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FLASH FLOOD i r i  ELDOWO CXXYON, XVADA 
September 14, 1974 

- 
ABSTRACT 

On t h e  a f t e r n o o n  of S e p t a b e r  14 ,  1974, a " w a l l  of w a t e r "  d e s c r i b e d  by 
w i t n e s s e s  as  10-73 f e e c  hiqh, r o a r e d  dokn Eldorado Canyon, 40 m i l e s  
s o u t h e a s t  of L.?s Y e s a s ,  :;evada, i n t o  Lake Xohave. T h i s  b rough t  d e a t h  t o  
a p p r o x i u u t e l y  nine peop le  and a l c o s t  t o t a l  d e s t r u c t i o n  t o  r e c r e a t i o n a l  
f a c i l i t i e s  a t  :;elson Landing :!arina i n c l u d i n g  s e v e r a l  t railers,  t h r e e  
c a b i n s ,  a cafe and cuze rous  b o a t s ,  a u t o s  and trucks. %my of t h e s e  w e r e  
washed i n t o  t h e  lake or buried u c d e r  t o n s  of sediment .  

Shortly a f t e r  the f l o o d ,  a Western Region Disaster SurJey Tea3  composed 
of Mr. P h i l i p  !;illiiizs, Jr., ar.O D r .  Gerald Williacis of t h e  N a t i o n a l  
Weather S e r v i c e  : (es tern Region Headquar t e r s ;  Dr. Arthur  H i l l ,  Ye teoro lo-  
g i s t  i n  Charge of t h e  Reno S e a t h e r  S e r v i c e  Forecas t  O f f i c e ;  and X r .  Rs id  
Ga tdne r ,  O f f i c i 2 1  i n  C h r z e  of t h e  Las Vegas !\'eather S e r v i c e  O f f i c e ,  
v i s i t e d  Eldoraco Canyon. T h i s  r e p o r t ,  p repa red  by  t h e  f irst  txo naz2a 
members of t h e  t z m ,  d e s c r i S e s  r e t e o r o l o g i c a l  and h y d r o l o g i c a l  c o n d i t i o n s  
t h a t  caused tnis n a t u r a l  aleascer.  

Data a v a i l a b l e  on t h e  n o r n i n g  of t h e  1 4 t h  gave l i t t l e - i n d i c a t f o n  of cSe 
l a r g e  a o u n t s  of n o i s c u r e  i n  t h e  area. 

. t ecord-breaking  r a i n f a l l  f r c3  an i s o l a t e d  t h u n d e r s t o m  c e l l  t h a t  icoved 
slowly down t h e  d r a i n z g e  c h a n n e l  i n  a way t h a t  c a x i n i z e d  f l o o d i n g .  
u n t i l  t h e  s torm vas &-ell deve loped  and r e m i n i n g  n e a r l y  s t a t i o n a r y  
could i t  be  i d e n t i f i e d  on r a d a r  as b e i n g  dangerous; by t h e n  i t  w a s  t o o  
late. 

- 
m e  flash flood w a s  caused  by 

S o t  

A thorough s t u d y  of t h e  s y n o p t i c  meteoro logy  of this f l a s h  f l o o d  even t  
will be made t o  f i n d  c l u e s  to h a n d l i n g  t h i s  t y p e  of storm. There  are 
apparently s i g n i f i c a n t  s in i la r i t i es  between t h i s  and o t h e r  September 
flash f lood  e v e n t s  ( e s p e c i a l l y  Sep tenbe r  '1970 i n  Ar i zcna )  c h a t  need to  
be recognized  more r e a d i l y .  
Weather S e r v i c e  F o r e c a s t  -Of f i ces  w i l l  coord inace  studies toward t h i s  
end. 

The S c i e n t i f i c  S e r v i c e s  Division acd  

The Nat iona l  Park SerJ'lce Headquar t e r s  (SPSH) a t  Boulder City, Nevada, 
w a s  r eques t ed  t o  f u r n i s h  Western Zegion Headquarters (LTH)  i n f o m a t i o n  
on f l a s h  f l o o d  pro-2 areas  i n  t h e  Lake >!ezd and Lake ?fohave r e c r e a t i o n s f  
areas. This  s y s t v  will be extended  t o  o t h e r  f l a sn  f l o o d  p rone  r e c r e a -  
t i o n  and p o p u l a t e d  a reas  i n  the Xestern ?,eSion ui:h i n p u t  from t h e  
U. S .  Forest S e r v i c e ,  Bureau of  LaEd H a n z g a e n t ,  3 u r e a u  of Indian Af- 
fa i r s ,  Corps  of Eng inee r s ,  s t a t e  l z n d  a g e n c i e s ,  e tc .  



Eldorado  Canyon, Sevada , ~ .- 

A t  approxicLately 2 : 3 0  p-n. PDT on S a t u r d a y ,  Sep te sbe r  14, 1974,  a wall 
of water d e s c r i b e d  by w i t n e s s e s  as  10-30 f ee t  high,  r o a r e d  Cobn Eldor-  -4 

ado Canyon, Xevada, i n t o  L2ke Xohavs, svze? ing  ar;ay a cafe .  nunerous 
tra i lers ,  cab ins ,  a u t o m o b i l e s ,  boars and t r u c k s ,  and c a u s i n g  t h e  i e a t h  
of a p p r o x i n a t e l y  n i -e  people ( n o t e  dazagc i n  F igu res  I  an^ 2).  Tr.2 
canyon is a b o u t  7 r i l e s  l o n g  x i t n  sz:eraL d;ainc?Ses conver4in:  :o a 
narrow p o i n t  a h u t  109 i e e c  wid2  a t  rrhe boctcr=. Ir LS l o i s t e a  a?? rox i -  
macely 40 n i l e s  s o u t h e a s t  of L a s  Vezas ( F i r u r e  3 ) .  Dra inaze  area of 
the  b a s i n  i s  abouc 23 squars x i l e s ,  s c z r c i a g  a t  an e l e v a t i o a  or' 
a p p r o x i n a t e l y  4,200 feet aksve t h e  tos;n ot !;elscn, :;evadz. arid de5cer.d- 
i ng  to the l a k e  l e v e l  of 630 fee t - -a  d r o p  of about 4,200 f r e t  ( F i g u r e  
4). Lake Xohave r e s u l t s  fro2 t h e  backing  u? of waters  o f  tSe Colorado 
River by Davis D x x  v h i c n  is sSout GO m i l e s  CoTAnstrea=l frcz t h e  carina. 

. Lake Mohave a l o n g  w i t h  Lake EIead t o  t h e  n o r t h ,  f o x e d  by Eoover Dan 
(Figure 3 ) ,  boch lie u i t h i n  Lake ?!eaci :k:icnal 3ec rea t ion ; l  Area, .;>lcn 
is supe rv i sed  by t h e  S a t i o i x l  3srk S;.r-.rice (:i;?S) w i t h  h e a d q u a r t e r s  ~ ( 1  

Yarina (Xelson Landinq) ,  a recreacicml s i r 2  ased by s e v e r a l  hundred 
peop le  each  weekend, mostly i r c z  LJS Vepas .  ::axever, a 5 . ~ ~ -  peop le  had 
permanent r e s i d e n c e  a t  ' t he  b o a t  l a n d i n g ,  i i v i n g  i n  t r a i l e r s  and c a b i n s .  

.. . . Boulder C i t y ,  !;aada. X :,?S r m z e r  wss sta:Lsned ac :ne z x a r a d o  

.. 

- - -_ 

The flash-flood which o c c u r r e d  a t  Ne l son ' s  Landing vas caused  by a 

less t h a n  50 s q u a r e  m i l e s .  
less t han  one hour.  I n t e n s i t i e s  were v e r y  'nish-at least  chree i n c h e s  
per hour, and as h i g h  as 7 i n c h e s  p e r  hour  for 1/2 hour .  

The storm a p p e a r s  to have rcoved downst rean  a t  t h e  rat2 of about 5 t o  10 
m i l e s  p e i  hour, coinciding with t h e  movezent of s u r f a c e  r u n o f f .  
Sunday, Septenber  15, i n f o r n a t i o n  w a s  ga thz red  through in te rv ieyzs  r i c h  
many peop le  who had w i t n e s s e d  t h i s  d e v a s t a t i n g  event .  
were ga the red  f ron  t h e  upper and lower ends  of Eldorado Canyon, and a 

t i v e  d a t a  a r e  p l o t t e d  on Fio,ure 5 .  These d a t a  s u b s t a n t i a t e  ev idence  
observed by x2tiGnal P a r k  officials, United StaCss Geological Survey 
per sonne l ,  and e y e w i t n e s s e s  of t h e  evect as :o -.rzal cove rage  of t h e  
s torm.  
u p s t r e a n  f r o n  ?;elson Landing, x i t h  t h e  c e n t e r  cover ing  nost of t o u r  
s e c t i o n s  of l and .  The e n t i r e  23  s q u a r e  z i l e  b a s i n  a p p e a r s  to have 
rece lved  over o n e  i n c h  of r a i n f a l l ,  vith t h e  s t o m  center  r e c e i v i n g  a t  
lezst  3.50 inches .  So b u c k e t  surve;.' d a t a  ~ 1 3 s  c o l l e c t e d  on t n e  sauth  
s i d e  of t h e  b a s i n  d u e  t o  inaccessibility, b u t  L'. '5. Geolog ica l  Survey 
pe r sonne l  reported t h a t ,  due to s t eep  s l o p e s  s n d  l a c k  of c o n t a i n e r s ,  
data s a n p l i n g  p o s s i b i l i t i e s  were very r e z o t e .  

* classical c o n v e c t i v e  runoff -produs ing  even t .  Area coverage was mall-- 
Dura t ion  of r a i n f a l l  w a s  sho r t - -gene ra l ly  

4 . 
On 

These reports 

bucket survey" of rainfall amounts i n  t h e  are3 &*as made. Representa-  I1 

T h e  s i o r a  a p p e a r s  t o  have  b e e n  centered  a ? p r o x i c a t e l y  s i x  m i l e s  



pill measured precipica~lon o c c u r r e d  on t h e  z a t e r s h e d  d r a i c i n z  i n t o  
T e c h a t t i c u p  (hash; v!izrcas the heavies:  p r x i ? i c a t i o n  -,a:; n3ve o c c u r r ~ a  
s o u t h  of T e c h a t t i c c p  nash.  E=riC2nce f r o c  USGS r u n o f f  c d c u i a t i o n s  
i n d i c a t e s  t h i s  ( F i g u i e  4 ) .  Three t r i b u t a r y  uasnes con-rerge less than 
a m i l e  upstrezn froc : ;e1s~z L m 5 i n g  to  f o r -  tSt lo-zzr p o r t i s r .  of E l d o r -  
ado Wash. ihese are i e c h z r t i c u ? ,  E 3 ~ l e  and ElCorado. field es t i r . ; a t e s  
of peak f1or.s t;hich cccurrc2 b o t h  on F,ldc';z>o [(ash and on Eagle Maski 
w e r e  a t  lezst  twice  i k J t  *..:z:ch occur red  on Techact icup  Wzski. EagLe a n d  
Eldorado \;ashes s r e  Lsss rhtn 2 riles s o u c h  of Techa tz i cu2  \<ash. Peak 
flow f i e l d  e s L i x : e s  a r e  : r . ? i rn inary  and cn re l eased ,  bu t  a r e  a m n g  tFte 
h i g h e s t  on  r c c o r ~  i i  :zs ~ : i : t ed  S t - z e s  t o r  cubic  f e e t  p e r  s e c c n c  cf 
runoff per s q u a r e  eile- 

.. 

. .  

* .  . 

. . .  

Ira Ztenne r ,  Sal:  Lake Cit;. '  3iegional Xarniag Coordina t ion  Cen te r  (RWCC), 
assisted i n  F re?3 i3 ; i3a  01 K Z ~  zccecroloGica1 a n a l y s i s .  

The upper-a i r  p s t t c r r .  ( S C O  c5 l e v e l )  e a r l y  on Septenber 13 shoszd a 
closed low f o r s i n r  over the i n c e r - o u n t a i n  L - ~ S C  j u s t  to  t h e  nortn cf 
Salt Lake C i t y .  3:. 5 3.z. r;n c?ic 1 3 ~ 5 ,  ~ : : ~ 3  Lou uas c e n t e r e d  east of 
S a l t  Lake C i c y ;  and 2ariZ.z ci12 i L c h  i t  x v e d  s1or;ly s o u t h - n r a  (sde 
Figure 7 for 5 a.2.). & i n g  l iXr\ ted ovzr c e n t r z l  CEah by 5 p.c- on t h e  
1 4 t h  (Figure 8). XC 5. 3.z. on ~ h e  iLth iFi:ure 7 )  a short-wave CiouTh 
extended southwes tvard  frc3 n o r t n x e s c e r n  C ~ a h  t o  c e n t r a l  :iEvada, to 
near Bishop, CX. ?>is troush =oved southeast-zard d u r i n g  the  day ,  arid 
by 5 p.n. on t h e  14:5 e x r e n l e a  f r o 3  near  D?lca, tiT, through Cedar Cic:;, 
UT, south of Las VeSzs LO L0r.g a e z c h ,  Cx ( F i g u r e  8 ) .  

- .  

. .  
L _ .  - 

The s u r f a c e  nap (Figure 9)  f o r  2 p.n., nea r  the t h e  of the f l a s h - f l o o d ,  
showed a large hig'n over Xyoning and Idaho wi th  a them31 Icu over 
southern Arizona,  s c u c k e z s t e r n  C a l i f o r n i a  and extreme s o u t h e r n  Sevada. 
There were no f r o n t a l  systens n e a r  t h z  atea of concern. 
vere r e p o r t e d  over cort5ern and e a s c e r n  Arizona, L'tah, S e w  Xexico and 
Colorado. 
over Arizona,  s o u t h e r n  Ucah and to t h e  e a s t ,  and beconing p r o g r e s s i v e l y  
drier to the w e s t  over Sevada and sou the rn  C a l i f o r n i a .  

Thundershowers 

Upper-air  soundings shoued c'ne a i r  mass t o  b e  v e r y  aoist 

The 5 a . m .  soundifig f a r  Yucca F l a t  (Figure 10, solid l i n e s ) ,  zpproxi -  
mately 100 m i l e s  n o r r k e s t  of Eldorado Canyon, showed c o n s i d e r a b l e  riid- 
level mois tu re ,  t h e  a i r  be ing  nea r  s a t u r a c i o n  from 15,000 t o  17,000 
feet sea l e v e l .  %he ii v z l u e  (a s t a b i l i t y  c e a s u r e )  was 1 2 ,  which nar -  
mally is not i n d i c a t i v e  of thu r ide r s to rn  a c t i v i t y ,  t h e  c r i t i c a l  value 
u s u a l l y  b e i n g  20 o r  k i z k s r .  
a t  TUCSOR and  Gran? i x n c c i o n  .*-ere near  33, i n d i c a t i n g  considerable 
m o i s t u r e  2nd i n s t a b i i i c ; : .  i c e  bocxdary b3t;-2en t h e  c o i s t  2nd dry a i r  
1.9s apparently n e a r  che Arizona/sourhern !;svada 'corder ,  a l t hough  tile 
s p a r s i t y  o f  u p j e r - i i r  o k s e n r a t i o n a  ~ P K - Z L E S  o n l y  a rough d e t e m i n a t i c n  
of t h i s  boundar::. 5 2.2. L U C C S  f i z z  S:?o:-alter S t a b i l i t y  I n d e x  L-ZS 

+ 4 ,  aga in  well abovs tiis u s u a l  c r i r re r ion  oi zero or laxer f o r  t huz2c r -  
storm a c t i v i t y .  

K v a l u e s  i n  chi? 3 o i s t  a i r  =ass to  t h e  e a s t  

-. 

-. .. 



Eldorado Canyon, Nevada 

A t  5 a.m. winds a t  lower l e v e l s  on t h e  Yucca sounding w e r e  southwes t  
above 10,000 f e e t  ( s o l i d  b a r b s ) .  
l i n e s  and b a r b s ) ,  2-1/2 h o u r s  a f t e r  t h e  f l a s h  f lood  took p l a c e ,  shoved 
d r y i n g  of t h e  a i r m s s  x i t n  d xarked  t rough passage ( n o t e  t h e  wind s n i i t s  
t o  n o r t h w e s t e r l y  above 9,009 f e e t ) .  
c o i n c i d e d  w i t h  t h e  t r o u g h  passage .  The V e r y  !!ish R e s o l u t i o n  ?.adiogeter 
(vH,QR) i n f r a - r e d  s a t e l l i t e  p i c t u r e  for 10 a.m. on f h e  1 4 t h  ( F i g u r e  il) 
shoved a band of Z i d d l e  and  hi521 c l o u d s  ex tending  f r o 3  s o u t h e a s t e r n  
'levada n o r t h e z s c u a r a  a c r o s s  ceq:ral Utah. Th i s  c l o u d i n e s s  was a s s o c i -  

- a t e d  w i t h  the shc r t -vave  t r a u s h  a t  500 ribs., xn ich  =oved s o u t h e a s t x J r d  
d u r i n g  t h e  day. 
shown, area of concern  b e i n g  n e a r  t h e  l iDb)  i n d i c a t e d  a clotid Sand 
approximate ly  ove r  t h e  f l a s h  f l o o d  area. 

The sounding 1 2  hour s  l a te r  (dashed 

T h i n g  of t h e  f l a s h  f l o o d  a p p a r e n t l y  

XTS s a t e l l i t e  i a g e r y  f o r  2:40 p.n. ( p i c t u r e  n o t  

Early i n  t h e  a f t e r n o o n  o f  t h e  1 4 t h  a l i n e  of t h u n d e r s t o m s  developed 
from s o u t h e r n  >!e-!ads t o  n o r t h v e s t e r n  Arizona. The Lake :lohave recrea- 
t i o n a l  area w a s  a l o n g  t h i s  l i n e -  Radar du r ing  t h e  a f t e r n o o n  d e p i c t s <  
t h e s e  t h u n d e r s t o m s  q u i t e  w e l l .  Radar c h a r t s  for 12:30-3:30 p . 3 .  are 
shown i n  F i g u r e s  12-15. 
Eldorado Canyon, v h i c h  i n c r e z s e d  i n  s i z e  by 1:30 p-n- and i n c r e a s e d  
a a r k e d l y  by 2:30 p . ~ . ,  u n i l e  r e z a i n i n g  nearly scarionarv. 
an a i r c r a f t  t o p  r e p o r t  of o v e r  37,000 f e e t  w a s  r e c e i v e d  by P a l c d a l e  Ladar.  

A t  12:30 p.n. t h e r e  vas ;r sa11 echo c l o s e  c 3  

A t  :his 

Radar echoes  d imin i shed  r a p i d l y  a f t e r  3:30 p..n, over  t h e  area of concern.  
It a p p e a r s  t h a t  p e r s i s t e n c e  of  t h e s e  echaes  over  t h e  r e c r e a t i o n  area 
frm 12:30 t o  2:30 p - n .  vas a Tajor f a c t o r  i n  t h e  f l a s h  flood e v e n t .  
Zas Vegas ' s  and Xeedles '  s u r f t c e  o b s e r v a t i o n s  d u r i n g  t h i s  p e r i o d  indi- 
c a t e d  t h e  b u i l d i n g  of thunde r s to rYs  i n  t h e  d i s t a n c e .  

September a p p e a r s  to be a c r i t i c a l  non th  f o r  f l a s h  f l o o d s  In t h e  south-  
uest. 
pumerous heavy t h u n d e r s t o m s  of t h e  convec t ive  type. Movever, i n  Sep- 
tember the first short-wave t r o u g h s  of t h e  season  moving i n  fron t h e  
n o r t h w e s t  d i p  down i n t o  s o u t k e s t e r n  tini:ed Scares .  I f  c o n s i d e r a b l e  
moisture is p r e s e n t ,  s e v e r e  thundershowers  are t r i g g e r e d ,  as in t h i s  
case and t h e  more severe Labor Day s t o r n  i n  Arizona i n  1970 which re- 
s u l t e d  in 23 d e a t h s .  
p o s s i b i l i t y  of  f l a s h  f l o o d  p roduc ing  s t o m s  i n  e a r l y  and middle  Septen-  
ber 

Daring J u l y  and  August,  vhen  moi s t  air is p r e s e n t ,  &re are 

Thus,  p a r t i c u l a r  a t t e n t i o n  should  be p a i d  to t h e  

- CONCLUSIONS : 
1. 
u n i t s  all need zo know danger  z r e a s  for f l a s h  f l o o d s ,  p a r t i c u l a r l y  
t h o s e  t h a t  are popu la t ed  or use.' f o r  r ? c r e a t i o n .  fladar personnel p z r c i -  
c u l a r l y  need t o  know t h i s  3s t h z y  cannot  v a t c h  211 bui ld-ups .  
i n g  w i t h  >!r. Gar>- Bunny, A c t i n g  S c p e r i n t s n d e n t  of t h e  S a t i o n a l  P a r k  Ser- 
v i c e  a t  Boulder C i t y ,  o n  Se?:er;.jer 13, t h e  d i s a s t e r  su rvey  c o a i t t e e  

Weather S e r v i c e  O f f i c e s ,  'n'eather Se rv ice  Forecast O f f i c e s  and r a d a r  

I n  a zset- 



FIGURE 1: MUD AND S I L T  AT MOUTH OF ELDORADO CANYON, NEVADA, 

AFTER FLASH FLOOD OF SEPTEMBER 14, 1974, 
LINE BEFORE FLOOD IS INDICATED BY DASH LINE, 

LAKE MOHAVE SHORE- 
CAFE AND CABINS 

THAT WERE SWEPT AWAY WERE LOCATED BELOW DAMAGED T R A I L E R S  AT 
nicur ,-cNTizR nF PICTURE, (COURTESY LAS VEGAS REVIEW JOURNAL) 
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r e q u e s t e d  him t o  p r o v i d e  l o c a t i o n  of a l l  X a t i o n a l  Park Service r e c r e a t i o n  
sites under  h i s  j u r i s d i c t i o n  t h a t  a re  prone t o  f l a s h  f l o o d s .  These s i tes  
will be noted  on a t r z n s p a r e n t  o v e r l a y  a t  Paltzdalz and s h o u l d  b e  vatcheci 
very c a r e f u l l y  for p o s s i b l e  d a n s e r  s i g n s ,  w i t h  e z r l y  c a l l s  be ing  cxiae 
to the a p p r o p r i a t e  Weather S e r v i c e  O f f  i ce  o r  Weather S e r v i c e  F o r e c a s t  
O f f i c e .  T h i s  7 r o c e a u r e  shou ld  be  exteilded t o  a l l  :<escern Sez ion  f l a s h  
flood danger  areas w i t h  i n p u t  f r o m  o t h e r  f e d e r a l  a g e n c i e s  having  danger- 
p r o n e  areas. 

-2, P a l n d a l e  radar shou id  c a l l  X z t i o n a l  Park  S e n i c e  Heaz!quarters i n  
Boulder C i t y  d i r e c t  in c r S e n t  v a r n i r g  s i t u a t i o n  ---?ten t h e  does n o t  7 2 ~ -  

r s i t  p r i o r  c m r c i z z t i o n  x i : h  t h z  Xzather S e r v i c e  O f f i c e  or Xezrner S2r:ice 
Forecast 0 f f ice - 
3, NAWAS and RI.;::?C shou ld  b e  used  for d i s t r i5u : ion  of a11 ua:ches 2x3 
u a r n i n g s .  3eno ;;jFd si::uid iss;ue s u i d e l i n e s  I c r  l i s2  of SX'nl;\E i n  Sct;z~a 
s h i l a r  t o  tncse i s s u e d  i o r  !;asSington and OreSon. 

4. 
f o r  short-f lLse s i c z s ~ i ~ r . s  sh~\:iili Z J  r z t n x i t J d .  S ~ a c e  C K  iitc 5cier.c-li 1:: 
such t h a t  j-cr:: 1LLcie Lozu c i z x  icIi be p r a v i c e ~ .  Xlso, i i z i i t a t i o c s  r ) ~  

t h e  FAA A i r  Soor?te ; r a ; f i c  Control C e z c z r  rtdar 3x5 slcv Cistri3u:iox cf 
radar d a t a  th rough  n o x a i  cha.nn2ls. ? d Z ; S  2nd '*.- ...G.\\ - -  nerxsrks snauid 52 
noted, L a s  Yepas d o e s  n o t  hzve  %LEA.. r-hic:? ?rovi:',es r 3 d ~ t  data a 3 c u z  
o n e  hour ez r i i e r  :%n XAFAS. X.E.Y< h td  been i n  ::12 c o l l o c a t e d  F11Lz:~ 
Service S t a t i o n .  buc  5 ; ~ s  reroved rzcenc iv .  A::-:-\ s k ~ u 1 a  b e  i n s t a l i e G  
at the Las  V e p s  Xea tne r  S e r v i c e  O r f i c e  a t  t h e  ez r l i e s t  o p p o r t u n i t y .  

The e u t r e z e  d i f f  icu1t:J of Fiovidir.2 s d e q u a t ?  f o r e c z s t s  and war:ir.zs . .  

- -  

- - .. 

. -  - .  . _-. - .  . .. - . .  - .  . . _ _  _ _  . . ~ . - -  - - .  

5.' More use shou ld  b e  c a d e  of S a t i o n a l  Parks  Serv ice  r a n g e r  reports on 
the spot .  Rangers  have  two-vav rad io  i n  t h e i r  b o a t s  a n d  shore s tac ims  
and can r e a d i l y  c a l l  SPSH i n  S o u l d e r  C i ty .  !Ir. 3unny o f f e r e d  t o  i r ? r o v e  
the r e p o r t i n g  f r equency  fros r a n y e r s  i n  t h e  f i e l d .  
work c l o s e l y  w i t h  t h e  SPS i n  t h i s  r e2a rd  and s n o u i a  a l so  i n i t i a t e  c a i i s  
t o  N P S  when d a t a  are needed or  when r a d a r  or  o t h e r  ceans indicate a 
s u s p i c i o n  of heavy showers. 

L z s  Vegas snouia 

6. 
(GOES) equ ipxen t  should b e  e f f e c t e d  a t  o u r  r e z i z i n g  U e a t h e r  S e r v i c e  
Forecast O f f i c e s  i n  t h e  s o u f h v e s t  (Reno, Ihoenix, Los h g e l e s )  as soon 
as t h e  n e x t  GOES s a t e l l i r e  i s  p l a c e d  i n  o r b i t  a t  135" !;est ( abou t  s?rino, 
of 1975). 
WRR s a t e l l i t e  h S e r y  snocld b e  a rrajor h e l p  i n  flzsh-flood alerts, 
watches  and varaings. 

Implementa t ion  or̂  G e o s t a t i o n a r y  O p e r a t i o n a l  E n v i r o m e n t  S a t e l l i r e  

C4ES d a t a  on a 30-n inu te  i requency  and d e t a i l  a v a i l a b l e  f r o 3  

7. There s h o u l d  be a = o r e  thorough d i s t r i b u t i o a  o f  f l a s h  f l o o d  lit2ia- 
tu re  t o  X a t l o n s l  ?arks  B e a d q u a r t e r s  aF.d t o  users .  
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FIGURE 7: 5fln MB CHART FOR 5:fYl A . M , ,  SEPTEMEER 14, 1974. 
HEAVY L I N E S  ARE CONTOURS; T H I N  DASH L I N E S  ARE ISOTHERMS. 
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Meteorological Analysis for the Las Vegas, Nevada, Flood of 3 July 1975 
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ABSTRACT 

Meteorological data are analyzed to determine the location and intensity of the rainstorms that led to 
flash flooding in the Las Vegas Valley and resulted in approximately $4.5 million in damages on 3 July 1975. 
The effective precipitation contributing to the flood was found to cover an area of 550 km*. Within this 
area two centers of heavy rainfall were found, OM situated approximately 14 km southwest of the central 
business district and the other about 13 km north-northwest. Maximum rainfall amounts are estimated to 
be of the order of 3.0 inch. A maximum rainfall rate of 1.0 inch per hour was detected in a weighing-bucket 
raingage. Hail and surface wind gusts of about 50 k t  were observed in the northwestern portion of the city. 
Furthermore, the area of heavy rainfall is shown to have developed over the Las Vegas Valley and not 
over the surrounding mountains. Integration of an isohyetal analysis shows that, at least, 2.3XlO’ m’ 
(1.9X 10’ acre ft) of water was available before infiltration. This amount of detail in the documentation of 
southwestern desert rainstorms is rarely available. 

1. Introduction 2. Historical perspective 

On 3 July 1975, between approximately 1100 and 
1500 LST, heavy rainshower activity occurred over the 
extreme western and northern portions of the Las Vegas 
Valley. As a result, extensive flooding occurred in Las 
Vegas and in Korth Las Vegas, Nev., between 1500 and 
1900 LST. In North Las Vegas, two men were swept 
away and drowned in a flash flood. In the Las Vegas 
Valley, an estimated $4.5 million in damage resulted 
from the flooding. Approximately 300 automobiles were 
lost in flash floods and considerable damage occurred 
to streets, homes, and private businesses (Fig. 1). In 
mid-July 1975, the federal government declared Las 
Vegas a disaster loan area. 

I I G .  1.  I:ront entrance to Caesars Palace Hotel, 3 J u I ~  1975. 
Courtesy of the 1 ~ s  Vegas K c ~ i c z i ~  Jorwnul.  Photojiraph by 
Gary Thonilison. 

Flash floods associated with summertime thunder- 
storms have occurred in Las Vegas in the past. To get 
a proper perspective of the magnitude of the flooding 
of 3 July 1975, it is instructive to review past incidents. 
A tabulation. of some warm season (June through 
September) storms in Las Vegas is given in Table 1. 
Data contained in Table 1 are from climatological 
records and from local newspaper accounts of the 
various events. Reported precipitation amounts occur- 
ring between 1944 and 1975 are for McCarran Inter- 
national Airport located approximately 10 km south of 
Casino Center in downtown Las Vegas. Prior to 1948, 

TABLE 1. Historical tabulation of some warm season storm 
damage in the Las Vegas valley. 

Estimated Estimated 

Date Event dollars population 
damage metropolitan 

23 July 1923 

10 July 1932 
9 Aug 1942 

13 June 1955 
24 July 1955 
21 Aug. 1957 
16 Sept. 1961 

4 Sept. 1963 
19 June 1967 
12 Sept. 1969 
14 July 1971 
3 July 1975 

1.98 inch rain, hail, 

flooding 
1.58 inch rain, hail, 

flooding 
hail, flooding 
strong winds, flooding 
2.57 inch rain, flooding 
hail, wind est. 80-90 

mph 
1.07 inch rain, flooding 
fooding 
flooding 
/ .> 1111 )I1 \virids 
llooding 

flooding 

- -  

20 OOO 

looo’s 
looo’s 

2 million 
200 000 
500 000 
1-2 million 

1 million 
light 
2 50 (X)0 
ti1 in or 
4.5 million 

9ooo 
10 ooo 
50 OOO 
50 ooo 
70 OOO 

125 OOO 

150 OOO 
225 OOO 
250 OOO 
275 OOO 
350 OOO 



rainfall amounts were taken by cooperative observers 
in the downtown area and also at a site that is now 
Nellis Air Force Base (Fig. 8). The normal annual 
precipitation for Las Vegas (1941-1970) is 3.76 inches. 
The normal precipitation for July is 0.44 inch. 

3. Macroscale flow 

The pre-flood, large-scale flow regime for 0400 LST 
(1200 GMT) 3 July 1975 is portrayed by the 500 mb 
chart in Fig. 2. Significant features include a large anti- 
cyclonic circulation cell centered over Nebraska with a 
cutoff cyclonic circulation off the California coast. The 
cyclone developed southerly flow aloft over Nevada. 
Analysis of the dew point depressions revealed moisture- 
laden air over western Arizona. Location of this moist 
tongue was aided by clouds visible in SMS-1 satellite 
imagery for 0330 LST (1130 GMT) and 0530 LST 
(1330 GMT). This band of moist air extended from 
extreme northwestern Mexico, northward into southern 
Canada. 

In Fig. 2, the gradient in the  dei~ression isopleths 
helps to  illustrate the marked contrast between the dry 
air over western Nevada and the nearly saturated air 
along the Utah-Nevada border and over northwestern 
Arizona. The dry air appears to be associated with the 
cyclonic flow regime while the moist air is flowing 
around the western extremities of the anticyclonic 
center. 

The 0400 LST (1200 GMT) 700 mb chart shown in 
Fig. 3 describes the flow regime at a lower level-the 
flow pattern being quite similar to that at 500 mb. Of 
particular interest is the dew point depression analysis. 
Without supplemental information, the dew point 
depressions at Tuscon and Winslow, Ariz., indicated 
that moist air was confined to eastern Arizona. How- 
ever, SMS-1 satellite imagery and surface observations 
showed an extensive layer of middle-layer cloudiness in 
central and western Arizona. With the aid of these data 
the depression isopleths were analyzed as in Fig. 3, 
portraying an elongated band of moist air extending 
from extreme northern Mexico through western Ari ina 

FIG. 2. Height contours (solid lines) and dew point depression contours (dashed 
lines, “C) for the 500 mb level, 0400 LST (1200 GMT) 3 July 1975. Upper air 
data not plotted to simplify the diagram. 
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FIG. 3. As in Fig. 2 except for 700 mb. 

into Utah and Wyoming. That portion of the moisture 
band in A r i ~  exhibited a westward component,of 
motion during the day, and moved into southern and 
eastern Nevada by late morning. 

Figs. 2 and 3 provide information on the moisture 
content of the mid-tropospheric region, but knowledge 
of surface level moisture is required to complete the 
picture of the moisture content of the atmosphere over 
southern Nevada. Analyses of the surface dew point 
temperature field for O400, 1O00, and 1300 LST are 
displayed in Figs. 4,5, and 6, respectively. At 04M)LST, 
Fig. 4 shows that dew points of the order of 50" to 60°F 
covered most of Arizona while very dry air dominated 
the weather regime over Nevada. However, by lo00 
LST (Fig. S),  the dew point at Las Vegas had risen by 
31°F to 52°F. A 12°F rise in dew point was observed 
and reported by the National Weather Service (NWS) 
station at McCarran International Airport between 
0900 and 1000 LST. This upward surge in the local 
atmospheric moisture content was accompanied by an 
increase in the surface wind speed from the southeast. 
By 1300 LST (Fig. 6), the atmospheric moisture content 
had increased over nearly all of extreme eastern Nevada 

and a thunderstorm was in progress at Las Vegas. In  
Fig. 6, notice the difference in dew points in central 
Nevada and those to the east; a 3040°F gradient 
existed over distances of the order of 200 km. 

From the analysis of upper air and surface charts it 
appears that the moisture available for the development 
of thunderstorms over Las Vegas had at least two 
sources. The upper-level source, identified on the 500 
mb charts, was associated with a westward moving 
trough that carried moisture with it from the Gulf of 
Mexico to over central Mexico. On 2 July this moisture- 
laden air flowed north-northwestward into a region of 
strong confluence over extreme western Arizona and 
southwestern Utah. By 1600 LST 2 July, the axis of 
confluence at the 500 mb level appears to have separated 
very dry air, flowing toward the north-northeast over 
California and Nevada, from moist tropical air flowing 
north-northwestward through Arizona. Figs. 2 and 3 
confirm that this tJpe flow regime continued on 3 Julj-. 

In the surface layer, some of the moisture appears to 
have originated over the tropical southeastern Pacific 
Ocean and moved northward over the Gulf of California 
into Arizona (as proposed by Hales, 1972, 1974). Some 



FIG. 4. Surface isodrosotherm analysis for 0400 
LST 3 July 1975. 

FIG. 5. As in Fig. 4 except for loo0 LST 3 July 1975. 

FIG. 6. As in Fig. 4 except for 1300 LST 3 July 1975. 

additional surface moisture could have resulted from 
the modification of surface-layer air, over eastern 
Arizona, by precipitation accompanying the upper-level 
moisture influx. Evidence for this type modification 
was obtained from the western region, hourly, composite 
radar charts, from surface observations, and from 
satellite imagery. Both sources of surface moisture 
appear to have consolidated over Ari ina and moved 
north-northwestward into Utah and extreme eastern 
and southern Nevada. For some other extreme rainfalls 
in the southwestern United States, Hansen (1975) has 
provided some evidence of the potential enhancement 
of moisture from the tropical Pacific Ocean (primary 
source) by mid-tropospheric moisture from the Gulf 
of Mexico. 

4. Local surface observations 

The boundary between the moist and dry air masses 
was quite distinct and could be seen as a rapid increase 
in cloudiness. For example, the NWS station at 
McCarran airport reported that cloud conditions 
changed from 140 SCT a t  1000 LST to E90BKCN 
250BKN at 1150 LST with TRW- and RlVf south- 
west and northwest through north by 1300 LST. A 
similar increase in cloudiness was reported by the 
weather observers at Nellis Air Force Base. Heavy 
rainshowers were reported in the west quadrant from 
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AlcCarran a i r p ~ r t  i n  the hourl! airwa).s sequences for 
1300, 1400 and 1500 LST. 

In the Las Vegas Valley there were surface observa- 
tions of hail, heavy rain, and surface wind gusts of 35 
to 50 kt. *ut 5 km northwest of the North Las Vegas 
airport, very strong surface winds and blowing dust 
were reported a t  about 1215 LST, just prior to the 
beginning of heavy rain. Heavy rain with some hail 
began to fall between 1230 and 1300 LST, the heavy 
rain lasting until 1630 LST. A report of 4 inch hail was 
obtained a t  a site approximately 5 km west of down- 
town Las Vegas. 

5. Radar analysis 

Radar echoes from moist convection are available on 
an hourly basis from the Western Region RAFAX 
network. These radar echoes are traced from the various 
Air Route Traffic Control Center (ARTCC) radar 
scopes, a composite is made for the western United 
States and transmitted on the facsimile line. It is 
important to emphasize that ARTCC radars were 
designed and sited to provide the best possible detection 
of aircraft. Furthermore, these radars are equipped 
with special circuitry, such as moving-target indicator 
and circurnpolarization, to specifically remove most 
weather related targets. Such design qualities do not 
provide for optimum detection of precipitation. Despite 
these limitations, Benner (1965) demonstrated that the 
ARTCC radars are capable of providing much useful 
weather data while Ronne (1971) concluded that 
ARTCC radars probably display only moderate or 
greater precipitation intensities. Moreover, in summer- 
time, the probability of radar detection of surface 
precipitation in the Las Vegas Valley is approximately 
90%, according to NWS Western Regional Technical 
Attachment No. 74-10 (9 April 1974). 

To facilitate analysis of the echo pattern in southern 
Nevada, a 10 min by 10 min latitude-longitude grid was 
constructed and centered at  36"N, 115"W, near Las 
Vegas. This grid was laid over each hourly,ARTCC 

rSHEEP RANGE 

SPRING 

weather-echo radar chart. If a radar echo \\.as present 
in any portion of a grid square, 1 h of echo activitj- was 
assigned to that square. A summary of the number of 
hours of echo activity was developed for the seven 
radar charts from 1045 LST (just before initial activity 
through 1645 LST (the time of local flooding). Results 
of this summary, displayed in Fig. 7, can be used as a 
guide for locating the regions of maximum and minimum 
thunderstorm activity. Fig. 7 clearly shows an axis 
of minimum duration of echo activity extending from 
the south of Las Vegas to the center of the city. Exten- 
sive echo activity occurred to the southwest of the city 
with a secondary maximum to the east. Perhaps the 
most useful information provided by Fig. 7 is the 
portrayal of the sharp demarcation between the areas 
of no echo activity (to the south) and the very active 
region to west and southwest of the city. In addition, 
the figure shows that the region of maximum echo 
duration was not over the Spring Mountains, located 
to the west of Las Vegas, but over the rather flat terrain 
(see Fig. 8) just west of the city. 

Information plotted on the 1245 LST ARTCC 
weather radar facsimile chart indicated TRW- with 
isolated TRW+ in the Las Vegas area. Visible cloud 
tops, as reported by aircraft, ranged from 37 OOO f t  to 
41 0o0 f t  above mean sea level (MSL). By 1345 LST the 
echoes were classified as scattered TRW+ and at 1445 
as TRW- with scattered TRW+. By 1545 LST the 
activity was upgraded to TRW, TRW+ and that 
classification remained in the Las Vegas area until 
midnight. The echoes were apparently moving north- 
ward at  about 15 kt, normal to the natural drainage 
channels (Fig. 8). Glancy and Harmsen (1975) docu- 
mented a heavy thunderstorm and flash flood that 
moved down a small canyon, thereby compounding 
runoff rates. Nine people were drowned in this flash 
flood that occurred roughly 70 km southeast of 
Las Vegas. 

An FPS/77(5.4 cm) weather radar at Nellis AFB 
detected strong echoes around Las Vegas between 1120 
LST and 1430 LST with isolated echo tops ranging 

FIG. 7. hlajor terrain features and weather stations in the vicinity of Las 
Vegas, Nev. (left-hand chart) and total number of hours of echo activity 
(right-hand chart) occurring between 1045 LST and 16-45 LST 3 July 1975. 
The echo activity chart can be overlaid on the other chart. 



betueen 3.3 000 and 41 000 ft ilISL. l h c d  on the calibra- 
tion of this radar, rainfall rates ranged from 0.5 to 1.0 
inches h-I from the strongest echoes. The echoes de- 
veloped to the west of Las Vegas, moved northward, 
and then seemed to remain in an area just north of the 
city, but south of the Sheep Range (Fig. 7). 

6. Precipitation analysis 

During June 1974, a raingage network was established 
in the Las Vegas Valley to help document the spatial 
variability of rainfall from summertime thunderstorms. 
The network shown in Fig. 8 consists of 14 raingages 
including six weighing gages with recorders (W), four 
standard 8 inch, stick type raingages (S), two home- 
made gages sited at the residences of two ARL 
meteorologists (H), one plastic raingage (P), and one 
tipping bucket gage located at the NWS station at  
McCarran International Airport. Fig. 8 also describes 
the locations of the channels of the dry washes, the 
local topography, referenced airports, and the major 
highway accesses to  Las Vegas. 

Terrain surrounding the city is rather flat, except to 
the west and north where the Spring Mountains and 
Sheep Range (Fig. 7) rise above the valley to nearly 

- 4 i W c (  

12 000 ft and 10 000 ft MSL, respectivelJ-. .-! series of 
dry washes originate in the surrounding mountains and 
flow through and around the cities of Las i-egas and 
North Las Vegas, terminating in the Las Vegas Wash 
located east of Las Vegas. Las Vegas Wash drains into 
Lake Mead. Some of the wash channels are shallow and 
poorly defined as they cross the desert in the western 
part of the valley. Therefore, during periods of high 
runoff, some of the flows intermingle and approach the 
metropolitan area in the form of sheet flow rather than 
in well-defined channels. 

Fig. 8 shows that the raingage network is confined 
to the Las Vegas area. Beyond the gage network, 
supplemental data on rainfall amounts were obtained 
from a bucket survey made by me on the morning of 
4 July and by Partick Glancy, a hydrologist with the 
U. S. Department of the Interior, on 5-9 July. In addi- 
tion, vacationing meteorologists and meteorological 
technicians from ARL noted soil wetness, erosion, and 
silt and rock deposits on local roads over the July 4th 
holiday weekend. These observations are plotted in 
Fig. 9. All these data were used to help isolate the 
region of heavy precipitation and flooding. 

In  a bucket survey made southwest of Las Vegas on 
the momhg of 4 July, a maximum of 3 inches of storm 

FIG. 8. Locations of the various raingages in the Las Vegas raingage network (letters) and sites of bucket survey estimates (numbers). 
Topography (dashed lines, ft), dry washes, and major highways in the Las Vegas Valley are also shown. W=weighing gage with re- 
corder, S = standard 8 inch stick gage, P = 6 inch plastic gage, T = tipping-bucket gage, and H = homemade gage. 



FIG. 9. Information and observations pertaining to the Las Vegas, Nev., flood of 3 July 1975. 

. . . .  

rainfall was obtained. This measurement was made 
14 km southwest of the central business district.’ 

A t  position #10 in Fig. 8, 2.5 inches of water was 
measured in a Styrofoam container. At position #5 a 
water depth of 3.13 inch was measured in a 3 Ib coffee 
can. This amount was rounded to 3.0 inch and plotted 
on Fig. 10. 
’ Data from the raingage network, from the bucket 
surveys, and from the supplemental observations were 
ail integrated to provide the information required to 
reconstruct the rainfall .distribution pattern displayed 
in Fig. 10. Data plotted in this figure represent estimates 
from the bucket surveys and amounts measured by the 
raingages. Values from the bucket surveys are plotted 
to the nearest half inch (except a t  two sites) and they 
are followed by either an E or f. The E denotes 
estimated values and the + indicates that the esti- 
mate is likely to be larger due to evaporative loss. Rain- 
fall amounts collected by raingages are plotted to the 
nearest 0.01 inch. Implicit in this analysis is the 
assumption that the 0.5 inch isohyet encloses the area of 
ejective precipitation confribziting lo f he fEood. 

Fig. 10 shows two distinct centers of maximum 
rainfall, one to the west of Interstate 15, the other to 

Central business district defined as the center of the square 
formed by the street intersections in the right-center portion of 
Figs. 8, 9, and 10. 

the north-northwest of the city. For analysis purposes, 
these two centers were divided in two by a line labeled 
“separator” in Fig. 10. The only logic used in defining 
the separator was to partition the drainage region to 
the north from that to the south of the line, thereby 
subjectively separating the flood zone to the north 
from the one to the south of the city. 

Based on the available rainfall data and on supple- 
mental information, the area of heavy rainfall analyzed 
to the west of Interstate 15 is believed to be a good 
representation of the actual distribution of rain; how- 
ever, the isohyetal field to the north of Las Vegas is 
considered only a fair representation because of the 
lack of information to the north and east of the esti- 
mated area of maximum rainfall. Nevertheless, Pat 
Glancy did report that in this sparse data area a dry 
wash (Fig. 9, northeasternmost wash) draining south- 
ward from the mountains, showed little evidence of 
flooding so that he was led to believe the area of heaviest 
rainfall was to the west of this wash. Consequently, 
north of the city, the general location of the center of 
maximum precipitation is considered to he a good 
estimate, hut the shape of the isohyetal field is believed 
to be only a fair estimate of the actual pattern. 

In the data-dense area nest of Interstate 15 but east 
of the axis of maximum precipitation, gradients of the 
order of 0.3 inch km-I (0.5 inch mi--1) are apparent. 
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FIG. 10. Isohyetal anal$& for Las Vegas, Nev., 3 July 1975. 

This gradient seems large, especially when compared 
with the extreme rainfall gradients estimated by Huff 
(1967) in an analysis of 186 warm season storms that 
occurred over a dense raingage network in central 
Illinois. Huff defined extreme rainfall gradients as those 
that would not be exceeded more than 5% of the time. 
For a maximum gage measurement of 3.0 inch, Huff's 
regression equations yield an extreme gradient of the 
order of 0.2 inch km-l for the Illinois storms. Rainfall 
gradients of this magnitude help emphasize that use of 
the official rainfall amount (0.07 inch, up to 1600 LST), 
as measured a t  the NWS station a t  McCarran airport, 
would be totally unrepresentative of the magnitude and 
intensity of this storni. 

The isohyetal field in Fig. 10 was planimetered to 
obtain an estimate of the effective volume of water 
deposited on the ground and available for 0ooding be- 
fore infiltration. In the northeastern quadrant, the area 
enclosed between the 1.0 and 0.5 inch isohyet was 
assumed to be concentric with the 1.0 inch isohyet and 
to have a gradient equivalent to that between the 1.0 
and 2.0 inch isohyets. Approximately 1.2X1O7 m3 

. + . % * q t '  

(1.0xlW acre ft) of water fell on the ground in the 
isohyetal area north of the separator (Fig. 10) and 
about 1.1 X lo7 ma (9.1 X 103 acre ft) fell to the south for 
a total volume of 2.3X10' ma (1.9X104 acre ft). The 
spatial coverage of the area of effective precipitation 
was 553 kmz. If a 0.25 inch isohyet is considered as the 
lower limit to the effective precipitation contributing 
to the flooding, the above volumes should be increased 
by 7% and the enclosed area by approximately 25%. 

Some rainfall rates were available from the three 
westernmost weighing gages (Fig. 8). The gage near 
Flamingo Wash detected a rainfall rate of 0.3 inch h-' 
while the gage located 3.5 km east of Site # 10 measured 
0.5 inch h+. The maximum rainfall rate detected by a 
weighing gage was collected by the gage situated 2 km 
southwest of the North Las Vegas airport (Fig. 8). 
This gage detected a rainfall rate of 1.0 inch h-' between 
1100 and 1200 LST. A copy of the chart from this gage 
is displayed in Fig. 11 which shom that the most 
intense rainfall at this site occurred between 1100 and 
1300 LST. Furthermore, reference to Section 5 shows 
rainfall rates of 0.5 to 1.0 inch h-' were determined 
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FIG. 11. Rainfall record from the weighing raingage located 2 km 
southwest of the North Las Vegas airport (Fig. 8). 

from the intensity of the strongest echoes detected by 
the Nellis AFB weather radar. Consequently, with 
maximum rainfall rates of 1.0 inch h-' being measured 
physically and detected electronically, and with some 
reports of heavy rainfall for two or more hours, rainfall 
amounts of 2-3 inches-do seem likely in some areas of 
the valley. This conclusion provides evidence for sup- 
porting the large rainfall amounts detected in the 
bucket survey. 

7. Conclusions 
Locally heavy rainfall that developed-the flash floods 

in the Las Vegas Valley on 3 July 1975 fell into a 
550 km2 area covering the western and northern ex- 
tremities of the valley. The heaviest rainfall, of approxi- 
mately 3 inches, was concentrated in two separate areas, 
one to the north and the other to the southwest of the 
central business district. Rainfall intensities of the 
order of 1 inch h-' were detected and rainfall gradients 
of the order of 0.3 inch km-' were measured. Further- 
more, surface observations show that severe thunder- 
storm activity occurred and was accompanied by 
$ inch hail, heavy rain, and surface wind gusts of 
approximately 50 kt. In  addition, the thunderstorms 
producing the heavy rain did not form over moun- 
tainous terrain and move into the valley; instead, the 
storms formed over the valley. Calculations show that 
before infiltration, rainfall produced 2.3X 10' ms 
(1.9X104 acre ft) of water available to the natural 
drainage channels in a period of 2-4 h. 

Why these thunderstorms formed Ivhere they did is 
difficult to explain because the scale of the activity was 
much smaller than the scale of the meaningful meteoro- 
logical data. However, it is clear that the activity did 
form near the leading edge of a strong moisture gra- 
dient, in a region of large-scale convergence, and over 
terrain that had been heated sufficiently to release 
convection in an unstable air mass. 
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