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ABSTRACT

The overall purpose of this investigation is to determine whether
or not there are practical methods for controlling the afternoon winds at
Candlestick Park in order to alleviate the unsatisfactory wind conditions
which now exist,

Field observations have shown that two characteristic and distinc-
tive wind flow patterns exist within the stadium. Each results from the
interaction of Bay View Hill on the unidirectionmal air flow approaching the
stadium complex.

These wind conditions have been reproduced in a 1:768 scale model
of the Bay View Hill-stadium complex, demonstréting that the wind-flow pat-
terns observed in the model are directly correlated with those in the stadium
complex, i.e, the prototype. Accordingly, chenges in the wind-flow patterns
resulting from modifications in the mod2l can be evaluated in terms of corres-
ponding modifications in the prototype.

Approximately 150 different model-wind flow situations have been
examined, From the results obtained it is evident that elimination of the
objectionable features of the existing flow patterns, and a general reduction
in wind speed within the stadium, can be achieved if both Bay View Hill and
the stadium are modified as follows:

Bay View Hill - Cut a slot through the south end of the hill

tangent to the left-field edge of the stands or,
remove the southerly portion of the hill,
Stadium - Partially cover the stadium with a protective dome extend-
&ng beyond the infield, ox ereet a vertical screen on
top of the rim between 50 and 100 feet high, or imstall
vanes on top of the rim to deflect the wind vertically.
Modifications which are not effective singly or in combination include:
Complete removal 6r reduction in elevation of Bay View Hill; partial
or complete extension of the upper stands around the outfield; addi-
tion of solid, porous or deflecting barriers on Bay View Hill or

across left field or completely around the outfield.
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PURPOSE AND OBJECTIVE OF THE INVESTIGATION

The purpose of this investigation is to determine what practical
measures can be taken to alleviate the unsatisfactory wind conditiomns in
Candlestick Park short of covering the entire stadium. Engineering concepts
rather than design details are investigated with engineering feasibility
rather than economic and aesthetic factors being given first consideration.

Because the unfavorable winds in the ballpark are a direct result
of the strong westerly diurnal flow of marine air into the Bay Area, the
first objective of the investigation was to define by field measurements the
unknown circulation patterns within the ballpark originating from the
westerly wind. The second objective was to determine through use of a wind-
tunnel model of Bay View Hill and Candlestick Park the effectiveness of var-
ious terrain and structural modifications in reducing the wind speed or
changing the existing circulation patterns within Candlestick Park., An
essential part of the latter objective was the delineation of those modifi-
cations which are ineffective so that they can be eliminated from further
consideration,

Results of the investigation are presented in three volumes and a
seven-reel motion picture, Volume I is a detailed report of the prototype
wind studies, Volume II is a detailed account of the wind-tunnel model study,
Volume III presents the conclusions and recommendations.together with a
non-technical summary of the investigation. The motion picture shows proto=
type wind flow patterns and model performance for each of the 150 combinations

of configurations and wind directions studied.



CONCLUSIONS

) The following majcr ccnclusions apply to the afternoon wind con-
ditions at Candlestick Park during the period April through September,

1, Two characteristic and distinctive wind flow patterns exist
within the stadium. Thes=z are identified as Left=Field Control and
Southerly Contrcl. Left=Fizlid Control occurs more frequently than Southsrly
Control; one or the other predominates during a given afternoon. Approxi-
mately 70 percent of the windy periods are accounted for by these two flow
patterns; over 90% are accounted for if minor variations in the two patterns
are includzd,

2., The predominant flow approaching the stadium--Bay View Hill
complex is essentially ccnstant in direction and varies within narrow limits,
The two characteristic wind flow patterns within the stadium result from the
diversion of the unidirectiopal flow by Bay View Hill,

3. Only those conditions arising from the unidirectional westearly
wind need to be considered frcm the standpoint of wind control within the
stadium, Conditions arisiang from cther wind directions occur too infraquently
to be of importance,

4, Existing wind-flow patterns in the stadium--Bay View Hill
complex and within the stadium itself can be reproduced in a scale model
with a high degree of reliability, Accordingly, the effectiveness of various
model modifications for wind control can be considered representative cof equiv-
alent modifications made in the prototype. Thus, poctential changes in the
stadium and/or Bay View Hill can bes evaluated in terms of their effect on the
wind flow patterns,

5. Existing disagreecable wind conditions can be alleviated to a
large degree by certain modificaticns in the stadium and Bay View Hill if
taken tegether, Modification of the stadium alone is not sufficient, The
most favorable combinations of modifications in decreasing order of effective=

ness with respect to stadium additions are the following:

Hill Stadium (See Fig., 13)
Cut through south 2nd of hill a. Partial dome over ballpark
down to parking lot level with b. Vertical pcrous screen arcund

edge of upper rim,

axis parallel to left-fi=ld edge

1

c, Deflector vanes on top of upper

of stadium. (See Fig. 12) .
rlm.

or
Removal of south end of hill

down to parking lot level. {See Fig. 11)



The hill modiiications listed above eliminate the Left-Field
Contrecl flow so that the resulting flow is of the Southerly Control type.
Furthermore, some reducticn in wind spsed within the stadium is achieved
thréugh cither of the hill wodifications with the cut being somewhat more
effective than the south end removal, Hence, hill modification alone may
be considered a partial sclution to the wind problem,
7. Completicn of excavation on the glopes of Bay View Hill in
accordance with present plans will not change the existing wind conditions
in and around the stadium,
6. The following categories of modifications taken singly or
in combination show either marginal improvement or no improvement, In
some instances the resulting wind conditions are less favorable than at
present,
a) Complete removal of Bay View Hili,
b) Removal of the north end of Bay View Hill,
c) Removal of the upper portion of Bay View Hill to the 188.6=-ft
contour level,
d) Addition of upper scands for partial or complete encirclement
of the ballpark.
e) Addition of solid, porous or deflecting type barriers across the
left-field cpening or an extension of these barriers to enclose
the entire ballpark,

f) Addition of deflecting barriers on Bay View Hill,



RECOMMENDATIONS

If steps are to be taken to contrcl the wind problem at Candlestick
Park it is recommended that:
1, Addition of a partial dome and modificaticn of the szoutherly
end of the hill should be given first consideration as a remady
for the wind problem, This solution gives the best raduction of
wind speed and gusrtiness,
2, In the event that the construction of a partial dome is not
economically feasible,-consideraticn should be given eaqually to
the addition of vanes or a vertical screen on the stadium rim io
conjunction with the modification of the south end of the hill.
3. A wind control program based on the previous reccmmendations
should proceed in two steps: first, modify Bay View Hill; second,
complete the additicns te the stadium,
4. Before architectural engineering planz sre develcoped for the
above modifications, d=tailed model studies should be completed to
establish the optimum configuration cf the stadium addition as
well as the most effective grading plan for thz changes in Bay
View Hill,
5. Based on the extensive tests completed thus far, wind contrel
plans cannot te reccmmend=d where such plans depend conr
a) Use of barriers across the left field opening or around the
entire outfieid,
b) An extension of the upper stands for either a partial or
total enclosure of the stadium,
c) Use of barriers or other type deflectors on Bay View Hill,
d) Use of blocwars to create a deflecting air stream.
e) Complete remcval of Bay View Hill,

f) Removal of upper portion or northerly enmd of Bay View Hill,
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SUMMARY OF INVESTIGATLON

I. BACKGROUND

- The present inveztigation was initiated 27 March 1962 under Order
‘No. DPW 60596 betwezn the Depariment of Public Works, City of San Francisco
and Metronics Associstes, Inc,, Pzlc Alto, Csliforniz., Mrc. Reuben H. Owens,
Director of Public Works, represented the City of San Francisco; Dr. W, A,
Perkins, Metronice Assoclates, was Program Director, On tha same date a

subcontract was establishsd betwsen Metrcnics and Coloradc State University

Research Foundatioa for the wind tunnel and modeling phase of the program

to be conducted in the Fluid Dynamics and Diffusion Laboratory under the

direction of Professor J, E, Cermak,

Initially a one=-year program was contemplated., However, because

of the need for additicnal work and the desivability for testing control

measureg not originally planned, the investigation was

without additional funds,

II. TECHNICAL APPRCACH

A, Basic Consideraticuns

extended five months

An overall technical approach tc this investigstion was developed

in 1961 based on the folliowing considerations:

1) The wind at Candlestick Park is controlled by a generally westerly

flow but its exact direction cver the stadium complex {including Bay

View Hill) was nct known.,

2) Wind-flow pztteras in and around the stadium were not known but

were thought to be strongly dependent on the mean direction of the

free air flow acrcss the complex, A slight
to south of west would cause a major change
of air flowing toward the stadium along the
sides of Bay View Hill and as a consequence

the circulation patterns within the stadium,

shift from north of west
in the relative amount
northeast and southwest

cause major changes in

3) The effectiveness of potential wind-contrcl techniques could be

determined ouly from appropriate measurements made on a scale

model of the stadium complex in a low-spead

wind tunnel., Thus,

modifications in both the stadium and vpwind terrain, particularly

Bay View Hill, could be made on a scale model and their =ffects on

the wind flow could be measured,




4) In order to be certain that the model results would be meaning-

ful in terms of equivalent behavior in the prototype (stadium) it

was essential to demonstrate that existing flow conditions in and
around the stadium wsre duplicated in the model. The iwmportance of
this correlation cannot be over-emphasized,

In accordance with the above ccusiderations the investigation was
divided into two major parts namely the Prototype Study and Model Study. The
major phases of each study ars summarized briefly below., As the investigation
proceeded it became evident that the basic considerations were correct and no
change in the overall technical approach was required throughout the program,

B. Prototype Study

1. Mateorological Refzrence Measurements

Wind speed and direction were recorded continuously throughout the
baseball season with ressarch type equipment located on the McLaren Tank one
and one-half miles west of Bay View Hill. These measurements showed the
speed and direction of the air moving toward the stadium complex and were
supported by periodic mezasurements taken on Bay View Hill itselif. The free
air flow observations sesrved thrzs purposes: a) to provide a reference
direction for correlation with the circulation measurements taken in and
around the stadium at selzcted times; b) to provide a correlation with
climatic reccrds inm order tc relate the currznt season with long term aver-
ages; and c) to provide reference directions for use in the model study.

Wind speed and dicrection were also recorded continuously on the
stadium scorebecard throughout most of the 1962 scason, These records were
used primarily to establish the frequency of occurrence of specific circula-
tion patterns in and around ths stadium.,

2, Circulation Patterns

Detailed measurements of the wind circulation patterns in and
around the stadium, including the parking lot and portions of Bay View Hill
were made oan 12 selacted days., The circulation patterns were based on the
following types of observation:

a) Wind speed and direction with portable equipment.

b) Wind direction frcm cloth streamers at fixed locations (41 inside

stadium; 25 in parking lct),

c¢) Wind direction from smoke plumes generated from continuous

sources (6-8 minute duraticn) located at selacted fixed positions

inside and cutside the stadium, Smoke plume bshavior was recorded

visually and with movizs taken at two or more locations,
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Nermally, four or morz hours of cobservation were taken each day to define the
circulation pattzrns,

3. Collateral Data

Hourly wind speed and direction data were obtained from the U, S,
Weather Bureau, Federsl Office Building, San Francisco, for the 1962 baseball
season and for the corresponding months for the past ten years, These rscords
provide a correlaticn betwzen downtown San Francisco and McLaren Tank data for
the 1962 seascn ard also a corcelation between the 1962 seascn and previous
years at the Federal Cffice Building. Supplementary records from Pacific Gas
and Electric Ccompany have alszo been examinad,

Systematic reports were received from spectatcrs attending afternoon
games during the 1962 season, These reports included observations of wind
spead and direction during the game az well as comments on general conditions
and degree of discomfort from the spactatcrs point of view,

Interviews were held with Mr, Alvin Dark, Giants Manager, and with
several of thes players with regard to the wind problem, The interviews were
held with single individuals and with groups in order to estimate the uniform-

ity of reactions and the strength of individual convictions,

C. Model Study

1. General

All model studizz were conducted in a low spead recirculating wind
tunnel with a test section 6 x 6 x 30 feet using wind speeds 18 to 30 mph.
For most of the observations a 1: 768 model was used which included the stadium,
parking lot and all of Bay View Hill, as shown in Figs. 1 and 8, On this scale
the stadium is approximatzly one foot acrosz and the entire model is 6 x 6 feet,
A 1:384 model of the stadium without Bay View Hill was usad for those measure-
ments requiring greater stadium detzil and azlso to verify that the results
obtained were independent of the scale used, Both models were mounted on a
rotating platform in the tunnsl floor in order to study the effect of wind
direction,

Basic wind directicms of 16° and 21° south of west were sslected
for the model study because ths flows at these directions were characteristic
of the observad prototype flows,

2, Similarity Consideratious

Because of the shavp topographic and structural features of the
local terrain and stadium, mean-wind patterns are determined primarily by
the surface geometry. Thus, similarity of mean-flow patterns should result

if the surface gecmetry is similav for model and prototype., Accordingly an
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undistorted scale model was used at air speeds having the same order-of-magni-
tude as speeds in the prototype being employed. A check of flow patterns in
the stadium for the 1:384 and 1:768 scale models showed them to be similar as

expected,
With the flow in the model being governed only by a characteristic
length Lm and a characteristic wind speed Um, the frequency of wind gusts

in the model fm is related to gust frequency in the prototype fP as fol-

lows:

m
g
U
o P

+h
]
quob

Therefore, using a scale of 1:768 and wind speeds nearly the same in model
and prototype, gust frequencies in the model are about 800 times those of the
prototype,

3. The Model

A scale of 1:768 was chosen to satisfy the need for including signif=-
icant geometry (Bay View Hill) in & model limited by the wind-tunnel dimensions.,
The topography was constructed by cutting sheets of plywood to shapes determined
from a contour map of the area. The sheets were stacked in proper order and
the steps between successive sheets were smcothed with plaster of paris, This
provided a basic model which could be cut easily to give the desired modifica~
tions. The stadium was modeled in essential detail from sheet metal and plaster.
A black flat paint was applied to the surface to facilitate photography. The
1: 384 scale model of the stadium used to check scale effects was constructed
in a similar manner.

4, Measurement Techniques

Overall mean-flow patterns were determined primarily by attaching
pieces of yarn pivoted on pins to the surface of the model. The direction
of the yarn was recorded by motion=-picture photography. Local mean wind
speeds at four reference points in the stadium were obtained with a hot-wire
anemometer., A reference air speed was measured above the model at a height
where the flow was not influenced by the model,

Smoke was released from several locations and photographed to aid
in comparing model flow patterns with prototype flows observed with smoke

releases,
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III. SUMMARY OF RESULTS
A, Protctype Study

1., Air Flow Approaching Stadium Complex

Results obtained st the McLaren Tank metescorological reference sta-
tion clearly show that the air approaching the stadium complex is remarkably
uniform in direction duving the aftermnocn hcurs throughout the baseball sea-
son. These results are summarized in Fig. 2 in terms of the median (50%-ile)
direction and range of diraections based on half-hourly averages between 1300
and 1800 hours PDT. The mediarn directicn and direction of maximum frequency
are equivalent for practical purposes. As shown, the direction range for each
month includes 90% of all cases, i.e, the 5%-ile to 95%-ile limits, The
following points may be noted in conuection with these results,

i) From April to June the directions chift slightly into the south

but remain esszntially constanft for the balance of the season, Thus,

the predominant or median direction changes from 4° south of west

early in the season to 21° south of west,

ii) The 907% range in April and May is approximatzly + 22° and is

less than half this valuez in the following months,

iii) Both the wider range and more westarly direction in April and

May are the consequence of frontal passages. During the later

months the wind flow is lass affectaed by frontal activity and is

controlled primarily by the diurnal marine flow into the Bay Area,

iv) The Mclarer Tark wind speeds exceeded 15 mph during the after-

! noon hours over 85% of the time; hence, as expected, the uniform

wind divection is associsted with moderate to strong wind speeds.

v) The uniformity in direction is in accord with the U, S, Weather

Bureau data {Federal Office Building); the monthly ranges cannot

be compared directly because of differences in measurement techniques°

2, Circulation Patterns

a, Effect of Bay View Hill

Although the flow of air approaching Bay View Hill as wzll as the
general flow above the hill is essentislly unidirectional, there is a well
defined separation in flow at low levels, Figure 3 shows the characteristic
flow distribution around Bay View Hill. Its major features are as follows:

i) The main axis of the highest portion of Bay View Hill ridge is

oriented 20° north of west, hence the predominant flow approaches

the hill at approximately 40° south of the main axis.
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ii) Along thz southwaest flank of the hill the flow is directed

upward and is carrisd over the top of the ridge in approximately

the same direction as the flow aloft, Fiocw arocund the southerly
end of the ridge is divarted slightly more south of west than the
main flow,

iii) At the northesrly end of the ridgz, the air is diverted and a

well defined flow is directed towaxd the left ficld opening in the

stadium, This flow ig relatively shallcw and does not extend above
the ridge lins, Its speed is comparsble to that of the air approach-
ing the hill,

iv) Between the stadium and the hill the flow is parallel to the

hillside, i.e. along Jamestown Avenue, The speed in this area is

relatively low. As expected, a semi-stationary vertical eddy per-
sists in this region,

Insofac as the conditions within the stadium are concerned, the
significant effect of Bay View Hill is to produce twc potentially confrolling
wind directions across the stzdium, One is from the diverted flow originating
at the northerly end of the hill., The other is from the flow carried around
the southerly end of the hill and approaches the stadium from approximately 30°
south of west, Although the position of the stadium is in line with the
approximate wind shadow of the hill, it is far enough removed to be in one or
the other of the twce flows arcund the hill,

b, Circulation within the stadium

Two characteristic and distinctive circulation patterns develop
withinlthe stadium at wind speeds (measured on the scoreboard) greater than
10 mph., One results from the flow of air along the ncrtheast side of Bay
View Hill which entersz the stadium through the left field cpening and is
referred to as Left=Field Control., The other pattern is associated with air
entering the stadium from arcund the southerly end of Bay View Hill and is
referred to as Southerly Control, These two circulation patterns are
described briefly below,

Left-Field Control, The flow pattern associated with Left-Field

Control is shown schematically in Figs, 4 and 5., Air enters the
stadium north of section 32 (upper stands) and diverges into two
principal streams identified as A and B in Fig, 4, Stream A
produces the persistent strong flow from left to right field.
Stream B, approximztely parallel to the third base line, continues

across the playing field, is carried upward on reaching the stands
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and leaves the stadium over the rim between sections 5 and 13

(upper stands). Stream B is respomsible for local circulation

within the stands as follows:
i) Strong and persistent vortices are formed at the north end
of the upper stands covering sections 26 to 32,
ii) Stream B is split on reaching the stands beyond home plate,
A steady but relatively low speed flow extends from section 5
to section 18 (lower stands) in the area beneath the upper
stands., Between sections 11 and 23 (lower stands) the flow from
B is directed toward section 23 parallel to the rows of seats,
However, this flow is intermittent and occasionally ihterrupts

_ the main flow in this area coming directly from the field,

Characteristic direction changes are indicated in Fig. 4 for
section 23 (lower stands),
iii) In the upper stands the flow is clockwise under the rim
with decreasing speed toward section 20,
iv) At the bottom of section 1 (upper stands), the speed is
high and the directicn alternates rapidly through 180°, The
direct flcw from stream B chifte the direction toward section
3; the reflected flow shifts the direction toward section 2,
v) At the right field end of the upper stands the speed is
high and the direction changes in a similar manner to that in
section 23 lower stands,
vi) At elevations varying from 50 to 200 feet above the stadium
rim behind home plate, air flows toward the outfield; normally
this air remains separate from the flow within the stadium,

Southerly Control. The flow pattern is shown schematically in Figs.,

6 and 7. Air enters the stadium over the rim between sections &
and 10 and flows downward over the stands contacting the field
between the stands and home plate when the wind speed exceeds 20
mph, At lower speeds the line of contact mcves out toward second
base, Large=-scale vertical eddies in the downward flow carry
part of the incoming air back into the upper and lower stands.,

After contacting the field the flow is toward the outfield and
is divergent. At high wind speeds this outward flow has its maximum
speed in the lowest 100 feet,

In the far left field and right field stands the flow is par-

allel to the rows of seats and is directed toward the ends of the
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stands. Speeds are greatest near the outfield ends particularly
in the right field upper stands,

Certain general remarks can be made regarding these two flow patterns.
i) During any aftzrnoon one or the other of these two patterns
predominates. It is unusual to find both on the same day.
ii) Left-Field Corntrol occurs more freduently than Southerly Control,
During July, August and September 1962, the percentage occurrence of
these two patterns during the afternoon is as follows (scoreboard

wind speeds greater than 10 mph):

Left-Field Control 48%
Southerly Control - 20%
Intermediate 19%
Other 13%

The intermediate condition is similar to Southerly Control except
that the air enters the stadium over the rim north of section 10
(upper stands). The resulting flow pattern is comparable to but
less well defined than for Southerly Control., In approximately 13%
of cases, air enters the stadium from the northwest but generally
at speeds between 10 and 15 mph. The resulting patterns are sim-
ilar to those for Left=-Field Control,

iii) Although the maximum wind speed (43 mph) was associated with
Left-Field Control, strong winds (greater than 25 mph) occur with
both Left-Field and Southerly Control,

iv) The schematic diagrams (Figs 4-7) indicate the average pattern
for the two flow conditions, Flow conditions are not necessarily
constant throughout a given afternoon and may vary about the average
as drawn,

v) Data from spectator reports confirm the existence of the two
circulation patterns although none of the spesctators recognized
that an organized and persistent flow pattern was present,
Spectator discomfort during the afternoons was not limited to a
specific flow pattern nor to a specific wind condition but dis-
comfort was greater at higher wind speeds. Wind variability,

i.e. gustiness, was secondary to the unpleasantness associated
with wind speeds in excess of 18-20 mph.

vi) From the interviews with players and others regularly at the
stadium, it is evident that certain features of the flow patterns

are recognized but not the complete circulation pattern for the
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two types of confrol, Apart from the gereral objection to strong
winds and the chilling which results, three specific flow features
are particulariy troublesome to the players, These are the strong
flow along third basze line toward home plate, the cross flow from
left to right field and the strong flow toward the outfield
resulting from Southerly Control,
vii) Based on the above considerations specific objectives for
suitable wind confrol measures include: reduction of wind speed
within the stadium by a factor of two; reduction or elimination of
the third base flow and left to right field flow; elimination of
the downward flow from rim to field under Southerly Control condi-
tions. Obviously the control method should not introduce equally
unsatisfactory conditions from another direction,
3. Wind Speeds Within the Stadium
Wind speed measurements taken at the scoreboard show the following
percentage distribution of wind speeds during the afternoons from 1300 to

-1800 hours PDT. All speeds are based on 30-minute averages.

Wind speed range (mph) Percent of occurence
10 or less 16,9
11 - 15 26,2
16 = 20 23.3
21 - 25 17.8
26 - 30 | 9.1
31 - 35 2.7
36 - 40 0.8
greater than 40 0.2

B. Model Study
1. Correlation with Prototype
a. Bay View Hill flow pattern

Measurements obtained on the 1:768 model are in excellent agree-
ment with prototype observations both in the overall flow pattern and its
essential details,

Model tests included wind speads from 10-30 mph and directions from
16° to 31° south of west., A typical comparison batweer model and prototype
observations is shown in Fig. 8 for conditions corresponding to Left-Field
Control,

Surface streamlines clearly show the flow separation at the northerly

end of Bay View Hill and the strong flow along the northeast side of the hill
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which enters the stadium at left field, Flow around the southerly end of the
hill is also present and bzcomes more promnounced at an angular orientation
corresponding to 30° south of west. Local turbulence with large vertical
eddies is found between the stadium and Bay View Hill. Smokes released in the
wind tunnel shows that the flow over the ridge line corrssponds closely to
that observad in the prototype, These and other aspects of the Bay View Hill
flow pattern described in saction III A. were reproduced in the 1:768 model
and were not significantly different over the wind speed range of interest,
b. Model-prototype wind correlation within the stadium

Streamers were placed at various locations on the playing field and
stands in both the modesl and prototypz, Figure 9 shows the average direction
of these streamers on the playing field and lower stands for the typical Left-
Field Contrecl flow (mean wind W16°S in mcdel). Comparison of the wind direc-
tions for modz21 and prototype as indicated by the arrows reveals excellent
correlation in the general circulation pattern, Local differences in direction
for the streamers between home plate and the staands is not significant because
the extreme variability of winds in this regica make the directions indicated
somewhat uncertain,

Figure 10 illustrates the ballpark flow pattern for the case of the
Southerly Control flow (mean wind W31°S in model)., Again there is excellent
agreement betw=2en the model and prototype flows. Some differences appear to
exist in the infield, but these are again judged to be insignificant because
of the extreme variability of winds in this region.

Excellent model-prototype agreement for both types of flow, Left-
Field and Southerly, was observed in the upper stands of the stadium in terms
of the overall patterns as well as the detailed characteristics of the pattern,
For example, the 180° reversal in direction noted at the bottom of section 1
in the stadium appeared in the model. Further, the reverzal frequency in the
model at this location was a fraction of a second and approximately that
expected based on the scale factor used.

2, Model Modifications

a., Specific objectives of modificzations

With the estabtlishment of model-prototype flow similarity for both
characteristic flow types, a series of modifications of Bay View Hill and/or
the stadium could proceed with confidence that the resulticg wind patterns
observed in the model would be representative of potential prototype winds,
Motivation for some of the modifications studisd in the model resulted from

ad hoc suggestions madz by various people to the City of San Francisco and by
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various individuals working on the study; however, most of the modifications
studied were the result of a definite effort to accemplish three objectives,
These objectives were to 2liminate the strong flow from left to right field,
the strong flow along third base lins toward homzs plate under Left-Field
Control and to pravent air from flowing dewnward from the stadium rim directly
onto the playing field under Southerly Control. The modification plam also
included an investigation of the effects of stadium and terrain changes which
might be made in the future for reasons other than wind control, Thus, addi-
tions to the stands to increase seating capacity and partial and complete
removal of Bay View Hill have been included in the program,
b. Summary cf modifications

All of the modifications of Bay View Hill and/or stadium were studied
with wind approaching the modz1l from either W16°S oxr W31°S, Details of all the
results cannot be given hers but are discussed in Volume II of this Report,
However, the following tabulation lists the types cof modifications studied.
The degree of success in achieving all of the objectives listed in the previous
paragraph is indicated as good, fair, or poor depending on improvement in both
Left Field and Southerly wind flow patterns and reduction in wind speed within

the stadium,



SUMMARY OF MODIFICATION RESULTS

Bay View Hill Modifications
1. Unmodified

2, Hill removed and
graded to parking lot
elevation

3. Hill slopes excavated
to final stage of present
grading plan

Stadium Modifications

a, Extension of upper stands to Sacs.
34, 44 and complete enclosure,

b. Addition of sclid and porous screens
around various portions of ballpark,

c. Additicn of porous screens around
top of upper stands,

d. Addition of sclid and porous scrzens
on hill,

e. Addition of furning vanes on top of
rim for vertical deflection and vanes
across left field opening for horizontal
deflection,

f. Addition of turning vanes on rim with
and without extension of upper stands.

g, Addition of partial dome over stadium
extending beyond infield.
2., Urnmodified

b. Exteasion of upper stands to Secs,
34, 44 and complete enclcsure,

c. Addition of solid and porous screens
around various portions of ballpark,

d. Addition of porous screens around top
of upper stand.,

e, Addition of turning vanss on top of
rim for vertical deflection and vanes
across left field opening fer horizontal
deflecticn,

f. Addition of partial dome over stadium
extending beyond infield,

a, Unmodified

* Good for Southerly Control conditions,
**% No significant change in present wind conditions.
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Effect

Poor

Poor

Poor™*

Poor

Fair

Poor

Fair¥*

Poor

Poor

Poor

Poor

Fair

Good

Poor**



Bay View Hill Modifications

4, Hill top excavated
to 188.6"' elevation.

5. South end excavated

6, Cut through south end
of Hill - flat bottom

7. Cut through south ead
of Hill - V-shape

Stadium Modificatioas

a, Unmodified

a, Unmodified

b. Addition of pcrous screens around
top of upper stands,

c. Addition of partial dome over

stadium extending beyond infield,

a, Unmodified

b. Addition of porous screens around
top of upper stands,

c. Addition of turning vanes on top

of upper stands with and without extension

of upper stands.
d. Addition of partial dome cver

stadium extending beyond infield.

a, Unmodified

-

b. Addition of screens on top of upper

stands.
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Effect

Poor

Poor

Good

Good

Poor

Good

Fair

Good

Poor

Poor
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3. Elimination of Lzft=Field Flow Characteristics

Of all the modifications studied, only excavation of the south end
of the hill or making a cut through the south end of the hill as shown in
Figs. 11 and 12 effectively eliminated Left-Field flow characteristics with-
out introducing equally unsatisfactory conditions not subject to control,
Both of these hill moditications allow a current of air to pass around the
south end of the hill, intevcept the current of air flowing toward the stadium
along the northeast side of the hill and divert it away from the stadium. The
interaction of the air streams shown in Figs., 11 and 12 prevents strong flow
onto the playing field from the left-field side., In effect, these hill modi-
fications elimirnate Lzft=Fizld Control and introduce a persistent Southerly
Control which czn be reduced or eliminated by other means,

The possibility of using blowers to divert the air flow into left
field has been investigated and does mnot appear feasible or practical. Apart
from the formidable engineesring problems involved, the power requirement is
excessive,

4, Elimination of Southexrly Flow Characteristics

Elimination of the downward flow from the rim to the playing field
and a general reduction in wind speeds within the stadium associsted with
Southerly Control was attained by the modificatioms listed below and shown
schematically in Fig., 13:

a, Addition cf partial doms over the ballparkex:énding
beyond the infield,
b. Addition of a 50-100 ft vertical porous screen round the
top rim of the stadium,
co Addition of vanes on the stadium rim to turn air upward
upon passing over the rim,
The relative effectiveness of each stadium medificaticn is indicated by its
position in the above list--a partial dome was most effective in reducing air
speeds and gustiness,

In addition to the above modifications for controlling the conditions
inside the stadium, small wind barriers probably would be required to protect
exterior walkways around the zouth end of the stadium, However this is a
minor wind problem and can be corrected with simple structures,

5. Modifications for Optimum Solution to Wind Problem

The studies showzd conclusively that in order to obtain a solution
to wird problems produced by both the southarly and left-field flow regimes,

a modification of both Bay View Hill and the stadium should be made. That is
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to say excavations on the southsrly end of Bay View Hill should be accompanied
by the addition of a dom2 or screens or vanss toc the stadium,

Figures 11, 12 and 13 indicate the scope and overall nature of the
Vmoaifications required to zachieve effective wind control, but are not intended
to show these mcdifications in their final form., For example, existing roads
and stadium approaches would have to be considered in developing the exact
grading plan for tha south end of the hill in order to rzach a proper compro-
mise between cost, appearance and wind control effectiveness, Likewise, the
suggested stadium additions are subject to similar compromise. In particular
the dome as tested, based on a preliminary plan submitted by Mr, David Miller,
is probably larger than necessary. In the preliminacy plan the dome extends
192 feet beyond hcme plate., It appears likely that the dome would be almost
as effective if it did not extend beyond second base (i.e, 128 feet from home
plate) and covered only the portion of the stadium boundzd by the upper stands.
In this case an extansion cf the upper stands would not be necessary although
‘a barrier might be requirad in back of sections 24 and 26 in the lower stands,

As pointed ouvt above, the unfavorable conditicns associated with
‘Left-Field Contrcl can bz eliminated by a cut through Bay View Hill or by
:removing a portion of the south end of the hill., In general, the latter is
somewhat less effective than the former if no stadium modifications are made,

Since the hill modificaticn iz r

m

quired for 3z complete solution to the wind

n
0
(@)

et

problem and is a partial sclution by itself, the logizal first step toward
alleviating the present condifions is to proceed with the hill modification

first,




Fig. l--Scale model of stadium and Bay View Hill placed in wind tunnel., The 1:768 model is shown with
vanes attached to the rim for vertical deflection and vanes across the left field opening for horizontal
deflection.
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Fig., 2--Afternoon wind direction and direction range for air approaching Bay View Hill during
the baseball season., Distribution of half-hourly average wind directions for each month between
1300 and 1800 hours PDT is given in terms of the median (50%-ile) and 90% limits. For example,
the median direction during August was 21° south of west and 90% of the time the direction was
between 11° and 30° south of west., Directions measured at McLaren Tank,
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3--Characteristic wind flow pattern around Bay View Hill based on field observations during the

Fig

baseball season,

Diversion of air below the ridge line at the northerly end of Bay View Hill produces a

flow into left field and a characteristic circulation pattern within the stadium,

A second characteris-

tic pattern results from air reaching the stadium around the southerly end of the hill
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LOWER STAND

Fig., 6--Wind circulation pattern in the lower stands under Southerly Control conditions.
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Fig. 8--Characteristic wind flow pattern around Bay View Hill based on model measurements at a mean
The stream lines are superimposed on an aerial photograph of the

At 16° south of west the characteristic Left-Field Control wind

wind direction of 16° south of west.
Approximate boundary of entire model is shown by dashed line.

prototype for comparison with Fig. 3.
pattern develops within the stadium model.
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Fig. 9--Comparison between observed prototype and model wind flow patterns in the lower
stands under Left-Field Control conditions.
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LOWER STAND

Fig. 10--Comparison between observed prototype and model wind flow patterns in the lower
stands under Southerly Control conditions.
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Fig. 11-Bay View Hill modified by removing southerly enc.
wind pattern is altered to give a southwesterly flow across
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flow normally entering left field 1s diverted away from the stadium.
lines are from topographic map provided by Director of Public Works.
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Contours and 1000-ft grid
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Fig. 12--Bay View Hill modified by cutting through south end.
left field flow away from the stadium. Cut is approximately 100
are 45°, Contours and 1000-ft grid lines are from map provided by Director of Public Works.
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Fig. 13-~Stadium modifications for the
elimination of Southerly Control conditions,
a) Partial dome ac_.oss stadium, b) Vertical
porous screen around existiag rim., c¢) Vanes
on rim to provide vertical deflection of the
air across the stadium.
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