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FOREWARD 

T h i s  report  was prepared pursuant to  Presidential d i rect ive,  t h a t  
inundation maps be prepared as  par t  of Federal emergency preparedness 
planning for  a l l  Federal dams whose f a i l u re  would endanger human 1 ives or 
cause substantial property damage. llnder t h i s  direct ive,  inundation maps 
for  the areas downstream of the six Federal storage dams on the S a l t  and 
Verde Rivers, are being furnished t o  the proper authori t ies  for  t h e i r  use 
during an emergency situation. The maps depict  the population, property, 
communities and downstream dams tha t  could be d i rec t ly  affected by the 
f a i l u r e  of any of the six Bureau of Reclamation dams on the Sa l t  and Verde 
Rivers i n  Arizona. 

T h i s  report contains maps of the areas i n  the Phoenix, Arizona metropolitan 
area which could be inundated as a r e su l t  of upstream dam fa i lu res .  The 
maps are  intended only t o  provide information for  use by loca l ,  State ,  and 
Federal au thor i t i es  responsible for  warning and evacuation of flood plain 
residents.  

The events upon which the inundation maps are based, the Probable Maximum 
Flood or  the Maximum Credible Earthquake, are  extreme conditions having a 
very small probability of occurring. Similarly, the probability of a 
f a i l u r e  of any of the s i x  Sa l t  and Verde Rivers dams i s  small. The 
publication of these maps i s  not intended i n  any way t o  r e f l e c t  upon the 
in tegr i ty  of these dams. 

The study was prepared i n  cooperation w i t h  the Sa l t  River Project ,  which 
operates and maintains the six dams which comprise the storage system of 
the Sa l t  River Project. 
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BACKGROUND 

The S a l t  R i ve r  P r o j e c t  (SRP) i s  l oca ted  i n  and near Phoenix, Arizona, and 
i nc ludes  a water se rv i ce  area o f  about 250,000 acres. The p r o j e c t  
f u rn i shes  water f o r  munic ipal ,  i n d u s t r i a l ,  domestic and i r r i g a t i o n  uses 
from s i x  storage dams on t h e  S a l t  and Verde R ivers  and from groundwater 
we l l s .  

Regulat ing a drainage area o f  about 13,000 square m i les  o f  l a r g e l y  
mountainous t e r r a i n  i n  eas tern  Arizona, t h e  SRP r e s e r v o i r  system cons i s t s  
o f  6 r e s e r v o i r s  having a t o t a l  storage capac i ty  o f  2,019,000 acre- feet .  
Four o f  t h e  SRP dams are  l o c a t e d  on t h e  S a l t  River .  I n  downstream order,  
these are: ( 1 )  Roosevelt  Dam, completed i n  1911; ( 2 )  Horse Mesa Dam, 
completed i n  1927; (3 )  Mormon F l a t  Dam, completed i n  1926, and; ( 4 )  Stewart 
.Mountain Dam, completed i n  1930. The two SRP dams on t h e  Verde are: (1 )  
Horseshoe Dam and; (2 )  B a r t l e t t  Dam, completed i n  1946 and 1939, 
respec t i ve l y .  A l l  a re  Federally-owned. B a r t l e t t  and Roosevelt Dams were 
a l s o  cons t ruc ted  by t h e  Bureau o f  Reclamation. The dams are  operated and 
mainta ined by t h e  SRP. 

The S a l t  R i ve r  f lows genera l l y  westward through o r  adjacent t o  t h e  c i t i e s  
o f  Mesa, Tempe, Phoenix, and o the r  communities be fore  j o i n i n g  t h e  G i l a  
River ,  a  t r i b u t a r y  o f  the  Colorado River .  The enclosed inundat ion  maps 
d e p i c t  t h e  areas p o t e n t i a l l y  f looded along t h e  Sa l t ,  Verde and G i l a  R ivers  
upstream o f  G i l l e s p i e  Dam should one o r  more o f  the  SRP dams f a i l  
c a t a s t r o p h i c a l l y ,  r e s u l t i n g  i n  the  sudden re lease o f  water s to red  behind 
these dams. 

MAPPING STUDY SCOPE 

I n  November 1982, t h e  Lower Colorado Region, Bureau o f  Reclamation 
(Reclamation), entered i n t o  a c o n t r a c t  w i t h  t h e  SRP t o  prepare techn ica l  
s tud ies  o f  t h e  p o t e n t i a l  downstream e f f e c t s  should one o r  more o f  t h e  
e x i s t i n g  SRP dams f a i l  as a r e s u l t  o f  e i t h e r  a maximum expected earthquake 
o r  a probable maximum f lood.  I n  a l l ,  13 d i f f e r e n t  scenarios were evaluated 
us ing  t h e  Nat ional  Weather Serv ice Dam-Break Flood Forecast ing computer 
model. The 13 f a i l u r e  scenarios were d i v i d e d  i n t o  f o u r  groupings which are 
p l o t t e d  on t h e  enclosed inundat ion  maps. 

The 13 scenarios cover a wide range o f  f a i l u r e  combinations, va ry ing  from 
an earthquake-induced f a i l u r e  o f  Stewart Mountain Dam only,  up t o  a 
f lood-induced f a i l u r e  o f  Roosevelt  Dam and t h e  3 downstream S a l t  R i ve r  
dams. The Nat ional  Weather Serv ice model was used t o  a s s i s t  i n  p r e d i c t i n g  
t h e  magnitude o f  t h e  dam-break floodwave and i t s  downstream progression, 
i n c l u d i n g  t r a v e l  t imes and depths o f  f low. F lood p r o f i l e s  were computed 
from t h e  dam which i s  assumed t o  i n i t i a l l y  f a i l ,  downstream t o  G i l l e s p i e  
Dam, on t h e  G i l a  R ive r  southwest o f  Phoenix. Table 1 sumnarizes t h e  
composit ion o f  the  13 f a i l u r e  scenarios, which are described i n  g reater  
d e t a i l  on Sheet 1 o f  t h e  Inundat ion  Maps. 

0 PURPOSE OF STUDY 

Th is  c o n t r a c t  study was prepared f o r  two bas ic  purposes; s a t i s f a c t i o n  of 
P r e s i d e n t i a l  po l  i c y  regard ing  emergency p lann ing  f o r  e x i s t i n g  Federal 



storage dams and, t o  p rov ide  p u b l i c  agencies i nvo l ved  i n  emergency p lanning 
and serv ices  w i t h  t h e  bes t  p r a c t i c a b l e  i n fo rma t ion  t h a t  can be used i n  
p repa ra t i on  fo r ,  o r  during, a dam f a i l u r e  emergency. 

Reclamation's p r e l i m i n a r y  "Guide f o r  Prepara t ion  o f  Standing Operat ing 
Procedures f o r  Bureau o f  Reclamation Dams and Reservoirs," May 1980, 
d i r e c t s  t h a t  Emergency Preparedness Plans (EPP) s h a l l  be prepared f o r  a l l  
dams whose f a i l u r e  would endanger human l i f e  o r  cause subs tan t i a l  p roper ty  
damage. The s i x  SRP dams f a l l  i n t o  t h i s  catagory. This  guide d i r e c t s  t h a t  
each EPP inc lude  i nunda t ion  maps o r  desc r ip t i ons  o f  areas p o t e n t i a l l y  . flooded, and l o c a l  o f f i c i a l s  should be made aware o f  t h e  hazard p o t e n t i a l  a 
dam f a i l u r e  would present.  The Inundat ion Maps and t h e i r  d isseminat ion 
s a t i s f y  these ob jec t ives .  . 
DESCRIPTION OF INUNDATION MAPS 

The inundat ion  maps f o r  SRP dams c o n s i s t  o f  a s e t  o f  12 sheets which show 
t h e  areas adjacent t o  t h e  Sa l t ,  Verde and G i l a  R ivers  i n  t h e  Phoenix area 
which cou ld  be f looded should one o r  more o f  t h e  upstream SRP dams f a i l .  
Four o f  t h e  13 scenar ios evaluated have been p l o t t e d  t o  cover t h e  range o f  
p o t e n t i a l  inundat ion. 

Sheet 1 i s  an explanatory sheet i n c l u d i n g  d e f i n i t i o n s ,  scenario descr ip-  
t i ons ,  and f l o o d  boundary explanat ions. 

Sheet 2 i s  a key map showing the  general study area and index ing  the  
remaining 10 map sheets. 

Sheets 3 and 4 are  contoured base maps o f  t h e  S a l t  R i ve r  between Roosevelt 
Dam and t h e  Sal t-Verde conf luence area, d e p i c t i n g  n o n a l  r e s e r v o i r  water  
surfaces and the  ex ten t  o f  a n t i c i p a t e d  f l o o d i n g  under worst-case S a l t  R i ve r  
cond i t i ons  ( a  hypo the t i ca l  f l ood - re la ted  f a i l u r e  o f  Roosevel t Dam w i t h  
subsequent f a i l u r e  o f  downstream dams). Lesser scenarios were n o t  p l o t t e d  
on these sheets due t o  t h e  h i g h l y  compressed contours o f  t h e  canyon 
topograph. The l e s s e r  scenarios would a l l  p l o t  between the  normal and 
worst-case boundaries, however. 

Sheets 5 and 6 a re  contoured base maps o f  the  Verde R ive r  between Horseshoe 
Dam and Verde-Salt conf luence area, and d e p i c t i n g  normal r e s e r v o i r  water 
sur faces and worst-case Verde R ive r  cond i t i ons  ( a  hypothet ica l  f l  oodrel a ted  
f a i l u r e  o f  Horseshoe Dam w i t h  subsequent f a i l u r e  o f  B a r t l e t t  Dam). 

Sheets 7 through 10 are  a se r ies  o f  cont inuous contoured maps o f  the  S a l t  
and G i l a  R ive r  drainage areas through t h e  Phoenix urban area o v e r l a i n  w i t h  
4 se lec ted  inundat ion  l e v e l s  ranging from a minor f lood,  t h e  r e s u l t s  o f  an 
assumed f a i l u r e  o f  Stewart  Mountain Dam du r ing  an earthquake, t o  t h e  
worst-case f lood,  t h e  r e s u l t  o f  the  assumed f a i l u r e  o f  a l l  4 S a l t  R i ve r  
dams du r ing  a maximum f lood.  The l o c a t i o n  o f  schools, hosp i ta l s ,  and o the r  
major  p u b l i c  areas have been h i g h l i g h t e d  t o  a s s i s t  emergency planning. 

Sheets 11 and 12 map t h e  area around t h e  souths ide o f  t h e  South Mountains * d e p i c t i n g  worst-case inundat ion  boundaries only.  The f o u r  scenarios 
conta ined i n  t h e  worse-case boundary, No. 7, 8, 10, and 13, produced water 
l e v e l s  i n  t h e  Mesa-Tempe area h igh  enough t o  cause f l ood f l ows  t o  d i v i d e  
around t h e  South Mountain. 



SUMMARY OF STUDY RESULTS 

Tables 2 through 14 are  summaries o f  t h e  study r e s u l t s  f o r  scenarios 1. 
through 13, respec t i ve l y ,  i n  terms o f  maximum discharges, e leva t i ons  and 
depths o f  f low,  and t r a v e l  t imes o f  the  f l o o d  t o  var ious  l o c a t i o n s  a long 
t h e  Sal t-Verde-Gil a R ive r  system. 

I n  a l l  scenarios i n  which an assumed dam f a i l u r e  i s  induced by t h e  Maximum 
Cred ib le  Earthquake (MCE), t h e  s tud ies  assume t h i s  event t o  be independent 
o f  l o c a l  f loods.  Therefore, on ly  s to red r e s e r v o i r  water i s  released. For  
MCE scenarios, the  r e s u l t a n t  f l oods  are  shown by t h e  s tud ies  t o  d im in i sh  
r a p i d l y  as t h e  f l o o d  progresses downstream. 

I n  a l l  scenarios i n  which t h e  assumed dam f a i l u r e  i s  induced by t h e  I n f l o w  
Design Flood (IDF), a f l o o d  o f  equal s i z e  t o  t h e  probable maximum f l o o d  
(PMF), subs tan t i a l  l o c a l  r a i n f a l l  i n  t h e  downstream areas i s  a l s o  assumed. 
The f l o o d  be ing  rou ted  i n  these scenarios inc ludes  major f l o o d  i n f l o w s  t o  
t h e  rese rvo i r s ,  re leased r e s e r v o i r  storage, r u n o f f  from drainage areas 
downstream from t h e  dams, and genera l l y  wet channel condi t ions.  F l  oodwave 
a t tenua t i on  i s  much l e s s  f o r  the  IDF scenar ios than f o r  t h e  MCE scenarios 
f o r  t h i s  reason. 

Inundat ion  Maps 3 through 12 and Tables 2 through 14 conta in  t r a v e l  t ime 
in fo rmat ion .  For  t h i s  repo r t ,  t r a v e l  t ime i s  de f ined as " the  t ime from the  
s t a r t  o f  the  i n i t i a l  dam f a i l u r e  t o  t h e  t ime o f  the  maximum l e v e l  o f  
f l ood ing "  a t  the  i n d i c a t e d  l oca t i on .  The range o f  t r a v e l  t imes shown on 
t h e  maps f o r  var ious  l o c a t i o n s  was determined from t h e  scenarios conta ined 
w i t h i n  each f l o o d  boundary group having t h e  "slowest" and " f a s t e s t "  t r a v e l  
times. 

GENERAL DISCLAIMER 

These f l o o d  inundat ion  s tud ies  p o r t r a y  the  p o t e n t i a l  downstream impacts 
r e s u l t i n g  from a s e t  o f  dam f a i l u r e  scenar ios developed by t h e  Bureau of 
Reclamation i n  which t h e  ca tas t roph ic  f a i l u r e  o f  c e r t a i n  o f  t h e  e x i s t i n g  
SRP dams i s  assumed f o r  study purposes only.  The maps were prepared f o r  
emergency p lann ing  purposes only. Noth ing i n  these s tud ies  i s  in tended t o  
r e f l e c t  i n  any way on t h e  i n t e g r i t y  o f  t h e  SRP storage dams on t h e  S a l t  and 
Verde Rivers.' The events u s e d ' t o  determine inundated areas are  extreme 
cond i t i ons  which have a very  small p r o b a b i l i t y  o f  occurance. Therefore, 
t h i s  study i s  n e i t h e r  a p r e d i c t i o n  o f  f a i l u r e  o f  any o f  the  SRP operated 
dams as a r e s u l t  o f  f l o o d s  o r  earthquakes, nor  t h a t  the  earthquake and 
f l o o d  events used w i l l  a c t u a l l y  occur. Rather, these s tud ies  and maps 
represent  a techn ica l  evaluat ion,  us ing  c u r r e n t  technology and reasoned 
engineer ing guidel ines,  o f  what may happen should one o r  more o f  the  dams 
f a i l .  

The Bureau o f  Reclamation has conducted dam sa fe ty  reviews o f  a l l  o f  the  
SRP dams and has determined t h a t  c e r t a i n  mod i f i ca t i ons  are  requ i red  t o  the  
SRP storage system t o  ensure t h e  sa fe ty  o f  these dams i n  t h e  event o f  
extreme earthquake o r  f l o o d i n g  condi t ions.  The eva lua t ions  and modi f ica-  
t i o n  requirements are  descr ibed i n  t h e  "Mod i f i ca t i on  Report, Safe ty  o f  Dams 
Program, S a l t  R i ve r  P r o j e c t  Dams, S a l t  R i ve r  Pro jec t ,  Arizona," Bureau of 



Reclamation, A p r i l  1984, and i n  the "Regulatory Storage D i v i s i o n  Environ- 
mental Impact Statement, Central  Arizona P r o j e c t , "  INT-FES-84-4, Bureau o f  
Reclamation, February 1984. 
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Table 1 
Summary Desc r ip t i on  o f  13 Scenarios 

S a l t  R iver  P r o j e c t  Inundat ion Mapping 

Footnotes 

Scenario 
No. 

1 

I n i t i a l  Dam 
To F a i l  

Downstream 
F a i l  ures 

Cause o f  
F a i l u r e s  

Assumed Mode 
O f  F a i l u r e  

Channel 
Condi t ion 

Dry 

Wet 

1 / MCE- Stewart Mtn. None Sudden 

Sudden 

Sudden 

Sudden 

2/ IDF- Stewart Mtn. None 

B a r t l e t t  None MCE 

B a r t l  e t t  None Wet 

Mormon F l a t  Sudden 
Sudden Stewart Mtn. 

Horse Mesa MCE 
O.T. 
O.T. 

Sudden 
Sudden 
Sudden 

Mormon F l a t  
Stewart Mtn. 

IDF 
O.T. 

Slow 
Sudden 

Wet - - Horseshoe 
B a r t l  e t t  

Roosevel t MCE 
O.T. 
O.T. 

Slow 
Sudden 
Sudden 
Sudden 

Horse Mesa 
Mormon F l a t  
Stewart Mtn. 

Mormon F l a t  

Horseshoe 

IDF 
O.T. 

Sudden 
Sudden 

Wet - - Stewart Mtn. 

I DF 
O.T. 

S1 ow 
Slow 

Wet - - B a r t l  e t t  

Roosevel t MCE 
O.T. 
O.T. 

Slow 
Slow 
S1 ow 
Slow 

Horse Mesa 
Mormon F l a t  
Stewart Mtn. O.T. 

Roosevel t S1 ow 
Slow 
Slow 
Slow 

Wet 
- - 
- - 
- - 

Horse Mesa 
Mormon F l a t  
Stewart Mtn. 

- - 

O.T. 
O.T. 
O.T. 

Sl ow 
Sudden 
Sudden 
Sudden 

Wet 
- - - - 
- - 

Roosevel t IDF 
Horse Mesa 
Mormon F l a t  
Stewart Mtn. 

O.T. 
O.T. 
O.T. 
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Table 1 (cont 'd)  
Summary Description of 13 Scenarios 

Sa l t  River Project Inundation Mapping 

Footnotes 

2' I n i t i a l  f a i l u r e  is  assumed t o  r e su l t  from a local Maximum Credible 
Earthquake (MCE) occurring when a l l  involved reservoirs are f u l l .  
All MCE scenarios a re  assumed t o  occur during dry antecedent 
conditions fo r  purposes of flood routing and computation of 
i n f i l t r a t i o n  losses  i n  the  downsteam r ive r  flood plain.  

2' I n i t i a l  f a i l u r e  is assumed t o  r e su l t  from the Inflow Design Flood 
(IDF) equal i n  magnitude t o  the probable maximum flood (PMF),  and 
occurring when a l l  involved reservoirs  a re  f u l l .  A1 1 IDF scen- 
a r io s  presume la rge  amounts of local r a in fa l l  before and during 
the flood event. Therefore, f o r  purposes of flood routing, a l l  
downstream channels and t r i bu t a r i e s  a re  assumed t o  be wet and 
flowing. 

3' Fai lure  i s  caused by the  overtopping (0.T.) of the  indicated 
s t ruc ture  resul t ing from the f a i l u r e  of an upstream dam. 



Table 2 
Summary o f  Maximum Flows, Depths, Elevat ions,  

and Floodwave Travel  Times 

S a l t  R i ve r  P r o j e c t  Inundat ion  Mapping Study 

SCENARIO 1 

Stewart  Mountain Dam f a i l s  due t o  t h e  Maximum Cred ib le  Earthquake. 
* 

1 / River- Maximum Maximum ~ a x i m u i d '  Travel Time- 3 / 
M i l e  Approximate Locat ion  E leva t i on  Depth - Max. Depth 

(hours)  

-- Stewart Mtn. I n f l o w  Small -- -- 0 

Below Stewart Mtn. 

Gran i te  Reef Dam 

Hayden Road 

Tempe Butte/ASV 

40th St./Sky Harbor 

20th S t r e e t  

Cent ra l  Avenue 

27th  Avenue 

93rd Avenue 

Goodyear, Az. 

Buckeye, Az. 

G i l  l e s p i e  Dam 

1' Distance downstream from the  headwaters o f  Theodore Roosevelt Dam. Roosevelt 
Dam i s  a t  R i ve r  M i l e  14.43. 

2' Maximum e l e v a t i o n  minus approximate streambed e levat ion .  
3' Approximate t ime from t h e  s t a r t  o f  i n i t i a l  dam f a i l u i r e  t o  maximum depth o f  

f lood ing .  



Table 3 
Summary o f  Maximum Flows, Depths, Elevat ions,  

and Floodwave Travel Times 

S a l t  R i ve r  P r o j e c t  Inundat ion  Mapping Study 

SCENARIO 2 

Stewart Mountain Dam f a i l s  du r ing  the  summer I n f l o w  Design Flood, w i thou t  f a i l u r e  o f  
upstream dams. 

1/ River- Maximum Maximum ~ a x i m u d '  Travel Time- 3/ 
M i l e  Approximate Locat ion  E levat ion  Depth - Max. Depth 

(hours) 

Stewart Mtn. I n f l o w  

Below Stewart  Mtn. 

Gran i te  Reef Dam 

Hayden Road 

Tempe Butte/ASU 

40th St./Sky Harbor 

20 th  S t r e e t  

Centra l  Avenue 

27th  Avenue 

93rd Avenue 

Goodyear, Az. 

Buckeye, Az. 

G i l l  esp ie  Dam 

1' Distance downstream from t h e  headwaters of Theodore Roosevelt Dam. Roosevelt 
Dam i s  a t  R i ve r  M i l e  14.43. 

2' Maximum e leva t i on  minus approximate streambed e levat ion .  
3' Approximate t ime from t h e  s t a r t  o f  i n i t i a l  dam f a i l u i r e  t o  maximum depth o f  

f l ood ing .  

a 



Table 4 
Summary o f  Maximum Flows, Depths, Elevat ions,  

and F l  oodwave Travel  Times 

S a l t  R i ve r  P r o j e c t  Inundat ion  Mapping Study 

SCENARIO 3 

B a r t l e t t  Dam f a i l s  due t o  t h e  Maximum Cred ib le  Earthquake. 

1 / River- 
M i l e  - Approximate Locat ion  

B a r t l  e t t  I n f l o w  

Below B a r t l  e t t  

Near F t .  McDowell 

Gran i te  Reef Dam 

Hayden Road 

Tempe Butte/ASU 

40th St./Sky Harbor 

20 th  S t r e e t  

Centra l  Avenue 

27th  Avenue 

93rd Avenue 

Goody ear, Az. 

Buckeye, Az. 

G i  11 espi  e Dam 

Small 

2,464,000 

1,355,000 

735,000 

485,000 

464,000 

442,000 

418,000 

399,000 

380,000 

327,000 

268,000 

224,000 

153,000 

Maximum 
E leva t i on  
[ft) 

3/ ~aximurr?-/ Travel Time- 
Depth Max. Depth 
(ft) (hours)  

1' Distance downstream from the  headwaters of Theodore Roosevelt Dam. Roosevelt 
Dam i s  a t  R i ve r  M i l e  14.43. 

2 /  Maximum e l e v a t i o n  minus approximate streambed e levat ion.  
3' Approximate t ime from t h e  s t a r t  o f  i n i t i a l  dam f a i l u i r e  t o  maximum depth o f  

f 1 oodi ng. 



Table 5 
Summary o f  Maximum Flows, Depths, Elevat ions,  

and Floodwave Travel  Times 

S a l t  R i ve r  P r o j e c t  Inundat ion  Mapping Study 

SCENARIO 4 

Bar t1  e t t  Dam f a i l  s3suddenly when the  I n f l o w  Design Flood discharge from Horeshoe Dam 
reaches 300,000 f t  /s. Horseshoe Dam does - n o t  f a i l .  

1/ River- Maximum 3 / Maximum ~ a x i m u d '  Travel Time- 
M i l e  Approximate Locat ion  E leva t i on  Depth - Max. Depth 

(hours)  

- - B a r t l e t t  I n f l o w  675,000 - - -- 0 

37.38 Below B a r t l e t t  2,820,000 1,739 130 0.5 

53.19 Near F t .  Mcnowell 1,635,000 1,446 36 1.5 

63.66 Gran i te  Reef Dam 1,195,000 1,348 38 3.5 

77.87 Hayden Road 1,095,000 1,190 22 6 

79.69 Tempe Butte/ASU 1,025,000 1,173 33 6 

83.24 40th %./Sky Harbor 997,000 1,132 24 7 

85.80 20th S t r e e t  996,000 1,108 26 8 

87.85 Centra l  Avenue 930,000 1,086 24 8.5 

90.41 27th Avenue 907,000 1,059 26 9.5 

98.97 93rd Avenue 847,000 974 24 12 

105.18 Goodyear, Az. 822,000 933 30 13.5 

119.65 Buckeye, Az. 774,000 849 28 17 

137.20 G i l l e s p i e  Dam 625,000 790 40 22 

1' Distance downstream from t h e  headwaters o f  Theodore Roosevelt Dam. Roosevelt 
Dam i s  a t  R i ve r  M i l e  14.43. 

a 2/ Maximum e l e v a t i o n  minus approximate streambed e levat ion .  
5' Approximate t ime from t h e  s t a r t  o f  i n i t i a l  dam f a i l u i r e  t o  maximum depth of 

f l ood ing .  



Table 6 
Summary o f  Maximum Flows, Depths, Elevat ions,  

and Floodwave Travel Times 

S a l t  R i ve r  P r o j e c t  Inundat ion  Mapping Study 

SCENARIO 5 

Mormon F l a t  Dam f a i l s  due t o  the  Maximum Cred ib le  Earthquake w i t h  subsequent f a i l u r e  
o f  Stewart Mountain Dam due t o  overtopping. 

11 River- Maximum 3 / Maximum ~ax imu&/  Travel Time- 
M i l e  Approximate Locat ion  E leva t i on  Depth Max. Depth - 

[hours)  

Mormon F l a t  I n f l o w  

Below Mormon F l a t  

Below Stewart Mtn. 

Gran i te  Reef Dam 

Hayden Road 

Tempe Butte/ASU 

40th St./Sky Harbor 

20th S t r e e t  

Centra l  Avenue 

27th  Avenue 

93rd Avenue 

Goodyear, Az. 

Buckeye, Az. 

G i l l e s p i e  Dam 

Small 

1,100,000 

1,780,000 

644,000 

411,000 

390,000 

366,000 

341,000 

323,000 

304,000 

253,000 

197,000 

163,000 

107,000 

3 Distance downstream from t h e  headwaters o f  Theodore Roosevelt Dam. Roosevelt 
Dam i s  a t  R i ve r  M i l e  14.43. 

21 Maximum e l e v a t i o n  minus approximate streambed e levat ion .  

rl, 
3' Approximate t ime from t h e  s t a r t  o f  i n i t i a l  dam f a i l u i r e  t o  maximum depth o f  

f lood ing .  



Table 7 
Summary o f  Maximum Flows, Depths, Elevat ions,  

and Floodwave Travel  Times 

S a l t  R i ve r  P r o j e c t  Inundat ion  Mapping Study 

SCENARIO 6 

Horse Mesa Dam f a i l s  due t o  t h e  Maximum Cred ib le  Earthquake w i t h  subsequent f a i l u r e  o f  
Mormon F l a t  and Stewart Mountain Dams due t o  overtopping. 

1 / River- Maximum 3 1  Maximum ~ax imu&/  Travel Time- 
M i l e  Approximate Locat ion  E leva t i on  Depth Max. Depth - 

(hours) 

- - Horse Mesa I n f l o w  Small - - - - 0 

31.47 Below Horse Mesa 3,200,000 1,826 83 0.5 

41.61 Below Mormon F l a t  2,875,000 1,753 103 1.5 

50.74 Below Stewart  Mtn. 3,250,000 1,517 106 2.5 

63.66 Gran i te  Reef Dam 1,545,000 1,352 42 

77.87 Hayden Road 1,040,000 1,190 22 

Tempe Butte/ASU 

40th St./Sky Harbor 

20 th  S t r e e t  

Central  Avenue 

27th Avenue 

93rd Avenue 

Goodyear, Az. 

Buckeye, Az. 

G i l l e s p i e  Dam 

1' Distance downstream from the  headwaters o f  Theodore Roosevel t Dam. Roosevel t 

rlb Dam i s  a t  R i ve r  M i l e  14.43. 
2/ Maximum e l e v a t i o n  minus approximate streambed e levat ion.  ' Aooroximate t ime from the  s t a r t  o f  i n i t i a l  dam f a i l u i r e  t o  maximum deoth of 



Table 8 
Summary o f  Maximum Flows, Depths, Elevat ions,  

and F l  oodwave Travel Times 

S a l t  R i ve r  P r o j e c t  Inundat ion  Mapping Study 

SCENARIO 7 

Horseshoe Dam f a i l s  due t o  t h e  I n f l o w  Design Flood w i t h  subsequent sudden f a i l u r e  o f  
B a r t l e t t  Dam due t o  overtopping. 

I/ River- Maximum 3 / Maximum ~ a x i m u a  Travel Time- 
M i l e  Approximate Locat ion  E leva t i on  Depth - Max. Depth 

(hours) 

Horseshoe I n f l o w  

Below Horseshoe 

Below B a r t l e t t  

Near F t .  McDowell 

Gran i te  Reef Dam 

Hayden Road 

Tempe Butte/ASU 

40th  St./Sky Harbor 

20 th  S t r e e t  

Centra l  Avenue 

27th  Avenue 

93rd Avenue 

Goodyear, Az. 

Buckeye, Az. 

G i l l e s p i e  Dam 

1' Distance downstream from the  headwaters o f  Theodore Roosevelt Dam. Roosevelt 
Dam i s  a t  R i ve r  M i l e  14.43. 

2' Maximum e l e v a t i o n  minus approximate streambed e levat ion.  
3' Approximate t ime from t h e  s t a r t  o f  i n i t i a l  dam f a i l u i r e  t o  maximum depth o f  

f lood ing .  



Table 9 
Summary o f  Maximum Flows, Depths, Elevat ions,  

and Floodwave Travel Times 

S a l t  R i v e r  P r o j e c t  Inundat ion  Mapping Study 

SCENARIO 8 

Roosevelt  Dam f a i l s  due t o  t h e  Maximum Cred ib le  Earthquake w i t h  subsequent f a i l u r e  o f  
Horse Mesa, Mormon F l a t  and Stewart Mountain Dams due t o  overtopping. 

1/ River- 3 / 
- M i l e  Approximate Locat ion  x Disc arge E leva t i on  Depth Max. Depth 

Maximum ~aximuml '  Travel Time- 

( f t )  (ft) (hours)  

- - Roosevel t I n f l o w  Small -- -- 0 

14.50 Be1 ow Roosevel t Dam 2,950,000 2,087 178 1.5 

31.47 Below Horse Mesa 6,730,000 1,899 252 4.5 

41.61 Below Mormon F l a t  4,095,000 1,775 261 5.5 

50.74 Below Stewart  Mtn. 3,790,000 1,539 129 6.5 

63.66 Gran i te  Reef Dam 3,335,000 1,371 6 1 7.5 

77.87 Hayden Road 3,025,000 1,201 33 9 

79.69 Tempe Butte/ASU 2,810,000 1,183 43 9 

83.24 40th St./Sky Harbor 2,710,000 1,143 35 10 

85.80 20th S t r e e t  2,600,000 1,118 36 10.5 

87.85 Centra l  Avenue 2,440,000 1,098 36 11 

90.41 27th  Avenue 2,355,000 1,068 35 11.5 

98.97 93rd  Avenue 2,040,000 986 36 14.5 

105.18 Goodyear, Az. 1,800,000 943 40 15.5 

119.65 Buckeye, Az. 1,450,000 859 38 19.4 

137.20 G i l l e s p i e  Dam 917,000 801 5 1 25.5 

Overf low Guadal upe Rd., Tempe 170,000 1,193 7 9.5 

1' Distance downstream from the  headwaters o f  Theodore Roosevelt Dam. Roosevelt 
Dam i s  a t  R i ve r  M i l e  14.43. 

21 Maximum e l e v a t i o n  minus approximate streambed e levat ion.  
3' Approximate t ime from t h e  s t a r t  o f  i n i t i a l  dam f a i l u i r e  t o  maximum depth o f  

f l ood ing .  



Table 10 
Summary o f  Maximum Flows, Depths, Elevat ions,  

and Floodwave Travel  Times 

S a l t  R i ve r  P r o j e c t  Inundat ion  Mapping Study 

SCENARIO 9 

Mormon F l a t  Dam f a i l s  due t o  t h e  I n f l o w  Design Flood w i t h  subsequent f a i l u r e  o f  
Stewart Mountain Dam due t o  overtopping. Roosevelt and Horse Mesa Dams do no t  f a i l .  

1 / River- Maximum Maximum Maximuw 3/ 2 /  Travel Tim% 
M i l e  Approximate Locat ion  Depth Max. Depth - 

(hours1 

- - Mormon F l a t  I n f l o w  382,000 -- -- 0 

41.61 Below Mormon F l a t  1,500,000 1,633 119 0.5 

50.74 Below Stewart Mtn. 2,055,000 1,485 74 1 

63.66 Gran i te  Reef Dam 1,195,000 1,346 36 2.5 

77.87 Hayden Road 1,005,000 1,190 22 5 

79.69 Tempe Butte/ASU 988,000 1,173 33 5.5 

83.24 40th St./Sky Harbor 957,000 1,132 24 6.5 

85.80 20th S t r e e t  926,000 1,107 2 5 7 

87.85 Centra l  Avenue 894,000 1,086 24 8 

90.41 27th Avenue 873,000 1,059 26 8.5 

98.97 93rd Avenue 819,000 974 24 11.5 

105.18 Goodyear, Az. 798,000 933 30 12.5 

119.65 Buckeye, Az. 762,000 849 28 16 

137.20 G i l l  esp ie  Dam 643,000 791 4 1 23 

-1' Distance downstream from t h e  headwaters o f  Theodore Roosevelt Dam. Roosevelt 
Dam i s  a t  R i ve r  M i l e  14.43. 

21 Maximum e l e v a t i o n  minus approximate streambed e levat ion .  
3' Approximate t ime from t h e  s t a r t  o f  i n i t i a l  dam f a i l u i r e  t o  maximum depth of 

f lood ing .  



Table 11 
Summary o f  Maximum Flows, Depths, F levat ions ,  

and Floodwave Travel Times 

S a l t  R i ve r  P r o j e c t  Inundat ion  Mapping Study 

SCENARIO 10 

Horseshoe Dam f a i l s  due t o  t h e  I n f l o w  Design F lood w i t h  subsequent slow f a i l u r e  o f  
B a r t l e t t  Dam due t o  overtopping. 

11 River- Maximum Maximum ~ a x i m u d '  Travel Tim+ 3 1  
M i l e  - Approximate Locat ion  Depth Max. Depth 

(hours)  

-- Horseshoe I n f l o w  763,700 -- -- 0 

17.28 Below Horseshoe 1,860,000 1,980 78 1.5 

37.38 Below B a r t l e t t  2,660,000 1,743 134 5 

53.19 Near Ft .  McDowell 2,290,000 1,452 42 6 

63.66 Gran i te  Reef Dam 2,025,000 1,352 48 7.5 

77.87 Hayden Road 1,955,000 1,197 28 9 

79.69 Tempe Butte/ASU 1,920,000 1,179 39 9 

83.24 40th St./Sky Harbor 1,880,000 1,139 3 1 10 

85. 80 20th S t r e e t  1,835,000 1,114 32 10.5 

87.85 Centra l  Avenue 1,750,000 1,094 32 11 

90.41 27th  Avenue 1,720,000 1,065 32 12 

98.97 93rd Avenue 1,605,000 982 32 14.5 

105.18 Goodyear, Az. 1,515,000 940 37 15.5 

119.65 Buckeye, Az. 1,395,000 858 37 19 

137.20 G i l l e s p i e  Dam 1,070,000 805 55 25 

1' Distance downstream from t h e  headwaters o f  Theodore Roosevelt Dam. Roosevelt 
Dam i s  a t  R i ve r  M i l e  14.43. 

21 Maximum e l e v a t i o n  minus approximate streambed e levat ion.  
3' Approximate t ime from t h e  s t a r t  o f  i n i t i a l  dam f a i l u i r e  t o  maximum depth of 

f l ood ing .  

--- - 



Table 12 
Summary of Maximum Flows, Depths, Elevations, 

and Floodwave Travel Times 

S a l t  River Project  Inundation Mapping Study 

SCENARIO 11 

Roosevelt Dam f a i l s  due t o  the Maximum Credible Earthquake w i t h  subsequent slow 
fa i lu re s  of Horse Mesa, Mormon F la t  and Stewart Mountains Dams due t o  overtopping. 

1 / River- Maximum Maximum ~ a x i m u d '  Travel Tim* 3/ 
Mile Approximate Location Elevation Depth - Max. Depth 

(hours) 

-- Roosevel t Inflow Small -- -- 0 

14.50 Below Roosevel t Dam 705,000 1,995 86 2 

31.47 Below Horse Mesa 687,000 1,755 106 9 

41.61 Below Mormon F la t  1,140,000 1,654 140 10.5 

50.74 Below Stewart Mtn. 1,110,000 1,481 70 15 

63.66 Granite Reef Dam 1,005,000 1,345 35 15.5 

77.87 Hayden Road 901,000 1,189 21 18 

79.69 Tempe Butte/ASU 888,000 1,172 32 18 

83.24 40th St./Sky Harbor 864,000 1,131 23 19 

85.80 20th St ree t  843,000 1,106 24 19.5 

87.85 Central Avenue 818,000 1,085 23 20 

90.41 27th Avenue 798,000 1,058 25 21 * 

98.97 93rd Avenue 734,000 977 22 23.5 

105.18 Goodyear, Az. 686,000 931 28 25 

119.65 Buckeye, Az. 598,000 846 25 29 

137.20 Gillespie Dam 417,000 783 33 35 

1' Distance downstream from the headwaters of Theodore Roosevelt Dam. Roosevelt 

21  
Dam is a t  River Mile 14.43. 

=, Maximum elevation minus avvroximate streambed elevation. 
2' Approximate time from t h e ' s t a r t  of i n i t i a l  dam f a i l u i r e  t o  maximum depth of 

flooding. 



Table 13 
Summary of Maximum Flows. Deoths, Elevations. 

and Floodwave ~ r a v e i  ~imes 

S a l t  River Project  Inundation Mapping Study 

SCENARIO 12 

Roosevelt Dam f a i l s  due t o  the Inflow Design Flood w i t h  subsequent slow f a i l u r e  of 
Mormon F la t  and Stewart Mountain Dams due t o  overtopping, followed by slow f a i l u r e  of 
Horse Mesa Dam due t o  overtopping. 

1 / River- Maximum 3 1 Maximum ~ a x i m u d '  Travel Tim+ 
Mile Approximate Location Elevation Depth - Max. Depth 

(hours 

-- Roosevel t Inflow 678,000 -- - - - - 
14.50 Below Roosevel t Dam 407,000 1,975 66 -- 
31.47 Below Horse Mesa 380,000 1,722 73 -- 
41.61 Below Mormon F la t  698,000 1,621 107 - - 
50.74 Below Stewart Mtn. 823,000 1,461 5 1 1. 

63.66 Granite Reef Dam 865,000 1,343 33 3.5 

77.87 Hayden Road 843,000 1.188 20 6 

79.69 Tempe Butte/ASU 839,000 1,172 32 6.5 

83.24 40th St./Sky Harbor 832,000 1,131 23 7 

85.80 20th S t r ee t  824,000 1,106 24 8 

87.85 Central Avenue 813,000 1,085 23 8.5 

90.41 27th Avenue 805,000 1,058 25 9.5 

98.97 93rd Avenue 782,000 973 23 12 

105.18 Goodyear, Az. 780,000 933 30 13.5 

119.65 Buckeye, Az. 766,000 849 28 17 

137.20 Gil lespie  Dam 672,000 792 42 24 

L' Distance downstream from the headwaters of Theodore Roosevelt Dam. Roosevelt 
Dam i s  a t  River Mile 14.43. */ Maximum elevation minus approximate streambed elevation. 3' Approximate time from the s t a r t  of i n i t i a l  dam f a i l u r e  t o  maximum dep th  of 
flooding. 4' Due t o  the structure of this scenario, the  f a i l u r e  of Stewart Mountain Dam 
controlled the  maximum water surface elevations downstream. Thus ,  "zero hour" 
fo r  travel  time purposes coincides w i t h  the onset of f a i l u r e  a t  Stewart 
Mountain Dam. 



Table 14 
Summary o f  Maximum Flows, Depths, Elevat ions,  

and Floodwave Travel  Times 

S a l t  R i ve r  P r o j e c t  Inundat ion  Mapping Study 

SCENARIO 13 

Roosevelt  Dam f a i l s  due t o  t h e  I n f l o w  Design F lood w i t h  subsequent sudden f a i l u r e  o f  
Mormon F l a t  and Stewart Mountai n Dams due t o  overtopping, f o l l owed  by t h e  sudden 
f a i l u r e  o f  Horse Mesa Dam due t o  overtopping. 

1 / River- Maximum 3/ Maximum ~ax imu&/  Travel Time- 
M i l e  Approximate Locat ion  E leva t i on  Depth - Max. Depth 

(hours) 

-- Roosevel t I n f l o w  678,000 -- -- 0 

14.50 Below Roosevelt  Dam 3,710,000 2,109 200 2 

31.47 Below Horse Mesa 7,360,000 1,913 264 4.5 

41.61 Below Mormon F l a t  5,330,000 1,803 289 5 

50.74 Below Stewart Mtn. 5,030,000 1,553 142 5.5 

63.66 Gran i te  Reef Dam 4,590,000 1,382 72 7 

77.87 Hayden Road 4,480,000 1,205 37 8.5 

79.69 Tempe Butte/ASU 4,000,000 1,188 48 8.5 

83.24 40th St./Sky Harbor 3,950,000 1,148 40 9 

85.80 20th S t r e e t  3,890,000 1,124 42 9.5 

87.85 Centra l  Avenue 3,800,000 1,105 43 10 

90.41 27th  Avenue 3,740,000 1,074 4 1 10.5 

98.97 93rd Avenue 3,470,000 995 45 12.5 

105.18 Goodyear, Az . 3,300,000 954 5 1 13.5 

119.65 Buckeye, Az. 2,950,000 873 52 17 

137.20 G i l l e s p i e  Dam 2, ~ O O ,  000 830 80 23 

Overf 1 ow Guadal upe Rd., Tempe 466,000 1,198 12 9 

1' Distance downstream from t h e  headwaters o f  Theodore Roosevelt Dam. Roosevelt 
Dam i s  a t  R i ve r  M i l e  14.43. 

2' Maximum e l e v a t i o n  minus approximate streambed e levat ion .  
5' Approximate t ime from t h e  s t a r t  of f n i t i a l  dam f a i l u i r e  t o  maximum depth o f  

f looding.  
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MINOR LOWER MODERATE UPPER MODERATE WORST CASE 

F '?n R IN FI nnn Rn,.lNnARY FI nnn R n l  INnARV 
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EN IAL ESCR . . -N  - 'N'ERAL DESCRIPTION GEL --RAL DESCRIPTION GEN-. .AL -ES'-. -IPI . JIU 

1.1 ANY STEWART MOUNTAIN EARTHQUAKE-TYPE FAILURE. 1.) ANY B A R T L E ~  EARTHQUAKE-TYPE FAILURE. 1.1 ANY 'PARTIAL' FAILURE OF ROOSEVELT DAM? 1.1 ANY WORST CASE'^ FAILURE OF ROOSEVELT~ 

I 2.) ANY MORMON FLAT EARTHQUAKE-TYPE  FAILURE.^ 2.1 ANY OVERTOPPING FAILURE ON THE SALT RIVER 2.1 ANY HORSESHOE OVERTOPPING FAILURE' 
1 NOT INCLUDING ROOSEVELT.~ 

b *  3.) ANYHORSESHOE OR HORSE MESA EARTHQUAKE- 

TYPE FAILURE. 

d )  ANY BARTLETT OVERTOPPING FAILURE. 

DETAILED STUDY SCENARIO DETAILED STUDY SCENARIO DETAILED STUDY SCENARIO DETAILED STUDY SCENARIO 
DESCRIPTION DESCRIPTION DESCRIPTION DESCRIPTION 

. 
1 SCENARIO # l  -STEWART MOUNTAIN DAM FAILS DUE TO AN EARTHQUAKE 1 .  SCENARIO r 3  - BARTLETT DAM FAILS DUE TO AN EARTHQUAKE WITH THE 1.1 SCENARIO *2 -STEWART MOUNTAIN DAM FAILS AT THE PEAK OVERTOPPING 1.1 SCENARIO r 7  - HORSESHOE DAM FAILS WHILE ROUTING THE WINTER 

WITH THE WATER SURFACE ATTHE NORMAL CONSERVATION POOL- WATER SURFACE AT THE NORMAL CONSERVATION POOL - 1798.0 MSL. ELEVATION CAUSED BY THE SUMMER IDF. TFH - 0.2 HOURS. IOF THROUGH THE RESERVOIR, BREACH ELEVATION IS 2038.9 MSL. 
1529.0 MSL. TFH - 0.2 HOURS. TFH - 0.2 HOURS. BARTLETT DAM FAILS AT THE PEAK OVERTOPPING ELEVATION 

2.) SCENARIO x 4  - BARTLETT DAM FAILS AT THE TIME WHEN THE OUTFLOW CAUSED BY THE FLOOD WAVE. TFH - 2.0 HOURS FOR HORSESHOE 
2.1 SCENARIO rt5-MORMON FLAT DAM FAILS DUE TO AN EARTHQUAKE WITH FROM HORSESHOE DAM REACHES 300.000 CFS. tBARTLETT BREACH AND 0.2 HOURS FOR BARTLETT. 

THE WATER SURFACE AT THE NORMAL CONSERVATION POOL - 1660.5 MSL. ELEVATION - 1806.1 MSL). TFH - 0.2 HOURS. 
STEWART MOUNTAIN FAILS AT THE PEAK OVERTOPPING ELEVATION 2.1 SCENARIO 8 8 -  ROOSEVELT DAM FAILS DUE TO AN EARTHQUAKE 
CAUSED BY THE FLOOD WAVE. TFH - 0.2 HOURS FOR BOTH DAMS. 3.) SCENARIO r 6  - HORSE MESA DAM FAILS DUE TO AN EARTHQUAKE WITH WITH THE WATER SURFACE AT THE NORMAL CONSERVATION POOL - 

THE WATER SURFACE AT THE NORMAL CONSERVATION POOL - 1914.0 MSL. 
- 2136.0 MSL. HORSE MESA, MORMON FLAT AND STEWART MOUNTAIN 

.. I 1 :  -Il- - 
MORMON FLAT AND STEWART MOUNTAIN DAMS FAIL AT THE PEAK 

- OAMS FAIL AT 93.4 (PEAK), 60 AND 41.5 FEET OF OVERTOPPING 
- OVERTOPPING ELEVATION CAUSED BY THE FLOOD WAVE. TFH - 0.2 HOURS RESPECTIVELY. TFH - 2.0 HOURS FOR ROOSEVELT DAM AND 0.2 

I FOR EACH DAM. HOURS FOR THE THREE DOWNSTREAM DAMS. 

- - . I 
4 .  I 

4.) SCENARIO r9 -MORMON FLAT FAILS DURING THE IDF WlTH FAILURE 3.) SCENARIO # I 0  - HORSESHOE DAM FAlLS WHILE ROUTING THE WINTER 
OCCURRING AT 10 FEET OF OVERTOPPING. STEWART MOUNTAIN DAM 

1 I - IDF THROUGH THE RESERVOIR, BREACH ELEVATION IS 2038.9 MSL. 
FAILS AT THE PEAK OVERTOPPING ELEVATION CAUSEO BY THE FLOOO BARTLETT DAM FAlLS AT THE PEAK OVERTOPPING ELEVATION 

1 WAVE. TFH - 0.2 HOURS FOR BOTH DAMS. CAUSED BY THE FLOOD WAVE. PARTIAL FAILURES AND TFH - 2.0 

I' HOURS FOR EACH DAM. 
5.1 SCENARIO e l l -  ROOSEVELT DAM FAlLS DUE TO AN EARTHQUAKE WlTH 

3 THE WATER SURFACE AT THE NORMAL CONSERVATION POOL - 2136.0. * 4 .  SCENARIO r 1 3  - ROOSEVELT DAM FAILS ATTHE PEAK 
1, 

HORSE MESA. MORMON FLAT AND STEWART MOUNTAIN DAMS FAIL AT OVERTOPPING ELEVATION CAUSED BY THE WINTER IOF. HORSE 
THE PEAK OVERTOPPING ELEVATIONS CAUSED BY THE FLOOD WAVE. MESA DAM FAILS AT THE PEAK OVERTOPPING ELEVATION CAUSED 
PARTIAL FAILURES AND TFH - 2.0 HOURS FOR EACH DAM. BY THE FLOOD WAVE. M ~ R M O N  FLAT AND STEWART MOUNTAIN 

FAIL JUST PRIOR TO HORSE MESA DAM. TFH - 2.0 HOURS FOR 
6.) SCENARIO n 1 2 -  ROOSEVELT DAM FAILS AT THE PEAK OVERTOPPING ROOSEVELT AND 0.2 HOURS FOR THE THREE DOWNSTREAM DAMS. 

ELEVATION CAUSED BY THE WINTER IDF. HORSE MESA DAM BREACHS 
A AFTER 10 HOURS OF OVERTOPPING. MORMON FLAT AND STEWART 
IR MOUNTAIN DAMS FAIL  JUST PRIOR TO HORSE MESA DAM. PARTIAL 

FAILURES AND TFH - 2.0 HOURS FOR EACH DAM. 

UNITED S T A T E S  
FOOTNOTES : NOTES: DEPARTMENT OF THE INTERIOR 

1. ASSUMES ANY DOWNSTREAM DAMS FAIL. -UNLESS STATED 'PARTIAL FAILURE'. ASSUME A 'WORST  CASE'^ FAILURE. 
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