 2.9 450 8.25

Stack 6 25 2.5 450 11.50
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data for the tallest stack, 37 meters, for input into the Brigg's Plume

Rise Model; for details concerning the model, see Briggs (1969) and (1972).
The wind speed was taken as the average speed observed at the Dow site
during each test, and the Pasquill stability conditions used in the
previous modeling analysis were used. Effective stack heights calculated
from this data base for each tracer test period ranged from 101 m during
Test 3 under class E stability to 415 m during Test 5 under class C
stability. The relatively high wind speeds normally observed in the
Montezuma Hills cause the calculated plume rise to be smaller than might
be expected. The value of H for each test period was used in the Gaussian
expression to predict the tracer centerline concentrations.

Typical results are given in Figures 113-115, The agreement between

predicted and experimental tracer concentrations for Test 1 and Test 6

is representative of all the tests except Tests 3 and 4. In most cases, the
concentrations at both close and far downwind distances were predicted
reasonably accurately. In Test 4, Figure114, where conditions were
stable, the maximum concentrations observed at 8km were sharply under-
estimated by the calculated curvesL As could be expected, under some
conditions, plume rise decreases the maximum impact at close distances.
However, further downwind, the‘predicted and experimental values are in
excellent agreement. Thus, we see that the field study results can in

most cases, be extended directly to characterization of dispersion from

stacks typical of possible industrial developments in the area.
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4.8 Relation of Dispersion Data to Fluctuations of the Wind

Wind data measured by Rockwell at two levels at the Dow site (10
meters and 56 meters) and at Brentwood (10 meters) and data obtained
from MRI for the Rancho Seco Nuclear Plant site (61 meters) can be
formulated in terms of the hourly horizontal standard deviation
of the winds, Oge Hourly values of Tg for Dow and Brentwood were
calculated using 5-minute averaged wind directions. Values of Ty
from the Rancho Seco tower were obtained in tabulated form; no
information is available concerning the calculation procedure. All of
the data are tabulated in Volume II, Part B, Table 17.

A summary of the wind fluctuation data is presented in Figures 116
and 117 for the four locations. The data are plotted for all eight tracer
tests as Oy versus time of day. Gifford (1968) categorized the magnitude
of Tg in terms of the Pasquill stability classes. The values of Tq
corresponding to Pasquill classes are shown in each figure,

The steady nature of the horizontal winds passing over the Montezuma
Hills is very apparent in Figure 116. The average values of Tg
during the test period at the Dow site for the lower and upper heights were
10° and 9° » respectively. At distances 19 km downwind of the Montezuma Hills
at Brentwood and 65 km at Rancho Seco, the respective averages during the
eight tests were 34° and 17°.

The effects of the steadiness of the winds over the Montezuma Hills
upon pollutant transport are readily apparent in Figure 118. The plume

centerlines observed in traverses along Highway 160 during the releases

from the Dow site, on the average, crossed Highway 160 7.6 km north of the
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213
Highway 160-Highway 4 junction. The standard deviation of the centerline
Tocations was only +1.05 km. Thus, the plume centerlines of pollutants
emitted from the Dow site under the‘test period meteorological conditions
would have crossed Highway 160 within a 2.1 km zone, 8 km downwind.

Performing a similar analysis upon the traverse and hourly averaged

data obtained along Highway 99 yields Figure 119. In this case, the
average plume centerline crossed Highway 99 approximately 72 km south
of Sacramento or 5 km south of Stockton. The transport zone across
Highway 99 calculated from the standard deviation of the centerline
lTocations extended 28 km along the highway. A straight line can be
drawn from the release point in the Montezuma Hills to the average
centerline position of the p1umé crossing Highway 160. The extension
of this line intersects Highway 99 approximately 2 km north of the
observed centerline position. On the average, plumes emitted from the
Montezuma Hills during the test periods were transported southeast directly
over Stockton. The average plume centerlines from the Dow site to Highway
160 and from Highway 160 to Highway 99 are shown in Figure 120; the
standard deviations associated with the centerline positions are also
shown.  The area enclosed by the standard deviations of the plume
centerline positions correspond to the area of major impact which was
observed during the eight tracer tests. This area also appears to be
closely related to the area swept out by the average value of o

3
during the field study. The angle associated with the standard deviation
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of the centerline locations along Highway 160 is 80; the average value of
o during the tests was 9°. Although the average value of Uy agrees very
well with the angle determined from the traverse centerline fluctuations,
the vector-averaged wind direction during the seven Dow releases does not
coincide with the average centerline locations along Highway 160 and
Highway 99. The average wind direction was 2750; the angle associated
with the location of the average centerline was approximately 285°. The
Tocation of maximum impact predicted from the average Dow wind direction
is 11 Km north of the location of the average centerline along Highway 99.
It appears that curvature of the winds immediately downwind of the Dow
site causes the plumes emitted from the Montezuma Hills to turn slightly
more to the southeast than expected. As we will see in Section 5, this
curvature does appear when wind data from stations downwind of Dow are

included in a plume trajectory analysis.

A further result of the nature of the winds over the Delta region
is the relationship observed between maximum tracer concentrations in the
10-second and hourly averaged data. Hino (1968) states that the "maximum
or axial time-mean concentration of effluent generally decreases with
increasing sampling time because the lateral dispersion of effluent
increases with time." Hino found in an analysis of a variety of diffusion
data that the relationship between maximum concentrations and sampling
times generally followed:

c t -1/5

-El = for sampling times less than 10 minutes (16)
2 2
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and

c

1 (b
C,

\-1/2
(Eg) for sampling times from 10 minutes to several (17)
hours.
Hino showed that the exponent of -% in the second relationship was
predicted from theoretical grounds as well as from experimental data.
The value of -1/5 for short sampling times had been recommended by
Nonhebel (1960) and was confirmed in the Hino analysis.
In view of these relationships, convérsion of the 10-second
averaged maximum concentrations to hourly averaged values should follow

the combined relationship:

t -1/5 t -1/2

R fom| Tt
C

(18)
10 s ths th

where CHR ig the hourly value, ClOs is the 10-second value, t10m equals

10 minutes, ths equals 10 seconds, and tHR equals 3600 seconds. Equation
(18) results from converting Clos to a 10-minute value using Equation (16)
and substituting the converted concentration into Equation (17). The final
result may be written as

c
HR - 6.18 (19)

C10s
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Thus, according toHino, maximum hourly averaged concentrations should be
approximately one-fifth of the 10-second averaged maximum concentrations.
This relationship can be checked easily for the Delta region by comparing
the traverse results along Highway 160 and Highway 99 with the hourly
averaged data for the hours in which traverses were completed. The
results of this comparison are tabulated in Table13 ; the ratio of
CHR/C1OS for each case is also listed. No comparisons were made for

the last three tracer tests because traverﬁes were not taken during the
hours where maximum hourly values were found.

In view of our previous discussion concerning the steadiness of the
winds over the Delta region, the results are not at all surprising. Instead
of changes in concentrations by the factor of 5 suggested by Hino, the
houf1y values are generally no more than a factor of 2 less than the
10-second maximum concentrations. The overall average of the experimental

ratio is

T = 0,7 : (20)

These results indicate that the 10-second averaged maximum tracer data can
be converted to hourly averaged values rather simply and with reasonable
accuracy. This will allow us to estimate maximum hourly averaged
pollutant concentrations using the traverse qy and o, data with the
Gaussian plume model. Such estimations will be useful in determining
where and when air quality standards might be violated due to emissions

from an industrial facility. Presentation of this analysis follows in

Section 4.9.
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TABLE 13

COMPARISON OF 10-SECOND AND HOURLY AVERAGED MAXIMUM TRACER CONCENTRATIONS

Date Time C.IOS CHR CHR/Clos
PDT PPT PPT
8/31/76 1347-1447 611 241 0.39%4
1013 241 0.238
1447-1547 756 470 0.622
1547-1647 1223 602 0.492
1700-1800 .64 44 0.688
Ave. 0.487 + 0.180
9/2/76 1336-1436 33 17 0.515
CBrF3 2168 2427 1.119
1436-1536 19 11 0.579
28 11 0.393
CBrF3 840 1905 2.27
1600-1700 29 12 0.414
1700-1800 91 13 0.143
1800-1900 32 21 0.656
Ave. 0.761 *+ 0.671
- 9/5/76 0200-0300 537 504 0.939
0400-0500 370 309 0.835
608 309 0.508
Ave. 0.761 + 0.225
9/6/76 2100-2200 746 305 0.409
2200-2300 628 566 0.901
553 566 1.024
2300-2400 553 333 0.602
Ave, 0.734 + 0.280
Overall average = 0.687 + 0.452
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The preceding results suggest that it is possible to relate the
magnitude of the wind fluctuations to the magnitude of the horizontal
dispersion parameter in a straightforward manner. If one assumes
that the centerline of a plume fluctuates within the angle of the
standard deviation of the wind as we have seen, then an ideal crosswind
dispersion distance can be defined as

A=X tan(o) = X Ig (21)
where g is measured in radians and A is simply half the crosswind distance
through which the plume centerline mdves in an hour, measured at the
~downwind distance, X. In other words, A represents an ideal dispersion
parameter based only upon the crosswind fluctuation of the plume
centerline. To see how the experimental dispersion parameter is
related to values of Ty in the Delta region, oy for each traverse
is plotted in Figure 121 as a function of Tge Values of A were based
upon the value of Tg measured at the surface on the Dow site for
the hour in which the traverse was taken. The best-fit line through
the data in Figure 121 indicates that oy can be written as a simple
function of T4
o,=0.6X ¢ (22)

y 6 -
Values of Oy Were calculated from 5-minute averaged wind directions.
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Figure 121. Horizontal Crosswind Standard Deviation (oy) as a
function of the horizontal standard deviation of the
wind (oe) measured at the Dow site in the Montezuma
Hills.
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This relationship is very similar to an equation given by Islitzer

(1961) for an unstable atmosphere:

oy = 0.81 X Ty (23)

where Og wWas based on 5-second averaged wind directions and o, was
measured at downwind distances up to 3.2 km. In a later work, Islitzer
and Dumbauld (1963) found that values of oy equaled X Ty
for unstable atmospheres if values of Og were based on averaging times
dependent upon the travel time from the source to the receptor. These
times were determined to be a function of B, the ratio of the Lagrangian
to Eulerian time scales.

The difference between the results of these earlier works and the
relationship predicted from the field study can possibly be explained by
noting that the wind direction averaging times were considerably different
and the transport distances in the Delta study were considerably greater
than in those cited above. Islitzer, recalling work by Hay and
Pasquill (1959), states that the correct averaging time is determined from

the proper part of the spectrum of turbulence by
s =T/8 (24)

where B is taken to equal 5 and T is the transport time, X/u. In the
Delta field study values of s were of order 7 minutes at 8 km and 50

minutes at 50 km. The actual averaging time used was 5 minutes.
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The 5-minute wind direction averages can be summed and averaged to
give 10-minute and longer averaging times. These average directions can
then be used to determine the hourly standard deviation of the winds
based on a new averaging time. To investigate the effects of longer
averaging times upon the relationship between oy and Ogs We have calculated
hourly averaged values of g based on 10-minute, 15-minute, and 20-minute
averaging times. The results for all eight tests are given in Figure 122.
The general effect of longer averaging times is to decrease the standard

deviation of the wind during an hour. The new relationships between o

Yy

and o for increasing averaging times are shown in Figures 123 - 125 .

The slopes of the best—fi{ lines for the three averaging times
appear to go through a maximum for g (15-mfnutes). The respective
relationships for the increasing values of s are:

oy, = 0.60 X Ty (5-minutes}, (25)

Oy = 0.65 X g (10-minutes), (26)

oy = 0.76 X g (15-minutes), ‘ (27)
and

oy = 0.75 X %4 (20-minutes). (28)

These results indicate that the proportionality coefficient between gy
and oe(s) is very sensitive to the magnitude of s. If, indeed,

oy = X g (s) for a specified value of s, then the results of this
analysis suggest that s lies close to 15 minutes for the dispersion

data under consideration. Of course, it is possible that the difference

between s = 15 and s = 20 is insignificant, and the correct value of s is

larger than 20 minutes. At any rate, it does appear that the initial
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relationship determined from a 5-minute average time can be improved by
considering the proper range of averaging times. However, this improvement
is limited since the wind data is available only in 5-minute increments.
For the distances and transport times under consideration in the Delta
region, a better averaging time for wind fluctuation measurements might

be 1 minute. Summation of l-minute intervals would provide a more

flexible means of determining the proper averaging time,

Even though the available wind fluctuation data does not yield a one-
to-one relationship between Uy and X Tgs it appears that the experimental
extent of horizontal dispersion in the Delta region can be determined
for other periods of the year by simply acquiring the appropriate wind
fluctuation data. Although it may prove difficult to obtain a suitable
amount of historical g data in the area, acquiring a data base in the
future will only be a matter of operating a wind anemometer and strip-
chart recorder at the appropriate times and p1aces. The acquisition of
a suitable data base and the application of the simple relationship between
cy and oe“to the data provide a simple, but important method of extending
the results of the California Delta tracer tests to other periods of the

year.
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4.9 Estimated Maximum Pollutant Concentrations

The tracer data can be used with the nomographs and projected Dow
emissions in Section 4.1 to estimate the maximum pollutant concentrations
which would have been measured during the test periods if the Dow facility
were in operation. The maximum tracer concentrations which were
measured during the study and the corresponding pollutant concentrations
are given in Table 14. The values of the California air quality standards
are also listed. Emissions of NO are assumed to be rapidly converted
to NO2 . Results due to the Dow + turbine emissions are also given.

Comparison of the calculated pollutant concentrations and the air
quality standards indicate that only the standard for NO2 appears to be
in danger of violation. Both 502 and CO levels are far below the
respective standards. For NOZ’ the observed hourly averaged data indicate
that the standard would not haveé been violated during the test
period. Except for the first two tests, the hourly data were all
collected 50 km downwind along Highway 99. In 10-second data, much
higher concentrations were measured approximately 10 km downwind. However,
in no case based on the Dow emissions were tracer concentrations great
enough to cause the NO2 standard to be violated. The possibility of a
standard violation appears more 1ikely if the Dow facility were to
include a gas turbine. If the sampling time correction from Section 4.8
1s applied to the 10-second data for the Dow + turbine emissions, the
data indicate that the NO2 standard might have been violated during
Tests 3, 4, 6, and 7 at downwind distances of approximately 10 km.
Converted‘NO2 10-second concentrations greater than 357 ppb are in
violation of the standard. Worst-case conditions, according to this data,

occur during the evening Sea Breeze Tail period.
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TABLE 14

MAXIMUM POLLUTANT CONCENTRATIONS DUE TO PROJECTED DOW EMISSIONS

*
Test [Tracer]max [Po]]utant]maX

ppt ppb

Dow Emissions - Dow + Turbine Emissions

10-second [N02]** [502] [CO} [N02] [502] {CO]
1 1,013 30 3 5 74 3 25
2 2,168 42 4 7 103 4 35
3 8,660 286 24 49 701 28 241
4 11,900 346 29 59 848 34 290
5 801 23 2 4 57 2 20
6 9,526 284 24 49 698 28 241
7 12,140 238 20 41 584 23 201

1-hour
1 602 18 2 3 43 2 15
2 2,427 46 4 8 112~ q 38
3 918 30 3 5 74 3 26
4 566 16 1 3 40 2 14
5 -
6 83 3 .2 4 6 .2 2
7 -

Ca]ifornia Hourly Air
Quality Standards: 250 ppb (N02); 500 ppb (302); and 40,000 ppb (CO).

MW RR
* - 1 ._P
Pollutant max - Tracer max RRT wa

MwT and wa are the tracer and pollutant molecular weights, respectively;
RRT and RRp are the tracer and pollutant emission rates, respectively.

%k
Emissions of NO have been assumed to react rapidly to form N02.
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The Gaussian model predictions can be used to estimate the extent
that the Dow project might influence existing air quality in the area.

It appears that the air quality standard for NO2 could possibly be
violated at downwind distances of 10 km during stable evening and night-
time periods. It is of interest to determine how far downwind emissions
of NO might produce levels of NO2 greater than those that currently exist.
During the two-week test period, maximum NO2 concentrations in the area
reached 0.06 ppm. By utilizing the nomograph in Section 4.1 and the
predicted concentration curve for the evening test shown in Figure 126,
we estimate that hourly averaged NO2 concentrations due to Dow emissions
were greater than 0.06 ppm up to 24 km downwind. This estimation assumes
the conversion of NO to NO2 is rapid and that hourly averaged values

are related to the 10-second averaged data as given in Section 4.8.
Similar use of the curves for the Sea Breeze period and for the Nighttime
period indicate that NO2 concentrations were greater than 0.06 ppm up

to 4 km and 14 km, respectively. The emission rate of NO from the Dow
site was taken to be 9.4 tons/day. These distances would increase if

the projected Dow + turbine emission rate of 23 tons/day were used.

The estimated impact of projected Dow emissions could double NO2 concen-
trations over a significant distance downwind of Montezuma Hills.

The results of the analysis of maximum NO2 concentrations due to
projected Dow emissions are summarized in Table 15. The ambient NOZ
levels and the tracer-converted NO2 data are compared with Gaussian
model predictions presented by Dow and the predictions presented in this
report. The Dow-predicted value of NO2 at 10 km was taken from data

presented by Dow officials as testimony during State of California
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TABLE 15
COMPARISON OF N02 CONCENTRATION MEASUREMENTS AND PREDICTIONS

[NOZ]max
ppb
Test Ambient 1 Estimated from Predicted Predicted Using
Measurements Tracer Data? by3 Tracer Dispersion
Montezuma| Stockton  (hourly average) Dow Data4
Hills 10 Km 50 Km 10 Km 50 Km
1 50 70 18 3.0 5.8 at i2 0.7
10 Km from
2 60 80 46 - tracer 81 2
release
3 40 70 {(200) 30 105 6
4 50 60 (242) 16 250 17
5 70 - (16) - ‘ 9 1
6 70 80 (199)
7 10 60 (167) - - 2
8 40 60 - - - -

Ambient hourly averaged concentrations collected by Rockwell at Montezuma
Hills and the San Joaquin APCD at Stockton during the test period.

NO2 concentrations estimated using maximum observed hourly-averaged tracer
concentrations and projected Dow emission rates. Values in parentheses
are hourly values estimated from 10-second data, CHR/C105= 0.7.

Predicted by Dow for worst-case conditions using the Gaussian plume model.
Data presented as testimony during State of California multi-agency
hearings, December, 1976.

NO2 concentrations predicted using the experimental oy and o, values and
projected Dow emissions in the Gaussian plume model. Although oy and a,
were obtained from 10-second average tracer data, comparison of 10-second
and hourly averaged tracer data indicate that CHR/C105= 0.7.

The values given above have been converted to hourly averaged levels.

(California air quality standard for NO2 equals 250 ppb, hourly average)
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multi-agency hearings, December, 1976 (State of California, 1976). No

information is available concerning the calculation procedures employed
by Dow.

The summary indicates that maximum levels of NO2 due to projected
Dow emissions are generally within a factor of 4 of the ambient levels.
Measured tracer data and predicted concentrations based on the
dispersion data suggest that the air quality standard for NO2 could be
violated during the evening meteorological period at distances downwind
of the Montezuma Hills of approximately 10 km. This analysis has not
considered the impact of NO emissions upon ambient levels of ozone downwind

of the proposed construction sites.
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5. Calculation of the Surface Wind Field

The rather comprehensive set of surface wind data provides a data
base for calculating hourly wind fields in terms of hourly wind vectors
based upon a numerical solution of the mass balance equation. The deter-
mination of the hourly surface wind vectors, in turn, provide a basis for
performing an air parcel trajectory analysis of the tracer tests. In
this section, we present results of wind f%e]d and trajectory calculations
covering the first tracer release. The computer programs used for these
calculations were developed and kindly provided by William Goodin (1977).

The numerical solutions of the mass balance equation were deter-
mined for the 4 km square grid system shown in Figure 127 The surface
and upper air wind stations and the tracer release sites are marked on the
grid. The numerical procedure is designed to account for the presence of
topographical barriers in the grid system. Barrier lines appropriate to the
Bay and Delta topography are shown in Figure 127 The program is designed
to accept digital topography data. The data for the Bay Area is available,
but was not used in the results presented here.

The program accepts one hour of wind data and calculates a wind
vector for each grid square. If several hours of data are processed,
forward air parcel trajectories can be determined from the calculated
vectors. A starting point and time must be specified. The program
then determines how far and in what direction an air parcel would move
in an hour according to the hourly wind vectors. The trajectory develops
as the parcel is moved according to each succeeding hour of data. As

an example of this procedure, the surface wind data for August 31, 1976,
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from 1200 to 2300 PDT were used to calculate the wind fields given in

Figures 128-139, Because no data were available for the northwestern
corner of the grid, a dummy wind station using data from the Davis station
was placed in the corner for calculation purposes. Although the wind
vectors in the northwestern sector are meaningless, the effects of the
dummy data upon the remainder of the grid are considered negligible.

The major features apparent in the complex flow patterns which
occurred during the first tracer test include the turning of the marine
air into the northern Bay Area and the subsequent channeling of air
through the Carquinez Strait. From 1200 to 1500 PDT, flow over the
Delta was directed to the southeast; after 1600 PDT, the winds at the
Montezuma Hills straightened towards the east. Immediately downwind of
the Montezuma Hills, the flow diverged to the northeast and southeast.
from 1700 to 2000 PDT, an exceptionally strong flow to the south appeared
in the Stockton-Tracy area.

bper air data obtained for the first release day were used to
determine the average wind fields in 3 layers extending from 300 to 900
feet, from 900 to 1500 feet, and from 1500 to 3000 feet above the surface.
The surface wind field was assumed to extend to 300 feet above the surface.
The resulting three-dimensional wind field is presented in Figures 140-142
for 1700 PDT. Comparison of these upper air wind fields with the surface
wind field at 1700 PDT readily illustrates the effects of the complex
topography upon the gradient westerly flow. Above the surface layer,
flow is uniformly from the west throughout the region. Note that if

the digital topography data were used to specify the boundary condition
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Hourly surface wind vectors, 1700 PDT, 8/31/76.
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Figure 138. Hourly surface wind vectors, 2200 PDT, 8/31/76.
Reference locations: Martinez (MZ), Montezuma Hills (MH),
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Figure 140.

Hourly upper air wind vectors, average wind field from
300 to 900 feet, 1700 PODT, 8/31/76.

Reference locations: Martinez (MZ), Montezuma Hills (MH),
Pinole (PN), Sacramento (SA), San Francisco (SF),

Stockton (SK), Livermore (LV).
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Figure 141.

Hourlv upper air wind vectors, average wind field from
900 to 1500 feet, 1700 PDT, 8/31/76.

Reference locations: Martinez (MZ), Montezuma Hills (MH),
Pinole (PN), Sacramento (SA), San Francisco (SF),
Stockton (SK), Livermore (LV).
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Figure 142, Hourly upper air wind vectors, average wind field from
1500 to 3000 feet, 1700 PDT, 8/31/76.
Reference 1ocatlon5' Wartmez (MZ), Montezuma Hills (MH),
PinoTe (PN), Sacramento (SA), San Francisco (S F,
Stockton (SK), Livermore (LV).
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at the surface, then more complex flow would probably appear in all of

the upper air wind fields. The terrain surrounding the Bay Area reaches
to over 1000 feet in places; Mt. Diablo rises to an elevation of 3849
feet (16 km south of Pittsburg).

Forward hourly air parcel surface trajectories beginning at the Dow
site in the Montezuma Hills were calculated from the surface wind fields
for starting times from 1200 to 1700 PDT. As indicated in Figure 143,
all of the surface trajectories moved southeast to the Stockton-Tracy
area. The effects of stagnant conditions in Stockton at 2300 PDT
are apparent in the later trajectories. The paths and transport times
of the surface trajectories are in excellent agreement with observations
made from the traverse tracer data along Highway 99. Tracer and
calculated trajectories both appeared to pass between Traq} and Stockton
beginning at 1700 PDT. The maximum hourly averaged SFG concentration
occurred between 1800 and 1900 PDT 4 km nofth of Stockton. Crosswind
hourly profiles indicated that the SF6 plume fluctuated through a zone
extending from Lodi to Tracy between 1700 and 2000 PDT. Although the
calculated surface trajectories are in agreement with the automobile traverse
data at 1700 PDT, it appears that the impact zone was wider than that
predicted from the trajectories. We have seen that the calculated air
flow above 300 feet was directed almost due east throughout the Delta
region. Airborne tracer data collected during the sixth tracer test
indicated that the tracer can be mixed vertically at least as high as
600 feet after being transported from the Dow site to Highway 99.

One may envision a tracer plume at the surface moving southeast towards

Tracy. As tracer is mixed vertically due to the afternoon heating of the
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Figure 143. Forward air parcel surface trajectories; each point
represents one hour of transport, 8/31/76. Trajectories
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land, upper air flow from the west carries tracer east across Highway 99

in a zone from Lodi to Tracy. Although this explanation may explain
the relationship between observed and calculated plume behavior,
further work utilizing the digital topographical data and the three-
dimensional aspects of the numerical procedure should be performed.

The surface wind fields were also used to construct air parcel
trajectories beginning at Martinez and Pinole for two release times
during the first tracer test. Even though we did not conduct tracer
releases from these points during the first test, it is of interest to
determine the transport paths of pollutants emitted in the northern
Bay Area for the sake of comparison. The results for trajectories
starting at 1200 and 1700 PDT from each point are shown in Figure 144.
There appears to be a significant difference in paths initiated at
1200 and those started at 1700 PDT. The earlier releases from both
Martinez and Pinole traveled south of Concord into the Tracy area. Winds
at 1700 PDT forced the trajectories beginning at that time to move
further east through Pittsburg before they turned southeast towards Tracy.
Neither set of trajectories were carried over the Montezuma Hills. These
patterns are very similar to those observed during Test 2 and Test 7.

The trajectories which began at 1200 PDT reached Tracy at about the same
time as those released from the Montezuma Hills at 1600 and 1700 PDT.

Both the trajectories initiated from the PinoleMartinez area and the
trajectories started from the Montezuma Hills indicate that pollutants
emitted from these points into the afternoon sea breeze can be transported

into the mouth of the San Joaquin Valley.
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Appendix A

Calibration of the twelve chromatographs (designated Z1-710, Y1 and Y2)
was accomplished by means of a well-mixed exponential dilution system.
Calibrations were completed prior to the fielid study on 8/21/76 and
following the test on 9/28/76 and 9/29/76. The results of the calibrations
are listed as KF values (integrator peak area in uV-sec/ppt tracer) in
Table A-1. Several times during the field study, cross-check tests
were performed among the gas chromatographs. A constant concentration
sample was analyzed in several gas chromatographs in order to determine
the standard deviation associated with the reproducibility of the analysis.
The results of the cross-check tests are given in Table A-2.

TABLE A-1
GAS CHROMATOGRAPH CALIBRATION RESULTS

Chromatograph SF6 CBrF3

KF Values AKF(%) KF Values AKF(%)
8/21/76 9/28/76

75 102 102 0
76 145 140 3
77 101 87 14
Average = 7%
78 100 91 9
8/21/76  9/29/76 8/21/76 9/29/76
79 456 424 7 29 27 7
Z10 270 169 37 7 5 29
Y1 430 316 27 20 16 20
Y2 497 352 29 17 13 24

Average = 75% Average = 20%




Date

8-31-76

9-2-76

9-13-76

Test

CC-1
CC-2

CC-3
CC-4
CC-5
CC-6
cc-7
CC-8
CC-9

€cc-10
CC-11
CC-12
CC-13
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TABLE A-2
GAS CHROMATOGRAPH CROSS-CHECK RESULTS
% Std. Deviation
Chromatographs of measured
Concentrations
28, 19, Y1 20
25,76 ,77,710 20
Y1,Y2,710 21
Y1,Y2,210 3
¥1,29,710 22
Y1,Y2,29 14
75,76 6
15,727,178 13
Y1,Y2,79,710 11
using
9-29-76
KF Values
Y1,25 17 (5%)
Y2,76 24 (1%)
78,79 23 (18%)
77,710 28 (5%)

Average
Tracer
Concentration
(ppt)
24 (SFg)
24 (SF6)
2693 (SF6)
2060 (SF6)
2253 (CBrF3)
932 (CBrF3)
294 (SFG)
273 (SFg)
332 (SF6)
534 (SF¢)
430 (SFg)
491 (SF6)
513 (SF6)
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Appendix B

Calculation of Plume Parameters from Crosswind Traverses

PTumes are often modeled by assuming they have a gaussian shape;

that is, the concentration along a crosswind traverse follows an equation:

1 (y'Yo 2
C(y) = CO exp [— 5 —(3'-*) (B-1)
where Y0 is the distance coordinate of the center of the plume, Co is
the concentration at the center of the plume, and o is the standard

deviation of the plume. From standard data analysis techniques, equations

relating o and Y, to the data obtained (C(y) and y) are:

f_w yC(y)dy

Yo © B-2
° /:m C{y)dy (&-2)
and
_[m yC(y)dy .2 g
¢ = o T o (B-3)
j’:m Cly)dy

A value for Co can also be calculated once Y0 and o have been calculated:

FC(y)dy = C, oven (B-4)

or, rearranging terms,
c j,:wC(y)dy
0= —
von o

These parameters (CO, Yo’ o) when used in Equation (B-1) represent a best-

fit of the data (C(y), y) to the equation.



261

Three major sources of error appear in the actual use of these
equations: one is the error inherent in the data itself; another is
due to the data being for discrete points rather than for all y3; and
finally, due to Timitation on the sampling locations, one or both edges
of the plume might be chopped off (the integration cannot be carried out
to the limits, -= ,o ), The errors in the data cannot be reduced once
the data is taken, but errors in application of the above formulas can
be estimated and reduced to some extent.

The error involved in calculating the integrals is dependent upon
the method used, but the error involved in chopping off the edges of the
plume can be treated generally and is considered first. By assuming a
perfect gaussian plume and calculating the parameters from equations (B-2)-
(B-5), but with limits of integration Ya and Yb instead of - and 4+,

the following expressions for error of the results can be found:

—%uZ Up
[ g e u__
(5) vo = Y4 - BT (B-6)
EP(U) Ua‘
_152 up 12 s 2 1%
6)g' =ofy - e du _ 1fe lu B-7
(6)o N (8-7)
(u)}, (u) Ju,
Y-Y :
u=(—2)
o
] W .
P(u) _)E% [, e dr  (note P(u) is the Normal

Probability function.)

where ¢ and Y0 are the actual parameters of the plume, and o' and Yo'
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are the parameters calculated using formulas (B-2)-(B-5) with Timits of
integration Ya and Yb. No simple expressions for Y0 and o in terms of YO'
and ' could be found; however, equations (B-6) and (B-7) can be

applied in an iterative manner so that successively better approximations

of YO and ¢ can be found.

b
2 1)
e
Y'o(n+1) ) Y‘o(o) + 2ln) ub(:?(n) (B-8)
m p(U) Ua(n)
_%UZ Ub(n) : _%UZ Ub(n) 2 ‘%
R AR S ) |
72T Py P()
: Ua(n) Ua(n)

Y o_y
Un(n) = (‘x"‘“ilgll> (B-10)

where the small subscript in ( ) refers to the number of times the
iteration was performed to arrive at that approximation, (o) refers to
initially calculated values.

Traverse data are usually taken at even intervals along the traverse

which simplifies the integration considerably. The method we chose was

Simpson's method; Simpson's Rule is written as follows:

n-1
(faiq) v 2 2

1 e (6-11)

Y n
2n - h
./z f(x) dx = 3 [f, + fo, v 4 .E
0

i 1
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where h is the difference between any two,xi, fi = f(xi), and 2n+1 is

the number of data points. The error term e is shown below:

€= 35” __TT(X) where XO<€<X2n (B-12)

Since e is unknown only a minimum and maximum error can be found.

If f(x) is of the form of a gaussian curve, the minimum and maxinum

errors are
Co"h5 nhCq
€ = -,02061 = B-13
min 04 max 3004 ( )

The curves we deal with are not exactly gaussian, so this error loses
much of its significance; however, it is calculated as a check on the

data (a grossly large error could mean that the data is bad).
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