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CHAPTER IV

ANALYSIS OF DATA

A. Meteorology
1. Representativeness of Study Period

Hourly coast to inland station pressure gradients
(reduced to mean sea level), mean Fresno 0400 PST 850 mb
temperature and Fresno ozone concentrations were selected
to compare the study period with the long-term records.
Pressure gradients influence the air flow in the San
Joaquin Valley and are affected by the synoptic pattern.
Thé 850 mb temperature indicates the amount of stability
which is also affected by the synoptic pattern. Ozone
concentrations exceeding the federal and state standards
indicate periods of stagnation within the San Joaquin
Valley.

The surface pressure gradients (millibars, corrected to
sea level) between San Frahcisco, California, and Las
Vegas, Nevada, for the study period are shown in the table
‘below. These locations roughly represent the pressure
gradient between the coast and the Greé£ Basin. Also
_included in the table below are fhe bulk Richardson (BR)
numbers for 0500 PDT in Fresno. On average, the pressure
gradient maxima occurred in the late afternoon at 1800 PDT
and the minima occurred in _the morning at 0800 PDT. As can
be seen, the 13th, l4t$, 17th, 18th and 19th were less
stable (larger maximum, minimum and average pressure

gradients) than the remaining days. These days also had
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lower bulk Richardson numbers. The 21st was the only day
where the maximum pressure gradient was low yet the bulk

Richardson number was low also compared to the other days.

SF-LV
Day _Minimum _Maximum__Average BR

13 6.4 10.0 8.3 5.02
14 6.1 9.6 8.1 4.50
15 5.1 8.0 6.8 26.81
16 5.0 8.5 6.7 19.34
17 6.0 10.2 7.7 9.40
18 5.9 9.5 7.9 5.78
19 5.8 9.8 7.8 6.25
20 4.7 7.9 6.5 46.13
21 5.4 7.5 6.3 7.00
22 4.9_ 7.7 ~6.1___125.80__

The averége 0500 PDT pressure gradient for the ten days was
6.5 millibars whereas the long term average for August,
1972 to 1984, is 4.2 millibars (388 observations). This
would possibly indicate less stability during the study
period than average. Of the 388 observations, 3 percent
were negative and 0.5 percent were zero. During the study
period, no negative or zero gradients occurred.

'The average 850 mb 0500 PDT temperature over Fresno for
the study period was 17.6 degrees celcius. The long-term
average for the month of August (1972 t§ 1984) was 19.8
degrees celcius (Callfornia Alr Resources Board,
>Meteorologica1 Division). This would indicate less
stability than normal during the study period unless
surface temperatures were cooler as well. The average 0500
PDT surface temperature foé Fresno for thé study period was
17.9 degrees celsius and the average for August, 1972 to
1984, was 18.9 degrees celcius.

The table below shows the number of days, followed'by the
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number of hours in August, the ozone concentrations

exceeded 0.12 (federal standard) and 0.10 (state standard)

parts per million (ppm) at three locations in Fresno

(California Air Resources Board, 1978-1985). The data do

not indicate that August, 1985, was more or less unstable

than usual.

20.12_ppm - 20.10 ppm
Cal Olive Butle Cal Olive Butle
Year State Drive Street__| State____Drive____Street
1978 10/23x% 6/13 6/19x% 14/81x%x 9/35 9/53x%
1979 6/12% 4/6 T7/12% 14/56% 8/24 14/55%
1980 10/19 5/8 6/10x 21/84 10/39 18/71%
1981 5/16 0/0x% 6/16 18/57 2/6x% 15/54
1982 4/5 0/0 3/7 12740 1/2 16747
1983 2/2 0/0 2/2 10/25 5/11 16/52
1984 6/7 0/0 4/6 15/50 0/0 18/67
1985 4/7x 1/1 5/7x 9/32% 7/14 17/56x%

* indicates monthly data with missing values.
On the 17th, Presno had heavy cloud cover in the morning
and lighter cloud cover the rest of the day (see Table 4).

Cloudiness over the park was restricted to the lower two

sites. The Fresno maximum temperature was 30.0 degrees

celcius while the average maximunm temperature for the 10

‘days was 33.4 degrees celcius. The minimum relative

humidity was 43 percent while the average for the 10 days
.was 29 percent. August 15, 16, 18, 19, 20 and 21 also had
some cloud cover over Fresno but the temperatures and

relative humidities were normal. Ash Mountain, Wolverton

and Emerald Lake all had lower afternoon maximum
temperatures on the 17th as compared to the rest of the

study period (see Table 5). Wolverton experienced higher

relative humidities on the 17th while Ash Mountain showed



TIME (PDT)

DATE____0200_ __0500___0800___1100___1400___1700___2000___2300
8/13
SFO 2 9 10
SCK -- -- --
FAT 0 ) 0
BFL -- -- 0
AM -- -- 0
Wwv -- -- 0
EL -- -- -~ -
8/14
SFO 0 ) 10 1
SCK -- -- --
FAT 0 o 0
BFL -- -- 0

0

0

OO0 0O -

AM -- 0
wv -- 0
EL ST I -
8/15
SFO 10 10 10
SCK -- -- --
FAT 0 0 5
BFL -- -- 2
1
2

COoOO0O000

—

N=DONO O
N
—

AM -- 0
Wv -- 0
EL e == ==
8/16
SFO 10 10 10 10
SCK -- -- -- 1
FAT 2 5 5 2

0

1

1

@O

BFL | -- -- 0
AM -- -~ --
WV -- 0 0
EL__ == 0 0
8/17 _
SFO 10 10 10 10 9
SCK -- -- -- 9 10
FAT 0 5 10
BFL -~ -- )
AM -- -- 8

6

0

!
|
IO WO

|
|
|
1
t
I

—

WV -- -
EL___ == __l_z=___|

QO W =
|
|
W B = O~

e ——

Table 4: Cloud cover (tenths) for August 13th through 17th,
1985, at indicated hours (see next page).
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TIME (PDT)

DATE 0200_.._0500___0800_ __1100___1400___1700___2000___2300
8/18

SFO 0 0 0
SCK - -- -
FAT 0 o 0
BFL -- -- 10
AM - - 0

0

0

WV - --
EL == == -
8/19
SFO 2 1 8
SCK -- -- -
FAT 0 0 9
BFL -- -- 10 1
4
9
0

’_ <
OB O—-OO0
(¢ ]

W ooww
]

|
)

—
IWWWO ™ | =
~ A OO e

]
|

AM -- 0
WV -- 0
EL == 0
8/20
SFO | 4 8 4
SCK -- - -
FAT 0 0 7
BFL - -- 6
AM - -- 1

7

4

— N - O W

(o N NoNel
'O
(o]
(&}

Wy -- -
EL == == —
8/21
SFO 10 10 4
SCK -- -- --
FAT 0 0 0
BFL -- -- 5
0]
1
0

—
QW= ONMOO
!
1
IO —=0ON )
o)
—

AM -- 0
wo| - <1
EL == 0
8/22
SFO 0 6 10
SCK. -- -- --
FAT 0 0 0
BFL - -- 0
BM -- -- 0
W -- -- 0

BL_____=c == -0 __]

|
OO0OOCOO0O0 MNWNNO~A

LOOOOo 1 WL OPL O~ I O
(=
~3

I
i
o
i
i
I
I
|
I
I
I

Table 4: (Cont’d) Cloud cover (tenths) for August 18th
through 22nd, 1985, at indicated hours. SFO-San Francisco,
SCK-Stockton, FAT-Fresno, BFL-Bakersfield, AM-Ash Mountain,
WV-Wolverton, EL-Emerald Lake.
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Min/Max T2 Min/Max_T5

Day FAT AM WV EL AM Wv EL

13 18/32 -=/=-= <-=/23 ——f - -——f - --/21 -—/--

14 18/34 --/31 3724 ——f = -=-/31 5723 -

15 19/34 18/34 4/23 ——f - 18/33 6/23 -—/--

16 19/34 20/34 4/24 11720 20/33 6/23 12720

17 18729 19731 4/20 10/16 19/30 5/18 10/15

18 17732 16730 2/20 6/16 16/29 ——f - 6/16

19 17/31 18/29 -=1/20 8/21 18/29 --/19 8/19

20 17/33 17/32 =17/22 9/19 17731 1/721 9/19

21 18/34 19733 =-1/22 8719 19732 1720 8/18

22| 18/35___19/33___2/22___11/20_| 20/33____4/21 __11/18_
Maz/Min RH______

Day AM WV FAT

13 ——/== ===/-=- 65732

14 -—/17 ===/-- 68/25

15 48/12 ---/19 63/26

16 45713 100/21 73727

17 53715 100/58 73/43

18 81/30 100/38 75/35

19 61/27 92/16 70/34

20 58717 97/15 75725

21 55/12 99/22 54/24

22_|_40/12___93/30__65/22_

M1n7§ax T2, Min/Max TS5=minimum temperature/maximum
temperature at 2 and 5 meters, respectively; Max/Min RH=
maximum and minimum relative humidity.

Table 5: Daily weather station minimum and maximum
temperature (celcius) and relative humidity (percent) data
for Fresno (FAT), Ash Mountain (AM), Wolverton (WV) and
Emerald Lake (EL) for August 13th to 22nd, 1985 (Fresno
data obtained from the National Weather Service).



Increased relative humidities on the 18th (relative
humidity data not available for Emerald Lake). The 17th
was Influenced by the remnants of a tropical hurricane.
Winds were southerly to southeasterly and laden with moist
air. A record low of 19.4 degrees celcius (maximum
afternoon temperature) occurred with rain in Sacramento on
this day as well (Linse 1986).

The temperature and pressure gradient data for the study
period, as compared to long term averages, suggest less
stability than normal in the San Joaquin Valley. Less
stéblllty would reduce the pollutant levels and possibly
lower the frequency of occurrence of the Fresno eddy or
nocturnal jet. The ozone data did not indicate higher
levels of pollutants and evidence of the nocturnal jet
occurred every night of thé study period (8-11 meters per
second). Clear evidence of the Fresno eddy occurred on the
mqrnings of the 14th, 20th, 21st and 22nd and less clearly
on the 13th, iSth and 17th. In conclusion, during the
study period, pollutant levels may have been slightly
underestimated for normal August conditions and some
_unusual meteorology occurred on August 17th.

2. General Circulation

During the sthdy period (August 13 to 22, 1985), the
movement of the semi-permanent subtropical Pacific high
pressure cell and migratory high and low pressure systems
influenced the upper level winds of the study area.

Surface isobar and 850, 700 and 500 millibar height charts

10(



101

were obtained from the California Air Resources Board
(Sacramento Office, Meteorological Division) and the
National Weather Service.
a. Subtropical Pacific High Pressure Cell

The upper air charts showed the position of the summer
Pacific high pressure cell to be south of Alaska centered
of the west coast of Canada from August 13th to 15th.
Figure 5 shows the 0500 PDT 500 millibar height charts for
August 13th to 22nd, 1985. On the afternoon of the 15th,
the high pressure center moved to the northwest at all
levels. On the afternoon of the 17th, the high pressure
center began to move back again (to the southeast). The
influence of the Pacific high was overridden by a low
pressure trough off the entire western coast which began
forming on the 17th and becéme a cutoff Iqw on the 2l1st.
In addition, a high pressure area began developing over the
southwestern states on the morning of the 21st and
continued to strengthen through the 22nd.
b. Migratory Cells

Figure 6 shows the surface isobars (in millibars minus
1000; 0500 and 1100 PDT> and the-850 and 700 mb heights
(in dekameters above sea level; 0500 and 1700 PDT). There
is one row per day with the date located in the center of
the figure. To distinguish the 850 and 700 mb heights, the
lines are broken and sélid, respectively. Rather than
present a description of the complex synoptic movements of

the migratory cells, Tables 6 and 7 contain a brief summary



August 15, 1985

LoAE
N\

August 17, 1985 August 18, 1985

Figure 5: 0500 PDT 500 millibar height charts (dekameters)

for August 13th to 18th, 1985,
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- - ph

~ August 21, 1985 August 22, 1985

Figure 5: (Cont'd.) 0500 PDT 500 millibar height charts
(dekameters) for August 19th to 22nd, 1985.
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DATE DESCRIPTION

13 morning low over Nevada and Utah border

13 afternoon low east of Four Corners

14 morning low over SE California and central
New Mexico

14 afternoon low over Four Corners

15 morning low over central Slerra, dissipated
by afternoon

15 afternoon low over Wyoming

16 morning low over Wyoming

16 afternoon low over Nevada and Colorado, high
over NW corner of Montana

17 morning low over Nevada, high over Wyoming,
low east of Four Corners

17 afternoon low off northern coast of Californlia
and northeastern Nevada, high over
Arizona

18 morning low off northern coast of California

18 afternoon same as morning, low over northern
Mexico -

18- low moves north and south between

21 Idaho and southern Saskatchewan,
Canada, with trough extending to
south and southwest

19 morning low off northern coast of
California dissipated

21 afternoon high over central Arizona/New Mexico
border and over central Baja

21 afternoon high off central Baja coast

22 morning high off northern Baja coast, low off

. central coast of Callfornia
22 afternoon

Table 6: Description of positions of migratory cells at 850
.millibars influencing wind flow patterns of study area in
August, 1985.
1700 PDT.

Morning is at 0500 PDT and afternoon is at

10¢




DESCRIPTION

- 1O

14
14
15-
18
15
15
16
16
17

17

18
18

19

19-
21

_20-
22

22

morning

afternoon
mofning

afternoon

morning
afternoon
morning
afternoon
morning

afternoon

morning

afternoon

morning

morning

Table 7: Description of positions of migratory cells at 700

low off central coast of California,
high over Arizona, high off central
Baja coast

low over central coast of California,
high off north central Baja coast

low over central California, high off
central Baja coast

low over central California, high off
northern Baja coast and over northern
Mexico

low off south central coast of
California (at 500 mb as well),

moved off northern coast of
California morning of 18th

low over southern Alberta, Canada,
high off south central Baja coast
high over northern Mexico, low over
Wyoming

high over central Baja, low over
Wyoming

high over SE Arizona, low over
northern Wyoming/South Dakota border
high over southern Arizona/New Mexico
border

high over central Arizona/New Mexico
border

high over central Washington/Oregon
border, high over west central New
Mexico .

low off northern coast of California
moved east into Oregon, high over
central Arizona

low in northern Mexico

Mexico :

trough centered in SW Canada extended
south parallel and off western coast
(at 500 mb as well)

high developing over Texas, over
Arizona/New Mexico border and off
northern coast of Baja by 22nd

trough moved eastward, cutoff low
remained off central coast of
California

millibars influencing wind flow patterns of study area in
Rugust, 1985.

1700

PDT.

Morning is at 0500 PDT and afternoon is at
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for the 850 and 700 mb heights, respectively. Only those
pressure systems influencing the study area are included.
3. Pilot Balloon Data

Appendix E contains the pilot balloon profiles (Figures 1
through 50) for Fresno, Ash Mountain, Wolverton and Emerald
Lake during the August study period. Balloon releases were
conducted every day within one-half hour of 0700, 1100,
1600 and 1900 PDT and half the tinme within one-half hour of
2300 and 0400 PDT. At the Emerald Lake site, balloons were
released at 1830 rather than 1900 PDT. The Fresno schedule
was slightly different. The morning releases were made
between 0400 and 0600 PDT and the rest were made at 1100,
1700 and 2300 PDT. The Fresno early morning releases were
plotted with either the 0400 or 0700 PDT releases for the
park sites depending whethér there were 0400 releases in
the park or not. The Fresno 1700 PDT releases were plotted
wjth the 1600 PDT releases‘for the other sites. ‘w1nd
direction is toward the center line ahd the length of the
line is proportional to the wind speed.- The data has been
edited for obvious reading or recording‘errors. In Figures
-1 through 50, the vertical wind profiles were plotted
directly over each site (meters above ground level). The
length of the lines are proportional to wind speed (meters
per second) and wind direction is toward the center lines
with north being towards the top of the page. Throughout
this section, all figure references will correspond to the

figures in Appendix 1I-E.




The distinct layering was the dominant feature of the
wind profiles. The topographic winds made up the layer
closest to the ground. These winds moved up-valley and
upslope during the day and down-valley and downslope during
the night. The up-valley direction for Ash Mountain was
south-southwesterly up the Middle Fork of the Kaweah River.
The up-valley direction was west-southwesterly for
Wolverton and westerly for Emerald Lake up the Marble Fork
of the Kaweah River (see Table 2). The down-valley
directions were simply the reverse of the up-valley
directions. Fresno showed a more complex day/night wind
pattern. At 1100 PDT, the flow was usually of low
magnitude and westerly (up the western-Sierran slope)
becoming more northwesterly above or the flow had a
southerly component (Fresn6 eddy) becoming northwesterly
above. The Fresno eddy is particularly visible in Figures
8? 38, 44 and 48. Afternoﬁn winds were stronger and
northwesterly (sea-breeze). During the night, the winds
were usually strongest and northwesterly (low level
nocturnal jét).

The winds above the topographic wipd layer (up to 5500
meters) corresponded well with the 700 and 500 mb height
charts (approxihately 3000 and 5500 meters above mean sea
level). The 850 mb height.chart is approximately 1500
meters above mean sea level and was approximately at the
top of the topographic wind layer for Ash Mountain.

Frequently, there was a layer in between the topographic
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winds and the upper level winds that was highly variable.
This layer was probably the transition layer where pressure
gradient forces interacted with topographic effects. It
was also the layer where there was evidence of compensation
flow. This intermediate layer was more prominent at the
Fresno and Ash Mountain sites.

The wind profiles were the result of a combination of
shifting pressure cells interacting with topography on both
large and small distance and time scales. The next two
sections discuss the topographic and upper level winds in
relation to the synoptic weather charts. While the limited
number of synoptic weather maps were useful for
understanding the upper level winds as-observed by pilot
balloons, many apects of the profiles remain open to

interpretation.

a. Topographic Winds

AIn contrast to many previous reports (Defant 19513 Thyer
1966; Buettner 1967; Orgill 1981), the hourly topographic
winds for the study sites were mostly constant in
direction, épeed and depth from day to day although upper
.alr patterns were constantly changing. = August 13th was a
day with low upper level wind speeds (Figures 1-5) and
August 18th had-high upper level winds speeds (Figures 27-
31) yet the topographic wind depths were similar (Appendix
E). Emerald Lake was éhe only site where the winds would
occassionally be up-valley rather than down-valley during

night or early morning profiles or the topographic winds

" 11cC
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would be indistinguishable from the upper level winds.

This was probably due to the site being near the upper

reaches of the drainage and in an open area relatively free
of vegetation allowing more interaction with the upper
level winds.

Although the pilot balloon data had a low vertical
resolution (90 vertical meters per observation), it may be

used as a gross estimate of the depth of the topographic
winds. Only profiles with topographic winds in the
direction of the drainage flow and distinguishable from the
upper level or transition winds were used. The table below
shows the range/average depth (meters) of the topographic
winds by hour (PDT) for the study sites (including Fresno)
for August. The Fresno and Ash Mountain topographic winds
were deeper than those at Wolverton and Emerald Lake due to
the drainages being much larger. They also showed a
day/night pattern with the largest depth occurrihg in the
afternoon (1600 PDT) and the smallest depth occurring at

A day/night difference

night (2300 PDT). in depth was not

as apparent for Wolverton and Emerald Lake. The height of

Time

(PDT) ____Fresno_____ Ash_Mountain___Wolverton _Emerald_Lake
0400 | 540-1080/774 270-810/574 | 90-450/210[ 135-540/315

0700 - 180-810/559 | 90-630/255| 90-540/310

1100 | 720-2250/1202| 675-1260/920 |180-900/405| 90-450/288

1600 | 900-1980/1314{ 630-1350/1044|180-450/347|360-540/441

1900 -- 810-1170/950 | 45-630/284| 180-540/370

2300 J_720-1260/335_1__450-630/570_1270-360/315]/360-405/383_

the maximum topographic wind depth was approximately ridge

height except for Emerald Lake where it was below the ridge

height (see Table 2).

This was probably due to Emerald
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Lake being at the top of the drainage and more exposed than
the other sites.

Evidence of compensation winds was frequently seen above
the topographic winds at Fresno and Ash Mountain.
Occassionally, winds resembling compensation winds were
observed at Wolverton and Emerald Lake. Since the depth of
compensation wind layer has been reported to be
approximately equal to the topographic winds below, it is
possible that, given the 90 meter observation intervals,
the compensation winds were not as readily discernable as
for Fresno and Ash Mountain (Buettner and Thyer 1966).
Another possible explanation for the apparent lack of
compensation winds at the higher elevation sites may be
that upper level winds more readily penetrate below the
surrounding topography and'dominate the wind flow patterns.
Figures 9,_15 and 45 and Figures 3, 14 and 34 are examples
of compensation winds for Fresno and Ash Mountaih,
respectively. Figures 44, 45 and 46 show evidence of
compensation winds for all sites. It is interesting to
note that except for August 16 and l7,nevldence of
.compensation winds were observed regularly. Although there
were fewer nighttime observations, compensation winds
seemed to occur.just as frequently as during the daytime.
b. Upper Level Winds

In this section, unless otherwise specified, upper level
winds refer to winds at 700 and 500 mb levels

(approximately 3000 and 5500 meters above sea level,
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respectively). Reference to Figures 5 and 6 and Tables 6
and 7 may be useful in the following discussion. From the
13th to the 15th, the 700 mb winds were mostly
southeasterly and the 500 mb winds were mostly westerly
(Figures 1-17). The 500 mb westerlies were due to a
dominating low pressure center over southwestern Ontario,
Canada, and the Pacific high pressure cell off the western
coast of Canada funneling winds to the east. The 700 mb
southeasterlies were due to a low pressure area centered to
the west of the study area. On the 15th (Figures 12-17),
the upper level winds were highly variable, shifting
between southeasterly and southwesterly and on the 16th
(Figures 18-22), the upper level winds -were southeasterly
again. The 15th was characterized by a low pressure area
moving off the central coasf of California (700 mb) and a
low pressure area moving over the central Sierra (850 mb).
The high pressure area off the Baja coast weakenéd and
moved south. This shifting around of high and low pressure
.areas resulted in the wind variability seen in Figures 12~
17. The low pressure area over the cehtral Sierra
dissipated by the afternoon of the 15th. The major feature
on the 16th at 700 and 500 mb levels was the low pressure
area off the soﬁth—central coast of California causing
upper level winds to bg southeasterly. By late morning of
the 16th, the upper level wind speeds increased (Figure 20)
due to the higher pressure gradients. The highest wind

speeds of the ten day period occurred on the 17th and 18th
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(Figures 23-31). High wind speeds persisted until the
evening of the 21st. The upper level winds shifted to
southwesterly on the 17th (Figures 23-26). This wind shift
was the result of low pressure systems to the north over
Nevada (850 mb) and off the northern coast of California.
Although the low off the northern coast of California moved
into Oregon and dissipated by the morning of the 19th, the
southwesterly winds persisted until the 21st due to a
trough centered over southwestern Canada which extended
southward parallel to and off the coast of California. By
late afternoon of the 21st, the upper level winds began to
shift again. A cutoff low pressure area remained
off the central coast of California. The trough in Canada
moved eastward and the Pacific high pressure cell moved
east. On the afternoon of fhe 22nd, a high pressure area
centered off the south coast of California (over Texas at
590 mb) extended into California causing winds to be
westerly.
4. Wolverton Tethersonde Data

While pilot balloon data were useful for investigating
.the general wind patterns, the wblverton tethersonde data
allowed a more detailed look at the topographic winds.
Figures 7 to 22 show the vertical profiles (meters above
ground level) of absolute humidity (x1000), virtual
potential temperature ;Kelvin), wind speed and wind
direction. Wind direction is towards the center line and

wind speed (meters per second) is proportional to the
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Figure 9: Tethersonde profile for August 16, 1985, at 0930, 1645 and 1800 PDT for Wolverton.
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length of the 1line.

The wind profiles from the tethersonde and pilot balloon
data agreed relatively well even though the vertical
resolutions were less than 1 meter and 90 meters,
respectively. The tethersonde profiles and pilot balloon
releases were not always simultaneous but were within two
hours of each other (see Table 1). The largest difference
between the two when estimating the depth of the
topographic winds was approximately 180 meters (less than
35 percent of time). The tethersonde data confirms, as
indicated earlier, that there was not a distinct dlfference
between the depth of the up- and down-valley flow depths.
This was also found to be true by Whiteman (1980) in
valleys in the Rocky Mountains of Colorado. The up-valley
winds tended to reach maxiﬁum depth soon after sunrige and
increase in speed until mid-afternoon (1600 PDT) whereas
the down-valley winds incréased in depth more slowly and
growth continued until sunrise the next day with wind
'speeds remaining low the entire tinme.

The ;nveréion breakup appeared to follow Whiteman’s
- (1980) pattern number two (see Figure 1). In pattern two,
the inversion top descends to the ground with minimal
convective bounaary layer growth from the ground up (Figure
17). The winds are down-valley below the .inversion top and
are replaced by the up-valley winds above as the inversion
top reaches the ground. The inversion formation was the

reverse case. The inversion began at the ground and



ascended with down-valley winds below and up-valley winds
above (Figures 15 and 18).

Daytime wind speeds were not greater than seven meters
per second and averaged around four meters per second.
There were insufficient number of consecutive soundings
done during the evening transition to document low level
jet occurrence (Myrup et al. 1986). The virtual potential
temperature profile was neutral (vertical) during the day
with a small unstable layer next to the ground. During the
day, the absolute humidity profile increased at all levels
and frequently there was a sharp decrease next to the
ground in the afternoon, resembling of a super adiabatic
profile. -

Nighttime wind speeds were less than two meters per
second and variable dlrectfon although maintaining a
general down-valley direction. One exception was Figure 15
where an up-valley layer abpeared between 100 and 280
meters above ground level with speeds greater than 3 meters
per second. This did not appear in other nighttinme
profiles and remains unexplained. There was an
Insufficlent number of highttime profiles to detect a wind
speed maxima in the wind profiles as described by many
authors (Buettner 1967; Davidson and Roa 1963; Horst and
Doran 1986; Manins and Sawford 1979; Orgill 1981; Whiteman
1980) although it was indicated in Figure 11. Profiles
were stable at night (virtual potential temperature

increased with height) and slightly stable in the morning.
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During the night, the absolute humidity profile decreased
at all levels. This was due to the tethersonde be ing
located directly over a moist meadow with a creek running
through it. At night the moisture in the air condensed
onto the vegetation and during the day it evaporated into
the air.

Figures 19 to 22 show the average tethersonde profiles as
categorized by bulk Richardson (BR) number. These figures
summarize the features discussed above for the individual
profiles. The data fell into four categories: stable,
slightly stable, neutral and unstable. The BR numbers were
calculated using the difference between the ground and 200
meter potential temperature and the average wind speed and
potential tehperature for the entire 200 meters. The
stable category included G.profiles with and average BR
of 221.01 Chours between 1900 and 0900 PDT). This category
showed the strongest temperature inversion, the iightest
and most variable winds and the lowest absolute humidity.
The slightly stable category included 3‘profiles with an
average BR 6f 2.99 (hours betweep 0800>and 1000 PDTY. This
.category showed intermediate conditipns between the stable
and unstable categories. Compafed to the stable profile,
the winds were Stronger and decidely up-valley, the
absolute humidity was bigher and the potentlial temperature
profile was almost neutral. The unstable category included
12 profiles'with an average BR of -1.02 (hours between 1100

and 1800 PDT). This category showed the highest wind
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speeds, highest absolute humidity and a super-adiabatic
lapse rate near the ground level. The neutral category
included 2 profiles with and average BR of 0.0t (1800 and
1400 PDT). This category most likely represents the
transition period between unstable and stable profiles.
Neutral profiles were observed in the morning probably due
to the limited number of profiles and the rapid conversion
from stable to unstable profiles in the morning hours.
5. Ground Weather Statlion Data

The three ground weather stations located at each site
recorded data continuously (averaged over one-half hour
periods) over the ten days in August. Scatter plots for
wind speed (meters per second) and wind direction (degrees)
are shown in Figures 23, 25 and 27. Scatter plots for
absolute humidity (x1000) ér relative humidity (percent)
and temperature (celcius) are shown in Figures 24, 26 and
28. All parameters show e#treme regularity, espécially
temperature and wind direction. The Emerald Lake relative
‘humidity sensor malfunctioned which is readily apparent in
Figure 28. |

Bulk Richardson (BR) numbers (xlOO) were calculated from
the average temperature and the‘temperature difference
between two and five meters and the five meter wind speed.
The resulting scatter plots are shown in Figure 29. The
larger and infrequent BR numbers have been left out so that
the day/night (negative/ positive) pattern may be more

readily seen. The change from positive to negative bulk
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Richardson numbers and visa

versa corresponded to the times of inversion breakup and
formation. At Ash Mountain, the BR number would revert
back to small positive numbers (less than one) from 1130 to
1400 PDT every day. This may have been due to shading of
the lower temperature sensor. It is probable that the cup
anemometer assembly at Emerald Lake had a higher starting
threshold than the instrument specifications (Appendix A)
and therefore the BR numbers were underestimated during the
day and were zero at night (between 2300 and 0800 PDT).

The zero values were not plotted on Figure 29.

Table 8 summarizes the weather station data for the three
sites. The first 5 rows indicate the day and night wind
direction, topographic features influencing the wind
direction and the time of up- and down-valley wind sﬁifts.
The wind dlrection'for the three sites differ considerably
compared to the wind direction listed in Table 2. The
topographic features described in Table 2 reflected the
general surroundings whereas the ground stations were
influenced By the immediate surroundihgs. At Ash Mountain
the wind followed the Middle Fork of the Kaweah River both
day and night but at night the wind was also influenced by
the east-southeast slope near the station. At Wolverton
the daytime wind direction was influenced by both Qolverton
creek and Long Meadow. At Emerald Lake, the wind dlrecgion
was mostly along the Marble Fork of the Kaweah River with

the south slope across the Marble Fork from the station
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Wolverton Ck.
NW Slope

0800-0930

1930
0-3.5

-1-24

15-100
3-11

-603-485

1500

0530

1800

Parameter -—Ash_Mountain
Daytime Wind

Direction 215
Nighttime Wind

Direction 15
Topographic Middle Fork
Features ESE Slope
Morning Wind

Shift (PDT) 0800-0900
Evening Wind

Shift (PDT) 1900-2030
Wind Speed (m/s) 0-4
Temperature (*C) 16-33
RH (%) 10-80

q x 1000 5-14
BR x 100 -98-12
Maximum

Temperature (PDT) 1530
Minimum

Temperature (PDT) 0430
Inversion

Formation (PDT) 1900
Inversion

Destruction_(PDT) 0730

143

Emerald Lake

60
Marble Fork
S Slope

0730-0300

2000-2130

0-2.5

-983-51

0830-1400

0500

2030

1200

RH-relative humidity, g-absolute humidity, BR-bulk Richardson

number

Table 8: Weather staticn data summary.
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slightly influencing the direction both day and night.
Wind direction was most variable'at Emerald lake. Evening
wind shifts occurred a few hours after temperatures began
to drop. Emerald Lake experienced ealier morning and later
evening wind shifts due to its position at the head of the
Marble Fork drainage.

The next 5 rows in Table 8 indicate the range of values
observed for wind speed, temperature, relative humidity,
absolute humidity and bulk Richardson number. Wind speeds
are lowest at Emerald lake. Again this was probably due to
the problem with the starting speed for the cup anemometer.
A higher starting speed would underestimate the average
wind speed. As expected, the temperatures were much cooler
at Wolverton and Emerald Lake than at Ash mountain. The
coolest temperatures were at Wolverton because of the
moisture from the meadow. It is interesting that while
the Wolverton site was located next to a moist meadow, the
absolute humldity range was lower than at Ash Mountain. As
mentioned before, the absolute humidity at Wolverton would
increase during the day and decrease ét night. At Ash
Mountain, the opposite was true. Larger positive and
negative BR numbers were observed at Wolverton indicating
Wolverton is more stable at night and more unstable during
the day. The larger nighttime positive BR numbers.were
expected since the Wolverton station was located next to
Long meadow which was in a depressed, horseshoe shaped area

facing the north where cold area readily drained to and



accunmulated. The smaller negative BR numbers at Ash
Mountain indicate more uniform mixing of the air masses.
The next 4 rows indicate the times of maximum and minimum
temperatures and of inversion formation and destruction.
A dead snag was used as the instrument tower at Emerald
Lake. The "two meter” temperature probe was located on a
rock on the ground and the “"five meter" temperature probe
was on a limb at four meters above the ground. The morning
minimum temperatures were regular and the two probes agreed
well but the afternoon temperatures were very inconsistent
and the two probes peaked hours apart. It is probable that
shading and radiation were the cause of the inconsistent
data. On the average, however, the temperature maximum
occurred before noon. The early maxima was probably the
result of afterndon shading by steep walls surrounding the
narrow valley. The inversion destruction at Wolverton was
notably later when night temperatures were below freezing.
Table 5 lists the minima and maxima temperatures for the
three study sites plus Fresno and relative humidities for
Fresno, Ash Mountain and Wolverton fof each day of the
August study period.
B. Aerosol Sampling

Vertical aerosol profiles were collected using a tethered
balloon system. Two-staged aerosol samplers were spaced_SO
meters apart along the tether line up to 250 meters above
the ground level. A total of S mornlng, 9 afternoon and 3

evening profiles were made during the August field period
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equaling 64 coarse and 64 fine filter samples (Table 2).
The morning profiles were between 0800 and 1200 PDT, the
afternoon profiles were between 1400 and 1800 and the
evening profiles were between 2200 and 0500 PDT. 1In the
following sections, “"day" aerosol values refer to the
afternoon profiles and “night® aerosol values refer to the
morning and evening profiles combined.
1. Average Concentrations

The samples were analyzed for elemental concentrations of
sodium to lead, gravimetric mass, hydrogen concentration
and carbon absorption. Listed below are the fine and

coarse average concentrations (averaged over all levels)

FINE COARSE________

- Al Si Fe ____l_..__Al si Fe__
avg | 189 260 71 1217 1786 543
s 87 136 45 391 1239 533 °
err 21 19 22 16 25 24
s 10 9 10 17 10 11
up 19 33 34 K 33 34
down |__11____28 25__ =13 -=27 27

) X Mass s N S Mass
avg | 630 61 36 320 284 27
s 299 33 33 146 199 15
err 14 33 6 68 51 7
s 8 19 -- 22 17 --
up 33 33 34 8 19 33
down | _29____28____29_ -5 _____28_____30_ _
————Ca __ H_____C-S____| ___Ca___
avg 34 495 1119 273
s 19 179 616 194
err 37 15 7 45
s 11 - -- 17
up 22 33 33 30
down | __15 26 ___27 22

avg.=average concentration; s=standard deviation of the
concentration; err=average error for concentration;
s=standard deviation of the error; up=number of afternoon
concentrations in average; down= nunber of morning and
evening concentrations in average.

for the major elements aluminum (Al), iron (Fe), silicon



(S1), sulfur (S), potassium (X) and calcium (Ca) as well as
gravimetric mass (Mass). Average fine hydrogen and carbon-
soot concentrations are also listed. Elemental
concentrations and carbon-soot are in nanograms per cubic
meter and gravimetric mass is in micrograms per cubic

meter.
2. Source Categories

The aerosol data were grouped into source categories. In
the list below, the fine aerosols have been grouped into
sul fate, smoke, soil, auto and ocean-salt categories
(micrograms per cubic meter). These are categories used by
Cahill et al. (1986b). The sulfate was calculated assuming
the sulfur was in the form of ammonium sulfate. The smoke
category is non-soil potassium and a multiplicatipn factor
of 20 has been used (low end of associated particle loading
range). Non-soil potassium was determined by subtracting
soll potassium from total potassium. Soil potassium was
calculated by multiplying fine Fe with the ratio of coarse
K to coarse Fe. Soil was calculated by an algorithm which
accounts for 86 percent of the mass of a typical sediment
and includes Al, Si, Ca, Fe and K. Titanium was excluded
since it occurred infrequently and was in insignificant
concentrations. An additional 16 percent was added to the
elemental concentrations to account for other elements not
Included in algorithm. Chlorine was not included in theA
soil category since, in general, chlorine is present in

typical soils at less than one percent of the other major
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soil element levels. The auto category included lead (Pb)
and bromine (Br) and ocean-salt included sodium (Na) and

chlorine (Cl).

Fine Rerosol Concentration-Source Categories

Total
Sul fate Smoke Soil Auto Salt H:S Mass
2.6 0.4 1.3 0.09 0.05 25 36

While the fine soll component was less than 5 percent of
the total fine mass, the coarse soil was 33 percent of the
total coarse mass (9 micrograms per cubic meter). Cahill
et al. (1986a) reported that coarse soil was on average 60
percent of the total coarse mass for the National Park
Service network. This difference was probably due to the
samplers for the network being located at the ground level
while the tethered samplers were located from 50 to 250
meters above the ground. Also included above is the
hydrogen to sulfur molar ratio. The ratio for ammonium
sulfate Is 8:1. The ratio aone indicates a large
proportion of the hydrogen was associated with other
elements besides sulfur. It is probable that nitrogen was
the ofher major element associated with the hydrogen
although nitrogen was not included in the elemental
analysis (Cahill et al. 1986a).

3. Vertical Concentration Profiles

While 5 morning, 3 evening and 9 afternoon profiles were
completed, data for all levels (50 to 250 meters) for every
element were not available for every_profllé due to various

difficulties. Somg problems were battery pack failure or

explosion, pump failure, sample elemental concentration



below detectable limits or too large of a concentration
error. It is, therefore, difficult to compare the
profiles. Figures 30 and 31 show average morning,
afternoon and evening aerosol profiles for fine sulfur,
potassium and silicon and coarse silicon, iron and calcium
(nanograms per cubic meter). What is apparent from these
two figures is the increase in concentration from S0 to 150
or 200 meters for the coarse aerosol evening profiles
(Figure 31) and the lack of any gradient for all the fine
aerosol profiles (Figure 30) and the afternoon and morning
coarse aerosol profiles. This would indicate sedimentation
of the coarse particles in the evening while fines remain
well mixed. Apparently, morning and afternoon conditions
were such that both coarse and fine elements were well
mixed. Since the number of samples per level were not
equal (see Table 1), these conclusions are only tentative
at best and further investigation on this subject is
needed. Filgqure 32 shows the individual profiles for fine
sulfur. The numbers listed next to each vertical profile
indicate the day in August. The two evening profiles on
the 21st are further labeled with the time (PDT). Again,
these profiles do not show a consistent pattern of increase
nor decrease with height.

The table below shows the results from a standard pooled
variance t-test comparing afternoon to morn;ng and evening

aerosol concentrations (averaged over all levels). All the

afternoon profiles had significantly higher concentrations
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except for fine Ca, Pb and Al and coarse Al and mass.

Fine

mass and coarse K, Ca and Fe were not as significantly

different as were the other elements.

differences were for fine S, K, C-S and H.

morning &

The most significant

afternoon evening

Element__mean s n mean s n df_percentile
FINE ————
Mass 39.1 19.3 34 33.1 11.0 29 61 .90

S 849.5 191.9 33 380.8 179.4 29 60 >.9995

K 73.3 33.8 33 45.9 26.3 28 59 .9995
Si 304.7 148.9 33 207.0 96.3 28 59 .995
C-S 1474.3 705.6 33 684.7 434.7 27 58 .9995
Ca 33.2 16.6 22 34.0 13.7 15 35 NS

Fe 84.3 50.8 34 52.5 23.7 25 57 .995

Pb 61.7 37.0 12 58.1 30.5 11 21 NS

H 580.9 155.0 133 386.6 146.8 26 57 .9995
Al 152.9___65.1__34 140.0__62.2 30 | 62______NS___
COARSE | e e ————t 8 0 b -
Mass 27.9 14.4 33 25.7 15.0 30 61 NS

Si 2137.2 1524.7 33 1356.1 521.3 27 58 .99

K 332.6 247.7 27 211.9 67.7 21 46 .975

Ca 312.1 234.4 30 218.6 101.2 22 50 .95

Fe 636.2 634.9 34 426.1 342.8 27 59 90

Al 1333.9__958.8__29_]_1037.7_620.8__19_|_46 NS

df—d;grees of freedon,

data points, NS-not significant.

A concurrent study by Cahill et al.

possibly different results.

s-standard deviation,

n-number of

(1986a) showed

They found that nighttime

levels of accumulation mode size particles of sulfur and

potassium (.10 to .6 microns) were higher than daytime

values.

Conclusive evidence as to whether total fine

concentrations were higher (<2.5 microns) at night than

during the day awaits further data analysis.

Preliminary

data from a nitrogen study conducted in the summer of 1986

showed higher nitrate and nitric acid concentrations during

the day than at night (Jack Horrocks 1987).

Since aluminum is a major component of soil,

it was
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unexpected that the afternoon concentrations of coarse
aluminum were not higher than the morning/night
concentrations. The average fine and coarse aluminum to
silicon ratios were 0.640 and 0.657, respectively, as
compared to the crustal average of 0.292 (see Chapter III,
Section E-4). Aluminum also had the lowest correlation to
silicon of the soil related elements as well (see Section
B-5). The source of excess aluminum is unknown at this
time.

Figures 33 to 43 are scatter plots of major coarse and
fine aerosol concentration profiles. All concentrations
are in nanograms per cubic meter except for gravimetric
mass which is in micrograms per cubic meter. On the top
portion of each figure are the afternoon (*day")
concentrations and on the bottom half are the morning and
evening ("night") conpentratioﬂs. As shown, the morning
concentrations are plotted as open circles and the evening
concentrations are plotted as filled in circles. The
dlrecflon of the arrows indicate the wind direction with
north being toward the top of the page. Unusually large
values have been plotted as stars and are actually off
scale. The wind direction for each sampling height was
carefully determined and will be explained in more detail
under Section B-6 below. - -

The most striking differences between the_'day' and
“night® concentrations are seen for fine carbon-soot and

sulfur. Figure 33 shows coarse aluminum having high values
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both “"day” and "night". Coarse iron had more high values
during the "day" than “"night" (Figure 34). Coarse and fine
mass show little difference between "day"” and "night*”
concentrations (Figures 35 and 40). Coarse potassium and
silicon and fine iron, potassium and silicon also show

higher “"day" concentrations (figures 36, 37, 39, 41 and

42).
4. Case Study-August 16th and 17th

Upper level winds were mostly southeasterly at 700
millibars and westerly above ffom the 13th to the 16th.
The 15th showed some variability but the upper winds
returned to southeasterly at all levels by the 16th. On
the 17th, upper level winds became very strong and
southerly and brought in moisture from the remnants of
a tropical hurricane. Figures 44, 45 and 46 show the
afternoon satellite photograph$ for August 15th, 16th and
17th (obtained from the Meteorology Section, California Air
Resources Board). The moisture from the hurricane can be
tracked southwest of San Diego on the. 15th, near Pt.
Arguello on the 16th and covering a large portion of the
state on the 17th. On the 16th, high éoncentrations were
observed for elements typically transported from long
distances. Below is a table with fine S, K, C-S and H
afternoon concentrations averaged over thé entire vertical
profile for August 13th through 22th_(nanog;ams per cubic
meter). Concentra;ions on the 17th were the lowest of the

ten days (except for potassium). This decrease in
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Figure 44: Satellite photograph for August 15th, 1985, at
1501 PDT, of the western United States.
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Figure 46: Satellite photograph for August 17th, 1985, at
1431 PDT, of the western United States.
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concentrations is most likely due to the increase in wind

speeds and instability causing greater dilution of

pollutants.

Day s _K____C-S H__
8/14] 703 84 973 | 499
8/15| 799 | 149 | 1207 | 434
8/16 | 1207 95 | 2045 | 735
8/17 | 665 61 | 1358 | 390
8/18 | 823 25 | 1136 | 486
8/19 | 902 52 | 1507 | 613
8/20| 750 44 | 1310 | 565
8/21| 1045 | 109 | 1747 | 787

87221 _725_]_106_]_1535 | 581

5. Correlation Analysis

Simple correlation coefficients between two elements
indicate a common source. Below are the correlation
coefficients for the major elements.

Of the major soil-derived elements, fine silicon
correlated with fine iron and potassium. Fine aluminum and
calclium were slightly correlated to fine silicon but not as

much as in the coarse mode. This indicates these elements

FINE___Al_____Pe____Si S_____K Mass___H_ Ca___C=5_
Al 1.00 .39 .53 .34 .61 -.15 .29 .39 .12
Fe .39 .1.00 .79 .34 .70 .01 .41 .47 .36
Si .53 .79 1.00 .42 .73 -.07 .48 .43 .40
) .34 .34 .42 1.00 .54 .15 ,80 .17 .75
K .61 .70 .73 .54 1.00 .00 .60 .67 .51
Mass .15 .01 =-.07 .15 .00 1.00 .12 .15 .02
H .29 .41 .48 .80 .60 .12 1.00 .46 .62
Ca .39 .47 .43 17 .67 .15 .46 1.00 .27
c-s___l.12___.36___.40___.75 __ .51 __.02___.62___.27__1.00_
COARSE Mass___Si___ K____ Ca____Fe___ Al

Mass [1.00 .47 .24 .40 .53 .14

Si .47 1.00 .86 .93 .91 .77

K .24 .8 1.00 .82 .76 .76 -

Ca .40 .93 .82 1.00 .93 .75

Fe .53 .91 .76 .93 1.00 .61

Al _ A4___.77___.76___.75___.61__1.00_

were less soil-related than in the coarse mode. Fine
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sulfur correlated well with fine hydrogen and carbon-soot
suggesting sulfur’s anthropogenic origins. Fine potassium
was slightly correlated with hydrogen and calcium verifying
potassium’s association with smoke and soil, respectively.
Gravimetric mass did not correlate well with any of the
fine or coarse elements. The highest mass correlations
were with coarse iron and silicon €0.53 and 0.47,
respectively) which are major soil components. A poor
correlation between mass and fine elements was not
unexpected since much of the fine mass is typically
unaccounted for (Cahill 1986b). Soil related coarse
elements, however, generally contribute the majority of the
mass in the coarse fraction. Correlation coefficients for
the 50 and 100 meter sample heights were calculated for the
coarse elements. All of the correlations coefficients
except aluminum improved by excluding the upper levels.
The correlation coefficients for coarse silicon, potassiunm,
calcium, iron and aluminum were 0.65, 0.37, 0.64, 0.70 and
0.11, respectively. Potassium’s low correlation with mass
was expected since it is also associated with smoke. All
of the coarse elements correlated well with each other
except iron and aluminum €0.61).
6. Vertical Flux Profiles

The mass and elemental fluxes have been calculated by -
multiplying the elemental and mass cpncentrétions by the

corresponding wind speed. All fluxes are In nanogranms per

square meter per second except for gravimetric mass which
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Is in micrograms per square meter per second. Flux
indicates the amount of pollutant passing through a fixed
point at a given time. The samplers were located
approximately every 50 meters on the tether line while the
meteorological package was moved up and down during the
sampling period on a seperate tether line. To obtain a
representative wind speed and wind direction for each
sampling height, a running average was calculated.
Depending on the number of consecutive readings, either
three, four or five data points centered around the
sampling height were used at ten meter intervals. Tables 9
and 10 show the wind speed and wind direction, number of
running points and sample height for the "day” (afternoon)
and "night®" (morning and evening) profiles, respectively.

The coarse and fine flux for selected elements are shown
in Figures 47 to 55. The 'day; flux refers to afternoon
profiles (top of each figure) and the "night" flux refers
to the morning and evening profiles (bottom of each
figuré). Morning and evening fluxes are plotted with open
and filled in circles, respectively. Unusually large
values are shown as stars and are off scale. The arrows
indicate the wind direction with north being towards the
top of the page. The standard pooled variance t-test was
used to compare the "day” and “"night® fluxes and the -
results are shown in the table below. —

All of the 'day'_fine and coarse elemental fluxes listed

above were significantly larger than the “"night" fluxes.



Sampling Wind Wind Running Number of
Date Hejght Speed__Direction _Average _Observations
Morning
8/15 50 1.2 264 5 11
100 1.5 267 5 12
150 2.1 253 5 14
8/16 50 2.3 272 5 14
100 2.1 262 5 16
150 2.8 242 5 12
200 2.2 228 5 31
8/18 100 1.2 256 4 4
150 0.8 137 3 3
200 1.3 192 3 3
250 1.4 206 4 4
8/20 100 2.0 277 5 9
150 1.9 272 5 8
200 1.9 250 5 7
250 1.6 240 5 9
Evening__|__ e —— - ——
8/18 100 1.1 93 5 13
150 1.4 66 5 15
200 0.9 60 5 16
250 0.4 61 5 15
8/21 50 0.8 138 4 5
100 1.1 69 5 6
150 1.3 53 5 5
200 1.6 37 5 5
8/21 50 1.1 163 5 11
100 0.7 157 5 21
150 1.2 42 5 14
mmeeeedo—200_ 1 e 2S5 9 _____

Table 9: Morning and evenling running averages for wind
speed and wind direction at specified sampling heights.
Sampling height is in meters, wind speed is in meters per
second and wind direction is In degrees.
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Sampling Wind Wind Running Nunber of
Date Helght ___Speed _Direction_ _Average Observations
Afternoon W
8/14 50 3.8 280 4 7
100 3.6 272 5 15
150 4.1 261 5 10
8715 50 3.4 276 5 7
100 4.5 257 5 5
8/16 50 3.9 279 5 24
100 4.7 280 4 4
150 5.2 287 5 9
200 4.5 275 4 6
8/17 100 4.4 280 5 10
150 4.4 274 5 9
200 4.1 257 4 9
250 3.0 256 5 11
8/18 100 3.8 278 5 11
150 4.1 269 4 8
200 3.5 265 5 10
250 3.0 258 5 8
8/19 50 3.4 280 5 8
100 4.3 273 5 10
150 4.5 262 4 8
200 4.1 245 4 8
250 3.4 234 4 6
8/20 100 4.3 274 5 13
150 4.2 268 5 6
200 4.4 265 4 7
250 4.0 266 4 5
8/21 100 3.2 269 5 6
150 2.7 259 5 6
200 3.3 261 5 7
250 2.3 240 5 7
8/22 100 4.6 277 5 8
150 3.6 254 5 6
200 3.3 272 5 5
___________ 250_ ~J1.3.3_1___.267__ 4_ o3

Table 10: Afternoon running averages for wind speed and

wind direction at specified sampling heights.
height is In meters, wind speed is In meters per second and
wind direction is in degrees.

Sampling
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Fine and coarse gravimetric mass "day” fluxes were also
significantly larger than the "night” fluxes even though
the coarse mass concentration was not and the fine mass

morning &

afternoon -evening
FINE mean S n mean s___ln daf _percentile
Mass 151.4 71.4 34 45.4 19.6'|26 58 >.9995
S 3306.6 1046.3 33 | 491.4 283.8 (26 57 >.9995
K 282.8 143.5 33 62.4 44.0 |25 56 >.9995
Si 1164.1__573.1__33_|_286.1__173.9_| 25___56__>.9995
COARSE
Mass 107.5 54.9 33 34.3 20.6 |27 58 >.9995
Si 8370.9 6362.6 33 [2015.2 1115.9 |24 55 >.9995
K 1344.3 1104.5 27 | 321.4 174.4 |18 43 )>.9995
Ca 1236.1 986.2 30 | 326.4 199.6 |19 47 >.9995
Fe 2515.3_2646.2__34_|_632.6__531.5_[24__ 56__ .995

df-degrees of freedom, s-standard deviation, n-number of
data points.

concentration was only slightly larger. These
relationships are clearly seen in Figures 47 to 55,

especially for fine sulfur (Figure 55).



CHAPTER V
SUMMARY AND CONCLUSIONS

An intensive, ten day field program was conducted along
an elevational gradient in Sequoia National Park to
characterize the meteorology and transport of aerosols.
Pilot balloons were released at Ash Mountain, Wolverton and
Emerald Lake (560, 2222, 2719 meters elevation) four times
per day and 2 times per night one half the time.

Additional releases were made at the University of Fresno
by the Geography Department. Continuous ground
meteorological data were collected at the three park sites.
Boundary layer meteorology and aerosol vertical profiles
were also measured at the middle elevation site
(Wolverton).

To determine the representativeness of the stud? period,
inland station bressure gradients, morning 850 millibar
mean temperature and ozone concentrations for the study
perlod'were compared to long term averages. The
temperature and pressure gradient data for the study
period, as compared to the long term averages, may have
been less stable than normal in the San Joaquin Valley.‘
Less stability would reduce pollutant levels yet the Fresno
ozone data did not indicate this. During August 17th,
moisture from a tropical hurricane caused below avérage
temperatures and above average relative humidities in the
study area.

The data from the pilot balloon releases were very useful

185
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for interpreting the synoptic scale weather charts. While
the upper level winds varied from 3 to 18 meters per second
during the study period, the topographic winds remained
uniform in direction and speed throughout the ten days.

The prominent feature of the vertical wind profiles was the
distinct layering. For the three park sites, the
topographic winds made up the layer closest to the ground.
These winds moved up-valley and upslope during the day and
down-valley and downslope during the night. Fresno showed
a more complex day/night topographic wind pattern which
included down-valley in the early morning (Fresno eddy),
upslope by mid-morning (western slope of the Sierra), up-
valley by late morning or early afternoon and strong up-
valley by midnight (low level nocturnal jet). Winds above
the topographic wind layer corresponded well wlthlthe 700
and 500 millibaf synoptic height charts. PFrequently, there
was a layer between the topographic winds and the upper
level winds which were possibly transition or compensation
winds.

The lower pilot balloon observations were used to
estimate the depth of the topographic winds. Presno and
Aéh Mountain had much deeper topographic winds.than
Wolverton and Emerald Lake and showed a tendency to be
deeper in the day than at night. Topographic winds at
Wolverton and Emerald Lake were much shallower and did not

show a distinct day/night pattern.

At Wolverton, the tethersonde data profiled absolute



humidity, virtual potential temperature, wind speed and
wind direction as a function of height up to 630 meters
above ground level. Estimates of the topographic wind
depth from the tethersonde data compared well with the
pilot balloon data estimates. The 23 tethersonde profiles
were categorized by bulk Richardson numbers (BR) into the
four following stability classes: stable, slightly stable,
unstable and neutral. The average BR numbers were 222.01,
2.99, -1.02 and 0.01, respectively. Stable conditions
included:the hours between sunset and sunrise. Wind speeds
averaged less than one meter per second with wind direction
variable but generally down-valley. Virtual potential
temperature and absolute humidity increased with height.
Slightly stable conditions included the early morning hours
after sunrise where wind speeds were less than three meters
per second and wind direction was up-valley. Virtual
potential temperature still slightly increased and absolute
humidiﬁy slightly decreased with height. Unstable
conditions included the hours from late morning to sunset.
Wind speeds were less than five meters per second and wind
direction was up-valley. Virtual potential temperature-was
super adiabatic below 50 meters and vertical above.
Absolute humidity echoed the virtual potential temperature
profile. Neutral condltions represented the transitlon
period from afternoon unstable to evening stable
conditions. Wind speed and wind direction were the same as

the unstable conditions. The virtual potential temperature
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profile was generally vertical and the absolute humidity
profile decreased slightly with height.

The ground weather station at each park site allowed
continuous observation of temperature (two and five
meters), wind speed, wind direction and absolute humidity
(five meters). The wind directions were more dependent on
the immediate surroundings rather than the general
topographic features. WOlvqrton was more unstable during
the day and more stable at night compared to Ash Mountain
and Emerald Lake. Emerald Lake experienced earlier morning
and later evening wind shifts compared to Ash Mountain and
Wolverton. The shift from positive to negative bulk
Richardson numbers, and visa versa, corresponded to the
inversion breakupiand formation.

Average coarse and fine elemental, gravimetric mass and
carbon~-soot conéentrations averaged over the entire
vertical profile and over all samples were presented.
Source'categories for fine aerosols were also presented.
Average morning, afternoon and evening proflles for fine
aerosols did not show a gradient increase nor decrease with
height. This was also true for the coarse aerosols excépt
for the evening profiles where concentrations increased
from 50 to 150 or 200 meters above ground level. The
afternoon aerosol concentration profiles had significantly
higher concentrations than morning and evening proflles'

except for fine calcium, lead, aluminum and coarse aluminum

and mass. The most significantly different were fine
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sulfur, potassium, carbon-socot and hydrogen. The day/night
differences are indicative of long distance transport. The
lack of day/night differences in coarse aluminum
concentrations was unexpected since aluminum is a major
component of soil. On the 17th of August, 1985, aerosol
concentrations were the lowest in the ten day study period.
This was attributed to an upper level wind shift which also
brought moisture into the area from the remnants of a
tropical hurricane.

A simple correlation coefficient analysis was done for
the fine and coarse elemental, gravimetric mass and carbon-
soot concentrations. 1In general, the fine and coarse soil
elements were highly correlated to one another (liron,
potassium, silicon, etc) except for fine calcium, fine
sulfqr correlated well with fine hydrogen and fine carbon-
soot, fine potassium was slightly correlafed to fine
hydrogen and fine and coarse gravimetric mass did not
correlate well with anything. Coarse gravimetric mass
correlations with the coarse elements were improved by
‘using the 50 and 100 meter sample heights only. Vertical
flux pfofiles were presented for gravimetric mass and some
of the major elements. Flux was calculated by multiplying
the concentration by the running average of the wind speed
for each sampling level. All afternoon fluxes were

significantly differenf from the morning and evening

fluxes.
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CHAPTER VI
SUGGESTIONS FOR FUTURE RESEARCH

The research on meteorology and aerosol transport in the
southern Sierra as reported here is preliminary and has
raised many questions. Further research is needed to
determine the day/night variation in aerosols as related to
the synoptic and meso-scale meteorology. More days of data
are needed to determine the interaction of synoptic air
flow with the San Joaquin Valley meso-scale meteorology
(Fresno eddy, marine alir penetration, nocturnal jet) and
Sierran mountain/valley wind flow and the resulting aerosol
transport into the Sierra. For example, on a cool day with
deep marine air penetration, would sulfur transport by the
Fresno eddy from Bakersfield northward be absent during the
night and result in low sulfur concentrations In the Sierra
the next day? Would a very stable morning in Fresno mean
reduced pollutants into thé Sierra during the day?

'In additlion to aerosol measurements, ozone profiles would
be very enlightening. Ozonesondes are available that can
be tethered'and give a continuous profilé of concentrations
~Immediately (see Chapter 1II, Secflon A). The advantages of
knowing the concentrations at the moment of collection are
great. The timing, number and height of the profiles could
be designed glven current condlitions. Ozone is a good
indicator of alir qualify and also a threat to forest

vegetation.:

Since tethered balloon systems are not commonly used,
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the following suggestions should help future research
efforts involving their use. The tethersonde and aerosol
sampling balloon systems are discussed seperately. For
both balloon systems, Federal Aviation Administration (FARQ)
standards must be followed.
A. Tethersonde Tethered Balloon System
1. The meterological package and Follmer balloon were
described in Morris et al. (1975). A study making great
use of this system was done by Whiteman (1980) and was
tested in the laboratory as well as used in the field.
Both of these publications are very useful and should be
consulted.
2. During this study it was found that the Follmer
balloon (Morris et al. 1975) was much too fragile and did
not have enough free 11ft. This study utlilized a blimp
shaped balloon (JK20) purchased from Ple in the Sky (San
Mateo, California). The tethersonde package was
'suspended below the front of the balloon. The problem of
the tethersonde being in the wake of the balloon was
avoided and the package was more stable due to the
reduced length of the suspensibn lines. The JK20 balloon
was let out to 630 meters above ground level. In the
afterncon, this was not high enough to reach the top of
the boundary layer. It 1s suggested that the wind
direction and temperAture data be monitored as the
balloon ascends to ensure the entire boudary layer is

included (if possible) in the profile if this is
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desireable information.
3. If virtual potential temperature, mixing ratio and
other meteorological parameters are to be calculated from
the tethersonde data, it is advisable to have a barometer
at the ground level rather than use the hydrostatic
approximation utilizing data from an established National
Weather Service weather station. Surface pressure should
be taken at the beginning and end of each profile.
4. The tethersonde should be allowed to equilibriate at
each level of observation to account for the lag time in
the instruments.
5. Relative humidity and wind speed measuring devices for
checking the tethersonde instruments at the surface are
recommended.
6. It can not be emphasized how important a log bobk is
on a project of this type. All pertinent Information
should be written down for every proflle including: time
'and date of ascent, barometric surface pressure and
dry/wet bulb temperature from ground and tethersonde
Instruments, cloud and weather observatlons, local sunset
and sunrise, equipment problemé, etc.
Aerosol Sampling Tethered Balloon Systenm
1. Rerosol Samplers

a. If possible, have a ground sampler operating for

every profile, |

b. Use a one stage filter cassette for the exhaust to

eliminate risk of contamination from carbon vane pump.
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c. Design stack for cassette to avoid large particles.
d. Tape or glue intake tube to pump Intake and remove
and replace just the filter cassette to avoid pump
intake damage.

e. Warm up batteries in sun before use for more
accurate beginning flow readings.

f. Leak test pumps regularly using small rotometer and
non-leaking flilter cassette. Epoxy worked well to
seal the leaks around the edges of the pump barrel.

g. A pump maintenance kit should include extra carbon
vanes, graphite lubricant or spray, emery paper, extra
intake and exhaust tubes (metal), epoxy, extra belts,
vice and pliers or vice grips.

h. Have extra samplers, filter cassettes and tubing.
Tethered Balloon

a. Develoé a better system for sampler attachment to
tether line. A possibility might be modification of
ascent jumars used for rock climbing.

b. During windy conditions, the tether line tends to
resonate with the samplers acting as “walls®. The
resonating places undue stress on the line and shakes
the samplers. Pulling on the line stops the resonance
but a design to prevent this would greatly improve the
system.

c. During windy conditions, the léwest_sampler shouid
not be used since it pulls the line too close to the

ground level. -



d. When operating the samplers at night, lights should

be attached to the samplers and balloon.

e. The ascent and descent of the sampling balloon
should be made as quickly as possible to reduce the
differences in operation time of the samplers at
different levels. A remote controlled sampler would
be ideal and many have been developed.

f. Keep a log book on the conditions the balloon is
flown under, record the angle of the tether line and
note any problems.

g. Always wear a hard hat when standing underneath

samplers.
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Glossary of Abbreviations and Symbols

Rerosol Abbreviations:

Al aluminun

Br bromine

Ca calcium

Cl chlorine
C-S carbon-soot
Fe iron

H hydrogen

K potassiunm
Mass gravimetric mass
Na sodium

S sul fur

Si silicon

Pb lead

Abbreviations of Units and Terms, Symbols:

agl above ground level

cm centimeter

g gram

Km kKilometer

m meter

mb millibar

ng microgram

msl meters above sea level
ng nanogranm

q absolute humidity

s second

pon micron or micrometer

AM Ash Mountain '

BFL Bakersfield (Kern County Air Terminal)

‘BR bulk Richardson number

EL Emerald Lake

FAT Fresno (Air Terminal)

K Kelvin :

‘LIPM Lasar Integrating Plate Method (carbon-soot)

PDT Paciflc Daylight Time (Pacific Standard Time plus one

hour)
PIXE Particle Induced X-ray Emission
RH relative humidity

SCK Stockton (Metropolitan Airport)
SFO San Francisco (International Airport)
Wv Wolverton

207



208a

APPENDIX II

"Meteorology and Aerosol Transport in the Southern Sierra Nevada as
Measured with Tethered Balloon Systems" A Master’s Thesis by Diane
E. Ewell, 1987.

All thesis data on weather station instrument specifications, flow rates
and aerosol cut-points, and tethersonde data processing are included as
Appendix II.
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APPENDIX II-A: Weather statlion instrument specifications.

All instrumentation was acquired from Campbell Scientiflic,
Inc., Logan, Utah, however the individual components had
seperate manufacturers. The thermistor was manufactured
by Fenwal in Massachusettes, the relative humidity sensor
by Phys-Chemical Research Corp. in New York and windspeed
and direction sensors by Met-one, Inc., in Sunnyvale, ,
California. The specifications listed here are taken from
the users manual accompanying the instrumentation or from
information supplied by the manufacturers. Specified
accuracy is for normal operating conditions.

1. Model 201 Thermistor apnd Relative Humidity Probe

Sensor is a sulfonated polystyrene plate plus a thermistor
(for temperature compensation) encased In a slotted
plastic shield. Thermistor is waterproof, heat-shrink
encapsulated and non-aspirated. The resistance of the
sulfonated plate is inversely proportional to the humidity
(more moisture, more conductance) and the output lis
temperature compensated in the CR2!1 software.

Relative Humidity Probe (PCRC-11)
Range: 10 to 95 percent
Time Constant (double for descending RH): 30 seconds
still air, 1 to 5 seconds moving air
Accuracy: +3 percent
Thermistor (Fenwal UUT-51J1)
(temperature is not a source of error under normal
operating range) '
Calibration Range: 5 to 95 degrees celcius
Time Constant: <5 seconds
Calibration: 1 percent
- Accuracy: #0.1 degrees celclus
2. Model 101 Thermistor (Fenwal UUT-51J1)
Thermistor design same as above except It is not shielded
and specifications are same except calibration range.
‘ Calibration Range: =40 to 60 degrees celcius
3. Model 024A Met-One Wind Direction Sensor
Light weight, air-foil vane and potentiometer producing an
output that varies proportionally to the wind direction.
Threshold: 0.4 meters per second '
Range: O to 360 degrees ‘
Accuracy: +5 degrees
Damping Ratio: 0.25
Delay Distance: <1.5 meters
4. Model 14A Met-Opne Wind Speed Sensor
Aluminum 3-cup contact -anemometer assembly using a magnet-
read switch assembly producing a series of contact
closures whose frequency is proportional to the wind speed
Range: O to 60 meters per second
Accuracy: +0.1 meters per second
Starting Speed: 0.5 meters per second
Distance Constant: <{4.6 meters
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APPENDIX II-B

Flow Rates and Aerosol Cut Points

I. Volume Estimate Methodology

The flow rates were measured by a field audit device
(corrected for elevation) calibrated with an integrating
spirometer at the University of California, Davis. The
beginning and ending flow rates were measured for each
air sample and the total volume of air sampled was
estimated using the following procedure:

F=Change in flow rate.

Fl= Beginning flow rate.

F2= Ending flow rate.

S = Slope of the latter part of the flow versus time curve
(.0725).

T= Total Sample time.

V = Total volunme.

1. 1If the beginning flow rate was less than the ending
flow rate (F1 < F2):

F=F2 - F1
V=((F/2) x 10) + (F2 x (T - 10))

2. If the beginning flow rate was greater than the
ending flow rate (Fl > F2):

F=F1 - F2 ,
V=(F1 + (.05 2 F1)) 2 (T - F/S) + ((F/2) x (F/S))

The above procedure was devised from the results of a
series of tests that were performed to characterize the
‘flow rate variation. Two tests using four samplers each
were run at the University of California, Davis, measuring
the flow rate every 10 minutes. One test used batteries
that had been in the freezer for 3 hours and the other used
‘batteries that had been in the sun for 30 minutes. The
variation in the flow rates was dependent on the batteries
and not on the individual pump and motor. Temperature did
not appear to effect the flow rate variation.

Flow rate versus tinme curves were graphed and a regular
pattern appeared. In general, the flow rate initially
increased on average by 10 percent and would continue at
this level for a period of time until the flow rate would
drop at a fairly constant rate until the batteries lost all
charge. The average of the 2 flow rates used for the first
10 minutes in procedure 1 and the addition of 5 percent to
the inicial flow rate for procedure 2 was used to
compensate for this Iinitial increase. The average slope
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from where the flow rate had decreased to its initial value
until the batteries stopped was calculated to be 0.0725
(+0.03) liters per minute squared.

In the field, samplers were not always run as long as two
hours or the batteries performed better than average so the
ending flow rate was greater than the initial flow rate.

In this case (40 percent of the time), procedure one above
was used. On the other hand, 60 percent of the time, the
ending flow rate was less than the initial value and
procedure two was used. Comparison of the Simson’s Rule
estimates to estimates following procedure 2 above
Iindicated for the worst case an uncertainty of 15 percent
but on average it was 4 percent.

One test was run in the field the last day of the August
period. The slope was 0.12 liters per minute squared and
the uncertainty was 13 percent. The results of this one
test more than likely indicate the upper end of the
uncertainty. More tests in the field would have improved
the estimate of the uncertainty but expense and time
precluded this decision. Only five samplers were available
for the project and one of the five failed during the
August period. Future projects should have at least ten
samplers available for the above reasons.

I1. Coarse Filter Cut-Point Calculations

The lower cut-point calculations for the coarse filter
were made following equations presented by Spurny et al.
(1969). The upper cut-point was determined by assuming the
flow rate had to be equal to or exceed the settling

velocity of the particle and following equations from Green
and Lane (1964).

1. Lower Cut-Point

D=Slip corrected aerosol particle diffusivity (cm /s).
Eff=The efflency of particle collection given the
particle aerodynamic diameter and density.

L=Filter thickness (0.0001 cm).
m=Mass of aerosol (cm).

n=Viscosity of air (0.000181 g/cm/s).
P=Porosity of filter (.05).
ple=3.14159.

g=Face velocity (46.05 cm/s).
Ro=Filter pore radius (0.0004 cm).
s=Particle density (g/cm3).

Eff=Ei + Ed + (0.15 x Er) - (Ei x Ed) - (0.15 x Ei x Er)

Ei=2Ei’/(1 + e) - Ei’2/(1 + e)?

Ei’=2 x Stk x Ve + 2 x Stk? x e x exp(1/(-Stk x Ve )) -
2 x Stk? x e :



213

e=\P 7¢1 -\P )
Stk=(m x q)/(6
m=(4/3) x (pie
Ed=1 - 0.81904

pie x n x r x Ro)

r3 x s)

exp(-3.6568 x Nd) -
0.09752 exp(-22.3045 x Nd4) -
0.03248 exp(-56.95 x N4) -
0.0157 x exp(-107.6 x Nd) - ..., etc.

Nd=(L x D x P)/(Ro? x q)

Er=r/Ro x (2 - (r/Ro)) Nr{1 (if Nr>1 then Eff=1)

MO M oM X

Results:
Particle
Diameter(um) D_¢x1077) Eff_x_100_¢%)
1 (s=1 g/cmd) 2.741 46

(s=2.2 g/cnr3) 67
1.5 (s=1 g/cm3) 2.007 68
———$822.2_gscnd) 82

1. average particle density is | g/cm3 and average soll
particle density is 2.2 g/cm3.

Figure 1 shows the experimental results for three
different nucleopore filters as a function of face
velocity (Cahill et al. 1979). It can be seen that the 50
percent cut-point is approximately 1.5 am at the face
velocity of 46.05 cm/s (average face velocity for the
August field season) which agrees well with the theoretical
calculations. The curves in Figure 1 were derived from
experiments using un-coated nucleopore filters. The effect
of coating the filter would be to lower the cut-point due
to an increase in the face velocity by as much as 15
percent (John et al. 1980). This would drop the 50 percent

cut-point to approximately 1.3 am for the 8 um filter curve
in Figure 1.

2. Upper Cut-Point

d=Particle aerodynamic diameter

g=Acceleration due to gravity (981 cm/s2)
n=Viscosity of air (0.000181 g/cm/s)

s=Particle density (g/cm3)

s’=Air density (0.001205 g/cm3)

v=Sedimentation velocity=Face velocity (46.05 cnm/s)

Equation: v=((s = s’) x g x d2)/(18 x n) For Reynold’s
number up to 0.05

Results: -
Particle ) Particle

Density(g/cm3) DiameterCum)_

1 ' - 123 i/

2:2 83
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Figure 1: Variation of aerodynamic diameter for 50 percent
Ccapture by nuclepore filters as a function of face velocity
for 3 pore diameters (from Cahill et al. 1979).
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APPENDIX 1II-C
Tethered Balloons and Tethersonde Specifications

The 1 kilogram tethersonde package includes a windspeed
sensor, 3-cup anemometer, fan-aspirated tubular radiation
shield with two bead thermistors (one in middle of
alrstream and the other covered by a wetted wick), a
pressure aneroid transducer (temperature compensated) and
a potentiometric compass. The system was purchased from
Atmospheric Instrument Research Co., Boulder, Colorado.
The tethered balloons were purchased from Pie In The Sky,
Division of J-KAM, Inc., San Mateo, California.

The tethersonde system consists of the re-chargeable
battery operated telemetry meteorological package,
receiver and EPSON printer ground station powered by 12
volts DC or 110 volts AC, antennae and 12 volt DC or 110
volt AC varliable-speed powered winch. A review of the
system can be found in Morris et al. (1975).

The following are specifications from the Operations
Manual for the TS-2A Tethersonde/Airsonde. In parenthesis
are values from tests on the system conducted at the
National Center For Atmoshpheric Research (NCAR)
facilities (Whiteman 1980).

Miniature bead thermistor (two non-linear thermistors)
Range: =50 to 50 degrees celcius
Accuracy: +0.5 degrees celcius (+0.8)
Time Constant: (13 seconds)

Pressure
Temperature-compensated aneroid transducer
Range: 0 to 100 millibars

Accuracy: #1 millibar (+1.5)

Horizontal Windspeed

3-cup anemometer
Range: 0.5 to 20 meters per second
Accuracy: +0.25 meters per second (i0.3)
Starting Speed (0.4 to 0.7 meters per second)
Stopping Speed: (0.3 meters per second)
Time Constant: (0.3 to 0.5 seconds)

Wind Direction

Magnetic compass
Range: 0 to 360 degrees
Accuracy: 15 degrees (+4)
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Iransmitter
Frequency: 400 to 420 megahertz FM
Frequency Stability: 0.0005 percent between =30 to 60

degrees celcius
Modulation: 16 F3

Power Output: 5 megawatts

Frequency Range: 400 to 420 megahertz FM

Number of Channels: 4

Frequency Stability: 0.0005 percent between 0 to 60
degrees celcius

Channel Spacing: 25 kilohertz

Sensitivity: 0.5 microvolts

Selectivity: 60 decibells

Audio Output: 500 megawatts

Antenna: 15 centimeter whip with ground plain

Winch
Line Capacity: 1000 meters
Power: 12 volts DC or 110 volts AC

Telemetry Balloon
Model: JK20
Shape: blinmp
Volume: 10.2 cubic meters
Weight: 6.8 kilogranms
Available Lift at Sea Level: 4 kilograms
Available Lift-at 500 Meters Above Site (2722 meters
above sea level): 1.4 kilograms

Particle Samplipng Balloon
Model: "10 foot diameter™ balloon
Shape: Spherical
Volume: 14.8 cubic meters
Weight: 5.9 kilograms
Available Lift at Sea Level: 9.7 kilogranms
Available Lift at 500 Meters Above Site (2722 meters
above sea level): 6 kilograms

*Note: Available 1ift calculated using U.S. Standard
Atmosphere values from Warren et al. 197! and does not
include weight of tether line (0.8 grams per meter, 120
pound test).
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APPENDIX II-D
Tethersonde Data Processing

I. Calculation of Wolverton surface pressure (SP):

Parameters:
If not specified, the parameter in question refers to the
initial readings from the tethersonde at Wolverton

at approximately 1.5 meters above ground level (excluding
meteorological constants).

e=Mass of water vapor/mass of dry air (0.622).

E=vapor pressure (mb).

EF=vapor pressure at Fresno (mb).

ES=Saturated vapor pressure at wet bulb temperature
(mb).

eso=Saturation vapor pressure at 0 degrees celsius

(6.1078 mb).

g=Acceleration due to gravity (9.81 m/sl).

Lv=Latent heat of vaporization at 0O degrees celsius
€2.5 x1006 J/kqg).

P=Standard atmospheric pressure at 2222 meters mean sea level
(770.66 mb).

PF=Pressure at Fresno (mb).

R=Mixing ratio. .

Rd=Dry gas constant (287 J/K/kg).

RF=Mixing ratio at Fresno.

Rv=Gas constant for water vapor (461 J/K/kqg).

SP=Surface pressure (mb).

T=Dry bulb temperature (degrees celsius).

T’=Wet bulb temperature (degrees celcius).

TDF=Dewpoint temperature at Fresno (degrees celcius).

TF=Dry bulb temperature at Fresno (degrees celcius).

TV=Virtual temperature (K).

TVF=Virtual temperature at Fresno (K).

z1=Elevation (2222 m).

z2= Elevation at Fresno (100 m).

Equations:
(xx= indicate “"to the power of")

ES=eso x 10 %xx ((7.5 x T’)>/(237.3 + T’))

EF=eso x exp((Lv/Rv) x (1/273.15 -1/C¢TDF + 273.15)))
E=ES - .00066 x (1 + .00115 x T*) x P x (T - T*)

R=e x E/(P - E)

RF=e x EF/(PF - EF)

TV=(273.15 + T) x (C(1 + 1/e x R)/(1 + R))
TVF=(273.15 + TF) x (€1 + 1/e x RF)/(1 + RF))

SP=PF x exp((g x (2! = 2z2))/(Rd x ((TV + TVF)/2)))




II. Calculation of profile parameters:

Parameters:

All parameters (excluding meteorological constants) refer
readings from the tethersonde at Wolverton.

Cp=Specific heat at constant pressure (1004 J/K/kg).

e=Mass of water vapor/mass of dry air (0.622).

eso=Saturation vapor pressure at O degrees celsius
(6.1078 mb).

ESz=Saturated vapor pressure at wet bulb temperature
at height Z (mb).

Ez=vapor pressure at height Z (mb).

pl=Inicial pressure change reading at 1.5 meters (mb).

pz=Pressure change reading at height Z (mb).

Pz=Pressure at height Z (mb).

Rd=Dry gas constant (287 J/K/kg).

Rz=Mixing ratio at height Z.

SP=Surface pressure (mb).

TVoz=Virtual potential temperature at height Z (K).

TV1=Virtual temperature at 1.5 meters (K).

TVz=Virtual temperature at height Z (K).

Tz=Dry bulb temperature at height Z (degrees celcius).

Tz’=Wet bulb temperature at height Z (degrees celcius).

Z=He ight of tethersonde (meters).

Equations:

First reading is assumed to be at 1.5 meters above ground
level (xx= indicate "to the power of").

Pz=SP - (pz - pl1>

ESz=eso x 10 xx((7.5 x Tz*)/(237.3 + Tz*))

Ez=ESz - .00066 x (1 + (.00115 x Tz’)) x Pz x (Tz - Tz?)
Rz=(e x ESz)/(Pz - ESz)

TVz=(273.15 + Tz) x ((1 + (1/e x RZz))/C(1 + Rz))
TVoz=(TVz + 273.15) x ((1000/Pz) xx (RA/Cp))

Z2=14.636 x (TV1 + TVz) x 1ln (SP/Pz) + 1.5

to
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Figure 21: Pilot balloon wind profiles for August 16th, 1985, at 1600 PDT.
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Pilot balloon wind profiles for August 18th, 1985, at 1900 PDT.
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Figure 32: Pilot balloon wind profiles for August 19th, 1985, at 0400 PDT.
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Figure 35:
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