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1. INTRODUCTION

Nocturnal tracer experiments at four valley
vites demonstrate a croas sectfon of the
complicating phenomena attending the transport
and diffusion orf airborne materials in complex
tervain. Thie 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 aite at Loe Alamos, NM. It 1
oriented west-east with an unobstructed outflow
al the ecast end. It is 60 m deep, 250 m wide,
and 20 km long. The side wallsa are very steep
and the floor 18 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) in which
fluorescent particle tracer waa released at 1 m
abhove ground and sampled on threc cross canyon
linea out to 4 km as well as a 30-m tower at |
km. In another series of teats deacribed by
Clements et al. (1980), two releames of $F and
one  of heavy methave ( CDA) were anmpled
seqiientially at a site on the canyon axis at 6 km
from Lhe releasc point.

Corrnl Gulch {8 another amall feature
located fn the Plceance Banin of weatern Colorado
on the oll ahale lease tract, C-a. It originaten
near a 2600m ridge and flows Lowrzd the
novtheast. A serfes of four SF, experiments were
coaducted during August 19080 and are dsacvibed hy
Clementn et al, (1981). Corral Gulch s about
60 m deep, 600 m wice and about 15 km long. It
han n amoother croma wection than Los  Alamon
Canyon and a quasi-uniform vegrtative cover of 2-
to Y-m-high nagebrush,. The tracer oxperiments
vere nupported by a network of afx fixed wind and
temperature atatfonn aud a tethervsonde,

Pavachute Creek {n a 600-m-deep nterp-walled
valley that dratna southward for 20 km from the
Roan Plateau to the Colorado River {n weatewn
Colmadu. Wolf et al. demctvibe a nevien of fonr
niphttinae tracer experimeatn unfog  {luoreacent
part felen, The vialley fn well-formed  and
moderately ntralght for much of ftn 20-km lenpth,
1t han a widih of 2-3 km, The dtneapfonn and
topopraphfc velfef are sufficient to genernte n
nighttime  local  wind that flows frecty fnto the
Colorade River valley. Tuoacer releanes were made
al 60 m above local pground level neav the head of
the valley and a wampling arrvay along the  valley
anin allowed the enptimate of dilutton factorn out
to 20 km from the releane polat,

Anderson Creek Valley 1in California, the
site of experiments by the U.S. Departmen: of
Encrgy’s Ascot! program {n 1979 and 1980 has
about an B800-m Lerrain 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 isa
not vigorousa. 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 alowly moving air that grows in depth through
the night to 200-300 m. There are at least four
=ajor drainage channels {n the Anderson Creek
experimental area and their interplay produces
verLical layering and horizontal meandering in a
tracer plume. Thege factors, as well as a
nonuniform vegetative cover, give rise to
decidedly i{nhomogencous and nonstat {onary
transport conditions during the night. Tie ASCOT
experi{ments are diacussed in detail {n collected
works of the program participants (Gudiksen.
1979; Dickerson, 1980).

During Scptember 1980 a wseries of flve
experiments was conducted. In ench experiment,
five ascparate tracer gases vwere releaned at
differen. locationn to explore Lhe effects of
dratnage channcla, vegetation, and elevation on
transport and diffurion, In thia paper we will
Tgnlyzo L?R reaultn of tvo deuterated methanen,

Ch, and "7CD,, abhreviated Me-20 ond Me-21,
reapectively. They were re'eased concurrently at
the aame geographic locatfon bhut  the Me=-20 wan
releaned at 60 to 20 m above ground while the
Me-21 wns a ground-level releane,. The nuppnrllng
meteovologicnal data fncluded the NCAR  PAM“
surface network, a 60-m tower, six  tethersonden,
and radar-teacked tetvoonn,

7. DISCUSSION OF INDIVIDUAL VALLEYS
2.1 Anderson Creck Valley

The tracer diapevafon fn Andeveon  Creek
Valley veaponda ta the bantn  character of the
ufte, There [a a ayatematic dvatnapge wind on the
hillntden that sccunmulaten fnto A ponl  of  cool
Aty fn the hanin., Outflow from the banin in weak
ao the pool deepenn dinfng the nfght. Within the
cool aty there tn o tendency toward sectoculat fon
and meandering. In auch an enviionemnt ;. time
fnteprared concential ton would show a wide

ll\lmnnphu'l'h' Studten to Complex Trrialn

)anlunnl Center to Atmanpher {0 Heneartch’n
Fortable Antomated Meteovologteal ntattonn



pattern than would be

systematically moving plume.
tracers were released at a point on the upper
slopes of Anderson Creek Valley more than 600 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) uning meteorological finputs from a tower
on ‘he hillside. However, beyond | or 2 km, Lhe

expected for a
The heavy methane

o values increase rapidly with travel distance
a8 shown in Fig. 1.
X (km)
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Fig. 1. The lateral standard deviation of the
dosage profile for Anderson Creek

Valley. The numerals represent  the
experiment numher. The lines are the
approximate bounds given by meteoruvlogi-
cal Indicators.

Two additional conaideratfonn
hypothenir of a alowly drifting and
tracer cloud In  Andermon Creek Valley., One {8
the ¢loud passage Lime at A mequeatial  sampler
near the confluence of Aadernon and Putah Cieckn.
The cloud Lthat wen veleared aver a 1-h period
taken A= much ar 6 h to clear the sequentfal
aampler. The Me~21 veleased at ground level han
a ahortsr  reslaence  at the gequentfal smampl’ng
pite than the Me-20 releaned above the Jdrainage
wind, The MNe-=21 toaok Y4 h to pann while the
Me-20 wan rrement  for -0 h. The othel
obuevvatfon fa shown In Fig. 2, vhilih depictn the
agreement between the teacer plume  boundarvy  (or
the f{rat exprreiment (September 16, 1900) and 1he
topographic contomr equivalent to the top of  Vhe
catfoated from  tetherioude
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conl  aflr
mofilen,

poul  an

Axtal dilutfon factorn in Fig. 1 are
genorally conntatent with near neutial diaperaion
condittonn out ty about 10O L . Thia agreen with
range of 1w hulent Cluctunt fon data
above

the pgeneanl
from the towey, The tower'sn loenytan well
the Lop ol the
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Fig. 2. The plume houndary and selected
Lopographic contours for September 12,
1980. The 730 m contour i{m the approx-

fmate height of the cold pool.

expressed as O _ values are in the range of aear
neutral to mlightly stable dispersion. A &serles
of eptimstes of o_ based on mass conmervatfon
using the observed croaswind integrated dosape
agreen  very well with the measured values (Table
1) except for the aecond experiment where maun
connervation leads to o_ of 528 m while the
ohaerved a_ {a only Bl m. Tt {a ponafhle that the
profile uinaed the center of the plume.

7.2 Parvachute Creek

The meteorologfical data preaented by Wolf et
al. were sufficient to
wvere

that the four
under maderately

deduce

experimentn conducted
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TABLE 1
PLUME DEPTH PARAMETERS FOR ANDERSON CREEK
x = 4.8 km
a a

a a
Experiment (cwin) (obs) (Craégll Szégl

1 130 107 1100 34
2 528 81 200 34
k) 1850 93 - 34
4 63 51 1600 34
5 144 141 . Lo 34

stable conditions. Simply applying the curves
from Turner’s (1967) Workbook for the E stability
class ylelds a good agreement between 3 and 20 km
as shown in Fig. 4. We might ask why such a
simple method would be that successiul in such a
complax topographic setting. The reason could be
that the valley is reasonably straight and the
local vinds 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 fnterest 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 turbulence {(ntenaity at
v gource and at mid-valley with the source
values higher. It is quite reasonable to expect
the early plume behavior to be described by
parametecs at the source while later behavior to
be better represented by neteorclopical data from
the middle of the valley. The main complication
{n Parachute Creek inifcated hy these data would
seem Lo be Inhomogene.ty, at least between the
valley head and Uie remaining portion of the
valley.
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Fig. . Dilution Fac orn for Parachute Creeck

2.V Lo Alames Canyon

Downwind axfal dflution facton  betluween |
and 6 km ave 1eanonably well repredonted by the
?wm proan turbulence  pavametey, o meani el
uprrind of  the relenne pooat, Fipne 5 nhoun
medict fonn uning Cramer et al,  L1904)  compared
with the obrerved ditutton factotun.  The obuorved
vatuen deciennn more alowly with tinvel dirtance
than the model  mugpentn, Thin doenn’t «hange
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Fig. 5. "1lution Fac .rs for Leca Alamos Caryon
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vhen we use Pasquill-Gtfford curves. The clus to
the relatively slov downwind dilution shows 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
18 essentially 1independent of travel distance
between ! and 6 km. The linmiting o, value
corresponds to a plume whose full wldtx is the
width of the canyon itself. Cross canyon dosaga
profiles show a mid-canyon peak even at the laat
line rather than a trend to a uniform profile.
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Fig. 6. Downwind o profile for los Alamus
Canyon
Plume depuha were  entimn’ed at the

l-km-gampling line only since & tower theye
provided a compartaon, The paramerev o wan
ratimated from the tower prufflen by melecting
the hefght at vhich one-tenth the vaximim dosapge
occurred and  dividing that hefpht by 2.1%, The
verlical growth required to  wmaintaln wawn
conaervanry  betwern  the  aource, Q°, and the
croaswind integrited donage (CWID) fa given by:

S (0
n
w (WL

Table 11 ahown values for o, from the Ltower, from

the CWID and fiom Cramer ot al, uning the 2-m
metearologfcal tnpul.  Agrecocat bhetween the mann
connerrvat fon and metevcologleal ratimation

methodn ta good except Jor  experimeat  7/-2 for
which the meteorolugical data are alkely to be
nonvepresentative, The ontimaten from the  tower
ate ayntemat{eally lowey, It's posaible that the
Y0-m tower wan not tall encueh ta are all the
tincer o that  the other methode ovsreatimated
U_. Losn of tiaeer by deponitton o p low  mean
wlind  aneed could tnercane the entimated o o The
tover ponttfon on the canyon axia in asldom  [ar
Trom the pround ‘Tevel dupege watimum hat LT the
plume t11ta with hefght tovara one nide  of  the
canyun, the tauer - ould are an Wbnmimally shallow
plume., Therie 1n not enough data to verolve the
dfference at thia potut,



TABLE IT
.UME DEPTH PARAMETERS FOR LOS ALAMOS CANYON
x =1
o_(m) ) a,(m)
Experiment (cf1p) To, Model
77-1 29 13 30
2 42 15 120
k] 32 18 25
10 37 15 25
11 20 15 25

2.4 Corral Gulch

The tracer vresults trom this series of
experiments are discussed in detail by Barr .t
al. (1982) and will only be sgummarized here.
Plume parameters o  and o_ exhibit elightly
greater di{ffusion than would be indicated by
simple stability-baged predi{ct.on methodas or the
grosa turbulence {ndicatora. The lateral
coefficient, o, (Fig. 7) appears to diminish
slightly hetweex 3 and 6 km. Two terraln-related
mechanisms contribute to the develepment of the
plume. A oeandering component fumediately
downwind of the confluance of two branches of the
gulch gives Lhe appearance of an abnormally wide-
time {integrated plume. Further downstream the
menn wind direction atabllizes and the plume
dimension reflects diffusive spread due to
amall-acale turbulence. A weak but persistent
inflow of cool air down the sidea of the gulch
provides a convergence mechanism reslating
lateral spread and promoting vertical expansion.
Vertical plume parimeters were estimated from
mars balance considerations and the crosswind
[ntegrated dosage and are given {n Table ITL.
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TABLE TIII
PLUME DEPTH PARAMETRRS FOR COFAL GULCH

3 km 6 km
a a
Experiment (cfitn) ()
1 90 180
2 100 175
3 100 130

3. SUMMARY AND CONCLUSIONS

We have cxanined tLhe turhulent dispersion of
tracers in four valleys. 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 s8systsmatic cool afr drainage wind
regime although the difference in valley shapes
makes the structure of that wind [(feld yulte
different. Parachute Creek 1s a deep linear
valley in wvhich a vigorous down-valley flow
develops and  exits at the mouth without
significant obstruction. Throughout most of the
valley the dispersion in Parachute follows the
convent{onal prescription using either radiation-
windepeed or 9, predictors, although the head of
the valley thas  higher turbulence levels.
Anderson Creck ia a three-dimensional bowl with a
very flat outflow replon frum which the cool air
backs up to form A quasi-satagnant pool 200-300 m
deep. Tnhomogeneous turbulence ia a major factor
in the trangport hiatory of tracers in Anderson
Creck. In the slope—sind portfon of the banin
the plume growth is systematic and about 1.5 to 2
Paaquill-Gifford categories more vigorous than
calimated by radiation and windupeed. However o
in a good predictor, at least tn Lhe ensvmble an
long as {1t {a obaerved (n the same downslope
regime, The alower mean wind and greater
meandering that the plure encountera in the cool
air pool makesw a diar'inect change In the tracer
cloud behavior. Rer’dence timen are lonp and the
apparent width of a “fme integrated plume {4 much
Rreater than predicted by plume mnde 1
caonnfderattionn,

The (wo small-ncale tevvatn features, Corrval
Gulch and Lon Alamon Ganyon, tend to channel  the
wind gearvated locally on the next larger weale
hut  produce  only weak, ahallow nlope=wind
characteriatica  themnelven. The groan ditfunton
tr move vigovoun by  abour  cne Panquil L-GEMford
calrpary than fndfeatod by the aadtatton-
windapeed ayntem and {n conutntent with  meanuved
"A valuen. Bonh valleyn tend to countraln the
Iateval npread ol tracer. Verticeal provtly
entimnten  puppent that nlumen can grow a'w ve the
hefpht of the valley walln., 1t {n reanonable o
expoct  that material then exhaled by a valley 1n
dintatbuted 1o the nmvouwnding  area tneludiag
adfncent valleyn.,

My any neaie, a comfluence zone of ad jotntng
ianchen  cveaten hinfrzontal meanden g nined

veatleal ptatat tonn of tyacer and cleamr 2ty
. RECOMMENDATIONG

Tracer  experfmentn o plame monftoving (o
valley envitonmentn  eneaunt e n wunihey of
complicationn nut expected  fo flat topography.
Shinl low hottrontal

nlope wind domatan,



inhomogeneitien and Llemporal development all
cont-ibute to the need to select very carefully
the aput meteorciogical data Lo any tranaport
and diffusion estimation method. Valleys often
aimplify sampling networka Ly defining an axfs of
mean trangport but {t 18 auavisable to deslgn
several crosswind sampling lines and a vertical
sampling capabtlity {nto the network. Also, each
line should have a time resolving aampler
(continuous or sequential) in order to discern
varliations {n tranaport Bspeed. 1If consirained
area access makes cromswind arcs {wmpossible, a
uniform distributfon of samplers s quite
interpretable. This was done fn Andersnn Creek
valley. Metcorological support shiould include an
adequate nctwork of surface based Bsensors to
diatinguish the important inhomugenefties and
should include vertical {information through a
layer at leaa: as deep as the plume. Groes
turbulence parameters such as o acem Lo
chacacterize some of the important prccesses Lhet
conplicate valley environmentsa.

I.. view of the case of mearuring Rro0a8
turbulence with modern {inatrumentation, these
paraneters should be a routine requirement {n a
sampling program. Since o, isa a function of Lhe
sampling duratfon, that time (e.g. 10 wmin, 60
min) should always be reported along with the oA
valuea.
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