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A COMPARISON OF LATERAL AND VFRT _CAL DIFFUSION
IN SEVERAL VALLEYS

Sumner Barr
Atmospheric Sciences Group (MS D466)
Los Alamos National Laborztory
. Los Alamos, NM B7545

1. INTRODICTION

Nocturnal tracer experiments at four wvalley
nites demonstrate a cross section of the
complicating phenomena attending the transport
and diffunifon of eirborne materials in complex
tervain. Thir paper is a reanalysis of
previously puhlizhed data and {t provides an
intercomparison of dispersion at the four sites
in terms of their topographic structure. Plume
models are adopted as a focus of discussion and a
point of departure to examine nonplumelike
bahavior in the tracer data.

Los Alamos Canyon is a small canyon on the
laboratory site at Los Alamos, NM. It s
oriented west—east with an unobstructed outflow
at the cast end. It is 60 m deep, 250 m wide,
and 20 km long. The side walls are very steep
and the floor {8 wooded with a pine canopy
reaching about 25 m above ground. A series of
seven nocturnal experiments were conducted in
1976 and 1977 (Archuleta et al., 1978) 1in which
flunarescent particle trecer vai releaded at ' m
ahove grunnd and sampled on threc cross canyon
lines out to & km as vell as a 30—m tower at 1
km. In another series of teats deacribed by
Clements et al. (1980), two relecasea of SF¢ and
one  af heavy methae (°°CD,)  were sampled
meqientially at a afte on the canyon axia at 6 km
fram the releare point.

Carrnl Gulch 1s another Amall feature
located tu the "iceance Baain of western liolovmta
on the oll ahale leane tract, G-a. It originaten
neav a 2600-m riige andl flowa tawr:-d the
novtheast. A aerien of fauwr SF, experimenta verp
couvlneted during Augnat 1900 nng are drpcrihed hy
Clementn et al, (1981). Carral Gulch 1r  aluwmi
60 m deep, 00 m wive and abortt 15 km long. 11
haa a amaather cromn  mectian  than Laa  Alamnn
Canyan aml a quaal=mnifovm vegetallve caver aof 2-
ta V-m-high sapela-nah, The 1tncetr oxpervimenla
vere mupparted by a wetwvork of nix fixed wind and
temperntute atationa and a tethevaande,

Pavachute Creek 1o a A0U-m=deep ateep-wallied
valley that deatua santtward foar 20 km frvom the
Ruan Mlatean ta the Calarada River tn weateon
Cohiminda. Walfl et al, deactihe n aetfen vl fonr
niphtttae traver  expevimentn untng  { hapesacent
pavt lelen, The valley fa well-fumimed and
moderntely ntvatght tar mach of e 2U-km tenpth,
1t han & width of 2-3 km, The dinenpfonn and
tupopvaphie vellel ave aufflefent T genecrnle a
nighttime  loeal  wind that flows trevly Tuto the
tulurmln Hiver valley., Tiacer velvanes werr mnle
al ttl m oalimve laval gronmt level wear the head of
the valtev and a mampling avvay alng the  valley
arin allnwed the eatimate of dTattan factarn ani
tu 2t kim tvam the veleane palnt,

Anderson Creek Valley in California, the
site of experiments by the U.S. Department of
Encrgy’s ASCOT! program fn 1979 and 1980 has
about an B800-m terrain variation from the ridge
to the valley outflow. Rather than being a
linear valley, Anderson Creek has the character
of a bowl approximately 4 km in diameter sloping
downward tovard the east ard north. It merges
with Putah Creek Valley, a more linear feature
that enters from the northwest. The outflow is
not vigorous. The valley floor flattens out to
form a broad basin. The cool air that drains
from the upper slopes creates a stable cold pool
of 8lowly moving air that growvs in depth through
the night ta 200-300 m. There are at least four
=ajor drainage channels 1in the Anderson Creek
experimental area and their {interplay produces
vertical layering and horizontal meandering in a
tracer ylume. These factors, as well as a
nonuniform vegetative cover, give rise to
decldedly inhomogencous and nonstationary
transport conditions during the night. Tke ASCOT
experiments are diacuased in deteil in collected
warks of the program participants (Gudikaen.
1979; Dickerson, 1980).

During September 1980 a ngeries of five
experiments was condncted. 1ln each experiment,
five ecpnrate ttacer pganea were released at
differen. locations ta explore the effects of
drainage channcla, vegetation, and elevation a0
tranrport and diffusrion. In this paper we will
Tgnlyzv L?R reanlta of tva dentevated methanes,

Ci, and "7Ch,,  ablivevinted Me-20 aml Me-21,
reapectively. They were ve'raned concurrently ai
the aame peographic lacotion lmt the Me=20 wan
releaned at 6 ta " m abave ground while the
Me-21 was a gramd-level telease. The nuppnrtln;
melearalagicnl datna fuclnded the NGAR  I'AM“
wntface netvark, a 60-m taver, alx tetheraomiea,
nl vadio-tracked Lot vanan,

7. DISCHSHION OF INDIVIIIAL VALLEYS
o Amdevaan Creek Valley

The 1tacer ddlaprvalon (n Amdervmim  treok
Valley teapuin ta the hanln chatacler af  the

nite. Theve ta a nyslenatie abvntoape wind on the
hittatdea that acvwmnlaten tuta a punl of  canl

alv In the lwmaln, Oniflhaw ftam the haaln ta weak
wie the paad deepoan dmtag the nipght . Within the
vanl Al theve Ta o tendency tawarvd vectvontatbon
and meamleving. o anch an envivomemat . time
ntepgra el cimrential i wanhd alvew A wlhdey
'annﬂh--rl-' Stadlen 1o Gianplen Teviuin

Nattunal  tenlver T At muapher e Rewearvh'n

itahle Antwnated Metenontugteal atat Lonn



pattern than  would be

systematically moving plume.
tracers were released at a point on the upper
slopes of Anderson Creek Valley more than 60C m
above the valley floor. The first kilometer of
plume travel was unaffected by stagnation effects
and the lataral growth rate is well described by
the plume rarameterization of Cramer et al.
(1964) uring meteorological inputs from a tower
on ‘*he hillside. However, beyond | or 2 km, the

expected for a
The heavy methane

g, values increase rapidly with travel distance
.! shown in Fig. |.
X (km)
10— T ‘ 1 i

o, (m)

10
X {(km)
Fig. 1. The lateral astandard deviation of the
dosage proffle for Anderson Greek

Valley. The numera's reprosent the
experiment number. The lines are the
approximate hounds given by meteoralogi-
cal indicators.

Twa addittonnl consideratican
hypathenis of n aloawly dreifting aml
tracer clomd In  Andevxan Creek Valley., One 1R
the vloud passage time At a  acquential  aampler
near the canfluence aof Awdersan and 'ntah Cieekn.
The clond that wen releaged aver a 1-h peviod
takea A~ much ar 6 h ta clenr the gegquential
anmpler. The Mo-21 rveleaned at grimd level  han
a aluvtar reafaence At the reynent tal wamplag

auppevt the
meatlering

xlie than the Me=-20 yeleanerd aliuve the Jdralnage
wimt, The He=21 taak 34 h ta pana while tThe
Me-=20 wan  * teaont. fur -6 I, The athen

atimevvat tan Ia whown In Filg. 2, whioh deplcia the
agreement hetween the tvaver plume homndervy  (or
the flvat experviment (Sepfember 1o, PHA) and the
tugpgraphte camtnne omdvatent ta the tup ol the
vaal  alv puaal an eattoated fram Eethermeute
mafflen,

Axtal Jdituttem factma o Fig. 1 Are
geaeatly vimntatent with wear nentval diapernlon
vod Ut et o aloemt 1tE L L thila agveen with
the peneral flactual tan datn
fram the tuwey, ahuve
the lap aof  the
expected In vepeacsnt The moandey ing

canpge n' timlmlent
The tower s Lovay Loy welldl

wiagnant canl aty wonld et b
vithin the
ol

Vertidenal
menamred up e M
Amdermon Al 't ah
ceater al the tiacen

vimprent vat Len wetilen wel e
near the  cant foemve ol
vivekn, g-uerally wear the

plumen, Lane dept hn

Putah
Creek

- 914m

-

Fig. 2. The plume houndary and sclected

topographic contours for September 12,
1980. The 730 m contour ia the approx—
{mate height of the cold pool,

expresscd as o_ values are in the range of near
nentral to slightly atable diapersion. A #Aeries
of eotimates of o baned on mans conservation
naing the abaerved cransuind integrated dasape
agreen very well with the mensured veluea (Tahle
1) except far the Aecand  experiment wherve masa
canacrvation leada to o of 528 m while the
alinerved a_ ta anly 8t m, Tt {a paaatble Lhat Lhe
pmafile wiared Lhe center of the plume.

2.7 Patrachnie GCreek

The metenralogical data preacnted hy Walfl el
al. were anfficlent ta
voeve

deiluee  that  the My

exnerimenta camlneted  wnder  mderately
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TABLE I
PLUME DEPTH PARAMETERS FOR ANDERSON CREEK
x = 4.8 km
g g g g
z z
Experiment (cwin (obs) (Cramer) (P-G)

1 130 107 1100 34
2 528 81 200 34
l 1850 93 - 34
4 63 5t 1600 34
5 144 141 , 1o 34

gtable conditions. Simply applying the curves
from Turner’s (1967) Workbook for the E stability
class yields a good agreement between 3 and 20 km
as showm 4in Fig. 4. We might ask why such a
simple methud would be that successiul in such a
complex topographic setting. The reason could be
that the valley is reasonably straight and the
local windu brisk and steady. Alsc the valley is
wide encugh so that the plume doesn’t (interact
much with the walls until the exit point.
Perhaps of more inteveet is the departure .f the
close-in samples at 0.3 ku from mod:led plume
behavior. Referring again to the conventional
curves we find that turbulence levels equivalent
to Pasquill-Gifford category C would explain the
higher close—in dosages. Wolf et al. describe a
factor of 3 difference in titrbulence intensity at
:+. gource asnd at mid-valley with the source
values higher. It fe quite reanonable to expect
the early plume behavior to be described by
parametecs at the source while later behavior to
be bette:- represented by neteorolopical data from
the middle of the valley. The main complication
in Parachute Creek indiiceted by these data would
secm to be inhomogeneity, at least bhetween the
valley head and tie remaining portion of the
valley.
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towviwlad antal dituttan tactma  helween |
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vhen we use Pasquill-Gffford curves. The clus to
the relatively slov downwind dilution showe up in
Fig. 6, the lateral standard deviation of the
plume dosage profile, o_. The lateral plume
dimension exhibits scatter’over & factor of 2 but
is essentially {independent of travel distance
between 1 and 6 km. Tte 1liwiting g, wvalue
corresponds to a plume whose full widtx is the
vidth of the canyon {tself. Croas canyon dosaga
profiles show a mid-canyon peak even at the last
line rather than a trend to a uniform profile.
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o1 [l 10
X {km)
Fig. 6. Downwind o, profile for wos Alamus
Ganyon
I'lume depLha were cal ima’ ed nl the

I-km-gampling line anly afnce & tawer theve
mraviled a comparfiamm. The parame'er o was
eatimated from the towev profilea Ly selecting
the hefght at vhich ane-tenth the vaxtmum  duanpe
ocenrved  amd dividing that helpght ay 2.1%.  The
vertical groawth vegnlred ta malnialn waka
cotinervanry  hetween the aonvee, Q°, and the
craanvind fntegreted darage (CWID) 1a given Ly:
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Talile 11 abnwn valnes far v, fram the taver, Tram
the tWID and Crom tieamer ¢t al, wantug the 2-m
melemalaglinl Tapnt . Agrveenenl helwern the mann
cunnerval ban Al mel evcnfaglenl eatimal han
mutlnnln fa gond excepl Jur expertmeut  77-2 far
which 1the metentalagteal  data ave slkely ta he
wmrepreacnial lve, The sallmaten ftom the  fawver
ate ayntemal teally tgwer,  H°e pumathle that the
Mm Touwey wan ant tatl enensht 1o wee  all o the
trweer ot that  the wilier mothody wvavent fmated
a_ . Loae af tiaver by gepattfan o » e meng
whnd nneed canld turveane the eatimated o o The
toer pantt b o the canyim anta Ia neldam  far
trem the  gromd level donege wactmam it I the
tiltn whih helght tavarg e nbde  af  the
canvun, the tower anlid aee an comatly whallow
plume, Theve 1o wid emmigh data 1w vorvlve the
Wifferenes al thia dng .,




TABLE II
"UME DEPTH PARAMETERS FOR LNS ALAMOS CANYON
x =1
o_(m) ) Uz(m)
Experiment (cfrp) T, Model
77-1 29 13 30
2 42 15 120
3 32 18 25
10 37 15 25
11 20 15 25

2.4 Corral Gulch

The tracer results trom this series of
experiments are discussed 1in detail by Barr .t
al. (1982) and will only be summarized here.
Plume parameters o and o exhibit slightly
greater diffusfon tRan woula be indicated by
simple stability-based predict.on methods or the
gross turbulence indicatora. The lateral
coefficient. o (Fig. 7) appears to diminish
slightly hetueex 3 and 6 km. Two terraln-related
mechanigms contribute to the development of the
plume. A meandering component iomediately
downvind of the confluance of two branches of the
gulch gives the appearance of an abnormally wide-
time 1integrated plume. Further dowvmstream the
mean vind direction stabilizes and the plume
dimension reflects diffusive epread due to
amall-acale turbulence., A weak bhut persiatrnt
inflow «of cool air down the sides of the gulch
provides a convergence mechanism resisting
lateral spread and promating vertical expansion.
Vertical plume parsmeters were estimated from
mars lialance considerationa and the crosswind
(ntepgraled dasaze and are given {n Table III.
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TABLE III
PLUMII DEPTH PARAMETSRS FOR COFRAl GULCH

J km 6 km
a a
Experiment (cfip) (cfitn)
1 90 180
2 100 175
] 100 130

3. SUMMARY AND CONCLUSIONS

We have exanined the turhulent dispersion of
tracers 1in four wvalleys. Two are recasonably
large with greater than 600-w terrain rclief and
two are well-formed but are shallow and narrow.
Both Anderson Creek, California and Parachute
Creek, Colorado are large and deep enough to
produce a systsmatic cool air drainage wlnd
regime although the difference in valley shapes
makes the structure of that wind (feld yufite
different. Parachute Creck 1is a deep lineaar
valley in which a vigorous down-valley flow
develops and exits at the mouth withant
significant obstruction. Throughout most of the
valley the dispersion {n Paracimte follows the
conventional prescription using either radiation-
vindspeed or g, predictors, althongh the head of
the valley has higher turbulence levels.
Anderson Creeck im a threc-dinmensional bowl with a
very flat ontflow repton from wiich the cool air
backs wp ta form a quasi-stagnant pool 200-300 m
deep. Tnhomogencaits turhitlence {8 a amnjor factor
in the transport hiatory of tracers in Anderwon
Creek. In the slape—sind partion of the basin
the plume growth ia sysrtematic and abont 1.5 to 2
Panquill-Gifford categarles nmore vigaroua than
eatimated Ly vadiation and windupecd. Havever o
in A gaad predictav, at least in Lhe enavmbile an
loug an 1t i{a ahsetrved 1in the same  downslope
regime, The Alavwer mean wiwl and  greater
meandering thal the plure rncamnters {(n the caal
afv paal makesn A dia'fuct chanpe fn the tyvacer
clond hehaviar, Rertdence Limea atre lanp agl the
apparent whilth of a “Ime integrated plume {n much
grealer than proedicied hy plume madel
canntderat taun,

The twe amati=nealy teventn features, Coved
Culeh aml Lan Alaman Canymi, Tead to cliamel  he
wiml greaevaled Ineatly man the next latger weale
It powlnee nnly wenk , ahinl Tuw nlope-wind
chatactevinat s Lhemnetven.  The ginan diHiunlnn
e move vigorann hy  abaat une Paagut LG Poaed
catepnry than Tadleat od hy the  avadtal Lo
wimlapee ayntem nned Tn vonntatenl with  meannemi
" valuen, nih valleya tewd ty cauatvatn the
Iateval  npread owf tvacer, Vervilenl [ARICINT
entimaten pagpent that alwnew can praw ale ve the
helpht of the valley watin., 1t la venmmnanbile  ta
expert thud material tlnn erbiated by a vnitley tp
dintvfimted 1o the  pvvwandtog avea tue badtag
Al oot vl teyn,

A ol Inewre zone ol ad jalulag
meander fay il

i any nenade

fnnchen  cyvoplow fwan tromtal
vestlieal prytut tome ol traeey and ol

(LI L
AL HECUMMENDAT (0N

Tracer  experimentn or plhome mltm g o
valley  vavivammentn e onng oy n annhien 114
vimpl beat Lo ot expected o flat topegraphy.,
shnt law fun triminal

nlope wind domatue,



inhonogeneitien and temporal development all
cont-ibute to the need tou select very carefully
the aput meteorciogical data to any transport
and diffusion estimation method. Valleys often
simplify sampling networka Ly defining an axis of
mean transport but it {8 auavisable to design
several crosswind sampling lines and a verticel
sampling capability into the network. Also, each
line should have a time resolving sampler
(continuous or sequential) in order to diascern
varlations 1in transport speed. If consirained
area accesgs makes crosswind arcs {mpossible, a
uniform distributfon of samplers 18 quite
ifnterpretable. This was done in Anderson Creek
valley. Metecorological support should include an
adequate nctwork of surface based Aensors to
distingnish the ({important inhkomogeneities and
should include vertical ({information through a
leyer at least aa deep as the plume. Gross
turbulence parameters eitch an g scen to
chacacterize gsome of the important prccesses thet
canuplicate valley environmenta.

I.. view of the case of measuring RgrLO088
turbulence with modern inatrumentation, these
parancters should be a routine requirement fn a
sampling yprogram. Since o, {s a funclian of the
aampling duration, that time (e.g. 10 atn, 60
min) shonld always he reported along with the o,
valuea.
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