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ABSTRACT 

Est imates  of 100-year frequency f l oods  were made and flood-prone a r e a s  a r e  
de l inea t ed  f o r  t he  p r i n c i p a l  d ra inages  i n  t h e  Carson C i ty  quadrangle which 
l i e s  on the  western edge of t h e  Great  Basin. I n  a d d i t i o n ,  t h e  probable l i m i t s  
of t h e  a r e a  of maximum inundat ion  r e s u l t i n g  from a c a t a s t r o p h i c  f lood a r e  
shown. Flood-debris hazard zones were assigned t o  t h e  f l ood  p l a i n s  of the  
dra inages  based on est imated f loodflows and p o t e n t i a l  d e b r i s  movement. 

The es t imated  100-year f loodflows range from 30 cub ic  f e e t  p e t  second (0.8 
cub ic  meters  per  second) f o r  an  unnamed t r i b u t a r y  t o  Eagle  Val ley t o  790 cubic  
f e e t  per  second (22.4 cubic  meters  per  second) on Ash Canyon Creek, a  
t r i b u t a r y  t o  t h e  Carson River .  The most no t i ceab le  urban development has  been 
on t h e  f l ood  p l a i n s  of Kings Canyon and Ash Canyon Creeks west of Carson Ci ty ,  
and on the  f lood  p l a i n s  of ephemeral s t reams d r a i n i n g  t h e  south  f l ank  of t he  
V i rg in i a  Range no r th  of Carson City.  Urban f lood-p la in  development i n  Washoe 
Val ley i s  minor. A s  t he  popula t ion  cont inues  t o  i n c r e a s e ,  t h e  demand f o r  
developable  land a l s o  i nc reases  wi th  a  corresponding encroachment on the  f lood  
p l a in s .  

INTRODUCTION 

Flood and d e b r i s  flows of p a s t  yea r s  m e t  only n a t u r e ' s  o b s t a c l e s  on t h e  f lood 
p l a i n s ;  however, today 's  flows w i l l  encounter  man's u rbaniza t ion .  A s  t h e  
popula t ion  of t h e  a r e a  dep ic t ed  by t h e  Carson C i ty  quadrangle  cont inues  t o  
i n c r e a s e ,  most no tab ly  i n  t h e  Carson C i ty  a r e a ,  t h e  demand f o r  developable  
land i n c r e a s e s ,  and much of t h e  demand i s  f o r  land on f lood  p l a i n s .  I f  t he  
p o t e n t i a l  f o r  damage from f l o o d s  and d e b r i s  flows i s  recognized and t h e  
c h a r a c t e r  of t h e  f loods  b e t t e r  understood,  man can hopefu l ly  modify h i s  use of 
t h e  land  t o  l i v e  i n  harmony wi th  na ture .  

To understand f lood  and d e b r i s  flows r e q u i r e s  a  knowledge of t h e  processes  
involved. General ly  t h e  upper r each  of a  t y p i c a l  s t ream channel  occupies  t h e  
f l o o r  of a  s t e e p  canyon. A well-developed a l l u v i a l  f an ,  which i s  b u i l t  
p r imar i l y  of water- t ransported sediment from t h e  mountain block,  and extends 
t o  t h e  v a l l e y  f l o o r ,  i s  l o c a t e d  a t  t h e  mouth of t he  canyon. A s  streamflow 
ca r ry ing  sediment reaches t h e  f l a t t e r  s l opes  of t h e  a l l u v i a l  f a n ,  t h e  water 
v e l o c i t y  decreases  and t h e  sediment p a r t i c l e s  a r e  depos i ted  on t h e  fan.  The 
s t ream channels  on the  f a n s  a r e  poorly entrenched,  and dur ing  f l oods ,  t h e  
water may spread t o  a  r e l a t i v e l y  shal low depth over  much of t h e  fan .  The fans  
a r e  c o n s t a n t l y  being modified by s h i f t i n g ,  b r a id ing ,  and channel c logging 
which i s  inhe ren t  i n  t h e i r  c o n s t r u c t i o n  process .  The d i r e c t i o n  of flow on the 
f ans ,  t h e r e f o r e ,  i s  o f t e n  i nde t e rmina t e  and becomes more complex where 
obs t ruc t ed  by manmade s t r u c t u r e s .  

The f l ood  hazard i nc reases  a s  urban development proceeds from t h e  v a l l e y  f l o o r  
t o  t h e  a l l u v i a l  fan .  The s t e e p e r  s lopes  of t h e  a l l u v i a l  f an ,  l oca t ed  c l o s e r  t o  
the  mountain f r o n t ,  a r e  t h e  most hazardous, f o r  here  t h e  water  v e l o c i t i e s  and 
sediment l oads  a r e  t h e  g r e a t e s t .  



P u r ~ o s e  and S c o ~ e  

T h i s  s t u d y  was done i n  c o o p e r a t i o n  w i t h  t h e  Nevada Bureau O F  Mines and Geology 
t o  e s t i m a t e  t h e  100-year f lood  peak and o u t l i n e  f l o o d  and d e b r i s  haza rd  areas 
a l o n g  p r i n c t p a l  d r s i nagcs  o n  t h e  Carson C i t y  q u a d r a n g l e .  S tudy resu l . t s  can be 
used by (1) p l a n n e r s  t o  Improve Land-use zoning d e c t s i o n s ,  (2 )  p r o s p e c t i v e  
l a n d  d e v e l o p e r s  t o  i n c o r p o r a t e  f l o o d  p lann ing  I n  t h e i r  development, and ( 3 )  
t h e  g e n e r a l  p u b l i c  t o  a s s i s t  I n  t he i r  unders tand ing  of hydro log ic  h a z a r d s ,  

Because of  a l ack  of long-term streamfkow r e c o r d s ,  r econna i s sance  t echn iques  
were  used t o  e s t i m a t e  t he  100-year f loodf low and t o  o u t l i n e  t h e  cor respond ing  
f l o o d  p l a i n ;  t h u s ,  s rudy  r e s u l t s  should  n o t  be c o n s i d e r e d  d e f i n f t i v e ,  bu t  
shcrtald be used a s  a  gu ide  t o  problcrra areas, 

PrevFcrrls Work 

RegZc Val ley  and t h e  Carson Clty urban a r e a  have heen t h e  s u b j e c t  of s e v e r a l  
Flood s t u d i e s .  E)tffc?rent method8 of est.imat ixllr; t h e  100-year f load-frequcrxcy 
va lues  a n d  d i f f e r e n t  d e g r e e s  of accuracy  Llr  dctfinfrrg t11c respecLive f l o o d  
p l a i n s  were used i n  t h e  s t u d i e s ,  and they a r e  as  f o l l o w s :  1 -  The f lood  p l a i n s  
of  Kings Cariyora and Ash Canyon Creeks were f i r s t  de l i -nea ted  f o r  Lhe 100-year 
freq1,~cnncy f l o o d  as part .  of a Carson CiLy wtrtersf~ed s t u d y  prepared by the O.S, 
SuiH Gr~nservaciora Srsvice / 4 9 7 2 ) ,  2 .  A s t o m  drainage s t u d y  was made by SEA 
Engineers ( 9 9 7 4 )  a t  ahe r e q u e s t  of t h e  county  com~niss loners .  3. Tn accordance 
w i t h  t h e  "Naeional  Program f o r  Managlng Flood L o s s e s ,  House Document 465,"  a 
flood-prone a r e a  map f o r  t h e  Carson Cdty 7 LIZ-minute quadrang le  was prepared 
by t h e  U.S. Geological  Su rvey  (1974) ,  The f lood-prone map was prepared by 
utLlfzlinp, t h e  e x l s t l n g  S o i l .  Conservatkon S e r v i c e  d e l i n e a ~ L o n  f o r  K-ings Canyorx 
and Ash Carryon Creeks,  and hy evaluat:ine, tlae 100-year Elood hazard  om2 t h e  
remaining p r i n c i p a l  s t r e a m s  and af4uvial f a n s  w i t h i n  t h e  quadrang le ,  

These have been no f l o o d  s t u d i e s  prxlralished on t h a t  p a r t  of Washae Val.ley on 
t h e  Carson C l t y  q u c a i l  r a n g l c  .. 

Floods  and nsr;caclsatc?d d e b r i s  f lows  pra1sabl.y c o n s t i t u t e  One? of  t h e  more cornrnon 
nat t l ra l  t h r e a t s  t c ~  L i f e  and p r o p e r t y  witlain t h e  a r e a  of t h e  Carson C i t y  
quadrang le .  Water v e l o c i t i e s  a r e  comaonly many f e e t  p e r  second,  and w a t e r  i n  
maln c h a n n e l s  can be several  f e e t  deep,  Concentraced runof f  from 
high- intensf l_y preefysl l a t l o n ,  gcaxeralPy from summer  thunders to rms ,  coxnmor~ly 
mobilLzes ].aqp quanttties of seslirnent and in1tLsats.s d e b r i s  f laws havlng g r e a t  
d (?o t r tx r t fve  p o t e n t i a l .  D e b r i s  qnarzt LtFes are of f e n  measured i n  hlzousasrds of 
c u b i c  f e e t ,  sedimerrb: c h a r a c t e r  v a r i e s  from c l a y - s l z e  p a r t i c l e s  t o  b o u l d e r s  
s e v e r a l  f e e t  in dlarneter ,  sedimealt y i e l d s  pe r  unSt  a r e a  a r e  g r e a t  and very  
d i f f j c u l t  t o  q-ttarrtify, t r a n s p o r t  t i m e  is g e n e r a l  l y l e s s  t han  an hour ,  arxd 
resul tlng I a n d s r a p e  changes a r e  st r i  k i n g ,  



The d e b r i s  g e n e r a l l y  c a u s e s  damage through impact d u r i n g  t r a n s i t ,  by a b r a s i o n  
of f r a g i l e  o b j e c t s  d u r i n g  t r a n s p o r t ,  by bury ing  o b j e c t s  and a r e a s  where d e b r i s  
comes t o  r e s t ,  and by e r o s i o n  a long  t h e  flow-path. The degree  of hazard  posed 
by moving d e b r i s  depends on s e v e r a l  f a c t o r s ,  i n c l u d i n g  q u a n t i t y  of d e b r i s ,  
p a r t i c l e - s i z e  range ,  water-sediment v e l o c i t y ,  s p e c i f i c  l and  u s e  i n  t h e  f low 
p a t h ,  and e f f e c t i v e n e s s  o f  a  f lood-warning system. 

I n  a d d i t i o n  t o  t h e  summer s t o r m s ,  widespread s h a l l o w  f l o o d i n g  w i t h i n  t h e  
quadrang le  has  been caused by i n t e n s e  w i n t e r  r a i n  f a l l i n g  on p r e v i o u s l y  we t ted  
s o i l  ( s e e  H i s t o r i c  Floods  S e c t i o n ) .  Flood w a t e r s  have caused damage t o  
s t r e e t s ,  s to rm d r a i n s ,  basements,  and t h e  ground f l o o r s  of some b u i l d i n g s .  The 
d e b r i s  t h a t  has  reached t h e  v a l l e y  f l o o r  i s  g e n e r a l l y  f i n e  g r a i n e d .  The 
c o a r s e r  m a t e r i a l ,  i n c l u d i n g  some b o u l d e r s ,  i s  d e p o s i t e d  on t h e  upper p a r t s  o f  
t h e  a l l u v i a l  f a n s  and i s  ev idence  of t h e  p o t e n t i a l  d e s t r u c t i v e  f o r c e  o f  t h e s e  
f l o o d s  . 
Damage from w i n t e r  s to rms  h a s  been g r e a t e r  t h a n  damage from summer s torms;  
however, i n c r e a s i n g  development on t h e  a l l u v i a l  f a n s  w i l l  r e s u l t  i n  more 
damage and p o s s i b l e  l o s s  o f  l i f e  from summer thunders torms.  

C h a r a c t e r i s t i c s  of t h e  two s to rm t y p e s  a r e  g i v e n  i n  t a b l e  1. 

The f l o o d  and d e b r i s  hazard  map shows f i v e  d i f f e r e n t  zones  r e p r e s e n t i n g  
v a r y i n g  d e g r e e s  of hazard  based on a  combinat ion o f  f l o o d f l o w  and p o t e n t i a l  
d e b r i s  movement. The map shows t h e  hazardous  a r e a s  a s s o c i a t e d  wi th  p r i n c i p a l  
d r a i n a g e  c h a n n e l s ,  b u t  a d d i t i o n a l  a r e a s  n o t  i n v e s t i g a t e d  undoubtedly a r e  
s u b j e c t  t o  p o t e n t i a l  f l o o d  and d e b r i s  hazards .  The a d d i t i o n a l  a r e a s ,  i n c l u d i n g  
t h o s e  a s s o c i a t e d  w i t h  s m a l l e r  d r a i n a g e s ,  a l s o  cou ld  be  s u b j e c t  t o  c o n s i d e r a b l e  
movement and d e p o s i t i o n  o f  d e b r i s .  

Flood Frequency 

S t a t i s t i c a l  a n a l y s i s  i s  a  u s e f u l  t o o l  f o r  c h a r a c t e r i z i n g  f loodf lows .  
Flood-frequency c u r v e s  r e l a t e  peak d i s c h a r g e  t o  r e c u r r e n c e  i n t e r v a l .  These 
c u r v e s  a r e  based on s t reamf low records ;  and  g e n e r a l l y  t h e  l o n g e r  t h e  p e r i o d  o f  
r e c o r d ,  t h e  more r e l i a b l e  t h e  r e l a t i o n .  However, no e s t i m a t e  i s  made f o r  
r e g u l a r i t y  of r e c u r r e n c e .  The 100-year f l o o d  i s  t h e  d i s c h a r g e  a t  100-year 
r e c u r r e n c e  i n t e r v a l .  S t a t i s t i c a l l y ,  a  100-year f l o o d  has  a  one p e r c e n t  chance 
of be ing  exceeded i n  any one y e a r ;  o r  t h e  100-year f l o o d  w i l l  be exceeded a t  
i n t e r v a l s  a v e r a g i n g  100 y e a r s  i n  l e n g t h .  Floods  w i t h  magnitudes g r e a t e r  o r  
l e s s  t h a n  t h e  LOO-year f l o o d f l o w ,  however, may occur  i n  any a r e a  a t  any t ime.  



TABLE 1. Stonn type characterization 

Runoff characteristics Source 
Precipitation Character Flow of 

Peak Dura- vis- Fluvial Debris 
extent tions Intensity Duration Volume flow tion cosity Sediment Hazard 

Winter Large, Generally Maybe Usually Very Low Hours Low, Overland run- General11 
rain many snow cover, a few several large largely off generally low, but 

square ground may be inches days a water- dominant, can be 
miles frozen, per hour dominated channel high in 

saturated, or mixture erosion can and 
dry. Highest be near mair 
risk from significant channels 
fresh 
saturated 
snow 

Thunder- Usually Generally dry, Often 
storm only a has occurred several 

few on snow cover inches 
square and Per 
miles or saturated hour 
less, ground 
occasion- 
ally, 
larger 

Several Low Generally Gener- Low or Often channel Often 
hours or high ally high; and existing high 
less minutes often a flood plains 

occa- debris- are dominant; 
sionally dominated occasionally 
hours mixture substantial 

overland rill 
erosion occurs 



(Dalrymple, 1960); (2) relationship between mean annual flow estimated 
by channel geometry measurements (Moore, 1968) and the 10-year flood 
from a log-Pearson Type I11 distribution of annual peak flow data for 
sites in the region; (3) relationship of 10-year unit-flood discharge to 
elevation zones (Moore, 1976); (4) relationship of 10-year to 100-year 
flood event from a log-Pearson Type I11 distribution of annual peak flow 
data for about 15 sites along the Sierra Eront; (5) application of 
regional relationships as developed by Butler and others (1966), and 
Hardison (1973); and (6) analysis of past storm events utilizing the 
relationship of runoff per square mile and log-Pearson Type I11 
determination of the 100-year flood for nearby streams having similar 
hydrologic characteristics and drainage areas. The last above described 
method (No. 6) was used for this study, because it gave the most 
consistent values throughout the gaging station network us d in t e 

3 
9 analys s and resulted in estimated runoff yield of 150 (ft /s)/mi 2 

!? 
[1.6(m /s)km ] for the drainage areas in the study area. This yield when 
multiplied by the contributing drainage area above the mountain front 
gives the estimated 100-year floodflow in cubic feet per second. 

Stream-channel cross sections were surveyed, Manning's roughness 
coefficients were estimated, and channel slopes were determined so that 
the Manning flow equation (Chow, 1964, p. 1532) could be solved in terms 
of discharge to develop depth-discharge relations. Depths of 100-year 
floods were determined from these relations; then inundated areas of the 
flood plains were defined on the basis of the 100 year flood depths. 

In addition to the 100-year flood plain, the flood- and debris-hazard 
map shows the probable limits of the area of maximum inundation 
resulting from a catastrophic flood-debris event. The area of maximum 
inundation was defined by evaluating slope, channel capacity and 
roughness, land use, vegetation, and sediment particle-size distribution 
in the flood plain. 

The potential exists for much greater floods than the 100-year 
floodflows in the region. Investigations by the U.S. Geological Survey 
in many western States have shown maximum pea5 runof5 from extreme 
fl ods to2range from about 3,000 to 7,000 (ft /s)/mi [33 to 77 8 
(m /s)/km ] of contributing drainage area for drainage areas less than 
about 23 mi2. These yields are much greater than the yields of the 
100-year flood presented above. 

Medium to high flows can change the course of a stream across its flood 
plain, or debris transported by the flow may block shallow channels at 
unpredictable places and times and cause the flow to be diverted. 
Therefore, areas that appear safe from inundation under existing 
conditions could be subjected to serious flooding and damage from debris 
during a flood in the future. The mapped area of maximum inundation 

es the areas susceptible to channel changes. 

ndaries between the various flood-debris hazard zones are 
ed by the relationship between water depth, velocity, and 
r of the debris. All hazard zones are probably present to some 
any given flood; however, it is impractical to show them. The 
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change from one hazard zone to another is not at a stable, definitive 
boundary and should be considered as occurring over a gradational zone 
which can fluctuate under different types of flow conditions. Thus, 
detailed on-site mapping is required with great attention to the 
combined effects of the floodflows and their accompanying debris loads. 
Water depths and damage will generally increase from the 10-year to the 
100-year flood in the canyons. However, this is not necessarily true for 
the valley margins and floor, where water may leave the channel and 
spread out to a shallow depth over a large area. 

Flood Routing 

In routing the 100-year floodflow downstream, no attempt was made to 
attenuate the flow on the alluvial fan or through the Carson City urban 
area. Although studies in other areas of the Great Basin have generally 
indicated severe floodflow losses on the lower fan and valley floor 
areas, past storm events in Eagle Valley have demonstrated that 
substantial flow accretion can occur when heavy snow or frozen ground 
exists on the alluvial fan and valley floor at the time of winter 
rainstorms that are accompanied by warm temperatures. Since antecedent 
conditions and the type of storm event cannot be predicted, meaningful 
changes in flow rates could not be made. 

There are other considerations in alluvial-fan flow which tend to 
mitigate the importance of peak discharge in dictating flooding 
conditions. The nature of alluvial fans, with poorly entrenched and 
generally insignificant channels, often perched on a crown, produce 
widespread sheet flow and shallow flooding. Thus, relatively minor 
changes in depth or area of possible inundation will occur through a 
significant range in peak flow. In addition, the direction the flow will 
seek depending upon obstructions, both natural and manmade, is quite 
variable. 

The routing of estimated peak discharges below the confluence of two or 
more canyon drainages will have low reliability because of uncertainties 
in proportioning discharge where division of flow occurs on the alluvial 
fan and because timing of merging peaks cannot be predicted. It should 
be recognized that the probability of simultaneous peaks at the point of 
merger is low, however, those from winter rainstorms would have a higher 
probability of occurring simultaneously than would those from summer 
thunderstorms. 

Flood boundaries for the 100-year discharge along all water courses 
evaluated were estimated on the basis of slope-conveyance estimates 
(Dalrymple and Benson, 1967), theoretical rating development at many 
culvert sites (Bodhaine, 1968), computation of flow over road or 
embankment (Hulsing, 19671, topographic maps, aerial photos, local 
accounts and observation of past floods, and detailed field inspections. 
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Flood and Debris Hazard Factors 

The potential hazards from flooding and debris within any drainage area 
depend on the interrelations of several factors; the main factors are 
storm type (table I), geology, land cover, and channel characteristics. 

Geology 

Runoff rates and the availability of sediment with potential to 
contribute to debris flows are dependent on the local geology and 
geomorphic characteristics of individual drainages. Drainage patterns 
and channel development may be strongly influenced by geologic 
structure. Faulting within the bedrock enlarges fracture systems and 
joint patterns which increases the erodibility of the rock. As the depth 
of the overburden on the mountain block increases, the amount of 
available sediment also increases, thus increasing the downstream 
hazard; however, as the depth of overburden increases so does the 
waterholding capacity which, potentially, can reduce the runoff. 

The geology of the Carson City quadrangle has been mapped by Trexler 
(1977) and can be classified for this report according to the 
erodibility of the bedrock. The granitic terrain, which is the most 
abundant in the quadrangle, is also the most erodible and decomposes to 
form coarse to fine sand with few cobbles and boulders. This contrasts 
with the remainder of the mountain block which is composed of 
metavolcanics, volcanic flows, and metasediments. These rocks are 
characterized by being much harder, more fine grained, and slower to 
weather than granite. They are susceptible to extensive fracturing and 
weather to boulders and cobbles, thus, providing abundant material to be 
mobilized as debris flows. 

Land Cover 

Much of the Carson City quadrangle land surface is scantily covered by 
vegetation typical of arid and semiarid environments. This type of 
vegetation does little to retard or reduce erosion from intense storms. 
Part of the study area is covered by dense brush and heavily forested 
slopes characteristic of the Carson Range which tend to reduce flow 
velocities thus reducing erosion and promoting infiltration. This type 
of land cover greatly reduces downstream hazards from floods and debris 
flows. The perennial stream channels generally have a very thick vegetal 
growth covering not only their banks, but their drainage areas as well. 
The ephemeral channels have only scanty vegetal cover. 

Channel Characteristics 

Channel characteristics which control flooding and debris flows are 
slope, shape, roughness, capacity, and bed and bank material. While all 
of these are interrelated, slope has a dominating influence. The slope, 
not only of the channel, but also of the land surface in the basin 
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strongly controls the initial movement of the water and debris, and its 
continued motion and subsequent disposition. 

LAND ALTERATION 

The hazardous areas outlined on the flood and debris hazard map may 
either increase or decrease in size and degree of hazard in the future 
because of man's and nature's activities. For example, the field work 
for this study was done prior to the July 1976 fire in the Virginia 
Range. The degree of hazard from flood and debris after the fire may be 
higher than the values estimated prior to the removal of the vegetal 
cover. 

Several years ago part of the lower Ash Canyon drainage and Taylor 
Spring area was burned by a forest fire, and contour trenches were 
subsequently built to reduce erosion. Contour trenches have also been 
constructed on some of the bare slopes of the upper Ash Canyon drainage. 
The trenches do have the effect of reducing runoff and erosion, however, 
there is always the danger of trenches breaching, and there is evidence 
of this in the upper Ash Canyon drainage. The consolidation of water in 
the trench and subsequent breach may actually increase local runoff and 
erosion. 

Construction on flood plains may divert floodflows into areas that 
otherwise would be flood free. By increasing and maintaining channel 
capacities, hazards could be reduced. A flood-channel bypass system 
could be constructed to alleviate flooding. Thus, any modification of 
the present hydrologic system has many ramifications and should be made 
only after careful evaluation of the probable effects. 

HISTORIC FLOODS 

There have been 17 winter floods between 1861 and 1963 documented in 
USDA reports (U.S. Dept. of Agriculture, 1973) and local newspaper 
accounts. Three summer floods resulting from July and August 
thunderstorms have also been reported during this period. In addition, a 
mudflow from a July 30, 1960, thunderstorm on the upper watershed of 
North Kings Canyon has been documented by the U.S. Geological Syrvey; 
p5ak discharge for this event was estimated at less than 150 ft 1s (4.2 
m /s). 

Floods resulting from general winter storms producing rain on snow or 
frozen ground have historically been the most damaging. Significant 
flooding occurred in 1861, 1862, 1868, 1874, 1875, 1886, 1906, 1907, 
1909, 1914, 1928, 1938, 1942, 1943, 1950, 1955, and 1963. Summer floods 
have been documented for 1875, 1913, and 1958, 

Quantitative data are unavailable to categorize these events in terms of 
magnitude and probable frequency of recurrence. 



PRINCIPAL DRAINAGES 

Eagle Valley 

V o l t a i r  Canyon 

3 3 
The es t imated  100-year f loodflow of 180 f t  / s  (5.1 m / s )  from V o l t a i r  
Canyon w i l l  be confined t o  t he  canyon f l o o r  u n t i l  t h e  flow reaches  t he  
mouth. Because of the s t e e p  s lope ,  t he  canyon bottom w i l l  be an a r e a  of 
scour  r a t h e r  than depos i t i on .  A powerline and r e l a t e d  automatic 
r e s t a r t i n g  equipment, which serves  t h e  Lake Tahoe a r e a ,  i s  l o c a t e d  i n  
t he  canyon bottom and s u b j e c t  t o  f lood-debris  damage. Addi t iona l ly ,  
t he re  a r e  a  few p r i v a t e  res idences  b u i l t  on t h e  f lood  p l a i n  a t  t h e  mouth 
of t he  canyon which a r e  i n  a  high-risk a r e a  i f  t h e  Flow is  forced  from 
the  road (which a c t s  as t h e  channel) e x i t i n g  from the  canyon mouth, 
e i t h e r  by e ros ion  o r  d e b r i s  blockage. Debris  from t h e  p r imar i l y  g r a n i t i c  
t e r r a i n  w i l l  c o n s i s t  mainly of f ine-  t o  coarse-grained sediment. 

Kings canyon 

The combined es t imated  lO0-year f l ood f loy  from Nort3 Kings and Kings 
Canyons below t h e i r  confluence i s  610 f t  / s  (17.3 m 1 s ) .  The flow i s  
divided n e a r l y  equa l ly ,  but t he re  i s  a  much g r e a t e r  hazard on North 
Kings Canyon because of t h e  a v a i l a b i l i t y  of  l a r g e  boulders .  The geology 
of Kings Canyon d ra inage  i s  pr imar i ly  g r a n i t i c  and North Kings Canyon i s  
mostly metavolcanic .  There a r e  many homes b u i l t  i n  high-r isk a r e a s  on 
t h e  100-year f l ood  p l a i n .  Addi t iona l ly ,  t h e  f i r s t  drainage immediately 
t o  t h e  no r th  of North Kings Canyon, d r a i n  ng t h e  Pr  mier Mine a r e a ,  ha s  3 9 
an est imated 100-year f loodflow of 120 f t  /s (3.4 m 1 s ) .  This  flow can 
go e i t h e r  south  t o  Kings Canyon o r  no r th  toward t h e  Taylor F l a t  d ra inage  
and u l t i m a t e l y  reach  Kings Canyon. The channels  i n d i c a t e  i t  has  done 
both i n  t h e  p a s t .  

The dra inages  between t h e  Premier Mine d ra inage  and Ash Canyon a r e  
t r i b u t a r y  t o  t h e  Kings-Ash Canyon flow. The e s t ima ted  100-year 
floodflows a r e  low and would be unable t o  mobi l ize  l a r g e  amounts of 
d e b r i s ,  however, t h e i r  f lood  p l a i n s  a r e  covered wi th  l a r g e  boulders  
i n d i c a t i n g  t h a t  p a s t  f looding  has exceeded t h e  es t imated  100-year 
floodflow. 

Ash Canyon 

3 
The i n c j s e d  channel  of Ash Canyon w i l l  c o n t a i n  t he  est imated 790 f t  /s 
(22.4 m / s )  f loodflow u n t i l  reaching t h e  mouth of t h e  canyon. A t  t h i s  
po in t  t h e  flow may t ake  any one of s e v e r a l  d i r e c t i o n s  depending upon i t s  
d e b r i s  load,  which, wi th  a  g r a n i t i c  and metavolcanic  source a r e a ,  w i l l  
inc lude  a l l  s i z e  of d e b r i s  up t o  and inc lud ing  l a r g e  boulders  and trees. 
Water-supply f a c i l i t i e s  a t  the  mouth of t h e  canyon could be des t royed  by 
the  f lood  and d e b r i s .  A l l  o f  t h e  homes b u i l t  a t  t he  mouth of t h e  canyon 
and on t h e  f lood  p l a i n  a r e  i n  a  high-hazard zone. There is  evidence of  
l a n d s l i d i n g  i n  Ash Canyon (Trexle r ,  1977).  Lands l ides  can block 



channels ,  and impound s u f f i c i e n t  water  t o  cause  major f looding  when the  
l a n d s l i d e  m a t e r i a l  i s  breached. Scouring from f loodflows has  a l s o  been a  
problem i n  Ash Canyon. The win te r  f lood of 1861-62 (Thompson and West, 
1881, p. 539) repor ted ly  scoured out  t h e  channel  i n  the  v i c i n i t y  of a  
sawmill t o  a  depth of about 14 f t  (4 m), caus ing  damage t o  some of t he  
m i l l ' s  f a c i l i t i e s .  

Vicee Canyon 

3 3 
The es t imated  100-year f loodflow of 240 f t  1s (6.8 m I s )  from Vicee 
Canyon w i l l  spread ou t  t o  a  f a i r l y  shal low dep th  i n  t he  wide canyon 
bottom a s  i t  emerges from the  g r a n i t i c  mountain block. There a r e  some 
l a r g e  boulders  i n  the  canyon bottom, but t h e s e  w i l l  probably no t  move 
very f a r  during t h e  LOO-year f lood .  Once t h e  f low c ros se s  t he  abandoned 
Vi rg in i a  and Truckee Rai l road  bed i t  can sp read  i n  s e v e r a l  d i r e c t i o n s ;  
one such d i r e c t i o n  i s  t h e  sandpi t  j u s t  sou th  of  t he  junc t ion  between the  
s t ream and t h e  r a i l r o a d  bed. It i s  p o s s i b l e  t h a t  t h e  peak flow may be  
d i v e r t e d  i n t o  t h e  s andp i t ,  thus  reducing t h e  o v e r a l l  hazard downstream. 

Coombs Canyon 

3 3 
An est imated 100-year f loodflow va lue  of 260 f t  Is (7.4 m 1 s )  from 
Coombs Canyon was determined a t  F o o t h i l l  Road about  0.5 m i  (0.8 km) 
downstream from the  canyon mouth. About h a l f  of t h e  f loodflow comes from 
t h e  dra inage  a r e a  above t h e  canyon mouth and t h e  o the r  h a l f  comes from 
t h e  remaining dra inage  a r e a  between the  canyon mouth and F o o t h i l l  Road. 
There a r e  two r o a d f i l l  dams a t  t h e  canyon mouth; one i s  t h e  abandoned 
Vi rg in i a  and Truckee Rai l road  bed, t h e  o t h e r  provides  access  t o  a  home 
on the  no r th  s i d e  of t h e  drainage.  Both r o a d f i l l  dams have a  l a r g e  
c u l v e r t  a t  t h e i r  base which, under highhead, w i l l  c a r ry  t h e  f loodflow.  
Both dams w i l l  impound s e v e r a l  ac r e - f ee t  of water  which could 
e f f e c t i v e l y  take  t he  peak o f f  of any l a r g e  f low o r  could i n c r e a s e  t h e  
downstream hazard by f i l l i n g ,  overtopping,  and f a i l i n g .  Homes i n  t h e  
upper reaches  of t he  dra inage  t h a t  a r e  b u i l t  i n  t h e  channel a r e  i n  a  
high-hazard a r ea .  Debris  w i l l  c o n s i s t  of mos t ly  f i n e  t o  coarse  sand from 
t h e  p r imar i l y  g r a n i t i c  t e r r a i n .  

Unnamed T r i b u t a r y  a t  t h e  
Eagle Val ley  Ranch Chi ldren ' s  Foundation 

3 
A small  r e s e r v o i r  [es t imated  c a p a c i t y  l e s s  t han  5 acre- fee t  (6,200 m ) ]  
a t  t h e  mouth of t h e  canyon no r th  of t h e  Eagle  Val ley Ranch Ch i ld ren ' s  
Founda i o n  would probably dampen o u t  t h e  e s t ima ted  100-year f loodflow of 5 3 150 f t  / s  (4.2 m I s ) .  A 1 1  g r a n i t e  boulders  and coarse-grained d e b r i s  
would drop ou t  a l s o .  However, i f  t h e  r e s e r v o i r  was a t  capac i ty  dur ing  
t h e  f l ood  t h e  dam could overtop and f a i l .  The r e s u l t a n t  f loodf low peak 
would depend on how t h e  f a i l u r e  occurred.  However, t he  a r e a s  of ma imum 

3 
I f  inundat  on, a s  i l l u s t r a t e d ,  allow f p r  a f l ood  peak of about 500 f t  Is 

(14.2 m / s ) .  Debris r e s u l t i n g  from t h i s  type  of  f a i l u r e  would be mainly 
f ine-  t o  coarse-gralned g r a n i t i c  sediment.  



V i r g i n i a  Range T r i b u t a r i e s  

There a r e  th ree  main channels  t h a t  d r a i n  t h e  sou th  s l o p e  of t he  V i rg in i a  
Range i n  the s tudy a r ea .  The f i r s t  d ra inage  t e rmina t e s  i n  a  s a n d p i t  i n  
t h e  SW 114 of sec .  31,T16N,R20E. This  dra inage  was not  eva lua ted ;  
however, t he  sandpi t  w i l l  probably impound most of t h e  100-year 
f lood-debris  flow. The second dra inage  e n t e r s  t h e  v a l l e y  i n  t h e  SE 1/4 3 05 t h e  same sec t ion .  The e s t ima ted  100-year f loodflow of 100 f t  / s  (2.8 
m 1 s )  i s  a  hazard t o  t h e  few homes b u i l t  a t  t h e  mouth of t h e  canyon. 
There a r e  a  few boulders  i n  t h e  canyon t h a t  could be mobil ized;  however, 
most of the  d e b r i s  w i l l  be f i ne -  t o  coarse-grained g r a n i t i c  sediment.  
The t h i r d  drainage e n t e r s  t h e  v a l l e y  i n  t h e  sou th  113 sec .  32,3 
T16N,R20E. The es t imated  100-year f loodflow of 30 f t  /s (0.8 m 1 s )  w i l l  
c a r r y  a  minor amount of sand and g rave l  from t h e  metasedimentary 
t e r r a i n .  There is one house t h a t  i s  f lood prone because i t  i s  b u i l t  
d i r e c t l y  ac ros s  t he  channel.  

Washoe Val lev 

There a r e  s e v e r a l  d ra inages  t r i b u t a r y  t o  Washoe Val ley;  however, only 
t h e  l a r g e s t ,  Big Canyon, was eva lua ted  i n  any d e t a i l .  The degree of 
hazard from the  100-year f loodf low of t he  o t h e r  d ra inages  is  low. The 
channels  d r a in ing  i n t o  t h e  sou theas t  corner  of Washoe Lake had much of 
t h e i r  cover burned o f f  du r ing  t h e  J u l y  1976 range f i r e ,  and should be 
considered hazardous u n t i l  normal growth i s  r e e s t a b l i s h e d .  

Big Canyon 

3 3 
The est imated 100-year f loodf low of 350 f  t / S  (9 0 9  m / s )  from Big Canyon 
w i l l  be confined t b  t h e  channel  u n t i l  t he  flow reaches t h e  Franktown 
Road. Probably t he  c u l v e r t  w i l l  plug and t h e  road w i l l  be overtopped. 
Most of  t h e  d e b r i s ,  which w i l l  c o n s i s t  of f ine-  t o  coarse-grained 
sediment from the  predominately g r a n i t i c  t e r r a i n ,  w i l l  be depos i t ed  
upstream from t h e  road. The channel  is  not  wel l  i n c i s e d  downstream from 
t h e  road and t h e  f loodflow w i l l  d i spe r se .  

Washoe Lake 

I f  t h e  t o t a l  a r e a  t r i b u t a r y  t o  Washoe Lake was subjec ted  t o  a  100-year 
f l ood ,  t h e  r e s u l t a n t  runoff  i n t o  t h e  l ake  would r a i s e  t h e  l a k e  l e v e l  
about 4  f t  (1.2 m) above t h e  sp i l lway  (assuming very  l i t t l e  ou t f low and 
t h a t  t h e  l ake  was n e a r l y  f u l l  a t  t h e  onse t  of f l ood ing ) .  Ponding west of 
t h e  freeway (U.S. 395) w i l l  occur  i n  some a r e a s  a s  a  r e s u l t  of 5he high 
l a k e  s t age .  The volume of in f low,  about 24,000 ac re - f t  (29.6 km ), was 
es t imated  by c o r r e l a t i n g  t h e  100-year f l ood  peak of nearby gaging 
s t a t i o n s  with t h e  r e s u l t a n t  runof f .  These d a t a  were then ex t r apo la t ed  t o  
ungaged a r ea s  t o  o b t a i n  t h e  t o t a l  runoff .  
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CONCLUSIONS 

The flood and debris hazard map shows that the most hazardous areas are 
on the upper alluvial slopes of the principal drainages. Winter rains on 
snow have historically, caused the most serious flooding, primarily in 
the downtown sections of Carson City. As urbanization increases with a 
corresponding encroachment on the alluvial fans, the damage potential 
also increases. Additionally, increased urbanization will mean increased 
runoff from flood events which will increase the flooding in Carson 
City. 
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