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E'NIROIiME: ITAL STUDY METECROIDGY
$
!

I'1TRODUCTION

PURPOSE OF EEPORT

The purpose of this repcrt is to present the available data and the analysis
thereof in regard to diffusica cli=atology for the vicinity of the proposed
n ;1 ear power station (Midland, Midland County, Michigan). A detailed in-
y estigation has been =ade of existing weather data frc= Saginav Airport
(Tri-City) and data frc= the Dow Che=ical Plant at Midland, Michigan, which
is adjacent to the proposed nuclear site. These data are used in esti=ating
radiation dosage in nor=al or abnor=al plant cperation. Wind lead design
criteria are also developed.

CRGANIZATION OF THE IINESTIGATION

The basic ai= in this investigation has been to acquire the relevant =etecrol-
cgy data, to asse=ble this data into suitable analytical fe m , and then to
interpret it as it applies to the safety analysis of the nuclear pcVer station.

SCCPE
o\; (/) The scope of this =eteorological i=vestigatien. includes the folleving:

/

- A description of general weather conditions.

- Analysis of diffusion W Atology based on available data.

- The develep=ent of the folleving diffusien =cdels:

1. The two-hour model.

2. The one-day =cdel.

. 3 The 30-day =cdel.
i

4. The " = 1 model.

- Discussion of ster =s and tcrnadces.

- Discussion of design vinds.

- Conclusions and recc==endations.

SONAAT aid CONCLUS'.'ONS

The =etecrology ar.d the diffusion cH-ntology of the .41dland site have been
- (mO- ') evaluated to provide a basis for esti=ating the effects of release of vaste

gas, esti=ates of exposure frc= a postulated accident, and design criteria
for stom protection.
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2A-1 A=end=ent No. 2

L V28/69



Ii',,

~%.. . .?f i 4 7 g .4 .e 4 . a 45 *b. a e IC.'^. " .%. . .# .". s ', .' ' ^ .# .Y i ^ .". 4q' n .+ %.. .c.7 n , l ' ".d C .#*
. ~ . ~

re
auj . . v.. . .. .

.

. m c. ca c. , .. y.a. .u.. . . ,. e n .e.5-T ~. 1 4 a .e .T.,u e. 4 ., .g. . y . + n %. cg . e . n. + a. a u, y .' g n. . c. o_a..A .
a. = j.~ v u- .. .su ov ,

U k a a. .,. p c , ._1n 2 a. .r.c . p b . v, * b. a. r w a c +. 9..'e. u. e-'v...+ b., "< c- - .h. .* ;f.r. a. . b..a . .
.,, ,r

. .- ..
n ..a a .aa .. a.- mv .. -e.~ -..c

m..,,. c .a o _7 m x .4 .r.u. a. 4 .. + .s. a. ,,- 007,
c .m. a. n 1 . a .4 .

3
. c. v v .. ,M 4 m. .. w _ .

nw,cm . . . v w . - .. - a. -~. . . . .s
.

... . - m . . . .

.s,,~.%. mv..w4. .n.e o w r ,- .,: ,
%..... c.m . . .u .e o. . . , ., 7 3 , , . , . , . _ --

y. ..y ~..c., c,
.....2 . .. . u . .:.;- ...a . u. - . . . . .

y--. e, _. .i ; ~~ ,a.o. %. . . . ....~...1. e 2
m, ,.:....1., .m.,...., .m ...,..m .o.... _n, .r ... s. m.

, .,c : mm . 2
..; . .. y . - . . . , , . , .j

., ~: 4.. t.. - , . . ... ;. ..u .r -~ .r 3 , , ., , . u~,. . . .a. . , , . . . , . . .. .c , 4.. ...r.... , , , ...,%,..,m..-,
o I-- v. m.y . , . . - . ..

c m. .' 7 4 .r e .r a-~ . s. ' r, ,%. 9 . 4 . .a,. . .j. ,m , .. <. v .

e.+~n...,..p 9.m pm ym
,

.u w.

h. . + .c 4 u. a.
*

. . .c a-. u .c . . a.l . , . .e 4 an+o n.+b ./441nra, n. 4 m. . . . ..r.. ,. . .a m. 4Aa- . .r. 4 c. . a. a.;
.

j a... a-.~ -. --.- . . .a ~ ..~ ..

n. a- .k..n 7.4 r .~k g E ac+a.3+ a .4 .M. .1 g + 4 r .r. .n.v, 7.f , o +~n ' .... .%. T. A.
m Ayv m a w _3.7 ..-+a-+4 + 4ug . -. - y u

?4.., (' ~cg.m..r.g. ?) en ~ . .cr . . %,. o. e .. .:n.g . 9,, . o-* 4
. u . .~ %r m, n.a .7 7y _i n m. a; 4 e. .n.,..a. a. n e*.j c ev a. - ..

~ + , b .4 _7 4 * " C '. *. a. .c,^ " .4 e c ''d.".e'"..'."."~a"'e ~.. a. *. '".O u . "..*~a .P, v"w" "_' +v a 'a'a. ." a. ~. w' ".~a " -- ~#. - . a
d ^^ '

avu og . .. a .

nk?a +, , h.4 - n. . a. +. .%. u ,. c. c ~ a. o +. a .n. +. .- .
A

. . .~ _r.- v.h. n _i3_u . o .c . u a .c.~a ,., 4 e a. .~., n +. _> ann ,

..~ ...m ma..n .

-- -v _

a. x, .,,i na a 0 .c e ra +-a + v, u~v ns .a.~^"~+ .4va. "^"."e " v.4 ..o * u .". 4w".a. a . a *4'4*"c - * *
a . - - . . ~ - . . ~ .,

( y,, % . a .~ - . s ' M.. , . h. . . . * ".. .e e d.' '_' , +. M ~. +a 4 ' 4 * 'j c ". * .%. .a 4 cm k _...,,+ m# y --.- +. .mm
., . .~ y

.c .4 c + c2 . e . .~..d .Ya"a ". ba.d .3 a ' b.4 ' x ~j a .a. ~^ .d a. s a" , .? . - - . ".'.c ."'.''."_''*ed... --- . - -+ 4 '

w. . 7 .

,, ,,,a. , ,
e. .a m.u a c a , n.a , 4 . u. .n n.a. ,, . a n. ] , a. .m. . a-. +. a

,,
..a a.,, ,,- z -- . . . -- _ .. v a. . ~ -a ~.

. - 4 . , a. c ~.., ^ a n*.."a * 4 " n o , 4" *, as a .# ~.. m~4cm- " " d i e a n _~ . T.ha.w o.
. m - .~._ 4'<e c^n-''*

. . o
-

,a -- , . . .cc eo. ,". ca* a#. " a- * L. . .a. "a. 4 ".a+ e d. k." 4_+ c "y ~,.,' a 4 ' 4.*sv c.' cc -
4 k

- -. - s .. . % s .

' ^# * n' e~. ~. . c a " A c'.4".4du by a di_'"*4^n .'a^m* ~. m* .2, d"e *.o +.b.e a'.'a~.. . .
.

- - . . , - a. .

v'Q o# _1 9 x a'.O-" a,/.~. 3 a . + n' a. e.v. _' u s 4.c n%. 4 _, a ' .".e , *s o 3 4 "e a n ave."m' ca. m""."_'"- ~ < cq, .

bcandary (500 m).
4..c,,4
t
N-

a. u.r. cur v.GUP t".C"r 7v . u . m . ~

r ., + %.. ,, 4 a - ., + w - 4 d a * *. 4 .#4 a d. a o- da. .c ^.".4 k a. d ab^.,ve, _' 3 da"o w a. .~. s a. .'. a a. *, e d.e
. ... . -~ .~ a a a . -. w w - s .

frcm wh:.ch to develop the 2h-hour =cdel. Selection vac based on thase having

u.e.$.a. s +. #."a. q"~m. a '/ Pa o~g'".4 ' .' "va'%a w ~, . a"_d * h. b 4 gh. . .e.+ .#.~. ^e" e w. . '/. %. ,,4, ^# r
. m. . .

nc. vi .

p g .~e . .% e m v .4 1 3 ,g t a. e-n.4 a g neA . * 4 r A. S. 1 . p . u. -uu ..u .c . + % a. c a fgs .e., . .a. a. gya. p na. A. .ca gauanhvu .u a . e
. a. 4 c .7 . 'oa *. d .4 ." a. ^. * 4 .. w_4*b * M. b .4 -ha. " *v a .' b .4 ' .4 + f' a a *v e -'u'.''/ (' .' ,.', w a a* *. d 4 .#.P .' c 4 ' n ')44 * **

.v .a ,- u e a . e v.u

C' n.;~a... %.~a v o. c.r +>n~. . . t e d u.4 a n ~ 4 .- e.A oy.a.Aa n +.%.. . _1CVa. a. . 4 e.#'. 4, ~a oee na no , .a gaa - . .= o n v . . . -w a. a

,.. n 1 , v 7 , + a a , ...v._7 4. .f n.1 4 e. k.f +h.e 3+4m C. +%A o e . ,e o =- ,,g.m.%. ,e .c k.~ p a c C, ,n *. .i m. , ~, l snc. - m . .. -.~ . -- m m y v ..~ -

(~i.q / % ) a .4A_4 a,+.c.n. n. , .c m... + %.. 7*s.a n .. cL v.m -..: .4 ..n. ra. . . ; ,j- -. av.44ea44.e n .p_ ,
e. n, sa

. .. ~s . au ~.

. C 's. ^ ." ^ #. h.0 **+b a. v e..l " S 4 "k ,- ..% A 4 _1. , + 4.0.7 # b ""d'.""s v'# A".O * O e .4 ". a. a.r vO -- . .

-

v s. -v ~ -- , . . ~

X 4 -5 f..3
-

a vC." 1 e'a. .l' .'n" ."_' j' ' n' .( W,O< 3.a,-
G o.

, . - . ... g,- -.L : L. .=. a - uc. :.

~'%. .r. 4 .r a m. .~ r. +. .b. e e~b + n 4. m o .e.e. g3*a e a a. t., .e a A-- *me c. + a . 4 7 4 + .,, a. o + a m .fnk . .,g. . o. , _ a
.a ~ .v-- ~ . ,, , . -

a . s. ~ s .. . --. .mm., e . . . . _..,a. .a, 4--., mm . .e + %.. o,.w. m ..~ . w.. ..-<a 44,- .,o....~ ,.,. . w u. .~- . . -

m.a + u. 4 r t,,,.~. : c r . a. . w . % .m.4 ,weueat ,.. #4.,4./, c,a.e m ., -a.%w ,, ,
. ._4 - a . s~c. .o , .o a., . age-m . .- .~ - v ev ,. o mu

_,,~~,u..e m ,m 4.,e ,~.,~,a.m .n .u . - m. . m.u . . a. n . , ,c~..+.,,.+ , ,me. ,, sa., 3 - v. . n s.~ m ev _ . . - - . ..- ~ ~. .

4. . . a Aog g .,.,,
ca ~ . u"- o , + h. h.4 .9. o^ +. .~.~~usu".'-f ."."e ^g" a ". y" c .' a ..j" v ~.. "n .4 ".d M. ." a a. *. 4 u

* "' + ^. . - ..e ,, u . x . .

. .a .e .' o., " a. . . a. n *. . "uYa .e , * u.. ^ C ~ .' a . e d. .~--4"..a. c .~.a1,m .a.t- ."a + i ~, ' "- a s m.. a' .' *. 4 "_' .' a. d.''*
~ .y.~ a. y .

n + a . 4 _, $ +. t~u, . a#v , r> )- 2.- c+ , . ct 2.6 (c,.'n n o . _, o, u .n.a u.4../~4 a.~a a' b, a a .t _, v . 4 -a en v,, e sw.s j s . .s, ; .~

. ) n. + g a. axe, m.4-" b ou"~d a "" ( ,R C O .~.. ) *.o _.r iv. a. au ave."o m, b ~ ' ".' .< o','^,. '

.u.-5 s.
. .~ .

^# .'._xn
n. . -. - vm . .s v.

w a . . -_

00W:0~

l 2A-2 A.end ent No. 5
L _ _ -



1

|

|

1

-'(' The diffusion =cdels are soundly based on data fro = Tri-City Airport located-

only ei6ht =iles away and data frc= Dow just across the Tittabawassee River.
The =odels are conservative in that (a) no credit is taken for wind direction
changes (in the two-hour =cdel), (b) the h0 percent more dilution due to the
Dew buildings, or (c) for the ther= ally induced turbulence due to about
1-1/3 square miles of hot water around the reactor site.

These data and models are believed to provide a sound basis for the design
of the reactor facility.

Sin; IOCATION AID CLIMATOLOGY DATA SOURCES

SITE IOCATION - DESCRIPTION

The site of the proposed nuclear power station is 1. ediately scuth of the

City of Midland, Michigan. The actual location lies south of the Tittabavassee
River such that Dcw separates She site frc= the residential parts of Midland.
At the present time, the site .is outside Ahe bounda=ie, of .the City of Midland.

Midland is located in the east central part of lower Michigan, about 15 miles

from Saginaw Bay. Figures 2A-1 and 2A-2 show the location of Midland within
the State of Michigan and the location of the site in relation to the City c?
Midland, respectively.

The tcpography of the site is cc=paratively flat with elevations ranging frc=' p
600 to 63h feet above mean sea level. It is esti=ated that there are no1(- changes in the tcpography greater than 50 feet within 50 =11es. Thus, topo-

graphically induced or altered winds should not be i=p tant at this site.

The site is covered by grain types of veEetation and occasional groups of
trees on the order of 50 feet high. Due to the peor drainage in the site
vicinity, the Brasses tend-toward a type that can survive in saturated soils.

The nuclear power plant itself is to be surrcunded by a large water cooling
pond. In a relative sense, this pond will be war: cc= pared to the surround- 1

ing countryside. Its extent is shown on F16ure 2A-3 In sc=e directions

the pond edge is very close to the site boundary.

METEOROIOGICAL DATA SOURCES IN SITE VICIITITY

Two -nin scurces of data are used in this report. The Dow Plant nearby has
reccrded weather records for over ten years. The other source of data is
the Saginaw (Tri-City) Airport, about eight =iles southeast of the site
(see Figure 2A-2).

In addition, sc=e upper air data are used frc= Flint, Michigan, which is about
50 miles southeast of Midland.

There are two typec of weather data at Dow. In 1925, the local Weather
Bureau station recording precipitation and temperature for Jiialnna was moved

f} to Dow. Currently, a weighing rain gauge with a seven-day recorder, a seven-
v day ther=ograph, =ax1=u= and =in4-u= ther=c=eter, a U.S. Weather Eureau rain

gauge of the dipstick type and a seven-day dew-point recorder are on the Dow"

009R1
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property. This station is within the plant co= plex and is located on Fig-
Q(,/ ure 2A-3 The station is bordered fJo= the vest through north to east by

a chemical =anufacturing co= plex. To the south, it is bounded by waste
control operations. A laboratory co= plex is located to the west-southwest
at a distance of about 600 feet. The closest building (apprevt-ately 22
feet hich) is located directly east at a distance of about 60 feet.

In the ptst ten years Dow bas =aintained two Bendix-Frie: Aerovane vind
syste=s. The locations are shown on Figure 2A-3 T; instrurents are the
three-bladed propeller type with a starting speed of 1 to 3 =ph. Continucus
strip chart recorders are utilized with each instru=ent. One instru=ent is
located on a 60-foot =ast (telephone pole) alongside Building 417 within the
plant co= plex. Building 417 is a flat roofed building about 15 feet high
i= mediately east of the =ast. About 50 feet south of the =ast is a long
building lying in the east-west direction about 30 feet high. There are
less restrictions to the north and west. The general location is indicated

on Figure 2A-3

_ae other vind system is on the top of a 30-foot "TV" type-triangular steel
=ast on the top of Buildir.g 47 This building is a large three-story building
on the northwest edge of ;he Dov co= plex. Thus, total height aboveground is
about 60 feet. The inst 2 a=ent is on the western edge of the flat roof. There
vould be little obstruction to airflow from the west. From the east, and

particularly the southeast, other plant huildings, although none higher than
Building 47, =1ght have influence on the airflow.

-(" Weather records began in Saginav in 1896, the same starting date as Midland,
and since 1947 have been taken by FAA personnel at the Tri-City Airport.
Besides the usual c11=atological data on precipitation and te=perature,
-there are also hourly a12 eay observations of sky condition, visibility, vcather,
and winds. Although not su - arized, these data are available as microfilm
copies of original data. Wind velocity and. direction are meacured with a
USWB Type F-420 C cup ane=o=eter and vind vane set. Recordings are =ade by
visual inspection of dials; there is no continuous analogue record.

At Saginaw, vind sensors are located on a 20-foot =ast well away fro: any
obstructions and on very flat grass covered land. Te=perature and dev point
are =easured at the sa=e location, but precipitation is =easured with a
standard dipstick type of rain gauge on top of the flight service building.

GuamAL SITE ClIMAT0IDGY

TEMPERATURES MID PRECIFITATION

Although the Midland climatological data are certainly the closest to the
proposed nuclear site, the Sagir.av data vill also be used in this discus-
.sion.since_it ls = ore adaptable for analysis. .A comparison of the climatol-
ogy of these two stations will help to detect differences, if any, in
climatic elements due to the added roughness and heat sources of Dov.

In a .later section, so=e of the Tri,-City Airport data are used in the dif-

/ }
fusion climatology analysis.
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A
9 Tables 2A-1 and 2A-2 and the folleving associated descriptive paragraphs' ")

are taken directly frc= the C W atological Su== aries prepared by A. H.
Eich=eier, Michigan State Cli=atologist.

CIlMATE OF MIDIRID, MICHIGAN

Weather data for the Midland area show that the highest te=perature ever
recorded here is 106 degrees en July 24, 1934 and July 12 and 13, 1936.
The icvest te=perature of record is 30 degrees belev sero recorded on
February lo, 1912. Te=peratures reach the loo-degree = ark in abcut ace
su==er out of six and days with 90 degrees or abcve average 14 per su==er.
At the other extre=e, te=peratures fall to zero or lever on an average of
six times during the vinter season. On the basis of =ean temerature,
Januar/- 1912 is the coldest =enth of record with a =ean reading of 8.2 de-
grees. July 1935 is the warmest =onth cf reecrd with a =ean te=perature
of 77 9 degrees. The average dates of the last freezing te.:perature in
the spring and the first.in the fall are May 12 and October 2, respectively.

Precipitation is heaviest during the crop season and averages 58 percent
of the annual total during the six =cnths of April through Septe=ber. The
heaviest rainfall is in June with an average of 3 15 inches. The largest
=enthly rainfall of record is 8.40 inches in April 1909 and the c=allect
=cnthly total is 0.01 luch in March 1910. The heaviest intensity of rain-
fall occurs in connection with su==ertime thundershower activity and the

p greatest recorded 24-hour a= cunt is the 4.31 inches which fell en July 15,
-e i ~1932. Hourly intensity of as =uch as "1.10 inches occurs with a frequency
'V of once in two years and two hourly intensity of 2.ho inches or more occurs

about once in two years. Two inches of rain in two hours vill occur about
once.in.25 years. Twenty-four_ hour.br a=ounts of as much as 3 7 inches and
4.2 inches vill occur about once in 25 years and 50 years, respectively.

Snowfall totals 33 3 inches during an average vinter at Midland. However,
there has been considerable variation in seasonal totals with a= cunts ranging
from as little as 11.8 inches in the 1932-33 season to as =uch as 72.4 inches
in the 1951-52 season. Measurable a=ounts of snow have cccurred on eight
of the twelve =cnths but there are usually caly five or six =cnths that
record =easurable a=ounts.

Cloudiness.is greatest.in the late fall and early winter, a condition accen-
tuated in Michigan'6 Inver Peninsula by the presence of lake Michigan on the
vest and, to sc=e extent, IAke Euron on the east. Prevailing vind direction
in the area is southwest and average hourly velocity is greatest .a the early
spring and lowest in late su==er and early fall.

/ \_
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CLDiATE OF SAGINIS, MECEIGAN-

~

The city is far enough frc= Saginaw 3ay and IAke Euron to be considered an
inland location, but it sc=eti=es cc=es under the local influence of Saginaw
Bay if there is a relatively strong northeast vind blcving inland frc= the
bay. The general cl1= ate is =odified, as in other parts of the Lever
Peninsula, by the prevailing vesterly winds being v=-a 4- the vinter and
cooled in the su==er while crossing Lake Michigan.

Available veather data for the Saginav area show that the highest tegera-
tre ever recorded here was degees en July 13, 1936, and the icwest ofm

reccrd was -18 degees en February 9, 1934. Abcut ene cut of seven vinters
does not have a te=perature as icv as cero. At the other te=peratre extre=e,
100 degrees or higher is recorded in abcut one su==er cut of fcur, and days
with 90 degees or abcve average 16 per su==er. The =ean te=perature of

12.4 degrees in February 1934 =akes that =enth the ecidest of record, and
the =ean te=perature of 76.1 degrees in July 1935 gives that = cath the dis-
tinction of being the mu=est. The average dates of the last freening te=p-
erature in the spring and the first in the fall are May 5 and october 11,
respeetively .

Precipitation received during the grcving =cnths, or " crop season," (~ April -
Septe=ber) averages 59 percent of the annual total. Heaviest rainfan is in
May, which has an average of 3 1 inches. The driest =enth of the year is
January with an average of 1.60 inches. The greatest a= cunt of rainfall
ever received in any one =onth is 8.15 inches in September of 19h5 The
least a= cunt ever received in a =cnth is 0.18 inches and thic a= cunt wast y =easured in tvc different =cnths: Nove=ber 1939 and october 1952. The

- heaviest recorded 24-hour a= cunt is 4 58 inches, -inich fell en October 3,
1954. The accend grentect 24 "~" ~"~ * s 3 35 inches and feH cn Au-
gust 31, 1945

Sncvfan totals 46.6 inches, and seven =cnths of the year have measurable
a= cunts during an average vinter. January has the =ost sncv, averaging
8 9 inches, but February is a close second with 8.8 inches. The heaviest
sucvfall recorded for a single day is 14.7 inches, and this occurred on
December 19, 1929 The heaviest =enthly fall of reecrd is 26.7 inches in

i Dece=ber 1929

C1cudinesc is greatest in late fall and early winter, and least in spring
,

i and su==er. This is accentuated, especially late fall cloudiness, by the
i prevam 3 vesterly air currents passing over Lake Michigan. Te=perature

|
contrasts between the colder air and relatively va = vater are greater at'

that ti=e, and the result is the addition of va:=th and =cisture to the loweri

layer of the air, causing instability and later, condensation and cicudiness.
Saginav is not affected by this condition as =:uch as lcealities near Lake
,Michi an. Jovever, the entire Lover Peninsula has increased c1cudiness frc=,

6'

this action during this pericd of the year, but also enjoys var:er te.:pera-
tures than vculd acr= ally cecur at this latitud;

:

1

i
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DISCUSSION

-

Although Midland has had colder record lows and Saginaw var =er record highs,
it appears that Mia7n-d averages about 1 F var =er than Saginav. The heating
degree-day totals also indicate the var =er te=peratures at Midland. Due to
the s1=11arity between these two stations as to topography and distance from
the Great Iakes, it is believed that this te=perature difference is possibly
due to the Midland station being in the =iddle of a che=1cnl =anufacturing
plant co= plex. An exa=ination of average annual te= pere *.ures for only those
years when the Saginav station was either at the Saginaw M=icipal Airport,
k 5 miles east of Saginaw, 1938-1947, or at the Tri-city Airport, 1947-to date,
indicates this tenperature difference is in the 1 5 F to 2.0 F range, 1938
through 1956.

Precipitation, annna17y, is 1 34 inches greater, or 4.5 percent, at Midland'

than at Saginav, but the seasonal distributions are quite s4-iln . Saginav
on the average gets =cre sncv. In general, the a=ounts and frequencies of
precipitation are quite similar.at the two stations.

There is certainly nothing to indicate that these two locations are in dif-
ferent cli-ntic regimes.

' a:;Vt nWEATHER

TIRONG WINDS AND nUIwtA720 EMS
o.

Strong vinds and thunderstor=s occur infrequently in the lower De-4=sula(
- of Michigan. The =ean annual nu=ber of days with thunderstor=sil at Flint,

50 miles southeast, are 33 The surface vind roses are discussed elsewhere
in this Teport. However, at Flint, the highest vind speed recorded was 81
=iles per hour. No higher velocity is rereted for the State of Michigan (l).
ASCE Paper No. 3269 gives 85 miles per hour - 4 a= vind velocity.in this
area based on a LOO-year period of recurrence.

TORNADOES

A nu=ber of tornadoes have occurred in Michigan. For 43 years of record
between 1916 and 1958, three tornadoes have been obserygd .in Mid'a d countyand two have been observed in the vicinity of the site ( ).

About 23 tornadoes have been observed in the 43-year period of 1916 through
1958 in Midland county and the adjoining six counties of east central Michigan.

In the whole State of Michigan, in the years 1916-1958, 177 tornadoes were
observed. The site lies within an area of frequency of ten tornadoes during
the h0-year period of 1916-1955 In addition, the site is within an area

_ reporting.13 tornadoes per.1 degree. square between 1916-1961.;

p' O
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- s DIFFUSION ClIV.ATOIEGY
i

''
SUEFACE WINDS

Annual surface vinds are su:::ariced for Dov and the Tri-City Ai port in
Tables 2A-3 and 2A h, respectively. The Dev data are frca a six-year
s"-9 y prepared for 1960-65 by rev persennel and the T:1-City data are
frc= a five-year su==ary prepared by the national Weather Eeccris Centerd, .
2 e data are not in the sare period but should s+ R1 be indicative of sirnif-
ican: differences cr s1=ilarities be ween the tvc locations.

The significant difference between Tables 2A-3 and 2A L is in the vind speed and
frequency of calm. The average =cnthly speed at Dev is sc=evhat 1cver than
that at Tri-City Airport. The principal difference is probably one of
definiticn. Ihe Dov hourly vind data are reccrded "~m''y each hou- frc=
an er-*"9 tion of the continuous vind speed and direction readings for the
past hour. An " eye ball" average of this continucus reccrd for the hour is
recorded. The Tri-City data ecce frc= an " eye ball" average of the vind
speed and direction dials on the. hour. The-averaging pericd-at Tri-City
is, at the = cst, a few =inutes. The hour averaging re:hed vill "s=coth
cut" the observable extreres: reported calms vill be less frequent and
the peak speeds v4'' he reduced. Reported hcurly cal =s are abcut three
tines as frequent at Tri-City as at Dov.and even then vere only 1.6 percent
of the observations. However, the percentage frequency of vind speed in
the ranse of 2-3 =ph is greater at Icv. It should be pointed cut that the
hourly averaged data are =cre appropriate to the diffusion =cdels to be en--s

) 71cyed later than are " spor," measure =ents of vini.(- -

P 8
-
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k Table 2A-3 ,

i

).:nual Wind Sceed (Meh) and Direction Wecuenev
Dov Chemical Conpany, Midland, Michigan

Ave
Wind Percent Wind at Velocities of Wind

Direction 1-3 4-12 13-24 25+ Total Velocity

N 1.4 3.1 0.3 +* 4.9 5.5

NNE 1.0 2.2 0.'3 0 3.6 6.3

NE 0.9 .2. 7 0.7 0 4.4 7.2

ENE 1.1 5.3 1.3 + 7.9 7.8

E 0.6 3.6 0.4 + 4.7 6.8

.ESE 0.4 1.7 0.5 0 .2 .1 .5. 7

SE 0.3 1.7 + 0 2.1 5.2

SSE 0.6 2.0 + 0 2.7 4.7
,

S 1.1 7.8 0.4 + 9.4 6.6

.SSW 0.8 8.5 1.0 + 10.5 7.7

SW 0.7 6.9 1.2 + 9.0 8.0

(. WSW 0.6 5.6 0.8 + 7.1 7.6

W l.3 10.0 1.7 0 13.-2 7.6

WNW 1.1 5.4 1.0 + 7.6 7.4'

*

NW 0.7 3.5 0.6 0 4.9 7.2

NNW 0.8 3.9 0.5 0 5.3 7.0

Calm 0.6

Total 33.4 73.9 10 7 0.1 100

| NOTES: Mean Data for Years 1960-1965 from the anemometer at
Building No. 417.

.Less than 0.1 percent*

!
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Table 2A-h

Annual Wind Sneed (b*th) and Direction Frecuency
Tri-City Aircort, Saginaw, Michigan

Ave
Wind Percent Wind at Velocities of Wind

Direction 1-3 4-12 13-24 25+ Total Velocity

N 0.4 2.4 0.5 +* 3.3 8.3

NNE 0.3 3.0 1.7 0.1 5.1 10.8
NE 0.4 3.3 2.1 0.1 5.8 11.2

ENE 0.2 2.6 1.3 0.1 4.3 10.7

E 0.2 1.3 0.5 + 2.0 9.3

ESE 0.4 3.0 10 + 4.4 9.3

SE 0.5 3.0 0.8 + 4.3 8.7

SSE 0.3 3.6 1.5 0.1 5.5 10.2

S 0.4 .2. 6 0.8 + 3.8 9.2

SSW 0.4 4.9 2.7 0.2 'B.3 11.1

(' SW 0.7 6.6 '3.6 0.3 T1.3 '10.9
WSW 0.5 6.9 5.6 U.9 14.0 13.1

W 0.5 4.7 l.8 ._0. 2 72 _10.0
WNW 0.3 4.3 3.0 0.3 7.9 12.0

NW 0.4 3.3 1.7 0.1 5.5 10.8

NNW 0.3 3.9 1.6 + 5.7 10.3

Calm 1.6

Total 6.2 59.4 30.2 2.6 100

NOTES: Mean Data for Years 1949-1953.

Less than 0.1 percent.*

;( ,
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[ Southwest is the most frequent and southeast the least frequent wind direc-

(( tions at both places. This is also true under light winds (1-3 =ph) at Tri-
City but is not as clear a directional preference as under light winds at
Dev. This, perhaps, is indicative of the influence of the plant buildings
near the Dow ane=c=eter. In no case is there a =arked directiocal preference
at either location nor is there a significant difference in wind direction
frequency distributions for the two locaticus.

Tables 2A-5 and 2A-6 contain seasonal wind rose data for Dow and Tri-City.
Figures 2A-4 and 2A-5 also show these data.

i The sa=e general ec==ents in reference Tables 2A-3 and 2A 4 apply to Tables

2A-5 and 2A-6. 'Je note that south and scuthwest directions are especially

prevalent in the s" er and that the southeasterly direction is particularly
lacking in the fall and vinter. The su==er =cnths have the icwest wind
speeds with fall a close second. Similarly, su-er and fall =onths have
the highest frequency of cal =s.

' DURATION ~0F TALMS

Table 2A-7 shows the duration and occurrence of cal =, or :ere wind, in the
mean hourly wind speed data for Building 417 (Dev) for the su==er and fall
months in 1966 and 1967 These =onths were picked to study because the'

su==er and fall seasons have the Icwest mean wind speeds of the year. On
a mean hourly basis the =ax1:=.:= duration of cal = conditions is five hours

, p in October 1966. The largest percentage of total hcurs of cal = observed
^j cn this basis is two, percent in Septe=ber of'both years. In July-nove=ber

- 19eo, nine of the le occurrences of cal = mean hourly wind speed were of
~ one-hour duration; in 1967, 12 of the 18 occurrences of cal = =ean hourly

wind-cpced were of one-hour duraticn.

.i
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f Table 2A-5

Seasonal Wind Speed (Mph) and Direction Frequency
Dev Chemical Cc=rany, Midland, Micnigan

Spring Summer Fall Winter,

Wind % Ave % Ave % Ave % Ave
Direction Wind Speed Wind Speed Wind Speed Wind Speed

N 4.2 6.5 5.9 4.6 5.2 5.3 4.4 5.7

NNE 3.5 7.1 3.7 4.5 3.4 5.5 3.8 7.9

NE 5.9 8.5 4.5 6.1 3.2 6.8 3.9 7.6

ENE 12.0 8.8 8.1 6.8 3.8 6.9 6.2 8.5

E 7.0 8.1 4.8 5.8 3.2 6.2 3.6 7.5

.ESE 3.1 7.. 0 .2 . _1 5.3 .1. 7 5.0 .1. 7 5.8

SE 2.8 5.6 1.8 4.7 2.1 5.4 1.6 5.2

SSE 2.8 5.1 2.7 4.4 3.3 4.7 1.7 4.6

S 8.3 7.2 9.2 5.6 12.9 6.5 7.2 6.9

SSW 7.1 8.5 9.5 6.7 13.3 7.4 12.1 8.2

SW 7.0 8.8 7.6 7.1 9.6 7.6 11.8 8.6

. (V WSW 6.5 9.1 7.6 6.2 6.8 7.3 8.0 7.6

W 10.3 8.3 12.9 6.1 12.7 7.5 16.6 8.4

'WNW '7. 3 8.5 '7 . 8 5.8 6.5 ^7. 2 8 .^7 ' 8 .1

NW .5. 5 8.3 _5 . 0 6.0 4.6 6.5 4.4 7.9

NNW 5.2 8.3 5.8 5.7 5.5 7.0 4.6 7.6

Calm 0.4 1.0 0.7 0.4

NOTE: Mean Data is for Years 1960-1965. Spring is March, April

and May.

4
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Table 2A-6

Seasonal Wind Speed (Mph) and Direction Frequency
Tri-City Airport, Saginaw, Micnigan

Spring Summer Fall Winter
Wind % Ave % Ave % Ave % Ave

Direction Wind Speed Wind Speed Wind Speed Wind Speed

N 3.4 8.2 3.4 7.1 3.8 9.5 2.8 8.5

NNE 6.9 12.4 5.2 8.9 4.3 11.5 4.1 10.3

NE 8.8 12.7 6.2 9.7 3.5 10.9 5.0 10.7

ENE 5.8 12.1 4.7 9.1 2.6 9.5 3.9 11.2

E 3.1 10.2 3.4 7.1 1.2 9.0 2.0 9.9

'ESE '5. 6 '10 15 ~ 4. 3 7.4 "2 17 ~ 8 .1 ~5 /2 1023
SE 5.0 9.6 4.2 6.7 3.9 8.5 4.3 9.8

'

.SSE .5 . 0 10.6 5.2 8.0 6.1 .10.3 5.8 11.6

S 2.7 9.7 4.1 7.6 4.8 8.7 3.7 10.8

SSW 5.3 10.8 9.4 9.8 11.1 11.3 6.8 12.6
SW 6.6 11.6 12.1 9.1 14.7 10.8 12.0 12.7

WSW 13.1 14.7 12.8 10.9 13.5 11.9 14.7 14.7

W 6.5 10.5 6.5 8.4 7.9 9.8 8.0 11.3

WNW 8.9 12.5 6.3 10.2 7.4 12.3 8.8 12.4

NW 6.6 .11.8 '5.3 8.6 4.2 .10 .~ 7 5.8 11.4

NNW 5.9 10.5 5.7 8.7 6.8 10.8 4.8 10.9

Calm 0.8 2.8 3.1 0.u

NOTE:. Mean Data is for Years 1949 through 1953. Spring is March,

.. April and May.

.. /3
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Table 2A-7

Frequency and Duration of Cab
Midland, Michigan

Calm - 0 Mph

!

1966 1967
Percent Percent

Total Fraction Calm Total Fraction Calm

Dura- Fre- Hours of Total of Total Fre- Hours of Total of Total
tion quency of Hours Recorded quency of Hours Recorded'

Month Hours Ntu::ber Calm Recorded Hours Number Calm Recorded Hours

July 1 1 1 1 1

2 0 0 0 0

3 2 6 7/744 1 1 3 4/408 1

Aug 1 4 4 5 5

2 0 0 0 0

3 0 0 4/702 1 1 3 8/734 1
,

( Sept 1 4 4 4 4'

2 2 4 2 4

3 1 3 2 6

4 1 4 15/720 2 1 4 18/710 2

Oct 1 0 0 1 1

2-4 0 0 0 0

5 1 5 5/738 1 0 0 1/744 0.1

Nov .1 0 0 0/710 0 1 1 1/711 0.1

p Note: These data are from one-hour averages of vind speed recorded by the

Q Guard at B2141d4"a No. 417 of the Dow Chemical Plant.

2A-15
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1

- The duration and occurrence of vinds of 1 mph and less for the sa=e location
_.

('
and period of record are shown in Table 2A-8, The October 1966 records shov
one period of such light vind of lb hour duration; however, the su==er =enths
of July-Septe=ber show a greater occurrence of vind of 1 =ph than the fall
=onths of October and Nove=ber.

FRECIPITATION WIND ROSES, KEDUdiD'

,

Table 2A-9 shows the precipitation vind roses for Dov for the period of

1963-67 The vinter =enths are charactericed by two m4-=s of occurrence,
na=ely, the R3 quadrant and the SW quadrant, as should be expected as a
result of nor=al extratropical cyclones (or vinter storms) =oving through,

the area. Precipitation =odels concerning this are published by =any in-
vestigators.

During the late su==er and fall =onths precipitation occurs most frequently
with wind directions fro = the south to southwest. Synoptic scale stoms

3

occurring during the =onth of November appear to cause relatively few hours
of peipitation when +he flow is from *.he south to vest . southwest.

\

.

D
:
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Table 2A-8
,

( Frequency and Duration of Cal =
Midlanc, Micnigan
Cal = 1s o or 1 Mpn

1966 1967
Percent Percent

Total Fraction Ca22:2 Total Fraction Caln
Dura- Fre- Hours of Total of Total Fre- Hours of Total of Total
tien quency of Ecurs Recorded quency of Ecurs Recorded

Month Hours IPuber Cal = Recorded Ecurs I?mber Cal = Recorded Ecurs

July 1 5 3 4 4

2 3 6 1 2

3 2 6 o o

k 3 .12 2 8

5 o o 1 5

6 1 6 o o j

7 o o o o

8 2 16 o o

p 9 o o o o

10 o o o o-

11 1 11 62/744 8 o o 19/408 5

Aug 'l 6 6 12 12

2 3 6 2 4

3 5 15 2 6

4 1 4 1 4

5 1 5 1 5

6 o o o o

7 o o o o

8 o o 1 8

9 o o 36/702 5 1 9 48/734 7

Sept 1 5 5 lo lo

2 4 8 4 8

3 o o 1 3

4 3 2 1 4

5 o o 2 10

6 3 18 3 1873-
U

,
7 2 14 1 7

8 1 8 1 8

9 1 9 74/720 lo o o 68/710 lo

000352A-17
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\

Table 2A-8 (Contd)
i Frequency and Dumtion of Cal =

Midland, Micnigan
Calm is O cr 1 Mpn

f

i

1966 1967
Percent Percent

4

'
Total Fraction Cal Total Fraction Cal'

I

Dura- Fre- Ecurs of Total of Total Fre- Ecurs of Total of Tota'
'

tion quency of Ecurs Recorded quency of Hours Recorded
Month Hours Nu=ber Cal Recorded Hours Nu=ber Cal Reccrded Hours

1

! Oct 1 8 8 5 5

2 1 2 3 6

3-13 0 0 0 0

14 1 14 24/738 3 0 0 11/744 1

Nov 1 2 2 1 1

2 1 2 3 6
+

.3 1 3 7/710 1 0 0 7/711 1

if C .
x

[

,

I

k

'
i

. |

!
'

i -

4

i

,

i
4

'

j .- d
.N0fE:'

! These data are frc= one-hour averages of vind speed recorded by the gaard at
i . Building No. 417 of Dov. gy,

2A-18
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Table 2A-9

[( s
- Monthly Percent Occurrence of Wind--

Direction When Scre Fon:: of Precipitation Is Present
Dow Che::lical Plant, Micland, Micnigan 19o3-1907

N NNE NE ENE E ESE SE SSE

Jan. 14.8 7.1 9.9 3.5 14.1 2.1 1.4 4.9

Feb. 9.3 11.6 3.9 7.7 7.7 0 0 2.3
Mar. 0.8 1.6 8.5 19.0 14.6 6.5 3.6 6.5
Apr. 4.8 6.1 14.5 13.5 20.5 13.5 7.9 4.8
May 0.7 1.4 12.6 20.9 10.5 7.7 3.5 7.0
June 7.7 15.4 13.5 7.7 1.9 5.8 1.9 0

July 3.5 2.3 1.2 4.6 9.3 7.0 2.3 1.2

| Aug. 5.4 7.0 2.1 5.9 7.5 7.0 6.4 4.2

Sept. 3.7 2.8 6.5 5.6 0.9 2.8 2.8 6.5
Oct. 4.7 3.5 3.5 4.7 7.1 1.2 0 2.4

Nov. .11.7 0.8 1.6 1.6 0 0 0 6.2

Dec. 2.4 2.4 7.3 18.3 22.0 3.7 2.4 4.9

- rO
D S SSW SW WSW W WNW NW NNW 6%

Jan. 2.1 6.3 14.8 2.8 3.5 0.7 5.7 .6.3 200.0
Feb. 8.5 10.1 10.9 3.9 2.3 3.1 4.7 14.0 100.0

. Mar. 6.5 6.1 4.9 6.1 7.3 2.0 3.6 2.4 100.0
Apr. 4.8 2.6 0.9 1.7 2.2 0.9 0 1.3 100.0
May 8.4 8.4 1.4 12.6 4.2 0.7 0 0 100.0
June 1.9 0 7.7 9.6 5.8 ~7.7 1.9 11.5 100.0 ,

July 9.3 12.8 7.0 5.8 13.9 11.6 1.2 7.0 100.0

Aug. _16.6 .11.8 4.2 4.8 7.5 2.7 2.7 4.2 100.0
Sept. 20.4 8.3 19.4 4.6 5.6 4.6 3.7 1.8 100.0

Oct. 16.5 21.2 10.6 8.2 7.1 4.7 2.3 2.3 100.0
Nov. 4.7 7.0 4.7 1.6 24.9 8.6 10.2 16.4 100.0

Dec. 7.3 9.8 11.0 1.2 1.2 2.4 0 3.7 100.0

|

|

NOTE: Shows percent of the time, during precipitation, when the
wind is from the indicated di;ection, computed separately for
each month,

i, d
gott'37
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[ DCW MONTELY SUMMARIES OF WIND SPEED AND GUSTINESS

a. The average one-hour vind speed (=ph) as a function of time is
shown for each month in Table 2A-10 for 1966. Inspection of the
table indicates that slow wind speeds, 3 5 to 5 0 =ph, occur dur-

,

i ing the nocturnal hours of June to September. The diurnal dis-
tribution of winds in all =onths shows higher dayti=e vinds than
at ni6htti=e, as should be expected. The =ini=um hourly wind
speed occurs at 0500 local ti=e in July and August,

b. Dow has observed the average "gustiness" of the wind for several
l years at Building kl7 Table 2A-11 shows the results of these

observations. The " guard-observer" noted and recorded each hour
the range of a::i=uth of the vind direction in degrees. These are
converted to a Dow gustiness category as follows:

Dov
Gustiness (c. de) Pasquill
Category ; Range ce Category

1- >60 > 10 A,B,C.

2 30 to 60 5 to 10 D, E

3 15 to 30 2-1/2 to 5 E, F

(v[D
4 <l5 <2-1/2 ~F

The above table also indicates the c9gesponding value of as in accordance
with the diffusion studies of Slade,W1 and-the corresponding Pesquill
category. The highest hourly Dow category (pcar diffusion) of 2 33 occurs
at 0700. local time in September with a =ean speed of 4.23 =ph; this corresponds
to-a Pasquill Category E. Inspection of Table 2A-ll indicates that the season
for pocr diffusion cli=atology in Midland is late su==er and early fall.

.

,; \
' h._./

OON.B
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Tuble 2A 10

Wind Speed Month 1s Dunmary
Dow Chemical Plant, Midland, Michigan, 1966

(Miles per Hour)

I HOUR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

100 6.35 5.43 7.94 5.63 5.35 3.71 3.74 4.20 5.07 7.29 7.83 6.52*

200 6.2d 5.29 7.74 5.63 5.23 3.37 3.77 4.19 4.93 7.16 7.97 6.45

300 6.42 S.14 7.13 5.87 5.52 3.97 3.55 3.81 4.67 7.23 7.60 6.55

400 6.45 5.39 7.00 6.20 5.81 4.33 3.60 3.61 4.43 7.42 6.97 6.48
'

500 6.74 5.64 7.i6 6.40 5.81 4.40 3.45 3.45 4.03 7.42 6.77 6.71

i- 600 6.97 5.32 7.16 6.80 5.68 4.33 3.52 3.5$ .400 7.55 7.33 6.65

700 6.d1 5.57 6.87 6.40 6.10 4.90 3.84 4.06 4.23 7.55 7.33 6.45

800 7.39 5.32 6.94 6.77 6.61 f. 27 4.26 3.97 4.50 7.61 7.60 6.48

y 900 7.74 6.07 7.74 7.93 7.19 L.03 5.61 4.4d 5.60 8.68 7.67 6.61

h 1000 7.90 6.68 8.26 8.67 7.55 6.90 5.97 5.45 6.73 9.84 8.23 7.45

1100 8.06 6.79 8.58 8.90 8.08 7.93 6.68 5.61 7.77 10.84 8.53 7.81

1200 8.45 6.79 9.06 9.50 8.59 8.03 1.00 6.1d 8.00 11.32 8.53 8.55
I Cl300 9.03 7.29 9.61 9.80 8.94 8.23 7.23 6.7i 8.33 12.19 9.07 8.68m

tyJ 400 8.61 7.11 9.d5 9.73 9.39 8.77 7.7d 6.94 8.67 12.61 9.07 8.71

hh500 8.48 7.46 9.65 9.93 9.90 8.77 $.00 7.8d 8.50 12.65 9.27 8.52,

1600 8.39 7.43 9.84 9.77 9 97 8.97 5.16 7.35 8.27 11.81 9.40 8.00

10 10.26 9.17 E.48 6.84 8.10 11.16 8.80 7.48
' 1700 7.90 7.46 10.23 *

1800 6.97 7.50 9.61 9.00 9.45 8.17 8.19 6.8d 7.47 9.26 8.40 7.32

1900 6.87 6.75 9.61 7.90 8.71 6.93 7.39 5.35 6.33 7.68 8.47 7.42

2000 6.81 6.32 8.61 7.23 7.10 5.50 6.13 4.7d 5.77 7.39 8.30 7.10

2100 6.97 6.21 8.19 6.53 6.06 5.43 d.8L 4.45 5.97 7.32 7.93 7.10
2200 6.94 5.39 7.87 6.03 5.55 4.63 4.39 4.52 5.83 7. 26 7.70 7.19

2300 6.68 6.14 7.48 6.07 5.06 4.37 4.00 4.81 5.47 7.61 8.43 7.13

2400 ( $9 5.68 7.77 5.73 5.26 3.93 4.10 4.6i 5.23 7.48 7.87 6.94
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quble 2A-11

Average Gustiness Monthly Swnmary,1966
Dow Chemieni Phtnt, Midhuid, Mlehigan

,
,

llOUR JAN FEB MAR APR MAY JU JUL AUG SEP OCT NOV DEC
100 2,06 1.93 2.03 2.20 2.06 2.00 2.06 1.84 1.97 2.29 1.77 2.06
200 2.10 1.89 1.94 1.93 2.03 1.91 2.06 2.0$ 2.13 2.29 1.80 2.03
300 2.16 1.89 1.77 2.03 2.16 1.91 2.13 2.03 1.83 2 26 1.70 2.06,

400 2.10 1.89 1.90 1.97 2.13 2.0d 2.10 1.9d 1.87 2, ' 1.73 2.03
500 2.10 1.96 1.94 2.00 2.16 2.00 2.10 2.06 2.10 2.26 ? 17 1.94
600 2.03 2.07 2.03 2.03 1.87 1.93 2.00 2.1U 2.30 2.13 2.i . 2.00
700 2.U5 2.04 1.97 2.03 i.90 1.90 2.00 1.81 2.33 2.00 2.10 ? - 01
800 2.23 2.11 2.10 2.10 i.94 1.87 1.81 1.60 2.23 2.03 2.20 2.03

' 900 2.16 2.07 2.06 2.00 1.68 1.77 1.65 1.61 2.13 1.87 2.00 2.03
{g 1000 2.16 1.95 1.90 1.90 1.65 1.6d i.58 1.61 1.93 i.77 2.00 2.00

Y 1100 2.0$ 1.79 1.84 1.80 1.52 1.57 1.45 1.3d 1.67 i.61 1.83 1.90M
1200 1.84 1.64 1.71 1.70 i.42 1.47 i.39 1.29 1.57 i.55 1.90 1.74
1300 1.7d 1.68 1.71 1.73 i.48 1.40 1.45 1.26 1.53 1.48 1.90 1.71

'

1400 1.87 1.61 1.58 1.77 1.45 1.47 1.48 1.32 1.53 i.52 1.77 1.71
1500 1.81 1.64 1.65 1.97 1.55 1.47 1.48 1.39 1.60 i.48 1.80 1.77

C) 1600 1.81 1.75 1.68 2.03 1.65 1.53 i.55 1.55 1.53 1.58 1.77 1.87

'

O
r0 1700 1.94 1.71 1.74 1.83 i.68 1.70 i.65 1.61 1.63 1.74 1.83 1.90

fh 1800 2.0d 1.06 1.94 1.90 1.68 1.73 1.77 1.81 1.73 1.65 1.80 2.00
i 1900 2.1d 1.96 2.00 1.90 i.81 1.80 1.84 1.8d 2.07 1.74 1.80 1.94

2000 2.1d 1.93 2.00 1.93 1.97 1.90 i.81 1.84 2.23 1.77 1.73 1.94
; 2100 2.06 1.89 1.90 1.83 2.13 1.93 1.87 1.94 2.03 1.84 1.73 1.94

2200 2.16 1.93 2.00 2.03 2.03 2.03 1.87 1.8d 2.07 1.84 1.77 2.03
,

2300 2.1d 1.89 1.87 2.07 2.13 2.13 2.03 1.97 1.97 1.90 1.80 2.00
2400 2.06 1.93 1.94 2.03 2.00 2.10 2.06 1.81 1.97 2.00 1.83 2.00



.' ) MEAN SOUNDING ANALYSIS, ANNUAL AND SEASONAL,
'\ FLINT, MICHIGAN

Data for the construction of the annual and mean seasonal 1,200 GCT vertical
temperature distribution at Flint, Michigan, have been obtained from the National
Weather Record Center for the period of 1966 and 1967 The corresponding verti-
cal temperature distributions are shown in Figures 2A-6 - 2A-10. The annual
orning sounding (the mean for the year) shows that there is in the mean a

slight te=perature inversion from 990 millibar (cb) to 950 mb. Reference to the
four mean seasonal soundings shows that this feature of the annual sounding is
dete =ined by the mean fall and summer season conditions. In a later section
wherein the nine verst conths in a five-year sample are identifiei for diffu-
sion climatology at Midland, it is found that these scnths lie between August
and Nove:ber inclusive. 'This fitmug is entirely consistent with the character
of the seasonal soundings discussed above.

The power plant des 1(1 includes the use of a man-=ade cooling pond as a heat
sink. This pond .has an area of approximately 1-1/3 square miles, surrounding
the plant on three sides, vest, south and east (see Figure 2A-3). It is es-
ticated that, during the sucmer, the mean temperature of the por.d during a
24-hour period la about 106 F and, during the vinter, about 71 F. If these
pond-te=peratures are plotted on the mean seasonal soundings, it is seen that
on a still day a dry adiabat lapse rate would develop to 610 mb in vinter and
to about 590 mb in su=cer.in the absence of any condensation. In the case of
air moving over the hot pond from the vest er south, this heat source vculd

, [D. Induce 2hmal < turbulence,and.hence. increase the vartical diffusion _ rates.

!((j However, In our analysis here, we have not taken any credit for these effects
which must be considerable. Air moving from the Dev plant (an aerodynamically
rough, neated surface) to the power plant site should contain enhanced levels
of mechanically and ther= ally induced turbulence. ~This, as will be shown in
a later section, increases the dilution power of the atmosphere.

COMPARATIVE CLIMATOIOGY

INVERSIONS AND LOW WIND SPEEDS

In considering the diffusion climatology of Midland, Michigan, ; is useful

to be able to ec= pare that part of the United States with other areas which
have been studied previcusly. Be ause the two-hour diffusien model is of

. prime importance and because the metcorn1.ogical conditions which go into this
model are typically nighttime conditions, it is r.ost useful to examine night-
time statistics en lov vind geads, * mperature inversions, and cloud cover.u5}.This has been done by Hesler

.

.The percentage frequency (day and night) for which a temperature inversion
occurs belo 500 feet is shown in Figure 2A-11a (reproduced directly from
Hosler(15I)w. .As expeeted,: minim = percentage frequencies occur In the spring
and su=mer. The Rocky Mountain States, the Central States, and the Southeast
States have the greater number of hours of inversion. The Great Lakes and
Ccastal areas have the IcVest percentage of hours with inversicas at altitudes

.A of less than 500 feet. 'For example, during fall (o'rmaT17 the season with the
/ greatest air pollution potential), about 35 percent of the total hours at

00M.
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Midland have inversions balev Sco feet. This frequency at Midland is at least;

V '
10 percent lower than that over the Rocky Mcuntain States and large portions
of the Central States.

I CLCUD COVER

Particularly relevant to the two-hour =cdel is the distributien, by season, cf
percent of time that the vind speed is equal to or less than 7 cph in associa-
tien with nighttime cicud cover equal to or less than 3/10. This distribution
is shown in Figure 2A-llb. As shavn in the figure, the Coastal and Great Iakes
areas have the lowest frequencies of light vinds and clear nights. For in-
stance, in the fall, this is about h5 percent whereas, for ecst of the United
States, it is above 50 percent. In the Southwest, Southeast, and Appalachia,
the values are greater than 70 percent.

RD4 ARKS

The diffusion rli n tology, in a gross sense,ls more favorable at Midland,
Michigan, than in much of the United States. Hosler(15) st==arizes as follevs:

"This (the Great Lakes) area is characterized by frequent storm
passages with their associated cloudiness and high vinds, particularly
fw m late fall to early spring, which result in relatively lov fre-
quencies _cf . nocturnal radiation inversions. An. analysis of climato-
logical data for specific stations in this area shows a high occurrence

/ .of cloudiness edwing night +4me hours, which apparently reflects the'

gd -effects of the Great Lakes i= parting moisture to the air in its tra-
,jectory over the lake water. Su==er and fall months shev slightly
higher frequencies of lev-level stability than do the vinter and spring
months."

STABIL m VIND CATEGORIES

GE*ERAL

Over the last 30-k0 years, many investigators have worked both exper tally
+1cally en the problem of ctecspherie diffusion (see Sutton and

and theo~N for review).Pasquil1 The theoretical solution cost applicable here is the
solution for a centinucus point source at the ground surface in an unidirectional
vind field of constant speed. This is

1
- 2 2

0 1 Y
oe+Z - (1)X= -

ex"" -

ena a 5 2 aa
y: y :

~

where X = concentration, units /=3
Q -= release rate, units /s

c = crossvind standard deviation, m7
cz = vertical standard deviation, c
u = rean vind speed, m/s

rm
{
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2
4 In Fickian diffusica, c can be identified with 2Kt where K is a constant

g diffusivity and t is time. Fcr ground level release, the concentrations given
' by Equation (1) should be cultiplied by 2 for the reflecticn boundary conditien,

and h (height of release) replaces :. An elevated release veuld reduce the
grcundlevelconcentratienwithinadistanceofafewstackheightsfrpetg.erelease point but has little effect beycnd the point downvind where c:6 >h .

Ic shculd be noted that such a point source sclution is applicable only if tha
i

time of release is long ec= pared to - " " -a " errival at sc=e pcint devnvind.
In additien, only the cencentration at the center line of the cicud vill be

considered in this repert; hence, the expenential ter: in Equatien (1) is unity.

N), the plure-axis fc = cf Equation (1), assu=ing a reflectionIn Tuclear Safety
boundary ccndition, is =cdifled to

X 1
(2)

- =(no e: + CA)nQ y

where C = an experimentally deter =ined ccustant (range 1/2 to 2)
A = cross-sectional area of buflding ec= plex frc= vhich

source is being eritted, =-

This =odification to Equation (1) accounts for the increased dilution in the
wake of a building. The constant C is usually assu=ed to be between 1/2 and 2
although explicit measurements in all stability rategories are lacking.

Equation (2) represents one methed of calculating the relative concea W tion,
X/Q, including the additional dilution effects on the source fre the building
vake.

A second =ethod, however, =ay be e= ployed in which experi=entally deter =ined
dilution factors are used to =odify the ' point source value of X/Q obtained from
Equation (1) for a given downwind distance x and Fasquill category. In this
study, this second methed of including the effects of cavity diffusion is used
in the calculation of the relative cencentration. This subject is discussed
in greater depth in the next section.

A variety of methods have been used to predict cy and c z as a function
!) dis-tance downvind, but the basically e=pirical sche =e proposed by Pasquill 0 is

used here. Fasquill proposed six veather classification categories ranging
frem unstable conditions with light vinds thrcugh neutral condition and vind
to stable ecnditions and light vinds. The classificatien into six categcries
(A to F) depends en surface wind speed, insolation in daytime and cicud ecver
at night.

In these classifications, horicental spreading was represented by an included
, angle.for.the.different categories. Vertical. standard deviation-vas given as

j a function of distance devnvind for the different categories. The experimental

|. diffusien data that were used in Pasquill's correlation vere reasonably ec=-
! plete fre categor.'.es 3 through D. However, for categories A, E and F and for
# distances grester 1. ban ene kiloceter, -the chart is essentially extrapelations.,

ooma2A-24
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' rO Turner (9) provided a quantitative method for categorizing the diffusion condi-
s. V tiens characteristic for a particular hour of the day. This =ethod uses the

regular Weather Bureau surface hourly observations. Near the ground, stability
depends primarily on net radiation and vind speed. During daytime hours, with
clear skies, insolation (inec=ing radiation) depends en solar altitude, which
is a function of time of day, time of year and latitude. Clouds inhibit both
insolation and radiation. In Turner's syste=, insolaticn is estimated by solar
altitude and modified for the effect of cicud cover and ceiling height. The
Turner number depends on vind speed and net radiation index. The stability
categories as dete. ined by the =ethcd of Turner are related to Pasquill
categories (A to F) as follevs:

Atmospheric Ccodition Pasquill Letter Turner Number
_

Extre=ely Unstable A 1
Unstable B 2
Slightly Unstable C 3
Neutral D 4
'Slightly * Stable E 5
Stable F 6
Extremely Stable - 7

For convenience, Turner No. 6 and No. 7 are both cal Pasquill Letter F for
purposes of estimating diffusivity. Recently, Slade has.s m ized.=uch
experimental data en continuous point source plume diffusion. The su==ary

fp includes the. data used by Pasquill.but also =akes use of = ore recent data.

'(] Curve of e and c are presented as_a function of devnvind distance and dif-y z,.'
ferent Pasquill stability categories. Slade has also given a method for
esti=ating the stability categories frc= a continuous record of wind direction.

For a ecutinuous plae extending downwind frc= its source, it is possible for
.its vertical growth by diffusion in the "=ixed layer"-to be_ inhibited by the
presence of an inversion. Hence, a "vertien1 mixing value," c , developed fromz
experimentally obtained data, may apply only where no other restraint to mixing
exists. This inversion imposes an additional restraint on c , for daytimez

i stability categories, which may be significant as downwind distance increases.

| By definition, categories E and F have pur# ace-based inversions included in the
'

empirically deter =ined c 's. Holzvorth(10) evaluated =eanradiosondeobserva-z
tions and nor=al =ax1=u= surface temperature and used the assumption of a dry
adiabatic J. apse _ rate to estimate =onthly mean msudmum.=ixing depth (MMD) . This

i
' analysis was done for h5 stations in the United States.

As discussed in the fc11oving section, the construction of the two-hour and
24-hour codel for the Midland site, Pasquill E and F stability crede=inate;

! hence, there is no need to discuss the inclusion of MMD in thes.s models.

DILUTION DUE TO BUILDING EFFECTS

The continuous point source diffusion equations are only applicable to flow over
flat unobstructed terrain; the diffusion studies which have led to the su==ari-

sation of Fasquill and.Slade for c7 and og as a function of distance and atmos-
( ) pheric stability were done over flat unobstructed terrain.

FU
|
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- } Various appza ^e: have been used to account for the effect of buildings on
V airborne evncentrations devnvind. These are: (1) 3e " virtual point source"

which = oves the theore31 cal point source far enough upvind so that the plume
has about the sa:e dimensions as the building, t3 the location of the building;
(2) the a idition of a " cavity diffusion" term to the poit t source equations
(ie, CA); (2) the use of a cavity diffusion equation per 3e (ie, X = GX/L 77)2

where K is an empirically determined constart and L is either length downvind
or L2 is building cross-sectional area; and (!+) e=pirically determined dilution
factors from full-scale diffusion tests.

It is believed that the latter apprcach is the correct cne t 2se because:
(1) there are sc=e full-scale data, (2) this method acccunts for the difference
due to at cspheric stability, and (3) this =ethod reflects directly the effect
en airborne cen entrations.

A variety f' Dickson, Start,
and Markee ll{hese . kinds of data is su=arized in Table 2A-12.data ec=e frc= surface releases cf a tracer on the devnvind side
of the 2xperd ental. Breeder Reacter II at the . National Reactor . Test Station
(URTS). The cross-sectional area of 665 square meters is for the reactor build-
ing itself, althcuch there are other buildings in the ec= plex. The Pasquill
categorizations in Table 2A-12 are based en stability ec=:ents of the auther
plus cbserved vind speeds.

The data frc= Islitzer(12) come from diffusion studies of a tracer released
just downwind from the enain MI'R reactor building at NRTS.

,e r.

Q Munn and Cole's dataW) are frem studies conducted at the Central Heating'

Plant at the National Research Council, Ottava, Canada. Releases were from
a 10-foot high stack on top of the 60-fcot high Central Heating Plant. This
building does have other large buildings crossvind of it.

Crossvind arcs were :from 500 feet to 1,150 feet downwind and dilution factors
ranged from 2 5 to 40 over the eleven tests. Detailed infor=ation is not given
for each test, but a median dilution factor of 10 is reported at a median dis-
tance of TCO feet (213 meters). At these dirtances, the releases from the short
stack on top of the building would give the same result as from a ground level
release due to the mixing within the wake c' the building.

I
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TABLE 2A-i2
SUMMARY OF BUILDING DILUTION FACTORS

TEST

AREA'2 PANQUIil CATEGORY
AUTHOR METERS A B C D E F

Dickson, Start, 4.4k7) @ 100m 3,5 (6) 0 100m
'

and MarKee 2. 8 (7) @ 200m 4.2 (6) @ 200m
- - 1.8(7)@ 40dm 3.9(6)@ 400m - -665

1.4(7)@ 600m 3.2(6)0 600m

Islitzer i
2400 - 3 .2 (11) @ ll8m 50 (1) @ ll8m

2. 9 (11) @ 350m - - -

3.2(11)@ 550m
2.4 (11) 0 850m

y 725 - - 10 (11) 0 21$m - - -

Io
Martin - - 1.9 (2) @ 152n - 9. 6 (6) @ 152m 21(2) @ 183m -

NOTE:

1. The buliding dilution factor
2. The number in () is the number of cases available to establish the dilution factor
3. Downwihd distance from release to diiution measurement

,
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-/O Martin's data are =easured concentrations devnvind of the Ford Nuclear
('h Reactor Building en the north campus of The University of Michigan, of

Kr85 emitted frc= the 9 5-foot high stack on top of the h5.5-foot tall build-
ings. The crossvind vidth of this building is not given but presu= ably it
is of the same order of magnitude as the building in the above tests. As'

is the case above, there are other buildings in the vicinity of this reactor
building also.

Only Martin's measure =ent at distances greater than 100 meters are used
in this analysis.

The data frc= Table 2A-12 are plotted en Figure 2A-11 according to stability
category and distance. It is evident that dilution factors increase with
an lacrease of stability, and that dilution factors decrease with distance.
Dilution factors =ust approach unity as distances increase. Consequently,
there is sc=e tendency for dilution factors under stable conditions to de-
crease faster with distance than those under unstable conditions.

The solid lines on Figure 2A-11 are the dilution facter relationsM ' which
are used in the 2-hour model (which is =cstly the ? stability catepry),
the 2k-hour =cdel (which is mostly E stability) and the 30-day model (which
is D stability category). The dilution factors were allowed to equal unity
at 50 kileteters. This gives a dilution factor of 1.2 at 2 kilometers and
1.03 at 10 kilometers. The upper curve in Figure 2A-1. is consistent with
the E category. data and are probably. conservative at 10W meters.

m
DIFFUSION MODELS

SELECTION OF DIFFUSION MODELS

For the purpose of selecting data to use in determining the input parameters
to the diffusion.models (U, . stability category, etc), the five-year period
1962 to 1966, inclusive, w e chosen since =eteorologie data exists for both
the Dev Plant and the FAA Saginav Airport, and sc=e vind strip charts ex-
ist at Buildings k7 and 417 at the Dev Plant, for 1966 and 1967

On the basis of average vind speed, average "gustiness ," and the frequency
of cal =s obtained frc= =cathly su== aries frc= building kl7 of the Dov Plant,
the verst nine =enths of the five years (ie,15 percent of the sa=ple) were
identified. .This vas.done for three. sectors, defined in Table 2A-13, se-
lected for the shortest distance to the site boundary. This table shevs
the average monthly U, Dev gustiness category, and frequency of cal =s. On
the basis of 1cvest U, highest Dev gustiness category (note that sigma theta
decreases with gustiness ), and highest frequency of cal =s , the nine verst
=enths were selected. The final selection was as follows :

1. August 1962 6. . August 1965
2. November 1962 7 July 1966
3 October 1963 8. August 1966
4. Nove=ber 1963 9 Septe=ber 1966
5 July 196573

'
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TABLE 2A-13

ANALYSIS OF MONT11LY DIPPUSION, PIVE YEARS, 1962-1966
; MIDLAND, MICIIIGAN

360"
080" - 101 E 169" - 191 S P'g" - 259" WSW Percent.i 1962 U Guat U Gust 3 G un t. Calms

*

JANUARY 8.0 2.4 6.0 2.0 5.6 1.9 1.0
PEBRUARY 8.7 2.4 6.4 1.7 7.5 2.0 0.3

j MARCil 8.3 2.4 10.2 2.0 6.2 1.8 0.6APRIL 7.9 2.2 6.7 1.8 8.5 1.8 0.3MAY 7.5 2.0 7.9 2.1 9.5 2.0 0.9JUNE 6.6 2.1 6.5 2.0 6.3 2.0 0.6JULY 6.9 2.1 5.2 2.0 5.3 2.0 1.3
4

AUGUST * 7.1 2.1 5.6 1.8 5.2 2.0 2.9SEPTEMllER 5.7 2.2 5.8 1.9 9.1 2.1 0.8*

OCTOBER 7.5 2.4 6.9 1.9 6.9 1.9 0.5NOVEMBER * 4.4 2.9 6.4 2.1 7.3 2.0 1.6DECEMBER 9.4 2.4 7.3 1.8 7.2 2.0 0.1

h 1963

: b JANUARY 11.6 2. i 8.2 1.9 B3 1.9 0.5
FEllitUARY 4.9 2.4 7.7 2.0 7 . .' 2.0 0.7

i MARCll 8.7 1.9 6.8 1.6 7. r6 1.9 0.9
ApitIL 6.9 2.1 7.5 1.6 12.4 1.8 0.4,

MAY 6.9 2.0 6.4 1.7 8.7 1.9 0.7
JUNE 4.8 2.0 5.5 1.6 6.5 1.7 0.8
JULY 5.9 2.d 5.3 1.5 5.0 1.9 0.4
AUGUST 5.3 2.0 5.1 1.6 5.9 1.6 0.7
SEPTEMBElt 5.H 2.3 5.2 1.8 6.7 2.1 0.7
OCTOBhlt* 6.0 2.6 5.3 2.1 6.1 1.9 1.5
NOVEMbERa 1.3 3.3 8.2 2.0 8.9 2.0 0.0
DECEMBER 7.3 2.5 7.3 2.0 6.9 2.1 2.1
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TABLE 2A-13 (Continued)

360
080 - 101 E 169 - 191 s 237 - 259 WSW Percent

1964 U Gust U Gust U G ud, Calms
12.3 2.2 7.6 1.9 9.4 3.1 0.1JANUARY
6.2 2.5 6.8 2.0 9.2 1.8 0.0FEBRUARY
9.6 2.4 9.5 1.9 11.5 1.8 0,2MARCl! 9.5 2.2 10.7 2.0 13.5 1.8 0.0APRIL
6.3 2.1 6.7 1.6 12.8 2.0 0.0MAY
6.6 2.0 6.7 1.6 9.1 1.9 0.7JUNE
6.1 2.0 6.3 1.6 5.8 1.4 0.4JULY
8.1 2.d 7.3 1.7 7.3 1.7 0.5AUGUST
6.5 2.2 6.2 1.8 8.2 1.8 0,8

2 SEPTEMBER
5.5 2.0 7.3 2.0 7.2 2.0 1.2OCTOBER
6.5 2.3 6.6 1.9 8.3 2.0 0.2NOVEMBER
6.0 2.6 7.1 1.8 7.3 1.9 0.ODECEMBER

to

i T 1965
Y 9.0 2.0 6.7 1.6 7.1 1.9 0.0JANUARY

FEBRdARY 10.b 2.4 7.9 1.8 9.7 1.9 0.0
MARCil 12.2 1.s 5.1 1.5 8.5 1.9 0.1
APRIL 6.4 2.0 4.8 1.8 P.2 1.9 0.06.1 2.0 5.9 1.8 9.7 1.6 0.4MAY

5.9 2.0 6.0 1.7 7.1 1.6 0.2
*

JUNE
JULY. 5.0 1.6 5.8 1.6 5.7 1.8 2.2
AUGUST * 5.1 1.9 4.8 1.9 6.9 1.8 0.36.8 2.2 7.3 1.8 6.8 1.6 0.3 (SEPTEMBER
OCTOMER 5.5 1.8 5.6 1.7 7.7 1.9 0.4

'

NOVEMBER 10.0 2.0 6.2 1.6 10.3 2.0 0.2
DECEMBER 4.9 2.6 6.7 1.9 7.0 1.9 0.1
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TABLE 2A-13 (Continued)

360
080 - 101 E 169o - 191 S 237 - 259 WSW Percent

1966 U Gust ~ U Gust U Gust Calms

JANUARY 8.6 2.3 7.5 1.7 6.9 2.0 0.0

FEBRUARY 5.6 1.9 7.1 i.8 6.9 1.6 0.1

MARCil 7.3 2.5 7.3 1.8 7.2 1.7 0.1

8.4 2.0 7.9 1.7 7.7 1.5 0.8APRIL
5.3 2.0 6.2 1.5 8.4 1.6 0.2MAY

JUNE 5.5 i.8 6.5 1.9 6.5 1.7 0.6

9 JULY * 4.5 i.6 4.3 1.6 5.7 1.6 0.5

h AUGUST * 4.7 2.1 4.9 1.9 5.3 1.7 0.4

SEPTEMBER * 5.5 2.2 5.6 1.6 4.8 1.7 2.0

5.4 2.3 9.8 i.9 12.I 1.3 0.1OCTOBER

NOVEMBER 5.0 2.4 6.6 1.7 7.0 1.8 0.0

DECEMBER 9.9 2.1 7.0 1.8 7.2 1.9 0.1

NOTE: 1. * Indicates selected " worst" months Eor further arialysis.
C 2. Gtist means gustiness, a stab $.lity rating. Averdge monthly values are shown.
C
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I Data from these nine identified worst months are used to develop the inputs
Il to the diffusion =odels. Normally, this may be done either by the methods
] suggested by Turner or Slade. Nevertheless, the Dcw data as recorded by

the guard-observer are not suitable for either method for the following#

reasons:
,

!
1. The Dov data include no elcud cover or cloud ceiling data. This,

eliminates use of Turner cethod.

; 2. The Dow data have incomplete detail in the "gustiness" categcry to
j assign a Slade or Pasquill category.

'

3 The rav Dow data are too incomplete to use Slade's method.

i

For these reasons, the method of Turner on meteorological data from the FAA
weather station at the Tri-City Airport was used in the analysis of the nine
vorst conths identified above. In this regard, it is probably conservative
to use the data from the Tri-City Airport, for air passing over the plant'

complex to Building 417 probably contains core =echanical and ther= ally
; induced turbulence than at a =cre favorably exposed station, like the Tri-

j,
'' City Airport. In order to illustrate this, selected portions of 24 nights

during which the vind was light and southerly, at Building 47 on the southern
: border of the present Dov site were studied. A southerly trajectory brings
! air from a pastoral area to Pilding 47, whereas the southerly trajectory

at En47 ding 417 brings air over the heated plant. For the sa=ple shown in'-

' , . S . Table 2A-14, hourly values of U ce have been calculated at these two loca-
tions. The =ean ratio of TJ ce at Building 417 to TJ ce at Building 47 is 1.h4.

|

,

t
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Table 2A-14

*

Comparison of Diffusion Facters, Light Nutherly Winds,

Buildings A7 and 417, Midland, Mit.'ig
Selected Periods - 1966

Building k7 Building 417
Date Wind Wind a g/aj _., G

CAT IIC9 Range U/D0Hour h 5/DC CAT UG R

1-29
2100 75 5/160 13/3 65 49 6/350 8/4 48 0.739

2-1
1800 39 4/190 6/5 24 90 4/190 15/3 60 2 50

2-2

1700 38 5/190 6/5 30 100 3/180 17/3 51 1.70
1800 30 5/190 5/5 25 84 2/170 14/3 28 1.22

2-5
2000 31 5/170 5/5 25 69 5/180 11/4 55 2.20
2100 45 5/160 8/4 40 86 3/150 14/2 42 1.05
2300 43 5/160 7/5 35 81 3/160 14/2 42 1.20

' f,\O 2-6
0000 42 4/150 7/5 28 81 2/160 14/3 28 1.00
0100 46 5/160 8/4 40 92 3/160 15/3 45 1.13
0200 36 5/160 6/5 30 98 h/160 16/3 64 2.13
0300 45 5/150 8/4 40 91 3/160 15/3 45 1.13
2200 48 '5/160 8/4 40 94 4/170 16/3 64 1.60
2300 65 5/15o 11/4 50 96 3/160 16/3 48 0.873

2-7
! 1100 98 3/150 16/3 48 123 4/140 20/2 60 1.25

1300 65 4/190 11/4 44 108 3/190 18/2 54 1.229
|

2-27
0000 33 2/190 5/5 lo 53 4/190 9/4 36 3.60,

! 0700- 43 5/170 7/5 35 112 3/170 19/2 57 .1.63
0800 53 4/180 9/4 36 uh 3/190 24 1 72 2.00
1000 63 3 170 10/4 30 149 3/150 25 1 75 2 50
1100 80 3 0 13/3 39 74 4/13o 12 4 48 1.23
1300 97 5 140 16/3 80 109 5/130 18 2 90 1.12
1400 136 - 4/110 23/1 92 116 4/130 19/2 76 0.826

2-28
0500 41 2/190 7/5 14 61 '3/200 10/2 30 2.14

d
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Table 2A-14 (Contd)

Eu11 ding 47 Building 417
Date Wind Wind
Hour Range U/D

j afCAT U00 Range U/D0 CAT E09 R

3-2
0600 39 3/200 6/5 18 54 5/190 9/4 45 25

.3.-l
0200 70 4/200 12/4 48 121 3/180 20/2 60 1.25

9-10
0400 47 4/190 7/4 30 46 5/19c 8/4 40 1 33
0500 42 4/200 7/4 28 50 4/200 8/4 32 1.14
0600 35 5/190 6/4 30 58 6/19 0 lo/h 60 2.0
0800 109 3/160 18/2 54 106 3/160 18/2 54 1.0

..noo . 47 3/180 8/4 24 59 -4/190 10/4 -40 1. 6
1200 40 5/180 7/5 35 71 5/190 12/4 60 17

3-n
1400 62 5/160 10/4 50 2n 3/160 18/2 54 1.08
1800 133 4/160 22/2 88 lol 3/150 17/3 51 0 58

9-17
0400 74 4/170 12/4 48 85 3/140 14/3 42 0.875

3-20.

1900 50 5/180 8/4 40 84 3/170 14/3 42 1.05
2000 61 4/180 10/4 40 75 4/180 12/4 48 1.20
2100 81 4/140 13/3 52 94 2/.160 16/3 32 0.615

3-21
0200 117 3/150 19/2 57 108 3/150 18/2 5h 0 947
0300 81 5/160 13/- 65 86 4/160 14/3 56 0.892

3-22
0600 71 4/200 12/4 48 69 4/190 12/4 48 1.00

5-7
1200 -180 2/170 30/1 60 78 3/200 13/3 39 0.65
1300 144 2/140 24/1 48 110 3/180 18/2 54 1.125

:5-11
0300 '121 2/140 20/2 40 143 3/150 24/1 72 1.80
0600 99 3/160 16/3 48 93 4/150 15/3 60 1.25
0700 73 5/140 .12/4 60 99 6/220 16 3 96 1.60
0800 95 4/160 - 16/3 64 69 6/150 n4 66 1.03

,, ' h
-
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Table 2A-14 (Contd)
, h. )

Building 47 Building 417
2 Date Wind Wind/ !Hour Range U/D CAT UCG Range U/D0 CAT E09 R

173 4/200 29/1 116 68 15/40 11/4 165 1.42
1Soo 217 5/160 36/1 118 55 14/50 9/4 126 0.70

s-14,

'

1400 123 5/200 20/2 loo 141 5/210 23/1 115 1.15
2000 57 5/190 10/4 50 62 4/350 10/4 40 0.80,

5-15
4 1200 175 4/190 29/1 116 319 4/260 53/1 212 1.83

1500 123 5/200 20/2 loo 102 7/190 17/3 119 1.19

5-16
0000 135 5/190 23/1 115 63 7/270 10/4 To o.68
0100 96 4/160 16/3 64 52 5/320 9/4 45 0.865

5-17
0600 92 3/160 15/3 45 54 13/210 9/4 117 2.60
1100 150 3/170 25/1 75 58 14/260 10/4 140 1.86

|(T \ 1200 191 4 160 32/1 128 71 16/250 12/4 192 1.50
1300 147 4 150 24/1 96 71 18/250 12/4 216 2.25

2- 1400 96 5 190 16/3 80 84 16/270 14/3 224 2.80
1900 120 3/140 20/2 60 86 6/330 14/3 84 _1.40

J-23
0200 39 2/180 55 lo 39 3/200 5/5 15 1 50
0200 42 1/170 75 7 50 2/190 8/4 16 2.28
0300 43 3/180 75 21 61 4/190 10/4 40 1 91
0400 54 3/190 9/4 27 69 3/200 11/4 33 1.12

Avg 1.44

Notes:

1. Range is 30-minute variation in direction.
2. U is 30-minute average vind speed, miles per hour.

3.. IB is 30-minute average wind direction.
4. 00 is range divided by 6.

5 CAT is Slade stability category.

R is ratio (Uo9)gp/(Eos)g76.

'C 0Lu
00054
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Hence, it is likely that under light southerly winds, dilution over the aero-
dynamically rough, heated Dov Plant is, on the average, more than 40 percent,.s

'

greater than ever the flat natural terrain. No credit is taken in the analysis~ V) for this dilution effect over the rough heated plant, but data from Saginaw
I Airport were used.

Although the weather record for the worst nine months was used to
develop input data to the diffusion model, it is also of interest to compare
these data with those obtained from the ec=plete five-year Tri-City weather
history. The stability wind roses versus wind direction for the nine conths
considered in the =cdel and for the whole five years are given in Tables 2A-
lha and 2A-14b, respectively.

The results show that the nine-month average has censiderably poorer
diffusion conditions than the five-year average. For exa=ple, cal =s occurred
6 3 percent of the time in nine =onths and only 4.0 percent of the time in the
five years. The Pasquill F stability category occurs 18.h percent of the time
versus 11 9 percent for the five years. In both cases, the =ost frequent wind
direction for all stability categories, as well as for the Pasquill F category
.is from the west to southwest. .However, the =axi=u= frequency of occurrence
of Category F from any one direction is only 1.2 perceat based on the first-
year history.

The wind speeds as a function of.Pasquill category for the nine-=onth
and five-year records were also ec= pared. In the nine-=onth record, wind speeds
of seven knots or less occurred about 55 percent of the time .and only about 39
percent of the time when the five-year record is considered. In both records,

k[hN uind speeds in the range of four to ceven knoto occurred about 33 percent of
the time during Category F conditions. Category F wind speeds of three knots
(1 5 meters per second) or less, including calms and all wind directions, occurred
only about 3 9 percent of the time in tne five years.

Tha five-year data from Saginaw show that the =ean wind speed under
Category F conditions is about 2 5 =ps. This is the same as the weighted mean
wind speed used in the two-hour =odel (taken frc= nine-month history). Thus,
the five years of data substantiate the speed used in the two-hour =odel.

WO-ECUR DIFRJSION MODEL

Hourly =eteorological data, Saginaw, from the nine worst =onths (identified in
, the previous section) were used to deter =ine the hourly Pasquill category (by
| | the method of Turner) a.a mean wind speed, E. Each of the nights in these nine

months was examined, and the worst consecutive two-hour period was selected on
the basis of Pasquill entegory. The Table 2A-15 shows the results of the exami-,

nation of some 270 nights. The first hour of the two-hour model is constituted
of 81 percent Category F,12 percent Category E, and 7 percent Category D. The
second hour is cc= posed of 72 percent.F, 17 percent I and 22 percent.D. l'he
average hourly value of X/Q for a cor.tinuous point source, cps, was calculated
as a function of range.

,p
|

!
2A-36 00M; Amend =ent No. 2

5/28/69



-.

~

( N.d:
A

Table 2A-14a

Percent Frequency: Pasquill Category Vs Wind Eirection
Saginaw FAA Airport, Nine Months

Wind
Direc- Pasquill Category

_

tion A B C D E F Total
'

N o.o2 0 32 o.45 2.27 o.57 o.89 4.5
NE o.03 o.23 0 56 3 28 0 30 0 71 51
IE o.02 0 32 0 54 4 38 o.3o o.82 6.4

EE o.02 0.21 0.42 2 34 o.22 o.57 39
'E o.06 o.26 0 32 2.12 0 50 0.88 4.1

ESE o.o6 0.16 0.o7 o.77 o.1k o.45 17
SE o.24 0.23 1.45 0.23 o.70 2.8-

ssE o.02 _o.21 0.27 1.81 0 59 o.48 3.4
s o.06 o.39 0 53 2.26 0 51 o.62 4.4

: r[J
N

SSR 0.61 1.03 4:73 0.86 '1 53 8.8-

sw o.04 o.77 1.15 _5 79 1.03 1.86 10.6
Wsw o.04 0 59 0.88 5 55 2.06 .l.51 9.6
W o.08 o.66 1 93 6.83 1.22 2.18 12 9

WIN o.02 0.21 0.44 3 28 o.45 0 73 51
IN o.01 0.k4 0 50 3 52 0.41 0.89 5.8

-

NIN o.03 o.21 0 32 2.68 o.35 1.09 h.7
CAIM o.71 0 56 1.48 1.oh o.03 2.h6 .3

_ Total 1.2 6.4 11.1 54.1 8.8 18.4 loo

Note: Includes 6617 of a possible 6624 observations.

<
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Table 2A-14b

Percent Frequency: Pasquill Category Vs Wind Direction
Saginaw FAA Airport, 19e2-19eo

Wind
Direc- Pasquill Category
tien A B C D E F Total

N o.o2 0.21 0.42 2.M o.54 o.64 43
NNE o.02 0.21 o.M 2.89 o.39 o.40 4.4
E o.01 0.24 0 58 4.06 o.47 o.49 59

.E E o.01 0.17 0.40 2 77 o.40 0 39 4.1
E o.ok o.05 o.M 2 59 o.53 o.63 43

ESE o.03 0.14 0.14 1 33 0.27 0 34 23
SE o.02 0.15 0.22 1.65 0.27 0.42 27

ssE o.02 0.13 0.26 1 99 o.43 o.32 31
s o.02 0.22 o.48 3.87 o.69 0 52 5.8

'

I I ssW o.02 0.24 o.73 5 16 o.95 0.83 79
SW o.03 o.35 1.07 7.80 1 37 1.22 11.8

Wsw 0.03 0.25 0 97 6.93 1.15 0.85 10.2

W o.02 0.29 o.90 8.17 1.M 1.13 11 9
WIN o.01 0.15 o.M 4.29 0.84 0 51 63

IM o.01 0.20 0.49 4.07 0 71 o.66 6.1
ma o.01 0.15 0 39 3 14 o.50 0.67 4.9

CAI14 o.36 0.27 o.62_ o.87 o.01 1.89 4.o

Total o.7 3.4 9.o 64.o .11.o 11 9 loo

Note: Includes 42,480 observations of a total possible of 43.824.

-
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fx Table 2A-15
'

Pasquill Stabilit! Categcries.
?so-Ecur Model. Saginav. Micnigan

Average Wind Speed
Pasquill Categerv Categerv Frequancy Encts =/s

First Ecur*

.

a

F C.81 h.1 2.2
r - ,o 42 j.s;V

-
-

,

D 0.07 92 E.7

Mean 25

Secced Ecur

.,

: 0 . ,g . 39 c.3
, -

-E 0.17 6.6 3.h
'

D 0.12 77 E.0

Mean 25

(3
_

:

^ -b ?so-Ecur Mean 25

The data frc= Dov N4' ding 417 at .tiidland vere not used to develop
the tyc-hour =cdel; hcVever, it was evaluated and ec= pared with the Saginav
data for the sa=e pe= icd of ti=e (19c6 data). The result of this evaluatics
showed that Category F cecurred 1.0 to 10 percent of the ti=e (depending on
the Pasquill ? content of Dev gustiness Category 3) at Building bl7 and 15 3
percent of the ti=e at Saginav. It was also found that the vind frequency in
the h to 12 knct range was about the sa=e for both locations. Wind speeds of
3 knots or less, including cal =s, cecurred about IS percent of the ti=e at
Building bl7 as cc= pared to 13 percent at Saginav. Mean vind speeds of 1 5 =ps
during Category F ccnditiens occurred only 15 percent of the ti=e at Building

~

417

As previously =entioned, the icver frequency of Category F conditions
at Dev Euilding kl7 is.ccasidered to be due to the roughened and heated surfaces
of other buildings in the vacinity cf Building h17 Si=ilarly, it is reasonable
to assu=e that the diffusion of vinds fleving frc= the site to the tevn cf
.Mid'and will be ,6reater than that used in the =cMa' e because the Dev cc= plex
with its mughened and heated surfaces lies between the site a-d Vmand.

Trc= this ec=parison, it also appears that the frequency of Category
F and the tve-hour =een vind speed shavn in Table 2A-15 are censervative.

. /'~5

.g.
4e
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To obtain the average hourly value of X/Q, including the effect of cavity dif--

- fusion, the dilution facter was employed, Figure 2A-ll, for Category . *:hi ch'
-

,, is a conservative choice since experimental data indicate that the diluti:n
( '' - factor for Category F should be larger. Thus, the resulting two-hour model iss

es# V
,..o _ g ,u... y , b ,.. .~ . ...

X/Qces Dilution Fuctor c' -

Distance, r '
.

i ,

c~ , .o; .
, ,o ..:,_

.

. .tv % w ,
, ..,

.

-u , , .
, c, , , ,
. ,

o, ,.

.3,., , , -,,-4
. ..-~. .

,

, ..
.

,

,
.,V ,.I;

, .7 ..n
_.

~ . ., -

..-co '..'_o - _10 - ? '. . c ~. s -?
^

- . . s
, -- ..v

2s , ; o' . , . ' r - b,.,-,Ccc v. . ,a. x ',r.
o

. -o- ..s -

_n, eg .a . e, . 10 -
--

a.a x.
, - ,o-om -a ..v3 v

lo,CCO h.5 x 10 3 1.0 h.5 x 10 3
50,CCO 1 31 x 10-o 1.0 1 3 x 1C-o

Again, for comparisen purposes, X/Q probability roses were developed at one
specified distance downwind .for a continuous point source (cps) using the five-
year weather data at Saginaw. The results are shown in Tables 2A-15s and
2A-15b. This study reveals that the X/Q value obtained from the nine-manth
data is more conservative, in a diffusion sense, than that obtained from the
five-year data.

The cumulative percentage probability of the relative concentration (X/Q) being/~5 less than a specified value for a contitucus point source is plotted in Fi ureCPA-Lle. These data are based on the fivo-year history and a distance dewnwind
(~ of 1170 meters. From this curve, it is seen that the diffusien ccaditions will

be more favorable than- those used in the two-hcur =cdel (X/Q at 1170 meters)V 93 percent of the time.

The X/Q roses developed frc= the five-year record reveal that the percentage
probability of the two-hour diffusion model being exceeded in any one direction,
again assuming a unidirectional wind for two hours, is less than one percent.
See the West direction. This is less than the probability of a calm, which is
3 percent.

If the va7ue of X/Q lies in the asymptote of Figure 2A-lle, the probability of
its occurrence is near sero. It shculd be noted that, at the Midland plant
site, the X/Q associated with the F category and a wind speed of 1 m/s does
lie on this asymptote and thus has a probability of occurrence of a small
fraction of a percent. This means that it is either calm or has a velocity
Creater than 1 mps. This is reasonable since the stalling speed on most air-
pcrt anemcmeter systems is aboat 1.0 to 1.5 mps.

__

\lk~nyJu. Ct
e
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Table 2A-15a.-

Percent Frequency: X/Q Vs Direction Sector
Saginaw FAA Airport, Nine Months

X/Q, lo ,1170 Meters , s /m3
From 0.002 0.071 1.01 2.To h.40 9 50
Sector to 0.07 to 1.0 to 2.75 to h.45 to 5 50 to 11 Total

N o.36 31 0.83 0.091 0.091 - h.5
NNE o.h6 38 0.6h o.152 0.106 - 51

NE o.42 h.h 0 53 0.120 0.167 - 5.6
ENE o.27 29 o.h6 o.1ho 0.046 - 38

E o.23 2.6 0 9h o.167 0.076 - h.o
ESE o.18 1.0 0 33 0.076 0.015 - 1.6

SE o.23 2.0 0 58 0.120 0.076 - 3.o
SSE o.21 2.6 o.hk o.o76 o.030 - 34

S o.h6 33 0 38 o.200 0.091 - k.4
SSW o.64 65 1.05 0 360 0.2co - 8.8
SW o.93 76 1.80 0.140 0.046 - 10 5
WSW o.91 7.8 1.h5 0.130 0.030 10 3-

W 1.25 97 1.88 o.320 0.106 13 3-

0 0.26 h.o 0 56 0.091 0.061 - 50
NW o.50 39 o.68 o.120 0.076 53-

NNW o.38 36 o.85 0.2co 0.061 - 51

calm - - - - - - 6.2

Total 77 68.8 13.h 25 13 o.o 100

Note: Hours used for development of two-hour model include 6589 of 6630
possible observations.

!
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v'

00''%' O
2A-37a Amendment No. 2

5/28/69



Table 2A-15b
'A

.

:/ f I
Q. Percent Frequency: X/Q Vs Direction sector !

'

Saginaw FAA Airport, 19c2-1966

X/Q. lo ,1170 Meters. s /m3
From o.co2 o.071 1.01 2 7c 4.40 9 5o
Sector to 0.07 to 1.0 to 2 75 to 4.45 to 5 50 to 11 Total

N o.28 31 0.64 0.037 o.c35 0.0046 4.2
miE o.33 35 o.39 0.138 0.025 - 4.4
NE o.43 4.7 o.48 o.064 0.058 - 57

ENE o.26 34 o.36 0.064 0.032 - 4.1

E o.31 33 o.54 0.133 0.048 - 4.1
EsE o.17 1.6 o.a8 0.046 0.021 2.1-

SE o.20 2.2 0 34 0.062 0.046 - 29
.ssE o.16 .25 o.32 0.055 0.018 - 31

s 0 36 4.8 o.47 0.081 0.032 0.0023 5.8
ssW o.42 6.5 0 73 0.129 o.ok4 - 79
sw o.67 9.6 o.99 0.087 0.039 11.4-

Wsw o.58 10.8 o.78 0.090 0.023 0.0023 12 3

W 0.60 10.4 1.02 0.099 0.048 -- 22.2
m WNW o.2T h.9 o.49 0.062 0.016 0.0023 58,I (V) NW o.45 51 0 58 0.074 0.021 6.2-

NNW o.23 38 o.60 0.067 0.014 - 47
calm 3.o- - - - - -

Total 57 80.2 30 13 0 52 0.01 loo

Note: Includes 43,hh8 of 48,800 possible observations.

i

|

|

|

|

~,
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Gj -"t In Figure 2A-lle, the asy=ptote located at (100 percent - percent of cal =s) isD; of special interest in that the accumulated percentage probability of X/Q being
equal to or less than a given value is very steep near this asymptote. The
steepness reflects an important characteristic of the diffusion climatology of
the plant site: namely, either the ' ind conditions are calm (3 2 percent prob-
ability) or there is a 93 percent chance that diffusion conditions for a eps

are such that X/Q <l.75 x 10-4 s/m3 (the two-hour =cdel withcut ccrrection
for cavity diffusien).

The (X/Q) cps probability distribution, percentac: ^ w:ncy of Pasquill F cate-.

gory, and the X/Q probability distributir , including the effects of cavity dif-
fusion for a single reactor building as a function of Pasquill F category, is
presented in Figure 2A-lld in a single frequency diagra=. Frc= this plot, it is
seen that, during 93 percent of the time, diffusion conditions are more favor-
able than represented by the two-hcur codel. This diagram shows that, when the
vind velocity, u, is greater than the stal!ing speed of the ane=cteter, the

odds are 93 to 4 that the diffusien conditians are better than shown in the
two-hour =cdel. Pasqu m F and.1 =ps vind speed for two tours lead to a value
of X/Q whose probability of occurrence is abcut 10-2,

The previous discussion of X/Q 3 robability distributions was based on Saginav
data and Turner classificatica of stability. It is now pertinent to ec= pare,
for a ec==cn time period, the X/Q distributions for Turnerized Saginav data
(Table 2A-15a) and Sladeized data from Dov, Building h7 (Table 2A-15b).
Building kT was selected instead of Building kl7 because it is located on the
. edge of the Dow property instead.of in_the center of the plant and presurably,

V is less affected by the plant.
,

An examination of the data in Tables 2A-15e and 2A-15d indicates that the X/Q
distribution at Dov is shifted tcvard lover values of the relative concentra-
tien.in ec=parison with Saginav. This is reflected in an increase In percentage

0.002 and 0.07 x 10 greent at Saginav to 50.h percent at Dev for X/Q between
frequency frca 5 9 p

Thisfeatgealsooccursintheothercolu=ns. In the.

range of X/Q cf 1.01 to 2 76 x 10 , the shift in frequency of occurrence is of
particular interest in that this is the range in which the two-hour c(del lies.

The reduced percentage frequency at Dov in the directicus of North-Northwest
*

to East corresponds to flow over the town area, and presu= ably increased
techanical turbulence. The airflow from the directions East through South
ceces from over the Dev plant, a rough, heated area. The percentage fre-
quency of the X/Q's at .Dov for these directions is reduced in ec=;arison with

! Saginav.

' Scte of the differences between Tables 2A-15c and 2A-15d in the distributions
of X/Q could be due to differences between the Slade and Turner methods of
analysis; cc= pare the distributions for the NW quadrant which, at Dow, is open.
However, the: reductions in the other quadrants cited above are much greater
than this. They are probai.17 real and result frc= increased diffusion in the

,

air that passed over aerodyna=ically rough heated areas. It should also be
~

(hy)(

i
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O Table 2A-15c

Percent Frequency: X/Q Vs Direction Sector
i
'

Saginav EAA Airport. 1966

X/Q. lo-b 1170 Meters, s /m3
From o.002 0.071 1.01 2 76 4.ho 9 50

Se ctor to 0.07 to 1.0 to 2.75 to h.h5 to 5 50 to 11 Total

N o.33 43 o.h6 o.103 - - 52
NNE o.29 2.1 0 33 0.046 o.o34 - 2.8
NE o.25 h.o 0 37 o.o57 0.023 - k.T

JUE o.23 34 0 31 0.o91 4.0- -

E o.38 35 o.43 c.o68 - - .4
ESE o.26 25 0 51 0.057 o.011 - 33

SE o.18 2.6 0.19 o.023 - - 30
38SSE o.21 3 .~2 o.32 0.034 0.011 -

| S o.67 8.o 0 57 0.057 0.023 - 93
SSW o.48 T.6 0 74 0.068 - - 8.9
SW o.58 8.1 0 90 0.o34 o.o23 - 9.6
Wsw o.57 10.1 o.65 o.011 - - 11 3

rsw o.66 20.8 o.67 o.08o 0.011 12.2-

''''if61 10.18 5.8 o.h5 0.034 0.011 - 6.5t

NW o.33 55 0.41 0.023 - - 63
NNV o.27 34 0 51 o.068 0.023 43 --

- - - - - - o.4cals

Total 59 84 9 T.8 0.85 o.17 0.0 loo

i

|

|

j Note: Includes 8,762 of 8,784 possible observations.

|

t
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Inus, the resulting 2L-hour model is

_e, n.._. .. . , . . a.
( . ,y,.) epa

..vu.h .

;.,
- D u.,ut..cn caetor w:w

_ .,r.a n: <e .

i I
4 _-

500 h.h x lo 4.2 3.' v 'o ;3-h
1,utu 1 3 x to ,. 19 a..a x 10 s
. . , , , , , , , ,

, *
-

->, ,,n . ..c,a x .U, , . a .y , n,, sv .., ..m . .

1,6CO d.3 . 10'> 15 13x10-!
_0-5 1.,p+ . 3 .v.c , nn -3 , ,

3 . o .y w-pn| mvu y ; . . .o -

l'a', , nCO h . ~' .v. .0 ,. ..O3 . . ; .v
'

' 3 ' 0--

16,000 2 5 x 10-o 1.0 7.8 x 10 '
. 50,c00 6.8 x 10-7 1.0 2.1 . 10-7

I
The X/Q valuec presented above were developed from the nighttime

weather record cecauce Turner's method of categorizing hourly weather ustaV ,

doer. not permit Pasquill F's to be determined in the daytime. Thuc, an in- '
,

nependent ctudy '.tas n.ade en the 1966 radiosonde 7:00 FM cata of Flint,
Michigan, to develop information on daytime temperature invercicnc. This
ctudy revealed that there were 31 cases of daytime :.nversicnc during the
year. This is 8.6 percent of the da.va. ne highest frequency of daJ' time

~~

| inversions cecurs in winter (10 events) and spring (11 events) seasonc.
I Examination of thece 21 cases revealed that 18 had winds in excess of 2 mps;
I tn.. eliminatec them from the Class F categor.y. Tnic i::. plies, .herefore,+

tha t, the chance of having daytima Pasquill Clus; F category is abcut cnu
Lereent..

I
!

I

r .s.
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iable 2A-16 ;

Pasquill Stability Categories,
24-Hour Mcdel, for Saginaw, Michigan

Wind A 3 C D E F All
Dir %f i %f E %f E 4f E $f E %f E If E

N o .2 5.0 0 5 4.5 0 2.1 39 4.05
NNE O .2 4.0 3 9.0 1.6 8.0 0 2.1 4.2 2.e 5 95
NE O .2 2.0 7 27 1.6 7.0 3 6.0 2.3 6.2 h.2 4.e4
ENE 0 .2 50 -5 75 1.0 8.0 0 9 4.5 5.6 6 32
E O 1.0 4.25 6.3 2.1 6.1 9 6.0 32 4.6 2.6 52
ESE O .2 6.0 .i 6.0 7 8.7 0 35 33 8.6 4.42
SE O 5 4.5 7 3.67 7 63 .2 50 2.1 4.3 4.9 4.61
SSE O 7 3.67 .2 4.0 9 45 .2 70 5 35 4.2 43
s 0 1.4 4.17 1.2 5.8 .2 8.0 0 1.6 3.4 25 4.52
ssW 0 1.2 5.4 7 6.67 1.6 5.6 3 90 25 36 -4.4 50
SW 0 1.6 3.86 30 6.0 30 52 0 2.6 4.9 6.3 5 16
WSW 0 5 h.5 23 6.4 1.0 55 .2 h.o 23 4.4 10.2 4.94,

W 0 30 3.61 4.6 T.05 2.8 6.1 5 55 4.4 39 63 5.26
WNW 0 o .2 30 7 53 0 1.6 33 15 3 3.82
NW 0 0 9 35 2 4.0 0 5 30 25 3.43
NNW 0 o .2 30 .2 15 0 0 2.1 34 1.6 4.43
calm 1.2 1.6 32 .2 0 93 2.5if O 15 5

'

%/u 1.2 12 5 36 20.6 4.4 19 0 71 2.6 6.0 44.1 31100.0 4.2

. Notes:

1. 24 hours taken from 18 selected days from 5 selected years, 1962-1966.
2. II is average vind speed, knots.
3 % is percent of total observations.
4. Total number of observations is 431.
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Figure 2/.-11. The resulting one-conth diffusion model is
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/Q Table 2A-17;'
^

)
Pasquill Stability Categories,

one Month Mcdel, for Saginav, Michigan

Wind A B C D E F All
Dir %r U %r U %r E %r E %r U %r U %r g

05 3 h.o 5 53 23 79 5 8.3 .8 4.4 h.4 6.7N +

NNE .1 h.5 .2 4.9 5 7.2 33 9.4 3 53 .8 4.8 52 7.7
4.0 3 50 .4 77 4.1 8.4 .2 57 7 4.1 57 75NE +

ENE + 5.o .2 4.7 3 6.3 2.5 8.3 .2 5.6 .7 4.3 39 7.1
E .1 h.o 3 4.6 3 56- 2.1 6.9 .4 6.0 1.1 4.5 43 59
ESE + 35 .2 53 .1 5.4 .8 6.5 .1 57 5 4.5 1. 7 56
SE o 0 .2 4.5 3 5.6 15 7.2 .2 55 .8 4.5 30 6.0
SSE + 30 .2 53 3 53 1.8 77 .6 7.1 5 4.4 3.4 6.8
s + 4.0 .4 4.8 .6 6.8 23 8.4 5 7.4 .6 3.8 4.4 72
ssw o o .6 52 1.0 6.7 4.1 8.6 9 6.6 1.6 4.0 8.2 7.0

4.5 7 51 1.4 71 59 8.4 1.1 6.5 19 4.7 11.0 7.2sw +

Wsw + 4.0 5 52 1.2 7.6 5.8 9.4 1.1 7.4 1.6 50 10.2 8.1
W .1 4.8 .8 4.8 19 72 7.2 8.5 1. 2 75 2.2 4.7 13.4 73
WNW + 50 .2 4.4 .4 52 31 10.2 5 73 .6 4.4 4.9 8.5
NW + 30 .4 5.1 5 55 33 8.8 4 6.1 7 4.4 53 6.7
NNW .1 4.0 -. 2 39 3 6.1 2.7 9.4 .4 70 9 4.5 4.6 77

. ,p calm 7 .6 15 1.1 0 25 6.4
;( ("j

~

%/U 1.2 1.6 6.3 4.5 11 5 5.8 53 9 8.4 8.6 69 18.5 39100.0 6.8

Notes:

1. All days frem nine selected months of five years, 1952-1966.
2. u is average vind speed, knots.

3 % is percent of total observations.
4 Total number of observations is 6,508.
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_h _
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_c'

2,Cor _
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: Calculations have also been made using the cavity dilution factors considered
i

! " reasonable" by the Environmental Meteorology Branch of ESSA, in its co==ents
; the =eteorology analysis of the Zion Station Units 1 and 2. The dilution
| factors are compared with those used in the Midland models and are presented
, below. '

3.
>,

'

Midland Plant
j 2 'f our ,

'

! Zion j-Hour One-Month
I

300 Meters h.8 Net Used Not Used

f h15 Meters 3.3 Not Used Not Used i
.

500 Meters (2.75) h.2 2.6
'

,

I

600 Meters 2.h (3.2) (2.h)

1000 Meters 1.5 1.9 1.75
'
.

!To deter =ine the significance of the difference in these dilution factors,;

i the relative concentration (X/Q) for Midland was calculated using the Zion
cavity-dilution factors. These values are ec= pared with the 7/Q values to

,

'

'..
l be used in the Midland Plant Tadiolo6ical analysis in Table 2A-18a. !
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!
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- Table 2A-18a

Sc= nary Relative Concentrations
Average Hourly X/Q = 1/(n c c, E) (DF)

Y ~

,
X/0, sec/m"

2-Hour 2!.-Hour 1-Month 1-Year
Dist ance , Orig Zicn Orig Zion Orig Zicn Crig Zion
Meters DF DF DF DF DF DF DF DF

LOO 2.1- 3.5- 3.h- 5.h-5 1.3 1.1 g,7 0.6-5-5 -5 -5

-5 -5 -5
! 500 1.9- 2.8- 3.1 h.6-5 1.1 1.0 0.6-5 0.6-5

-5 -5 -51,000 1.1- 1.5- 2.2 2.6-5 0.5 0.6-5 0.3 g,3-5

1,170 2.0 2.3- 1.8-5 2.2-5 0.h-5 0.5 0.2 0.3'-5-5 -5-

-5 -5 -5 -5 -5 -51,600 .5 9.0 1.3-5 1.5 0.3 0.3 0.1 _

-5 6.8-5 1.0 1.2 0.2 -- 0.1 _
-5 -5 -5 -52,000 6.1

-6 ~6 -6 -620,000 8.3 _ y,3 - 0.2 - 0.1 ,

-6 -7
(''') 16,000. h.5 - 7.8-I - 0.1-6 _ g,5 _,,

r e-
Nd' -6 -7

- 0.2 - 0.1 -
-7 -750,000 1.3 2.1-

Note: 1. DF is the dilution factor for the aeredynamic vake effect of the
reactor building.

a
' 2. Orig DF is the X/Q originally shown in the Midland Plant PSAR,

brought to h00 meters.

3. Zion DF is a new X/Q related to the Midland Plant analysis using
DF's adopted fran the Zion FSAR.

I h. .2.1- means 2.1 x 10.
I'

.
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2 INFORMATION TO BE OBTAINED

A metecrological monitoring program vill be conducted at the Midland
Plant site. The program vill provide data with which to evaluate and,
if necessary, upgrade the meteorological diffusion estimates presented
in Section 2.3 and Appendix 2A.'

Meteorological data vill be obtained from three meteorological towers
(one 300-foot tower and two ten-ceter towers) located on or adjacent to
the plant site (reference Figures 2Al2, 2A13, 2Alh and 2A15). The sen-v

sitivity of the detection instrumentation and the instrument location
on the towers are in conpliance with Regulatory Guide 1.23 At least
one yetr's data vill be collected and evaluated prior to issuance of
the M1 tland Plant final safety analysis report.

TOWER LOCATION, SENSOR SPECIFICATION, DATA RECORDING AND ACCURACY

The specific location of each tower and the data to be obtained together
with the measuring systems and overall accuracies are discussed below.

300-Foot Towern
I )h/ The 300-foot tower will be located in the nonmuual parking lot, north27

of the lay-down area, about 1,150 feet vest of the nearest reactor build-
ing (reference Figures 2A12.and 2Alk). ..The. distances.from the tower to
the pond dikes are about 1,200 feet to the south and 1,050 feet to the
. southeast. .The elevation of the top of the dike.ls 632 feet and the
elevation of the base of the tower is 61h feet. The grade level at the
reactor building is c.t 63h feet. The top of the building is 787 feet.

Bullock Creek diversion flows from southwest to northeast in the area
vest of the tower location. The diversion is 150 feet vide at its banks.
The bed of the diversion gradually slopes down from its banks toward the
central bottom (15 feet vide) at elevation 592 feet. The distance frem
the tower to the eastern bank of the diversion is about 50 feet. The

i tops of its vestern and eastern banks are, respectively, 616.5-foot and
61h-foot elevations. Two ponds owned by Dow Chemical Company (one

i existing and one to be filled in 197h) are located in the area vest of
the diversion (reference Figure 2A13). The two ponds cover about 350
acres. The temporary construction offices stand east of the tower lo-
cation on an elevated area of 63h feet elevation. The distance from
the tower to the elevated area is about h50 feet. The road which runs
to -the northeast -from Miller Road between the normnnual parking and tne
lay-down area is 300 feet south of the tower. The north-south road
directly east of the norsanual parking area is 275 feet east of the
tower location.

.)

OOM1
2A-42c

A=endment 27
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Since space is limited at the Midland Plant site, the tower will be
located in the nonsanual-parking lot. However, no automobiles vill park
within the area whl.ch vill be fenced out from the parking lot (reference
Figure 2A15). The distance from the tower base to the nearest cars
parked just outside the fence is 130 feet. Besides, no cars will park ,

in the area vest and north of the tower where the Bullock Creek diver-
sion flows .

The meteorological variables to be measured on the 300-foot tower are:

10-Meter Level - U, Tu, E. a o
h0 Meter Level - U, Tu, E
60-Meter Level - U, Tu, E, e, a

300-Foot Level - U, Tu , E

where: U = Wind Speed
Tu == Ambient Air Temperature

E = Dev Poico
0 = Wind Direction

o = Wind Direction Fluctuation (Standard Deviation)

Table 2A19 shows the quantity, manufacturer, model number and the speci-
fications of the sensors used on the -tower. All-wind direction and speed

sensors vill be mounted at least two -tower vidths -from the -tower and eachg
) sensor vill be six feet or more from any other scncer. Temperature and.-

I -' dev point sensors will be at least one tower vidth from the tower.

An EG&G digital system is planned to convert the sensor outputs to 15-
27 minute average data reports, in engineering units, for the above-mentioned

variables. In addition, .the temperature differences ( AT)
o=puted from the mEasu b ,

60m - 10m and (AT) 300 ft - los(Ad are

temperatures and included in the data reports. The data reports are
automatically listed on an ASR-33 teletype printer and recorded on an
IBM compatible, 9-track, 800 BPI, magnetic tape. The digital system
includes an Interdata Model 7/16 processor of 32K byte memory =odule
and 16 general . registers. The processor polls the sensors approximately
four times per minute. Following each poll, a 15-minute average is ccm-
puted. This feature allows a rapid assessment of the measured meteoro-
logical variables because a data report is immediately available upon
request.

Eight dual-channel strip chart recorders (Esterline Angus Model 1102S)
vill be utilized to produce the analog records of the measured variables
as a backup to the digital system. Instead of recording the ambient air
temperatures measured .at the 300-foot, 60-meter-..and 40-meter. levels, the
temperature differences ( AT) W - n' (UT} 66 - W and (AT) 300-ft - 10m
are recorded on the strip charts, along with the temperature at the

10-meter level. The full scale of AT is 10 C. Each analog recorder has

[ \ a 10-inch vide chart paper running at a speed of h inches per hour. The
- /L >m./ ' direct recording of temperature difference vill provide an accuracy of

M vithin 0.1 C. .

{}(){Y'nr
2A-42d Amendment 27
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All data receiving and recording equip =ent for the 300-fcc tower is
located in an environ =entally centrolled structure at the base of the
tover. The accuracy of a =easured variable depends upon the sensor,
the electronics and the recording equiptent used. The overall ac-
curacies cf the =easured variables en the 300-fcot tcver are esti=ated
as felW. :

Wind Speed - 3etter than : 0.5 =ph up to L8 =ph vind speed'

for both autc=atic and backup "aa^*'" gs .

Wind Direction - 32 over range frc= 0 to 356 for both
aute=atic and backup recordings.

0.Ok C on te=perature =easurement over rangeTe=perature -:
frc= -50 C to 50oC, and : 0.06 C on te=pera-
ture difference for aute=atic recordirs,

0.07 C on temperature difference for backupi 1

recording.

Dev Point - n 0.h C over range frc= -50 C to 50 C for
autc=atic recording and 2 G.5 C for backup

27 recording.

' (m) 10-Meter Tcvers
,

v

Data frc= the two 10-=eter towers vill be used to supple =ent the data
frc= the 300-foot.tover. Each.,10-meter tower station vill have instru-
=entation to =easure vind speed, vind direction, a=bient air te=perature
.and. relative humidity.

10-Meter Tover No 1

This tower is located abcut 800 feet northeast of the reactor building
j cn the bank of the Tittabavnssee River. The specific purpose of this

tower is to provide =eteorological data for vinds frc= the northeast
quadrant after they have traversed the Dev Chemical Co plant site and
the Tittabavassee River. The base of the tower is 60broot elevation.
The water level in the Tittabavassee River is esti=ated to be about
590 feet about 50% of the year.

i 10-Meter Tever No 2

'This i,cver is located about 6,600 Teet south of the reactor building
and about kOO feet south of the cooling and storage pond dike. It vill'

-provide infor=ation concerning vinds with southerly ec=ponents before
they are possibly affected by the cooling pond. The elevation of the
base of the tower is 628 feet. The elevation of the top of the dike s

h00 feet to the ncrth, is 632 feet.

n }.f(N., ,/
' ,

00073
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Table 2A20 shows the quantity, the manufacturer, the model nu=ber and
the specifications of the sensors used at each of the 10-meter tower

j stations. The wind speed (Climet WS-Oll-1) and direction (Climet
WD-012-30) sensors will be located on top of the 10-meter tower six
feet apart. A Climet Model 025-9 veatherproof pc-table (battery
povered) translator vill be used in the wind measurements. An
Esterline Angus Model No A601C recorder will provide the analog records
of the vind speed and direction measured at each 10-meter tower. The
recorder uses a 6-inch vide chart paper running at a speed of four
inches per hour. The translator and the analog recorder vill be housed
in an environmentally sealed enclosure (36" x 30" x 16").

The ambient air temperature and relative humidity at each 10-meter tower
station vill be measured and recorded by Science Associates Inc, No 255
hygrothermcgraph. The recorder drive is spring-driven and can last for
a period of eight days. ~The hygrothermograph will-be housed in a Weather
Measure ISI instrument shelter which will be located in the vicinity of
the 10-meter tower.

No automatic digital data acquisition equipment is planned to record
data for the two 10-meter tower stations.

O 27 The overall accuracies of the vind speed, vind direction, air temperaturei

r (,/ and relative humidity measured at each of the 10-meter tower stations are
estimated as follows:

Wind Speed - Le ter than 0.5 uph up to 33 =ph vind
veed.

k.9 over range from o to 356 .Wind Direction -

|

Temperature - 1 F.

. Relative Humidity - 3%.

MAINTENANCE AND CALIBRATION

In order to assure the accuracy of the measured variables and to minimize
the loss of data, instrument maintenance services will be made at least
twice weekly and calibrations made semiannually for the 300-foot tower
and the two 10-meter tower stations. It is planned that a full-time
technologist will be on site during the. tower operation to perform the
maintenance services.i

| During the maintenance services, inkwells and pens are filled, chart
(3 paper changed and recorder drives wound, if *1ecessary. A visual inspec-

_( Q tion of.the sensors, signal conditioning equipment and recorders is made.
L Any necessary adjustments are made on site. Any malfunctions are either

corrected on site or removed for repair. An inventory of spare parts,

'000p'.+'
2A-42f ' A=endment 27'
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including vind speed and direction sensors, various signal conditioning
cards, analog r ecorder, and so forth, vill be stored on or adjaccnt to,

the site fo mediate replacement. After adjustments or repairs, a
calibration is performed if required. Routine cross-checks between the
strip chart records and the digital system printouts are also made to
minimize any potential period of invalid sampling. Routine maintenance
on individual instruments is performed in accordance with manufacturer's
operation and maintenance procedures.

Every six months, all sensors, electronics and recording equipment for
both the 300-foot tower and the two 10-meter tower stations are cali-
brated. Hygrothermographs are compared and adjusted to an Assman
psychrometer. The temperature sensor is calibrated by immersing the
sensor in a laboratory temperature bath and reading the resistance of
the sensor. The calibration data are plotted and checked for linearity
and drift. The dev point sensor is calibrated using precision analog
test equipnent. The-dev Toint ' temperature resistance output is measured,
converted to temperature, and compared to dev point temperature as cal-'

culated frcm relative humidity measurements taken with an Assman
psychrometer.

The wind speed transmitter with cup is calibrated at several given speeds
starting from the sensor threshold. The pulse output of the sensor is

27 counted for each given speed. l'he calibration data are plotted and
checked for linearity and drift, anc the bearings are replaced.,

t(' J

The vind direction transmitter with vane is placed in the center of a
polar. coordinate jlg.and lesistance readings are taken every 10 . The
data are plotted and checked for linearity, and the bearings are * eplaced.
The total resistance.of the _ sensor is measured and compared to the pre-
vious measurement to detect wear of. the potentiometer. If necessary,
the potentiometer is replaced. After obtaining satisfactory rer,ults
from linearity and torque tests, the balance of the vane is checked.

The electronics and recording' systems are calibrated in accordance with
manufacturer's procedures using precision test equipment, laboratory
potentiometer or other measurement devices.

DATA ANALYSIS PLAN

The meteorological data obtained from the 300-foot tower with the sup-
plemental data measured :from the two 10-meter towers vill be used primarily
to develop the diffusion models applicable to the site. Monthly and annual
frequencies of wind speed and direction -by atmospheric stability as well
as the long-term (annual) X/Q estimates as a function of vind direction
and downwind distance vill be obtained using hourly data for each of the
.following stations:

J
s
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i) 300-Foot Tower

11) Each 10-Meter Tower

The hourly data are cocposed of at least one 15-minute average per hour.
The frequencies and the long-term X/Q for the 300-foot tower vill be
cbtained with at=ospheric stabilities determined separately by vertical
temperature gradient and by standard deviation of the hori:: ental vind
direction fluctuations. Wind speed and direction =easured at the 10-meter
level, and temperature difference data between the 60- and 10-meter levels
will be used. The temperature difference data are converted to vertical
temperature gradient and used in determining atmospheric stability. The

! classification of atmospheric stability in terms of vertical temperature
gradient will be in accordance with Regulatory Guide 1.23

The frequencies and the long-term X/Q for each 10-meter tower vill be ob-
tained with atmospheric stability <detemined by standard deviation. . Wind
speed and direction =easured from the 10-meter tower will be used. The
standard deviations used in detemining atmospheric stability for the
300-foot tower and for the 10-ceter towers are, respectively, obtained
by dividing the corresponding vind direction range by a constant of 6.0.
The ranges vill be extracted from vind direction traces recorded on the
strip charts. The atmospheric stability will be classified in terms of

standard deviation (c)_as follows:

f U 2I Pasquill Category Range of Standard Deviation, Degrees

.A o y 22.5
B 22.5 > c > 17 5
C 17.5 > o 3 12.5
D 12.5 > c> T.5
E 75> c) 3.8
F 3.8 > c3 2.1
G o< 2.1

Air arriving at the 300-foot tower from northeast through east to southwest
will have traveled over buildings, dikes and construction facilities. The
long-term X/Q obtained from the 300-foot tower data with stability deter-
mined by vertical temperature gradient and by atandard deviation of the
10-meter vind direction fluctuations vill be ecmpared to the long-term

X/Q obtained frcm the No 1 10-meter tower data for each of the vind direc-
tion sectors lying from northeast to east; and co= pared to the long-term

X/Q obtained from the No 210-ceter tower data for each of the sectors
lying from east southeast to southwest. The highest X/Q found through
the comparison for a given sector vill be used as the long-tem X/Q ap-
711 cable to the rite for that7ector. For any wind direction sector out-

i side the range from northeast through east to southwest, the long-term
X/Q obtained from the 300-foot tower data with stability determined by
vertical temperature gradient vill be considered as applicable to the

O site.

{'}
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Cumulative frequency distributions of X/Q will be calculated for the 0-8
hour time period assuming invarient vinds and for 16-hour, 3-day and
26-day time periods assuming variant vinds. These distributions vill
be obtained separately for the 300-foot tower and for the two 10-meter
towers. Hourly data of wind speed, vind direction and stability will
be used in this calculation. Again for the 300-foot tower, the calcu-
lation vill be performed with stability determined by vertical tempera-
ture gradient and by standard deviation. The 5% and 50% probability
level X/Q will be calculated for each time period and for each of the
three tower stations. The meteorological conditions for the short-term

2I (accident) diffusion estimates for the site vill be the conditions which
yield the highest (conservative) value of the 5% probability level X/Q
calculated for the three tower stations.

In addition, monthly and annual frequencies of vind speed and direction
by atmospheric stability with stability determined by vertical tempera-
ture gradient will be obtained using the 60-meter vind speed and direc-
tion, and the temperature difference between the 60- and 10-meter levels.
Data from the 300-foot tower and from the 10-meter towers will be used
for the analysis of cooling pond fog potential.
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TABLE 2A-19 ,

Sensors Used on 300-Foot Meteorological Tower
7

Sensor Quantity Manufacturer Model Number Specifications

Wind Speed 4 C11 met Model WS-Oll-1 Threshold Level: 0.6 MPil

Calibrated Range: 0.6 to 90 MPil

Accuraby: 1% or 0.15 MPH,'
1

Whichever Is Greater

Distance Constant: 5 Ft

y Wind Direction 2 Climet Model WD-012-30 Threshold: 0.75 MPli
L
d Range: Electrical, 0-356

Mechanical, 360 C m-
tinuous

Accuracy: 1 3

Linearity- + 0.5% of Full Scale
Q
y Delay Distance: < 1 Meter

CD
Damping Ratio: 0.4 Standard

Temperatare 14 Rosemount Eng Model 171 Series Platinum Stability: Better Than 0.01 C for

g Co Resistance Temperature One Year
g Sensor

R
g Accuracy: 1 0.02 C Including the RSS
pt Errors or Calibration,

y Repeatability, Stability
and Pressure
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; TABLE 2A-19 :

] Sensors Used on 300-Foot Meteorological Tower (Contd) |'

|27
$ Sensor. . Quantity' Manufacturer Model Numbhr Speci fications

i'
j. Temperature R. M. Young Co Model 43404 Giil Aspir- Accuracy: Better Than't 0.05 C
| (Contd). ated Temperature
i Radiation Shield Aspirated Rate: 10-30 FPS Air-Wash Over
| Sensor, Air Drawn From

j not More Than 3 in From
j Shield Intake in 1 MPli

Wind'

!

! Dew Point 4 EG&G, Inc Model 110S-M Range: -80 F to 120 F

|=gj Accuracy: 1 0.5 P (0.28 C)
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TABLE 2A-20
Sensors Used on Each 10-Meter Tower Station

t7
Sensor Quantity Manufac turer Model Number Speci fi cations

Wind Speed 1 Climet Model WS d11-1 Threshold Level: 0.6 MPil

Calibrated Range: 0.6 to 90 MPlf

Accuracy: i 1% or 0.15.MPil,
Whichever Is Greater

Distance Constant: 5 Feet

y Wind Direction 1 Climet Model WD-012-30 Threshold: 0 75 MPil
L
y Rangei Electrical, 0-356

Mechanical, 360 Con-
tinuous

Accuracy: i3 :

C
- Linearity: 1 0.5% of Full Scale.3

Q:
q) Delay Distance: 1 Meter

,

Damping Ratio: 0.14 Standard .

,

i
*Air Temperature 1 Science As- Model No 255 Accuracy: J 1"F on Temperature

$ and Relative sociates Inc !!ygrothermograph t 3% on Relative ilumidity
.@ llumidity

D'
8

F#
a

. _ _
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