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ABSTRACT 

The overall purpose of this investigati~n is to determine whether 

or not there are practical methods for controlling the af ternoon winds at 

Candlestick Park in order to alleviate the uns atisfac to-ry wind conditions 

which now exis t. 

Field observations have shown t hat two characteristic and distinc­

tive wind flow patterns exist within the stadi um . Each res~l ts from the 

interaction of Bay View Hill on the unidirecti onal air flow approaching the 

stadi tnn complex . 

These wind conditions have been reproduced in a 1: 768 s cale mod~l 
·, 

of the Bay View Hill-staditnn complex , demonstra ting that the wind-flow pat-
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terns observed in the model are directly correla ted with thos e in the stadium 

complex , i.e. the prototype. Accor dingly ~ changes in the wind-flow patterns 

resulting from modifications in the model can be evaluated in terms of corres­

ponding modifications in the proto type. 

Approxi mate ly 150 di fferent model-wind flow situations have been 

examined . From the results obtained it is evi den t that elimination of the 

objec tionable features of the existing flow patterns , and a general reduction 

in wind sp eed within the stadium, can be achieved if both Bay View Hill and 

the stadi~ are modified as follows : 

Bay View Hill - Cut a slot through the south end of the hi.ll 

tangent to t he l e ft-f i eld edge of the stands or, 

remove the southerly portion of the hill . 

Staditnn - Partially cover the stadi u..~ with a protective dome extend= 

l~ bey~n.~. the _infield • . ~l:, e!"£et · a .vert.icar. screen. Qn 

top of the r im between 50 and 100 f eet high , or install 

vanes on top of the rim to deflect the wind vertica lly . 

Modifications which are not effective sing ly or in combinat ion include: 

Comp lete removal 6r reduct i on in elevati :m ·.of Bay .View Hill; partial 

or complete extension of the upper s cands around the out fi eld ; 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 conditions 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 cons ideration. 

Because the unfavorable winds in the ballpark are a direct result 

of the strong westerly diur nal flow of marine air into the Bay Area, the 

first objective of the investigation was to define by field measurements the 

unknown circulation pa tterns wi1:hin the ballpark originating from the 

westerly wind. The second objective was to detemine through use of a wind­

tunnel model of Bay View Hill and Candlestick Park the effectiveness of var­

i ous t errain and structural modifications in reducing the wind sp eed or 

changing the existing circulation patterns within Candl estick Park. An 

essential part of the latter objective was the delineation of thos e 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 I I is a deta iled account of the wind-tunnel model study, 
I 

Volume III presents the conclusions and recommendations . together with a 

non-technica_l summary bf the investigation._ ·· The motion picture shows pro to~ 

type wind flow patterns and model performance for each of the 150 combinations 

of configurations and wind directions studied. 
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CONCLUSIONS 

The following maj cr con lusions apply to the afternoon wind con­

ditions at Candlestick Park during the period April t hrough September. 

1. Two chara te::-istic and di s tinc tive wind f ow patterns exist 

within the s tadi.um . Thes2 are identif:i.ed as Left-Fi eld Contr ol and 

Souther l y Control. Le ft ~FL_ld Contro l occurs more f re.quently than Sour.her ly 

Control; one or the oth-2r predomL ates during a given afternoon . Approxi­

mately 70 percent of the wi~dy periods are accounted fo r by these two flow 

patterns ; over 90% are accounted for if minor variations in the two patterns 

a re inc lud•::d. 

2. The pr edominant flow app r oaching the stadium--Bay View Hill 

complex is essentially cons+-an t in direction and varies within narrow l imits. 

The two characteristic wind L .ow patterns within the stadium res ult from the 

diversion of the unidirectional flow by Bay View Hill. 
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3 . Only those onditions arising from t he uni directiona l westerly 

wind need to be considered f r::•:!! t he standpoi nt of wind contr ol within the 

s t adium. Conditions arising f :com other wind di rections occur too infrequently 

to b e of importance . 

4. Existing wind- low Fatterns in the stadium- - Bay View Hi ll­

comp lex and within the stad i. um i t~e lf can be r epr oduced in a sea.l e model 

with a high degree of r eliabi.l i y . Accordingly , the effectivenes s of various 

mode l ·modifica t ions for wi~d c n~rol can be considered r e presenta tive of equiv­

a lent modi fications made in t he pr oto t ype. Thus , potential changes in the 

s tadium and/or Bay View Hi ll can be evaluated in terms of their effect on the 

wind flow patterns . 

5 . Exi s ting disagreeabl e wind condi t ions can be allevi ate d to a 

l arge degre e by certain modi fications in the s t adium and Bay View Hill if 

taken together. Modi fication of the stadium alone is not sufficien t. The 

most favorable combinations of modifications in decreas ing order of effective­

nes s with respect to stadium additions are the following : 

Hill 

Cut thr ough south 3nd of hil l 

down to parking l ot l evel with 

axis paralle l to l e f t- fi ~ld e dg . 

of stadium . (See Fig. 12 

or 

Removal of sout h end f htl l 

St adium (See Fig. 13) 

a . Part i al dome over ballpa:ck 

Vertical pcrous screen around 
edge of up per rim. 

c. Deflec:or vanes on top of upper 
rim. 

down to parki ng bt l e·,·d . ' See Fig, 11) 



The hill modi.iications listed above eliminate the Left-Field 

Control flow so that the resulr:.L ng :flow is of the Southerly Control type. 

Furthennore, some reduc t:i.c,n in wind s pe.ed within the stadium is achieved 

through either of the hill m.::>diHcations with the cut being s ome what more 

effec tive than the sot:t.h en d r emoval. He.nee, hill modifi ati.on alone may 

be considered a pa·rtial solution to the wind problem. 

7 . Comple tion of exca 11ation on t he slopes of Bay View Hill in 

accordance with pr e sent plar:.s will not change the existing wlnd conditions 

in and around th~ s t adi t:m . 

6. The following categories of modifications t akeri. singly o·r 

in combina tion show either margi ns. l improvement or .no impcovement. In 

some instances the resulting wind conditions are less favorsble than at 

present. 

a ) Complete remova of Bay View Hi ll. 

b) Removal of the nor th 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 upr er 3 ands £or partia l or complete encirc lement 

of the ballpark. 

e ) Addition of s o l i d, porous or deflecting typa baTrier s across the 

left-field opeci ng or an extension of these ba~rie~s to enclo - e 

the entire ballpa=k. 

f ) Addi tion of de flec ting barriers on Bay Vie Hi · 1. 

8 



RECOMMENDAT ·o NS 

If steps are to be taken to co:'.ltro l t he wind pr oblem at Candlestick 

Park it is reconnuended that ~ 

1. Addition of a partial dome and modification of the s outherly 

end of t he hill should be givan first consideration a3 a remedy 

for the wind problem. This s olutio:;;. gi.ves the bes t r educ tion of 

wi nd s peed and gustiness. 

2. In t he event that the c onstrue ion of a partial dome is not 

economically f easible, consideration should be given equally to 

the addi.ticn: of va:ies or a vertical screen on the s tadtum rim in 

conjun_t:ion. with the modification of t he south end of the hill . 

3. A wind cont1·ol program based on the pr v ious recommendations 

should proceed ir: two steps : firs t, modify Bay Vie:w Hill; second , 

complete t he add :i.ti ons to the stadium. 

4. Before archlt9ct ural engineering plans are deve l opei fo r the 

above modifica t i ons , d~tai l ed model studies should be comp l eted t o 

establis h the op r:imum confi.gur:tt.ior.. of the stadi um addition as 

well a s the most effective. gra.ding p lan fo r ths c hang es in B,:1.y 

View Hill. 

5. Based o·, the exte:'."lsiv2 tests comple-.ted th·i.:.s fa r~ wind contrcl 

plans cannot be :rec cm,r,E:nd2d where such p l ans depend on:-

a ) Use of b£:.~-riers across the l eft field opening or around the 

entire outfie ld . 

b) An extension of the up per stands for either a partial or 

total enc los ur2 of th . stadium • 

. c) Use of barriers or other type de flec ors on Bay View Hill. 

d) Us e of blow,2rs to crea t e a deflec ting air stream. 

e) Comple t e ;.emcval of Bay View Hill. 

f ) Removal of upper portion r nor ther l y e!:.d of Bay View Hi.11. 

9 
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SUMMARY OF INVESTI GATI ON 

I. BACKGROUND 

The present inves tigation was initiated 2 March 1962 under ·order 

No-. DPW 60596 between t he Depart:r12nt of Public Wo:::-ks, Ci t y of San Francis co 

and Metronics Associa,tes, Inc . , Pa, lo Alto, C9.lifornis> .• M:r. Reuben H. Owens, 

Director of Public Works, repressnted the City of San Fr &£isco; Dr . W. A. 

Perkins 1 Metr onics Assoc:.:..at1=s, was Program Director . On th,2 same date a 

subcontract was estab l ished between Me t~onics and Colorado State University 

Research Founda t ion fo:::- the wi _d tunnel and modeling phase of the prog-ram 

to be conducted i ~ the Fluid Dynamic s and Diffusion Laboratory under the 

direction of Pr ofessor J.E . Cermak. 

Initially a one-year pr ogram -.vas contemplated. Howeve:c, because 

of t he need for: additional wo:::-k and the desi~ability for testing control 

measures not origina lly plancied , the investigation was extended five months 

without additional funds . 

II . TECHNICAL APPROACH 

A. Basic Cons.i..dsrations 

An overa ll technical a pproach t~ t his i r.ves tigation wa s devel oped 

i n 1961 based on the follo~ing considerations: 

1) The wind a t Candles!::i k Park i s contro llea by a generally westerly 

flow bu t its exa~c.: direction ove::- the s adi um complex ( including Bay 

View Hi ll) was ~c t kncwn. 

2) Wind-flew p~t t erns in and ar ound t he stadium were not known but 

were t hough t to be st~ongly dependent on t he mean direction of t he 

f ree air f low across the omplex . A slight shift from north of wes t 

to south of west would cause a rr..aj or change i n t he rela tive amoun t 

of a i.r flowing t owar d the stadi um along the northeas t and sout:hwes t 

sides of Bay View Hill and as a consequence caus e major changes in 

the c irculat:Lon pattE:n-1s within the stadi--m;. 

3) The effect:tvene:: s of poten tial wind- control t echniques coul d be 

determined on l y f 1'om app r opriate meas urements ma de on a. scal 2 

model of the stadium complex in a low-speed wind. tunnel. Thus, 

modi fi cati.or:. s i n bo th t1:ie stadium and upwind terrain ~ particularly 

Bay Vi ew Hill , coul d be made on a s ca l e mode l and their e ffect s on 

the wind fl ow could be measured . 
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4) In order to be cer tain that the model r esul ts would be meaning­

ful in t e rrn 3 c f '=quivalen :: behavior in the pro t otype stadlt.1"111 it 

was es s ential to demonstrate that exist i ng flow conditions in and 

around the stadi um w:::r-2 dupU.cated i n t he mode l. The importance of 

thi s corre l ation cannot be over- emphas ized. 

In accordanc'?. wi h the above cc:1s ider a tions the i nvestigation was 

divided into t wo majo·r par ts namely the Pr ototype Study and Mode l Study. The 

major phases of each s t udy are summari zed brie fly be low. As the i nvestigation 

proceeded it became evi den t thst the basic cons idera t ions were correct and no 

change in the overall techni al approach was r equired throughout the program. 

B. Prototyp e Study 

1. _Me teorologi cal Re f e rence Measuremen ts 

Wind sp eed and directioTI. wer e rec orded continuously throughout the 

bas eball seas on with r e s ea:c ·h type equipment located on the M-:::Laren Tank one 

and one-half miles west of Bay View Hill. These measurements showed the 

speed and di. recti.on of the air moving toward the stadium complex and were 

s uppor ted by per i odic m2asur eme.n ts taken on Bay View Hill itse lf. The fre e 

air flow observa t ions s-:: r•1ed t hr -=,e purposes : a) t o pr ovide a r e ferenc e 

direction for con :e la t icn wi th th-e circulati on meas u ements t aken in and 

around the stadium at s e l ecte d i mss; b) to pr ovide a corr elati on with 

cl imatic reccrd s i n or de!: t c r e la. tE; the current s eason wi th long tenn aver­

ages; and c) to pr ovide r c f er eG e directions for use in the model study. 

Wind sp eed and di r ect i on ,,,-er e also r ecorded continuous ly on the 

stadium s cor eboard throughout most of the 1962 s eas on. These r ecords were 

used primarily to establis h the f r equency of occur renc e of specific circula­

tion patterns i n and ar ound th·e s adi urn. 

2. Circulation Pa t terns 

Detailed meas u ements of the wi nd irculati.on pa t terns in and 

a round the s t adium ~ including the par king lot and por t i ons of Bay View Hill 

were made on 12 s e l ected days . The circulation pat t erns were bas ed on t he 

following types of observa tion: 

a) Wind sp eed and direc t i on with portable equipment. 

b) Wind direction f:-::·om c loth streamers at fi xed locati ons (41 ins ide 

s tadi u.m; 25 i n parking l ot) • 

c) Wind direc t ion f rom amoke plumes gener ated f r om cont inuous 

sources (6 - 8 min.utl::: dur a t i on) loca ted at s e l ec t ed fixe d positi.ons 

insid'= and out s ide the stadi.um. Smoke plume behavior was recorde d 

visually and wi t h movie s taken a t two or mor e locations. 
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Nonnal l y, £our or more hours of observation were taken each day t o define the 

circulati on patt~rns. 

3. Collateral Data 

Hourly wind s peed a~d direction da t a were obtained from the U. s . 
Wea ther Bureau, f edera l Offi · e Building , Sa .. Francisco, for the 1962 baseball 

season and for the co--rresponding months for the past ten years. These records 

provide a correlati"'n between downtown San Francisco and McLaren Tank data for 

the 1962 season and alao a correlation between the 1962 s1::ason and previous 

years at the Federal Off:tc.e Buildi ng. Supp lementary r e ords from Pacific Gas 

and Electric Company have also been examined. 

Systemat i c r epor ts were received from sp e tators ac t ending afcernoon 

games during the 1962 seas n. These repor ts included observations of. wind 

speed and direction durLng the game: a s well aa comme.nts on general conditions 

and degree of discomfor t fr m t he sp,~ctators polnt of view. 

Interviews wer e held w-.i. t h Mr. Alvi.n Da .rk, Gi ants Manager., and with 

several of the play,:;rs with regard to t he wind problem . The interviews were 

held with singl2 indivi duals a~d with groups in order to estima t e the uniform= 

ity of reacti ons a".ld th2 s ··rer:gt:h of individual convictions. 

C. Mode l St udy 

1. General 

All mode l studl22 we1:e ::onducted in a low speed recirculating wtnd 

tunnel with at st secti.on 6 x 6 x 30 feet using wind speeds 18 to 30 mph . 

For most of the observations a 1: 768 rncd-2 1 was used which included the stadiurn
3 

parking lot and all of Bay View Hill 9 a s shown in Fi gs. l .and 8 . On this scale 

the stad:tum i.s approximat,:: ly one foot across and the entire model is 6 x 6 feet. 

A 1~384 model of the. stadi um wf.thout Bay View Hil was used for those measure= 

ments requirlng greater stadium d tail and also to verify that the results 

obtaln2d were independen t of t:he sea Le used. Bot h model s were mounted on a 

rotating pla t fo:nn i.n the tunn e l floor in order to s t udy the effect of w:i.nd 

direction. 

Basic wind di re-:. tion.s of 16° and 3 ° south of west were selec t ed 

for t he model study because t h 2 flows at these di r ections w,2re characteristic 

of the observed prototype flows. 

2. Similarity Conaiderati.ons 

Be:cau.se of th~ s h ,,.1:p topogn1plrk and s _-ructural features of the 

local t errai.n and s t adi u:..rn. , Tit~an ,,wi.rid patterns are dE termined pri.ma:dly by 

the surface geome t t'j. Thus, s:i.mi.la·d. ty o.f mean- flow patt _:rns should result 

if the surface geome try i s s i.m:f.1-:1:-: fo r model and pro t oty pe. According l y 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 a~d 1:768 scale models showed them to be similar as 

expected " 

With the flow in the model being governed only by a characteristic 

length L 
m 

and a characteristic wind s peed U, the frequency of wind gusts 
rn 

in the model f 
m 

is related to gust frequency in the prototype f as £al­
p 

lows : 

f 
m 

L 
=~ 

L 
m 

u 
m 

u 
p 

f 
p 

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 a model limited by the wind-tunnel dimensions. 

The topography was constructed by cutting sheets of plywood to shapes de termined 

fr om a contour map of t he area. The sheets were stacked in proper order and 

the steps between successive sheets were smoothed 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 o 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 ho t-wire 

anemometer. A reference ai r speed was measured above the model at a height 

where the flow was not influenc ed 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. 



I II .. SUMMARY OF RESULTS 

A. Prototype St~dy 

1. Air Flow Approaching St adi t.:.m Complex 

14 

Results obtair.ed at ~he McLaren Tank meteorologica l reference sta­

tion clearly show that the ail· ap p!'oaching the st.s. dium complex is r:ema r kably 

uni form i n direction du- :Lng the aftern:::icn h0ur. t hr oughout t he baseball sea~ 

son . These r es ults are summari zed in Fig . ~ i~ terms of the median ( 50%- ile) 

direction and r ange of direc tions based on ha l f - hour ly averages between 1300 

and 1800 hours PDT. The medi a~ di recticn and direc t ion of maximum freq uency 

are equivalent for pr actical purposes . As shown , t he direction range fo r each 

month inckdes 90% of all cases, L e. the. 5%-ile to 95%··ile limit.s. The 

following points may be noted i n ccunec tion with thes~ results. 

i) From Apr il to J une t he direc tions sh ". ft slightly into the south 

but remain esssntia lly constant for the ba l ance of the season . Thus, 

the predominant or median di .reetion char1ges from 4 ° sout h of west 

early i n the s eason to 21 ° south of west. 

ii) The 90% range in Ap r il and May i s app:a:oxi ma t e l.y ± 22° and is 

less than half this value in t he following months . 

iii) Fo th the wider rsnge and mo ·e westerly direction in Apri l and 

May are the co!l.s >.::que:c.-::e of f ror..ta l passages-. ruring the later 

months t he wind flow is less a ffe ~: t ed by fror..ta l activity a.nd is 

cont::roll.ed p;.· imar ily by the diurnal marine flow into the Bay Area. 

iv The McLa-:::-e~ T!:l.r.k wind sp eeds exceeded 15 mph during t he af ter­

noon hour s over 85% of the t i.me; he:1ce, as expected, the uniform 

wind di rection is as soci ~ted with moderate to strong wind s peeds. 

v) The u.-riiformi ty in direction i s in accord with the U. S . Wea ther 

Bureau data (Federal Office Bui l ding); the monthly ranges cannot 

be compa ed direct ly because of difference s in meas urement t echniques . 

2. Circulation Patterns 

a . Effec t of Bay Vi ew Hill 

Although the flow of air ap p·roaching Bay View Hi.11 as well as the 

general flow above the hi l l i s essenti a.lly unidirec t ional, there is a well 

defined separation in flow a t low l evels. F~guce 3 show3 t he characteristic 

flow dis tribu tion around 'Bay View Hi ll. Its major featu·res are as follows : 

i ) The mai.n -:1 5s of the high12st portion of Ba.y Vi ew Hill r idge is 

oriented 20 ° riorth of wes t:;, hence the predomi nan t flow approaches 

the hill a apprcximate l y 40 ° south of the main axis. 



ii) Along the southwest flank of the hi ll t he flow i s directed 

upward and is car~{~d over t h top of the r i dge in approximate ly 

the same direction s.s the fl ow a loft . Fl ow a:::-ou.nd the southerly 

end of the ridge is diver t ed slightly more s outh of west than the 

main flow . 
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iii) At the northerly end of t he ridge, the air is diver ted and a 

well defined f loH is directed towa~ the left fi e ld opening in the 

s t adium. This f low is relatively shallcw and does not extend above 

the ridge line. Its s peed is comparab l e to that of the air approach­

ing the hi 11 . 

iv) Between the stadiwn and the hill t he flow is parallel to the 

hillside, i.e . along Jame stown Avenue. The speed in this ar ea is 

r ela tively l ow . As expected, a s emi-ststionary vert i cal eddy per~ 

sists i n this regio~. 

Inso far a s the condi. tiorLs wi t hin the stadium are concerned, the 

significant effe~t of Bay Vie Hill is to produce t wo po tent ially controll i ng 

wind directions ac:::-oss the stadium. One is f rom t:he diverted flow originating 

at the nort he:.:-ly end of tbe hill. The o her i s f r om the flow carried around 

the southe·cly end of th2 hill and sq::proaches t he stadi m f r om approximately 30° 

south of west. Although th2 position of the stadium is i n line wi th the 

app roximate wind shadow of th~ hi. 11, it i s fa r enough r .moved to be in one or 

the other of the two flows a round the hill. 

b . Circula.t i or.. wi t hin the s tadium 

Two charac ·eri.stic a.nd distinctive circulation patterns deve l op 
I 

within the stadium a t wind spee .s (measured on the scoreboard) greater than 

10 mph . One resul t s fr om the f l ow of air a l ong the northeast side of Bay 

View Hill which enters the stadii.nn through the l eft field openir.g and is 

referred to as Left-Field Control. The other pat ter!l i s associated with air 

entering the staditnn from around the southerly end of Bay View Hill and is 

referred to as Southe· ly Cont rol. These two c irculation patterns are 

described briefly below. 

Left-Field Q.QQ..L<?.l • The flow pattern assoc· a ted with V~ft- Field 

Control i s shown s chemati cally in Figs. 4 and 5 . Air enters the 

stadium north of section 32 (upper stands and diverg es into two 

principal streams i dentified as A and Bin Fig. 4. Stream A 

pr oduces the persistent strong flow from left to right fie ld . 

Stream B, a pprox.i1:na.tely p3.t'al l e1 to the third base line ~ continues 

across the p laying fi e ld , is carr i1:: d upward on reaching the stands 



and l eaves the stadium over the rim between sections 5 and 13 

(upper stands) . St ream Bis r es por.sible for local circulation 

within t he stands as fo llows: 

i) Strong and persistent vortices are formed at the north end 

of the upper stands c ove~ing sections 26 to 32. 
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ii) Stream Bis split on reaching the s tands beyond home pla te. 

A steady but rela~ive ly low speed fl ow extends from section 5 

to section 18 (lowe~ stands) in the area beneath the upper 

stands. Between sections 11 and 23 (lower stands the flow from 

Bis directed t-oward section 23 parallel to the rows of seats. 

However, this flow is i~termittent and occasionally inte:::-rupts 

the ma.in flow in t his area coming directly from the field . 

Characteristi~ direction changes are i ndica t ed in Fig. 4 for 

section 23 (lower stands). 

iii) In the upper stands t he f law is clockwise under the rim 

with decreasing sp eed toward section 20 . 

iv) At the bo ttom of s e.ction 1 (uppe r s t ands), the speed is 

high and t he di:::-2ction a l ternates rapidly through 180° . The 

direct fl ow fr om stream B shifts the direc t ion toward section 

3; the r e flec te d flow shifts t he dir .ction towar d section 2 . 

v) At the right fie l d end of the U?per stands the sp eed is 

high and the direction changes in a similar manner to that in 

section 23 lower s~ands. 

vi) At elevations varying from 50 to 200 feet above the stadium 

rim behind home plate , air flows toward the outfie ld; normally 

this air r emains s epara te f rom the flow within the stadium . 

Southerly Co!_}trol. The. flow pattern is shown schematically in Figs . 

6 and 7. Ai r enters the stadium over t he rim be tween sections 4 

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 t he line of cont~ct moves out toward second 

base. Large-scale vertical eddie s i n the downward flow carry 

par t of the incomi ng air back into the upper and lower stands. 

After contac ting the field the flow is tcrward the outfield and 

is divergent. At high wind speeds t his out ward flow ha s its max imum 

sp eed in the lowest 100 feet. 

In the far left field and right field stands the flow i s par­

allel to the rows of s eats and is directed toward the ends of the 



stands. Speeds are greatest near the outfield ends particular l y 

in the right field upper stands. 

•Certain general remarks c an be made regarding these two flow patterns. 

i) During any aft2rnoon one or the other of these two patterns 

predominates , It is unusual to find bo hon he same day. 
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i i ) Left-Field Control occurs more f~equent ly than Southerly Control. 

During July, August and September 1962, the percentage occurrence of 

these two patterns during the afternoon is a s follows (scoreboard 

wind speeds greater than 10 mph) : 

Left-Field Control 48% 

Southerly Control 

Intermediate 

Other 

20% 

19% 

13% 

The intermedi ate condition is similar to Soctherly Control excep t 

t ha t t he air enters the stadium over the rim north of section 10 

(upper stands ). The resulting flow pattern is comparable to bu t 

l ess well defined than for Southerly Control. In a pproximately 13% 

of ca ses, a ir enters the stadium from the northwest but genera l ly 

at speeds between 10 and 15 mph. The resul t i ng pa tterns are sim­

ilar to those for Left-Field Control. 

i ii) Although the maximum wind speed (43 mph) was associated with 

Left- Field Centro , str ong winds (grea ter than 25 mph) occur with 

both Left-Field and Soctherly Cont~ol. 

iv) The schematic diagrams (Figs 4-7) indicate the average pattern 

f or the two flow conditions. Fl ow conditions a r e not necessarily 

constant throughout a given afternoon and may vary about the average 

a s drawn. 

v) Data from specta t or reports confinn the existence of the two 

circulation pa t erns although none of the spectators recognized 

t hat an organized and persistent flow pattern was present. 

Spectator discomfort during the a fternoons was not l imited to a 

specific flow pattern nor to a specific wind condition but dis­

comfort was greater at higher wind spe eds . Wind variability, 

i. e . gustin~ss , was secondary to the unpleasantness associated 

with wind spee ds in excess of 18-20 mph. 

vi) From t he i nterviews with players and others regularly at the 

s t adium, it i s evident that certain f eatures of the flow patterns 

a re recognized bu not the complete circulation pattern for the 



two typ es of con rol. Apart f r om the ger_eral obj ection to strong 

winds and the chi. Hng whi.ch resul s ~ three specific flow features 

are particularly troublesome to the players. These are the strong 

flow along third ba:3e line toward home pl ate, the cross flow from 

left to right field and the strong flow toward the outfield 

resul ting from Southerly Control. 

vii) Based on the above cons iderati ons spec ific objectives for 

suitable wind contro l measures i nc l ude: reduc t ion of wind speed 

within the stadi um by a factor of two ; r educ tion or elimination of 

the third base flow and left to right fi e ld flow; elimina t ion of 

the downward flow from rim to field under Souther ly Control condi­

tions . Obvious ly the control method s hould no t introduce equally 

unsatisfactory condit i ons from another direct.Lon. 

3. Wind Speeds Wi.thin the Stadium 

Wind speed meas urement s taken at the scoreboard show the following 

percentage distribution of wind speeds during the afternoons from 1300 to 

-1800 hours PDT. All s peeds are based on 30-minut e averages . 

Wind speed r an_g_e_(mph) Percent of occurence 

10 or l e.ss 16. 9 

11 - 15 

16 .. 20 

21 - 25 

26 - 30 

31 - 35 

36 - 40 

greater than 40 

B. Model Study 

1. Correlation wi t h Prototype 

a. Bay View Hill flow pa t tern 

29.2 

23.3 

17.8 

9.1 

2. 7 

0.8 

0. 2 

Measurements ob t ained on t he 1: 768 mo de l are in excellent agree-

ment with prototype observations both in the overall flow pat tern and its 

essential details. 
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Model tests included wind s peeds f rom 10-30 mph and dir ections from 

16° to 31 ° south of west. A t ypical comparison b 2tween mode l and prototype 

observations is shown in Fig. 8 fo r condi tions corres ponding to Left -Fi eld 

Control. 

Surface str eamlin s clear l y i how the flow s eparation at the northerly 

end of Bay View Hi ll and the s trong flow along the northeas t side of the hill 



which enters the stadi~m at left field. Flow ar ound the souther ly end of the 

hill is also present and be comf:s mo:re pronounced at ar. angular orientation 

corresponding to 30° south of west . Local tur bulence wi th large vertical 

eddies is found be tween the s tadium and Bay View Hill. Smoke released in the 

wind tunnel shows that the flow over the ridge line c orre sponds c losely to 

that observ·2d in the prototype. These and other aspects of the Bay View Hill 

flow pattern described in s2ction III A. were r eproduced in the 1:768 mode l 

and were not significantly different over the. wind speed range of interest. 

b. Model -p rototype wind correl~tion within the stadium 
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·Streamers were placed at various locations on the playing field and 

stands in both the mode l and prototype . Figu e 9 shows the a7erage direction 

of these streamers on the playing field and lower stands for the typical Left­

Field Co~trol flow (mean wind Wl6°S in model ) . Comparison of the wind direc­

tions for mod2l and pr ototype as indicated by the arrows reveals exce llent 

correlation in the general circulation patterri. . Local differences in direc tion 

for the streamers between home plate and the . tands is not signifi~ant because 

the extreme variability of winds i n this region make the directions indicated 

somewhat uncertain. 

Figure 10 illustrates th e ballpark f l ow patter n for the case of the 

Southerly Contr ol flow (me an wind W3 °S in model) . Again there is excellent 

agreemen t betw~en the mode l and pro totype flows. Some differences app ear to 

exist i n the infield , but the ~~ are again judged to be ins ignifi a~t because 
I 

of the extreme variabili t y of wi nds in this r egi on . 

Excellen t model-pro :otype agreem~P- t for both types of f l ow, Left~ 

Field and Southerly , was obs erved in the upp er stands of the stad itnn in terms 

of the overall pa tterns as we l l as the detaile d charac teri s i ca of t he pa ttern. 

For example , the 180° r eversal in direc tion noted at he bottom of section 1 

in the stadi um appeare d in the mode l. Further, th r eversal fr equency in the 

model at this location wa s a fraction of a s econd and appro i ma te l y that 

expected based on the scale factor used . 

2. Mode l Modifications 

a . Speci fic objec tives of modifica tions 

With the establis hment of mode l-pr ototype flow similarity for both 

characteristi c flow types, a serie s of modificat ion~ of Ba.y View Hill and/o :::­

the stadium could proceed with confidence tha t the res ul t ir.g wind patterns 

observed in the mode l would be r epresen tative of po ~en ial protoLype winds. 

Mot ivation for some of the modifica t ions stud i8d i n t he mode l re,:;u. lte.d from 

ad hoc suggestions made by various people to t he City of San Franci.sco and by 



various individuals working on the scudy ; however, most of the modifications 

studied were the result of a de finite effort to ac ~cmplish three objectives. 

Thes e objec tives were to e:.iminate the str ng flo'W from l e f t to right field, 

the strong flow along third base line toward home plate under Left-Field 

Control and to preven t air from flowing downward from the ~tadium rim directly 

onto the playing field under Southerly Control . The modification plan also 

included an investigat:on of the effec ts of stadium and terrain changes which 

might be made in the future f or reasor.s ot her than wind control. Thus, addi­

tions to the stands to i n :rease seating capaci ty and par ial and complete 

removal of Bay View Hill have bee~ inc luded in the program. 

b. Summary of modifica .:1.ons 
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Al l of the modifications of Bay View Hill and/or stadi um were studied 

with wind approaching the mode l from either Wl6°S or W31 °S. Details of all the 

resul ts canno t be given her~ b~t are discussed in Volume I of this Report. 

However, the following t abulation lists the type s cf modifications studied. 

The degree of success i n a _hieving all of the objec t ives listed in the previous 

paragraph is indicated as good, fair , or poor dependi~g on improvemen t in both 

Left Field and Soucherly wir1d flow patterns and red11c tion i r. wlnd speed within 

the stadium. 



SUMMAR': OF MODI FICAT 0 . RESULTS 

Bay View Hill Modifications 

1. Unmodified 

2. Hill removed and 
graded to parking lot 
elevation 

3. Hill slopes excavated 
to final s tag e of presen t 
grading plan 

Stadium Modifi cations 

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

b. Addition of s lid and porous screens 
around arious portions of ballpark. 

c. Addition of porous s reens around 
top of upper stands. 

d . Addi tion of solid and porous screens 
on hil l. 

e. Addition of t urning vanes on top of 
rim for vertical deflec tion and vanes 
across left field opening for horizonta l 
deflection. 

£. Addi tion of turning vanes on rim with 
and without extension of upper stands. 

g. Addi tion of p~rtial dome overstadium 
extending beyond in~ield. 

a . Unmodified 

b. Extension of per stands to Se s. 
34, 44 and complete enclcsu _e. 

c. Addition of s olid and porous screens 
aroun d various portions of ballpark. 

d. Addition of porous sc reens around top 
of upper s t.and. 

e. Addition of tu=ning vanes on top of . 
rim for vertical deflect "on and vanes 
across l eft field op ~ning for horizont al 
deflection. 

f. Addi tion of partial dome over stadium 
extending beyond infield. 

a. U!1I11odi fied 

* Good for Sou herly Control conditions. 
** No significant change in present wind conditions . 

21 

· 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. Cu t through south end 
of Hill - V-shape 

Stadium Modifications 

a. Unmodified 

a. Unmodified 

b. Addition of porous screens around 
top of upper s t ands . 

c. Addition of partial dome over 
stadium e;{tending beyond infield. 

a. Unmodified 

b. Addi ti on of porous screens around 
top of upper stands. 

c. Addition of turning vanes on top 
of upper stands with and wi t hout extension 
of upper stands . 

d. Addition of par tial dome over 
s tadiurn extending beyo.:lJ infield. 

a. Unmodifi ed 

b. Addition of screens on top of upper 
stands. 
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Effect 

Poor 

Poor 

Good 

Good 

Poor 

Good 

Fair 

Good 

Poor 

Poor 



3. Elimi.:nation of L'"::it-Field Flow Chara ~ceristics 

Of all th'?. modifications studied, only excavation of the south end 

of the hill or making a cut through the south end of t he hill as shown in 

Figs. 11 and 12 effective l y eliminated Left~Field flow haracteristics with­

out introducing equa lly unsatisfa ' tory conditions no subject to control. 
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Both of these hill modi fi ations allow a current fair to pa"s around the 

south end of the hill, intE.rce i;- t the current of air flowing toward the stadium 

along the no theast side of the hill and d.Lvert it away f rom t he stadium. The 

interaction of the a ir streams shown in Figs. ll and 12 prev nts strong flow 

onto the playing field from the left-field s ide. In effec t, these hill modi­

fica tions elimir~a te Left ~Field Control and introdu:::, e a pe!'~istent Southerly 

Contro l which can be reduced or e liminated by othe r means. 

The possibility of using blowera to divert the air flow into left 

field has been investigated. and does no t appear f easible or practical. Apart 

from the formidable engin2ering problems invo lved, the power requirement is 

excess i ve. 

4. Elimination of Southe:r ly Flow Characteristics 

Elimination of thE. downward flow fr om the rim to the playing field 

and a geneTal reducti o!l in wind s peed8 within the sts.dium associated with 

Souther ly Cor,trol was attainred by the modifi(: :1.tio!:a listed be:olow and shown 

schematically in Fig. 13~ 

a. Addition uf par tial dome ov~r the ballparkex~end ing 

beyond t h2 infield. 

b. Addition of a 50- 100 ft vertical porous screen round the 

top rim of the stadium. 

c. Addition of va~es on the t adium rim to turn air upward 

upon passing over the rim. 

The relative effe tiveness of each stadilIDl modifica t icn is indicated by its 

pos ition in the above lis t-~ a partial dome was most effective in reducing air 

speeds and gustiness. 

In addition to the above modificatio~s for controlli~g the conditions 

ins ide the stadium, small wi.nd bar riers probab ly wo ld be r equired to protect 

exterior walkways around t he sou·h end of the stadium. However this is a 

minor wind problem and .an be corrected with sim le s tructures. 

5 . Modifications for Optimum Solution to Wind Problem 

The studles show2d c onclusively that in ord _r to ob tain a solution 

to wir.d problem produ~ed by both the southerly and left-field flow r egimes , 

a modification of both Bay View Hill and the stadium should be made. Tha is 
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to say excavations on the souther~y e nd of Bay View Hill should be accompanied 

by the addition of a dome or screens or vanes to the s tadtum. 

Figures 11 , 12 and 13 i ndica te the scope and overal l nature of the 

mociificB. tions required to achieve e ffec tive wind control 3 but are not intended 

-to show these mcdtflcations in their final form. For example, existing roads 

antl stadiu.~ approaches would have to be onaidered in eve lop ing the exact 

grading plan for the south end of the hill in order to r each a proper compro­

mis e betwe2n cost, app earance and wind control effectiveness. Likewise, the 

suggested stadium additions are s ubj ect to similar compromise. In par t icular 

the dome as tested, based on a preliminary plan submit ed by Mr . David Miller, 

is probably larger than ne · essary . In the pr.slimina ry plan the dome ex t ends 

192 feet beyond heme pla te . I t appears likely t hat the dome would be almost 

as effective if it did not extend beyond s e ond base ( i.e. 128 feet from home 

pla te) and covered only the portion of t he stadium bounded by the upper stands. 

-rn this case an ext,=ns ion of the upper stands ·would not be necessary although 

~a barrier might be required in back of sections 24 and 26 in the lower stands. 

As pointed o~t abov , the unfavorable ccndi tions a ssociated with 

·Left-Field Contr ol an be e limlnated by a cut through Bay Vlew Hill or by 

-r emoving a portion of che south end of thE: hill. In. general, th_ latter is 

somewhat less effectivE: tha:-, ::h e forme r if no sta dii..'111 modifications are made . 

Since the hill mod.ificat{cn is required for a comple te solution to the wind 

problem and is a partial so"ution by itself, the logi=al first step toward 

al leviating the present condi t ions i s t o proceed with th~ hill modification 

first. 



Fig, 1--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 di r ection 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 i n terms of the median (50%-ile) and 90% l i mits . For example, 
the median direc tion during August was 21° south of west and 90% of the t ime t he di r ection was 
between 11° and 30° s outh of west . Directions measured at McLaren Tank , 
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Fig. 3--Characteristic wind flow pattern around Bay View Hill based, on field observations during the 
baseball seas on, 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 pa ttern within the stadilnll, A second characteris­
tic pattern results from air reaching the stadilnll around the southerly end of the hill, 
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UPPER STAND 

SEC. 
I 
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\ 

Fig. 5--Wind circulation pattern in the upper stands under Left-Field Control conditions . 
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LOWER STAND 

Fig . 6--Wind circulation pa t ter n ·in the lower stands under Souther ly Control conditions . 
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UPPER STAND 

\ 

\ 

Fig. 7--Wind circulat ion pattern in the uppe r stands under Southerly Control conditi ons . 
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r-Wte ec-eN 

Fig. 8--Characteristic wind flow pa ttern around Bay View Hi ll based on model measurements at a mean 
wind direction of 16° south of wes t . The stream lines a r e superi~ osed on an aeria l photogr aph of the 
prototype for comparison wi th Fig . 3. At 16 ° south of wes t t he characteristic Left- Fie ld Control wind 
pattern deve lops wi t hin the stadium model, Appr oxi ma t e bounda ry of entire model is shown by dashed line , 
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LOWER STAND 

\ 

\ 

Fig. 9--Comparison between observed prototype and mode l ~~nd f low patterns i n the lower 
stands under Left - Field Control conditions. 
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LOWER STAND 

\ 

Fig . 10--Cornparison be tween observed prototyp e and model wind flow pa tterns in the lowe r 
stands under Southerly Control conditions . 
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1,453JXX) 

447,000 4 48,000 449,000 

Fig. 11-Bay View Hill modified by r emoving southerly enc . With the end removed the general 
wind pa ttern is altered to give a southwesterly flow across the stadium. As a consequence the 
flow norma lly entering left fi e ld i s diverted away fr om the stadi um . Contours and 1000-ft grid 
lines ar e from topographic map provided by Director of Public Works. 
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447,000 4 48,000 4 49,000 

Fig . 12--Bay View Hill modified by cutting through south end . Air flow t hrough cut dive, ts 
left field flow away from the stadium. Cut is approximate l y 100 f ee t wide a t the bott om ; slopes 
are 45° . Contour s and 1000- ft gr id lines a r e f r om map provided by Direc t or of Public Works . 
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A 

Fig. 13--Stadium modifications for the 
elimination of Sout,erly Control conditions, 
a) Partial dome ac _os s stad ium. b) Vertical 
porous screen around existiag rim, c) Vanes 
on rim to provide vertical de flection of the 
ai r acr oss the stadiLml , 

Location of screen 
on rim not cr itical 

B 

SCREEN 

Indicated vane separation 
is approximate 

VANES 
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