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1.0 Jn t roduc t i on  

C e l l a  B a r r  Associates (CBA) has been con t rac ted  by t h e  Federal 

Emergency Management Agency (FEMA) t o  per fo rm a d e t a i l e d  Flood 

Insurance Re-Study o f  t h e  Hassayampa R i v e r  i n  Maricopa County, 

Arizona. The s tudy  reach extends f o r  approximate ly  52.8 stream 

m i l e s  from t h e  Yavapai County l i n e  a t  Wickenburg downstream t o  t h e  

conf luence w i t h  t h e  G i l a  River,  l o c a t e d  approximate ly  40 m i les  

west o f  Phoenix, Ar izona (F igure 1 and F igu re  2). The study reach 

inc ludes  t h e  incorpora ted  Town o f  Wickenburg, Ar izona near t h e  

upstream l i m i t .  The r e s u l t s  o f  t h i s  s tudy  w i l l  supersede t h e  

e x i s t i n g  hydro logy which was prepared as p a r t  o f  t h e  o r i g i n a l  

Flood Insurance Study f o r  the  Hassayampa R ive r  through t h e  Town o f  

Wickenburg (Reference 6).  

The purpose o f  t h i s  r e p o r t  i s  t o  es t imate  t h e  100-year peak 

discharges which w i l l  occur along t h e  s tudy  reach f o r  use i n  t h i s  

Flood Insurance Re-Study. Proposed peak discharges f o r  t h e  

100-year event  a re  summarized i n  Table 2. These discharges are  

proposed f o r  use i n  determin ing water  su r face  e levat ions ,  floodway 

boundaries, and f l o o d  zones as a p a r t  o f  t h e  complet ion o f  t h e  
, 

next  work phase. Based on c r i t e r i a  p rov ided by FEMA f o r  t h i s  

re-study,  h y d r a u l i c  eva lua t ions  w i l l  be 1 i m i t e d  t o  t h e  100-year 

event. 





FIGURE 2: VICINITY MAP 
HASSAYAMPA RIVER 



The Hassayampa River watershed encompasses a cont r ibut ing drainage 

area o f  approximately 560 square mi les a t  the upstream l i m i t  o f  

study (Yavapai County Line), increasing t o  an area o f  

approximately 1,480 square mi les a t  the downstream study 1 i m i  t 

(confluence w i th  the G i l a  River) .  The overa l l  watershed and 

primary sub-watershed areas are represented on Figure 3 o f  t h i s  

repor t .  

The upper por t ion  o f  the drainage basin i s  bounded by the Weaver 

Mountains t o  the north and the  Bradshaw Mountains t o  the northeast 

and east. Within the Town o f  Wickenburg, the Hassayampa River i s  

jo ined by Sols Wash which provides r u n o f f  cont r ibut ions from a 146 

square mi le  drainage basin extending upstream t o  the northwest 

i n t o  the  Date Creek Mountains. 

The lower drainage basin i s  an elongated basin w i th  several minor 

con t r ibu t ing  watersheds p a r a l l e l i n g  the Hassayampa River. There 

i s  one s ign i f i can t  t r i b u t a r y  watershed, however, t ha t  provides a 

major r u n o f f  cont r ibut ion t o  the  lower drainage basin f o r  the  

Hassayampa River, t ha t  being the Hassayampa P la in  tha t  extends 

northwesterly i n t o  the Vul ture Mountains, bordering the adjacent 

Centennial Wash watershed on the west and south. The approximate 

353 square miles o f  the Hassayampa P la in  i s  drained p r imar i l y  by 
Jackrabbit Wash, which has i t s  confluence w i th  the ~assayam~a '  

River approximately 13 mi les upstream o f  the G i la  River. 

Headwaters f o r  the Hassayampa River o r ig ina te  a t  an elevat ion o f  

about 7,800 fee t  (Bradshaw Mountains) and elevations become 

var iab ly  lower t o  an e levat ion o f  about 800 fee t  a t  the 

confluence w i th  the G i l a  River. The resu l t i ng  average stream 

slopes vary from 1.0 t o  4.0 percent i n  the  upper one-third o f  the 

watershed t o  0.5 percent i n  the lower two-thirds. 



The overa l l  watershed c l imate i s  p r i m a r i l y  semi-arid desert w i t h  
an annual p rec ip i t a t i on  varying from 17 inches i n  the Bradshaw 

Mountains (upper watershed) t o  11 inches a t  Wickenburg and 7 
inches a t  the lower l i m i t  o f  the watershed. Prec ip i ta t ion  occurs 

predominantly i n  the l a t e  summer and winter. The summer ra ins  are 

i n i t i a t e d  by moist a i r  derived from the Gul f  o f  Mexico which 

produces moderate t o  intense afternoon and evening thunderstorms 

(Reference 16). Winter p rec ip i t a t i on ,  however, or ig inates from 

the P a c i f i c  Ocean and i s  normally l ess  severe. 

The topography w i th in  the watershed consists o f  a combination o f  

mountains, h i l l s ,  a l l u v i a l  fans and desert p la ins.  The s o i l s  o f  

the p la ins  and a l l u v i a l  fans are predominantly gravelly, sandy 

loams. I n  mountains and h i l l y  areas, the s o i l s  are general ly very 

shallow underlain by rock outcrops o f  g ran i t e  and volcanics. 

(References 12 and 13). 

There are marked di f ferences i n  vegetation w i t h i n  r e l a t i v e l y  short  

distances because o f  a wide va r i a t i on  i n  so i l s ,  elevation, 

p r e c i p i t a t i o n  and temperature, p a r t i c u l a r l y  w i t h i n  the upper 

watershed. Typical desert vegetation types found a t  the lower 
elevat ions include: creosote brush, palo verde, scattered grasses 

land several var ie t ies  o f  cac t i .  The intermediate elevations are 

characterized by: grasses, chaparral and mountain brush. The 

higher elevations include: jun iper  and pine. I n  general, 

vegetation tends t o  be denser along and adjacent t o  stream 

courses, and a moderate cover o f  annual grasses usual ly develops 
fo l lowing winter rains.  
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3.0 previous Studies 

Flood Insurance Studies have been prepared f o r  the Hassayampa 

River and Sols Wash w i t h i n  the Town o f  Wickenburg, along w i th  

hydrologic design studies a t  Wickenburg and several downstream 

locat ions.  These studies are referenced i n  the bibl iography and 

r e s u l t s  presented i n  Table 1 f o r  comparison w i th  the resu l ts  o f  

t h i s  study. 



4.0 Pvdrol w i c  Anal vs i  s 

H i s t o r i c  stream gage data f o r  the Hassayampa River ex is ts  a t  three 

loca t ions  and was u t i l i z e d  t o  perform a Log-Pearson Type 111 
s t a t i s t i c a l  analysis i n  accordance w i th  FEMA guidel ines and 
Reference 9. U.S.G.S. stream gage s ta t i on  95155 (Box Canyon) i s  , 

located 5.5 mi les upstream o f  Wickenburg and has forty-one (41) 

years o f  recorded data. U.S.G.S. stream gage s t a t i o n  95165 

(Morristown) i s  located 7.0 mi les downstream from Wickenburg and 
has t h i r t y  (30) years o f  recorded data. The f i n a l  U.S.G.S. stream. 

gage s ta t i on  95170 (Ar l ington)  i s  located 1.8 mi les upstream from 

the Hassayampa River's confluence w i th  the G i l a  River and has 
twenty-two (22) years o f  recorded data. The graphic locat ions o f  

these three (3) stream gage s ta t ions are depicted on Figure 3. 

The r e s u l t s  o f  the Log-Pearson Type 111 analyses f o r  each o f  these 

stream gage s ta t ions are presented i n  Table 1 and Appendices A 

t h ru  C. 

.- - 
A t  stream gage s ta t i on  95155 (Box Canyon) a 100-year peak 

' discharge o f  57,100 c f s  i s  obtained when t r e a t i n g  the years 1925, 

1927 and 1937 as h i s t o r i c a l  events per gage s ta t i on  records, as 

furnished by the U.S.G,S and per c r i t e r i a  se t  f o r t h  i n  Reference 
9. The adopted 100-year peak discharge f o r  the  Town o f  Wickenburg 

per the  current, o f f i c i a l  Flood Insurance Study isL171,000 cfs; 

When applying the FEMA's Guide1 ines and Speci f icat ions f o r  Study 

Contractors (Reference 17), Chapter 2, Page 7, paragraph 2 t o  t h i s  
di f ference, i t  was determined tha t  the previously establ ished 

discharge o f  71,000 c f s  should be adopted (retained) as i t  f a l l s  

w i t h i n  the  75 and 25 percent confidence l i m i t s  o f  the new estimate 

o f  57,100 c fs .  The adopted value o f  71,000 c f s  does not  appear t o  

be unreasonable when the hypothetical 57,100 c f s  a t  Box Canyon i s  
routed t o  the  Town o f  Wickenburg and combined w i th  FEMA's adopted 

100-year peak discharge o f  15,000 cfs f o r  Sols Wash (reference 8); 

however, i t  may be somewhat conservative i n  representing the 

Hassayampa River w i t h i n  the Town o f  Wickenburg upstream o f  the  

Sols Wash confluence. I n  any case, based on FEMA c r i t e r i a ,  the 



100-year discharge o f  71,000 c f s  f o r  the  Hassayampa River a t  

Wickenburg represented per the previous Flood Insurance Study w i l l  - 
be adopted f o r  the re-study a t  t h i s  locat ion.  Other avai lable 
hydrology studies applicable t o  t h i s . l o c a t i o n  (References 2, 3, 6, 

and 7) also concur w i th  t h i s  value as shown on Table 1. 

At gaging s ta t i on  95165 @Xst&?), previous studies by the U.S. 
Bureau o f  Reclamation estimated a peak discharge o f  54,000 c f s  . 
based on 17 years o f  record (Reference 4). and P.R.C. Toups 

obtained 85,000 c f s  based on 25 years o f  record (Reference 3). 

CBA has estimated a peak discharge of 61,600 c f s  based on a 

Log-Pearson Type 111 s t a t i s t i c a l  analysis o f  30 years o f  record 
f o r  t h i s  re-study. Due t o  the s i g n i f i c a n t  d i f ference between 

t h i s  value and P.R.C. Toups' study, CBA re-analyzed the  P.R.C. 

Toups' input  data f o r  25 years o f  record using the  updated 

version of the  Flood Flow Frequency computer model provided by the 
U.S. Army Corps o f  Engineers. This re-analys is  o f  the P.R.C. 
Toups' data y ie lded a 100-year discharge value o f  59,000 cfs.  

- -. 
Hence, a 100-year discharge value ofT61,600 c f q  proposed f o r  the - - - -  
Flood Insurance Re-Study compares favorably w i t h  e x i s t i n g  studies 

and i s  based on more years o f  ava i lab le  record. 

A t  gaging s ta t i on  95170 @rlington) a 100-year peak discharge o f  

74,100 cfs was estimated f r o m  a Log-Pearson Type I11  analysis o f  

22 years o f  ava i lab le  record. This value compares favorably wi th  
a value o f  82,000 c f s  obtained by a study performed by the U.S. 

Bureau o f  Reclamation (Reference 4) when considering t h a t  the 

e a r l i e r  study was performed i n  1976, based on evaluations o f  a 

l i m i t e d  per iod o f  record o f  11 years. Thus, a 100-year peak 

discharge o f  '74,100 c f s  i s  proposed t o  be adopted f o r  use i n  the 

re-study a t  t h i s  locat ion.  

The s t a t i s t i c a l  analyses f o r  the three (3) stream gage s i t e s  a t  

Box Canyon, Morristown, and Ar l ington provide the  framework f o r  

estab l ish ing appropriate discharges t o  use along the e n t i r e  study 

reach f o r  the Hassayampa River. Respective 100-year discharges o f  



71,000 c fs ,  61,600 cfs,  and 74,100 c f s  w i l l  be adopted a t  these 

po in t  loca t ions  (w i th  Box Canyon being t ransfer red t o  Wickenburg). 

For stream reaches located between these three (3) s i tes,  100-year 

discharges have been derived based on in te rpo la t ion .  ~h<l  

i n te rpo la t i on  has simply included an at tenuat ion r a t e  on a "per 

stream mi len  bas is  as a means o f  est imat ing discharges between 

acceptable i n  assessing the  channel reach between Wickenburg and 

1 
stream gage s i t es .  Use o f  t h i s  method alone i s  considered t o  be 

Morristown due t o  t he  r e l a t i v e l y  minor and somewhat homogeneous , 

l a t e r a l  con t r i bu t i on  o f  t r i b u t a r y  watersheds along t h i s  reach i n  

consideration o f  the  s ize o f  the upstream Hassayampa River 

watershed as a whole. This method o f  i n te rpo la t i on  could also be 
u t i l i z e d  alone f o r  the  channel reach between the  Morristown and 
Ar l ing ton  gage s i t e s  were i t  not f o r  the  s i g n i f i c a n t  po in t  

con t r ibu t ion  o f  r u n o f f  induced by the Jackrabbit Wash watershed , 

(Figures 3 and 4). The po in t  con t r ibu t ion  o f  Jackrabbit washc 

resu l t s  i n  a discharge which i s  greater a t  Ar l ing ton  (74,100 c f s )  

than the discharge a t  Morristown (61,600 c f s )  even though t h e  
general tendency i s  f o r  the discharge t o  attenuate between these 
s i tes .  

Hence, i n  order t o  es tab l i sh  an attenuation r a t e  f o r  the reach o f  

the Hassayampa River extending between the  Morristown an4 

Ar l ing ton  gage s i tes,  i t  f i r s t  became necessary t o  estimate the 

po in t  increase i n  f lood  discharge induced by Jackrabbit Wash 
dur ing the passage o f  the f lood peak f o r  the  Hassayampa River. 

This was accomplished by the fo l lowing procedure: 

1. Travel times f o r  the primary Hassayampa River channel were 

estimated from the  watershed headwaters t o  Jackrabbit Wash, 

This was accomplished v ia  a thorough f i e l d  inves t iga t ion  o f  

the overa l l  watershed, performed t o  determine charac te r i s t i c  

reaches and t yp i ca l  channel cross-sections. The t yp i ca l  

channel cross-sections were hydrau l i ca l l y  ra ted using the 

Manning equation f o r  assumed, incremental discharges based on 
loca t ion  s p e c i f i c  empirical estimates. The hydraul ic ra t i ngs  



produced f low v e l o c i t i e s  which were applied t o  reach lengths 
t o  estimate t r a v e l  times. Using t h i s  method, a t r ave l  t ime 

o f  16.1 hours was estimated f o r  the 100-year discharge along 

the Hassayampa River a t  the Jackrabbit Wash confluence. 

2. A t r ave l  t ime f o r  the primary Jackrabbit Wash channel was 

estimated a t  the  Hassayampa River confluence using the same 

procedure i d e n t i f i e d  above. 

3. A HEC-1 analysis (Appendix D) was performed for the 

c -  watershed (Figure 4) t o  estimate the 
magnitude o f  the  100-year f l ood  peak generated by said 

watershed a t  the Hassayampa River confluence. A 24-hour 
- 

storm was determined t o  produce the greatest  f lood  peak., 

Relevant HEC-1 parameters used i n  the analysis included the 
SCS Type I 1  r a i n f a l l  d i s t r i bu t i on ,  SCS dimensionless u n i t  

hydrograph, SCS CN method f o r  ca lcd la t ing  Tlag, and runo f f  

curve numbers f o r  semi-arid range and fo res t  condit ions 
(Reference 18). This analysis produced a 100-year peak 

--- 
discharge oflF8,338 - cf<: - 

4. A simp1 i f  i ed  t r i angu la r  hydrograph (Figure 5) was developed 

f o r  the Jackrabbi t  Wash 100-year discharge, using the  t rave l  
time der ived per Task 2 as the time t o  peak (Tp), the peak 

discharge o f  28,338 c f s  derived per the HEC-1 analysis, and a 

time o f  recession (Tr) equivalent td 5 3  times Tp. 
4 

5. The Jackrabbit Wash discharge a t  the Hassayampa River time t o  
peak o f  16.1 hours was read from the s imp l i f i ed  t r i angu la r  

hydrograph. This value represented the po in t  con t r ibu t ion  o f  
Jackrabbit Wash t o  the 100-year f lood  peak o f  the Hassayampa 

River a t  the confluence o f  these two streams. The estimated 

po in t  con t r ibu t ion  value was 15,600 cfs.  
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6. The Jackrabbit Wash po in t  con t r ibu t ion  o f  15,600 c f s  was 

subtracted from the Ar l ing ton  peak discharge o f  74,100 c f s  t o  

y i e l d  58,500 c f s .  This value (58,500 c fs )  represents a 

probable 100-year discharge which would occur a t  Ar l ing ton  i n  

the absence o f  any cont r ibut ions from Jackrabbit Wash. Based 

on the  un i fo rmi ty  o f  watershed cont r ibut ions t o  the  

Hassayampa River between Morristown and Ar l ington which would 

e x i s t  were i f  not  f o r  the po in t  cont r ibut ion o f  Jackrabbit 

Wash, an at tenuat ion r a t e  o f  82 c f s  per stream mi le  was 
adopted f o r  t h i s  reach based on in te rpo la t ion  between the  

Morristown discharge (61,600 c f s )  and the Ar l ington discharge 

(58,500 cfs), assuming no Jackrabbit Wash cont r ibut ion.  

7. Discharges were der ived f o r  the stream reach between 

Morristown and Ar l ington by at tenuat ing the Morristown 

discharge un i f o rm i l y  downstream . t o  the Jackrabbit Wash 

confluence (Figure 6). A t  t h i s  locat ion,  15,600 c f s  was 

added t o  the Hassayampa River flow. Downstream o f  

Jackrabbit Wash, the increased f low was attenuated a t  the  
same r a t e  t o  Ar l ington. 

Use o f  the above procedure y ie lded 100-year discharges f o r  the 
Hassayampa River o f  75,000 c f s  downstream o f  the Jackrabbit Wash 
confluence and 59,400 c f s  upstream o f  the Jackrabbit Wash 

confluence. 

A t  the loca t ion  o f  the Granite Reef Aqueduct, roughly 17-miles . 
downstream of Morristown, a 100-year discharge o f  60,100 c f s  i s  

proposed. This compares favorably w i t h  the value o f  50,700 c f s  

estimated by the  U.S. Bureau o f  Reclamation a t  t h i s  loca t ion  
(Reference 4). 

Table 2 o f  t h i s  repor t  provides 100-year discharges proposed f o r .  

adoption f o r  t h i s  Flood Insurance Re-Study a t  several key 

locat ions along the study reach o f  the Hassayampa River. 





Sols Wash at 
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Sols Wash at 
Hassayampa River 
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Preparea by U.S. Army Corps of mgineere 
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Hasaayanpa River at  
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Hassayampa River at 
Gage Station 95155 
(Box -1 PRC (1981) 

-yanpa River at 
Gage Station 95155 
(- Oulyoll) ('Ibis shdy) 
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(Disregarded histmical years 1925, 1927 & 1937) 

Iog-- 'Iype III, 41 years of record, 
 ears 1925, 1927 & 1937 treated as historical) 



Hassayanpa River at 
Tawn of wi- 

Hasayaupa River at 
Tawn of Wickenbrnq 

Hassayampa River at 
Tawn of wi- 

Hasam River at  
lbm of Wickenbrnq 

Hassayrnapa River at 
, Tawn of WickenLurg 
I 

U.S. Anny C.O.E. (1972) 

U.S. Army C.O.E. (1975) 

Official Flood - Study D k h I q e  

T b B e P d o p t e d F c n m i s S t u d y - Q 1 ~  
71,000 C c n f w  Lidt trim 

Hassayamaa River at 
Gage Stati~a 95165 n 
wm) U.S. Wlreau of Idec. (1976) ' 54,000 

Hassayanpa River at 
Gage Station 95165 
-1 . 

w - m  Type III, 17 ye an^ of Reaxd 

i 
7.cg-- Type III, 25 Y e a m  of Record 

Hassayanpa River at 
Gage Station 95165 
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Hassayanpa River a t  
GmniteReefz!quebA 
(CAP S i m )  U.S. Wneau of Else. (1976) 50,700 

Hassayanpa River a t  
GzanitewAqueauct 
(CAP Si-1 cm (* -1 

Hassaywpa River 
upstream of 
Jadarabbit Wish 

Hassaymnpa River 
Dam&mam of 
Jackrabbit Wash (* Study) 

?&wympa River a t  
Gage Statica 95170 
( A r l m )  U.S. Or m. (1976) 
Hassayanpa River a t  
Gage Station 95170 
(Arl-) a% (* Study) 

IIJg-Pearsan 'Iype m, 11 Years of Reund 

kg-Pearsan 'Iype m, 22 Years of Fecmd 



TABLE 2 

100-YEAR DISCHARGES AT KEY LOCATIONS ALONG 
HASSAYAHPA RIVER I N  WARICOPA C m ,  ARIZONA 

PROPOSED FOR ADOPTION FOR FLOOD INSURAWCE RE-STUDY 

I ocat ion 

Town o f  Wickenburg 
Stream Gage Stat ion 95165 (Morristown) 
Granite Reef Aqueduct 
Above Jackrabbit Wash 
Be1 ow Jackrabbit Wash 
I n t e r s t a t e  10 
Stream Gage Stat ion 95170 

(Arlington, Old U.S. Hwy 80) 
Confluence wi th  G i l a  River 



1) U.S. Army Corps o f  Engineers, "Flood Pla in  Informat ion Study f o r  
Maricopa County, Arizona, Volume I V ,  Wickenburg Reportn, 
December 1965. 

2) U.S. Army Corps o f  Engineers, "Flood P la in  Information, 
Hassayampa River, V i c i n i t y  o f  Wickenburg, Arizona", A p r i l  1972. 

3) PRC Toups, "Hydrology Report, Sols Wash, Town o f  Wickenburg," 
January 6, 1981. 

4) U.S. Bureau o f  Reclamation, "Hassayampa River Siphon Crossing", 
September 1976. 

5) U.S. So i l  Conservation Service, "Watershed Work Plan, Wickenburg 
Watershed, Maricopa and Yavapai Counties, Arizona," December 
1974. 

6) Federal Emergency Management Agency, "Flood Insurance Study, Town 
o f  Wickenburg, Arizona," Ju l y  1977. 

7) U.S. Army Corps o f  Engineers, "Hydrology f o r  Flood Insurance 
Studies, Wickenburg and V i c i n i t y ,  Maricopa and Yavapai Counties, 
Arizona", November 1975. 

8) Federal Emergency Management Agency, 'Hydrologic Analysis o f  Sols 
Hash, Incorporated Town o f  Wickenburg, Arizona", November 1985. 

9) U.S. Water Resources Council, "Guidelines f o r  Determining Flood 
Flow Frequency, B u l l e t i n  1178 o f  the Hydrology Committee", 
September 1981. 

10) U.S. Army Corps o f  Engineers, "HEC-1 Flood Hydrograph Package", 
January 1985. 

11) Arizona Highway Department, Bridge Divis ion,  March, 1969, 
Hydrologic Design f o r  Highway Drainage i n  Arizona. 

12) Soi l  Conservation Service, 1976, Soi l  Survey o f  Yavapai County, 
Arizona: U.S. Department o f  Agr icul ture.  

13) Soi l  Conservation Service, 1973, General S o i l  Map o f  Maricopa 
County, Arizona: U.S. Department o f  Agr icu l ture.  

14) U.S. Department o f  I n t e r i o r ,  Geological Survey, 7-1/2 Minute 
Series Topographic Maps: W i l  hoi t, Groom Creek, Pol and Junction, 
Date, Weaver Peak, Peeples Valley, Walnut Grove, Batt leship 
Butte, Ba t t l e  F la t ,  O'Nei l l  Pass, Yarnell, Wagoner, Minnehaha, 



Crown King, Congress SW, Flores, Sam Powell Peak, Morgan Butte, 
Copperopolis, Wickenburg, Red Picacho, Wickenburg SW, Wittman, 
White Tank Mountains NW, White Tank Mountains NE, White Tank 
Mountains SE, Wintersburg, Buckeye NW, Valencia, A r l  ington, and 
Hassayampa, Maricopa and Yavapai Counties, Arizona. 

15) U.S. Department o f  I n t e r i o r ,  Geological Survey, 15 Minute Series 
Topographic Maps: Aguila, Vulture Mountains, B ig  Horn Mountains, 
Belmont Mountains, White Tank Mountains, Maricopa and Yavapai 
Counties, Arizona. 

16) Sel lers ,  W.D. and H i l l ,  R.H., 1974, Arizona Climate 1931-1972: 
The Un ivers i t y  of Arizona Press, Tucson, Arizona, p. 554. 

17) Federal Emergency Management Agency, Flood Insurance Study 
"Guidelines and Speci f icat ions f o r  Study Contractorsn, September, 
1985. 

18) American Society o f  Agr icu l tu ra l  Engineers, Paper No. 73-209, 
"Runoff Curve Numbers f o r  Semi-Arid Range and Forest Conditions", 
by Donald E. Woodward, Hydraulic Engineer, So i l  Conservation 
Service. 



APPENDIX A 

Log-Pearson Type 111 
Results for  Gage Station 95155 

(Box Canyon) 



FINAL SESOLTS 
-PLOTTING POSITIOXS- 095i5500 EASSAYAMPA RIVES P BCE CAXYOX 
t * * : t a : * * l l i l  X X I * ~  ~ r ~ . * s : * t l  L I I - L * Y A ~ - * * * I ~ ~ ~ % ~ L ~ ~ ~ * ~ # ~  3 l ii r s  I . # : %  . : ~ t a l - s t % $ i  

* . . . . .  EVEN3 ANALYZED......" ........... OR3ERED EVEXTS . . . . . . . . . .  ;i 
8 * WATER WEIBVLL ' 
* NON DAY YEAR FLOW,CFS * RANK YEAR ' FLOW,CFS PLOT POS ' 
*--------------------------b-----------------------------------* 

* 3 3 1938 10000. : 1 1970' 58000. 0.0169 * .  
" 6 11 1946 1710. * 2 1927H 27100. 0.0339 " 
* 8 8 1947 2300. * 3 195i' 27000. 0.0508 " 
* 8 5 1946 5600. * 

5 1980- 

I 
4 192511 25500. 0.0676 * 

* 9 26 1949 291'0. Y 24900. 0.0847 * 
* 10 18 1949 5500. : 6 1937/1 22000. 0.1017 * 
* 8 29 1951 27000.- Y 7 1978 

I 
16000. 0.1228 * 

* 12 30 1951 1590. rt: 8 1966 11200. 0.1479 * 
* 7 16 1953 865. * 9 1958 10600. 0.173: * 
* 3 23 1954 3090. ;d 10 1936 10000. 0.1963 .- 
* 7 23 1955 8840. 1: l i  1979 9640. 0.2235 * 
* 6 18 195E 1210. + 12 1965 9060. 0.2487 * 
* 8 10 1957 1980. : 13 1955 8840. 0.2738 * 
* 9 5 1956 10600. * 14 1946 5600. 0.2990 * 
* 8 24 1959 5110. * 15 1974 5560. 0.3242 * 
* 12 26 1959 3210. I 16 1950 5500. 0.3494 * 
* 6 19 1961 1150. * 17 1959 5110. 0.3746 * ' 

* 9 21 1962 1510. * 18 1969 4630. 0.3998 * 
* 8 17 1963 2150. * 19 1976 4560. 0.4249 * 
* 7 14 1964 1230. : 20 1966 4110. 0.4501 * 
* 9 2 1965 9060. ;. 21 1982 3940. 0.4753 * 
* 12 22 1965 4110. * 22 1960 3210. 0.5005 * 
* 12 7 1966 1740. * 23 1954 3090. 0.5257 * 
* 12 19 1967 11200. * 24 1949 2910. 0.5508 * 
* 9 13 1969 4630. * 25 1973 2600. 0.5760 * 
* 9 5 1970 58000.- * 26 1947 2300. 0.6012 . * 
* 6 25 1971 556. * 27 1963 2150. 0.6264 * 
* 6 27 1972 800. : 26 1957 1980. 0.6516 * 
* 10 7 1972 2600. * 29 1967 1740. 0.6768 * 
* 7 20 1974 5560. : 30 1946 1710. 0.7019 * 
* 7 28 1975 i54. a 31 1952 1590. 0.7271 * 
* 2 9 1976 4560. 8 32 1962 1510. 0.7523 * 
* 8 15 1977 315. t 33 1964 1230. 0.7775 * 
* 3 2 1976 16000. : 34 1956 12iO. 0.8027 * 
* 3 28 1979 9640. t 35 1961 1150. 0.8278 * 
* 2 19 19EO 24900.- * 36 1953 865. 0.8530 * 
* 7 10 1961 698. * 37 1972 800. 0.8782 * 
* 3 15 1962 3940. * 36 1981 696. 0.9034 * 
* 9 19 1925 25500. : 39 1971 556. 0.9286 * 
* 2 16 1927 27100. * 40 i977 315. 0.9538 * 
* 2 7 1937 22000. * 4; 1975 154.- 0.9789 * 
*--------------------------------------------------------------* 
* NOTE- PLOTTING POSITIONS BASED ON-EISTORIC PERIOD (E) = 58 * 
* NUKBER OF HISTO?.IC EVEXTS PLUS HIGH OgTiiERS(2) = 6 * 
L WEIGKTIXG FACTOR FOR SYSTEKATiC EVEXTS (W)  = 1.4657 * 
* * l * f * * * ~ * " * * * * * l S * * * * * * * * * i * * * * ~ b * * I * * * * * * * * * ~ : * * # : * * * * * ~ * * * * * * * ~  



LOW OUTLIER TEST ---------------- 

BASED ON 38 EVEFTS, 10 PERCENT OUTLIER TEST VALUE K(N) = 2.661 

0 LOW OUTLIZR(S) IDENTIFIED BELOW TEST VALUE OF 115.9 

----------------- 
HIGB OUTLIER TEST ----------------- 

BASED ON 38 EVENTS, 10 PERCENT OUTLIER TEST VALUP K(N) = 2.661 

 HIGH OUTLIERIS) IDENTIFIED ABOVE TEST VALUE OF 89460.. 
OR IKPUT BASE OF 22000. 

N3TE - COLLECTION OF HISTORICAL INFORMATIOK AND COMPARISONS 
WITH SIMiLAR DATA SETS SHOULD BE EXPLORED IF NOT 
INCORPORATE3 IK T3IS ANALYSIS. 

STATISTICS AND EREQUENCY CURVE ADJUSTE~ FOR 3 HIGE OUTLIER(S: 
AK3 3 HISTOSIC ZVEKT(S) 

-SKEW WEIGHTING - 
BASED ON 58 EVENTS, MZAX-SQUASE EEi3.08 OF STATIOK SXEW = C.09E 
DEFAULT OR INPUT FEAN-SQUARE ERROR OF GENERALIZED SKEW = 0.302 ................................................................ 

FIKAL RESULTS 
-F?ZQUENCY CURVE- 09515500 HASSAYAMPA RIVER P BOX CANYOK 
* * * * * * Y * * * * * * * a * * * * * * * * * * * * * * t * * * * % * * * * * * * * * ~ * * * * * * * * * ~  

*. . . . . . . .  FLOW,CFS... . . . . .  L * . . .  COKFIDENCE LIMITS...* 
x EXPECTED * EXCEEDANCE * * 
* COMPUTED PROBABILITY * PROBABILITY * 0.05 LIKIT 0.95 LIMIT * 
t------------------------x-------------*-----------------------* 
1 :08000. 140000. * 0.062 * 264000. 57000. * 
* I 76100. 93000. * 0.005 * 17400C. 42303. * 

0 16600. 17500. 0.100 * 26100. lllOG. * 
i 9760. 10000. * 0 .ZOO * 15200. 6800. * 
* 3440. 3440. * 0.500 x 4850. 2450. * 
* 2.180. i150. 4: 2690. 760. * * 0.800 - -  

1; 666. 632. . "0.00 x: 1000. 392. * 
X 413. 379. * 0.950 * 653. 222. * 
x 166. i3E. * 0.99C * 2 9 4 .  74. " 
"i+++++++i++i+i+ii+iii+i++++++++++++++++++++++++++++i++-+ii+-++* 

" FREQUSNCY CC3VE STATISTICS * STATISTICS BASED OK x 
*--------------------------------*-------,----------------------* 
* MEAK LOGARITEK 3,5281 * BISTORXC EVEKTS 3 4: 

* STANDARD DEVIAiION 0.5454 * HIGN OUTLIEZS 3 a: 

* COW2UTED SI:Et; -0.li45 * LOW OUTLIERS 0 5 

% G~NERASIZ=~ s $ ; ~ w  -0.1000 * ZSRO OR MISSIKG 0 % 

* A30PTED SEEK -0.1000 * SYSTZMATIC EVLKTS 3E " * EISTORIC ?E?.30D 5 6  * 



APPENDIX B 

Log-Pearson Type 111 
Results for  6age Station 95165 

(Ilorri stown) 



. **TITLE CARD(S)** 
1 TT FLOOD FLOW FREQUENCY ANALYSIS PROGRAK 

TT FITTING THE LOG-PEARSON TYPE I11 DISi 
TT STREAM GAGE 5 MORRISTOWI 

I 

X*STA1iOK IDZNTIFICATIONa* 
ID 09516503 EASSAYAKPA RIVER 5 MORRISTOWK 

I **GE:JERkLIZE3 SKEW** 
ISTIi GGNSS SXEW 

I 
GS 9516 0.000 -0.30 

**SYSTEMATIC EVEKTS** 
30 EVENTS 10 BE ANALYZED 

**END OF INPUT SATh** 
E3 ++t+++t+++++++++++++i++c+i++++++++t+~++++t+i+i++t+++++++++++++++++ 
................................................................ 

FINAL RESULTS 
-PLOTTING POSIFIONS- 09516500 HASSAYAMPA RIVER & MORRISTOWN 
* * * * * * * * * * * * L * 1 * * * * * * * * * * % * * * * t t L * * * * * * * * * % * * * * * * * * * * * * * *  

*.....EVENTS AXALYZED.. . . . .*..... . . . . . .  ORDERED EVENTS . . . . . . . . . .  * 
* * WATEF? WEIBULL * 
* MON DAY YEAR FiOW,CFS * RANK YEAR FLOW.CFS PLOT POS * 
*--------------------------ililililililil-ililililil-----------------------* 

* 9 6 1939 6200. * 1 1970 47500. 0.0323 * 
* 2 1 1940 160. * 2 1984 26700. 0.0645 * 
* 3 2 1 9 4 1  6100. x 3 1978 18000. 0.0968 * 
* 8 5 1942 100. * 4 1963 17COO. 0.1290 * 
* 8 3 1943 1700. * 5 1979 9600. 0.1613 * 
* 6 9 1944 3520. 6 1965 9280. 0.1935 * * 
* 8 2 1945 2200. * 7 1943 7700. 0,2258 * 

I * 9 17 194E. 2310. * S 1939 6200. 0.258: * 
* 6 8 :941 6000. I 9 1941 6100. 0.2903 ' 
* 7 2 1964 4000. L 20 1947 6003. 0.3226 * 

3 2 1965 923C. x 11 1958 4800. 0.3546 ' 
* B 13 196E 32i5. w 22 1961 4600. 0.367i * 
* 9 1 1961 1150. * 13 2964 4000. 0.4154 * 
* 12 19 19F1 CEOC. H 14 1944 3520. 0.4516 * 
* 9 13 1969 650. 4: 15 3966 3210. 0.4839 " 

* 9 5 1QfC 47500. * 16 1983 2520. 0.5161 * 
* 8 18 1971 2000. 4 17 i946 2310. 0.5484 * 
+ 6 27 1912 703. t 18 1945 2200. 0.5606 * 
* 10 7 1972 2000. 19 i573 2000. 0.6129 * * 
* 7 20 19ir 650. a 20 l07i 2000. 0.6452 * 
" 1 29 1975 50. 2 1 1977 16CC. C.6774 ' * 
I 2 5 1976 60C. 22 1961 1150. C.7097 " * A :5 1977 1600 A 7 $ 1425 iL  ir 0 7619 



-OUTLIER TESTS - ................................................................ 
LOW OUTLIER TEST ---------------- 

SASED ON 30 EVEXTS, 10 PERCENT OUTLIER TEST VALUZ K(N) = 2.563 

0 LOW OU?LIER(S) IDENTIFIED BELOW TEST VALUE OF 

----------------- 
HIGH OUTLIER TEST ----------------- 

BASED ON 30 EVENTS, 10 PERCENT OUTLIER TEST VALUE K(N) = 2.563 

0 KIGB ODYLIER(S) IDENTIFIED ABOVE TEST VALUE OF 142673. 

-SKEW WEIGETINB - ................................................................ 
BASED OK 30 EVENTS, MEAS-SQUARE ERROR OF STATZOK SKZW = 0.220 
DEFAULT OR INPUT MEAN-SQUARE ERROR OF GENERALIZZD SKEW = 0.302 ................................................................ 

FINAL RESULTS 
-FREQUENCY CURVE- 09516500 HASSAYAMPA RIVER @ MORRISTOEili 
X * * X * Z X * * * r * * X * * * * * * 4 * * * 8 * * X 8 X * * X * * O * * ~ X * * * X * * * X * X * X * X X X * X X X X $ * X X ~ % *  

*........ FLOW,CFS.. . . . . . .  * *. . .  CONFIDENCE LIFITS ...* 
;P EWECTSD * EXCEEDAKCE ' x 

* COMFCTED PROBABILITY * PROBASILITY * 0.05 LIMIT 0.95 LIMIT * 
*------------------------*-------------*-----------------------* 
* 110000. 148000. * 0.002 * 356000. 49600. * 
* 80700. 102000. * 0.005 * 241000. 38000. * 

x 31600. 35300. * 0.040 *: 75700. 16900. " 
* 17500. 16700. * 0,100 *: 37000. 9990. * 
x 9660. 10000. * - 0.200 x 18300. 
* 5820. * 

2790. 2790. * 0.500 r 4550. 1720. * 
* 692. 660. * 0.800 * 1140. 369. " 
x 3;C. 285. * 0.500 + 556. i44. * 
* 159. 135. * 0;850 * 306. 63. 
* 40. 28. * 0.990 s 55. 12. ' 
*++++++++i+i+i i i+++++i++++i i7i+++i i+t++fi~t+++i i~++++++++++++++i* 

* FREQUENCY CilRVE STATISTIGS " STATISTICS BASEC OK * 
*--------------------------------*-----------------------------* 

I 
* MEAK LOGARiT:<N 3.3993 * HISTOEIC EVEXTS 0 '. 
* S?.AN>AR3 DEVIATION 0.6850 * EIGE OZTLIERS 0 
" COIYIPUTE2 SZZK -0 .5876 * LOW 0""'-' I ~ ~ ~ ~ ? . S  C e 
" CEMEXALIZES SKEW -0.1300 * ZERO OR KISSISE 9 jl- 



APPENDIX C 

Log-Pearson Type 111 
Results for  Gage Station 95170 

(Arlington)' 



**TITLE CARD(S:** 
TT FLOOD FLOW FREQUENCY ANALYSIS PROGRAM 
TT FITTING TSE LOG-PEARSON TYPE I11 DIST 
TT STREAN GAG5 @ ARLINGTOK 

"*STATION IDEN=IFICATION*" 
ID 0951700 SASSAYAMPA RIVE?. 6 ARLINGTOP: 

**GENERALIZED SKEW** 
ISTN GGKSE SKZW 

GS 9516 0.000 -0.10 

**END OF INPUT DATA** 
ED ............................................................. 
+++++ii++++++ir-++++++it+++++++++++++++++++++-+++++++++++i+++++i 

FINAL RESULTS 
-PLOTTING POSZTIONS- 0951700 EASSAYAPEF'A RIVER @ AXLINGTON 
* * * * * * * * * * * * f * * S I * X * f ~ * * 1 * * * * * * ~ * * * * * * * * * * * * ~ * * * * * a * * * * * * * * * * * * *  

*.. . . .  SVENTS AWALYZED . . . . . .*..... . . . . . .  ORDERED EVZNTS . . . . . . . . . .  * 
* * WATER WEIBULL * 
* MON DAY YEA? FLOW,CFS * RARK FyrAP. PLOOht, CFS PLOT POS * 
*--------------------------*-----------------------------------* 
* 9 11 1961 50. * 1 1970 39000. 0.0435 * 
* 9 6 1962 470. * 2 1978 20000. 0.0870 * 
* 8 8 1963 1930. % 3 1976 13000. 0.1304 * 
" 8 14 1964 6500. * 4 1973 12300. 0.1739 * 
* 2 7 1965 3000. * 5 1980 11200. 0.2174 * 
* 12 10 1965 1600. x 6 1964 6500. 0.2609 * 
* 9 5 1967 5270. P 7 1967 5270. 0.3043 * 
* 12 20 1967 4000. * 8 1977 4300. 0.3478 * 
* 9 15 1969 500. x 9 1966 4000. 0.3913 * 
* 9 5 1970 '3B009 ' ?O 1979 3300. 0.4348 
* 8 1 1971 1230. s. 11 1983 3300. 0.4783 * 
* 6 12 1972 225. 1 12 1965 3000. 0.5217 * 
* 10 7 1912 12300. * 13 1964 2650. 0.5652 * 
* 9 20 I974 250. x 14 1963 i930. 0.6067 * 
" 9 26 5976 13000. I: 15 1966 1600. 0.6522 * 
* 10 24 1976 4300. + 16 1971 1230. 0.6951 * 
* 3 2 1918 20000. * 17 3969 500. 0.7391 * 
* 11 1 1  1978 3300. * 18 1962 470. 0.1626 " 
* 2 20 1980 11200. * 19 1965 372. 0.8261 a 

* 9 30 ?SF33 3330. * 20 1974 250. 0.8696 " 
* 9 2 1984 2850. * 21 1972 225. 0.9130 * 

12 28 1966 372. % 22 1961 50. 0.9565 * 
L * * * * * * * * * * * * * t L * * * * * * Y * * I l i * * * * * * * i * i \ I ~ , % * ~ ~ a Y s * * ~ . * ~ * * * * * ~ * ~ & . . ~ .  



I -OUTLIER TESTS - 

I 
LOW OUTLIER TEST ---------------- 

BASED ON 22 EVENTS, 10 PERCENT 03TLIER TEST VALUE K(N) = 2.429 
I 

1 0 LOW OUTLIER(S) IDEKTIFIED BELOW TE.ST VALUE OF 40.6 

BASED ON 22 EVENTS, 10 PERCENT OUTLIER TEST VALUE K(Nf'= 2.429 

I 0 HIGH OUTLIER(S) IDFNTIFIED ABOVE TEST VALUZ OF 126896. 

_____________---___--------------------------------------------- 

-SKEW WEIGHTIKG - 
------&--------------------------------------------------------- / BASED OK 22 ZVEXTS, MEAK-SQUARE ERROR OF STATIOK SKEW = 0.270 
DEFAULT OR INPUT MEAN-SQUARE ERROR OF GEXERALIZEJ SKEW = 0.302 
______--____--_-_----------------------------------------------- 

I 

FINRL RESULTS I -3'REQUP)ICY CURVE- 0951700 HASSAYAMPA RIVBR 6 ARLIKCTON 
* * * * * * * * * * * * * * * * * * * * * * * * * * * I X * * * * * * * * * * * * * * * : * x * * * * * * r * * * * * x ~  

*........ FLOW,CFS ........ t *...CONFIDENCE LIMITS ...* 
; EXPECTED * EXCEEDANCE " z 

I I * COMPUTED PROBAEILITY * PRO3ABILITY * 0.05 LIMIT 0.95 LIEIT * 
*---------------------------*-----------------------* 

242000. * 0.002 * 704000. 54400. * 
150000. * 0.005 * 435000. 40000. * 

r 9340. 9860. * 0.200 * 21000. 5050. * 
I * 2470. 2470. * O.SO0 * 4530. 1360. * 

* 582. 544. * 0.800 * 1070. 262. * 
% 260. 221. * 0.900 * 520. 91. " 
* 131. 105. " 0.950 * 286. 40. * 

I * 34. 20. * 0.990 x 92. 7 .  * 
*+++++i+++++++++++++++++++++i+i+ii+i++++++i++++++?~+-++++++++++* 

* FREQUENCY CURVE STATISTICS * STATfSTICS BASED OF a 

*------,-;----------c----------------------------------------*: I -  
* MEAN LOGARITHK 3.3570 ,:? HISTORIC EVEKTS 0 " 
* STANDARD DEVIATION 0.7190 P HIGE OUTLIERS 0 x / * COM?UTED SKEW -0.4934 * LOW OUTLIERS 0 O 

* GEXERALIZPD -SKEW -0.1000 * ZERO OR MISSIKG 0 * 
* ADOPTED SKZiv? -0.3000 * SYSTEKATIC EVEXTS 22 *- 

I * * U * L * * * * * * * * * x * * * * * c * " * * * * * * * * * * X * * * * * * * * * % * * * * * * * * * " * * * * % * : * * : * *  

1 311:A: RESULTS 
-FREQUENCY PLOT - 6951700 SASSAYAMPA RIVER t? ARLISGTON 
RA+F? oh- COt4PDTE3 VALUES. FLOW IN CUBIC FZET PEP SZCOX3 



APPENOIX D 

HEC-1 Input ti Output Data 



PAGE 1 HEC-1 INPUT 

LINE 
I 

ID . . . . . . .  1.......2.,.....3.......4.......5.......6.......7.......8.......9......10 
ID JACKRABBIT WASH 
'DIAORAM 
IT 30 2413888 0000 200 

ROUTE A 
AUL 

.04 
90 

2106 

SUB-BASIN "6" 

8 1 

COMBINE A&B 

ROUTE A+B TO C 
?oPe -1 
.04 0.075 79200 ,000 
90 95 100 325 326 350 400 

2008 2004 2000 2000 2004 2006 2007 

SUB-BASIN "C" 

8 1 

SUB-BASIN "D" 

8 1 

COMBINE C&D WITH A+B 



LINE 

HEC-I INPUT PAGE 2 

:3 ....... 1.. ..... 2. ...... 3.......4 ....... 6..,,..,6 ....... 7,. ..... 8.. ..... 9......10 
KK 4 ROUTE A+B+C+D TO E 
RS 1 1388 - 1 
RC .075 .O4S 0 7  15500 .006 
Rf: 0 25 26 30 200 205 206 210 
RY 1398 1394 1394 1388 1388 1394 1394 1398 

SUB-BASIN "E" 

81 

COMBINE E WITH A+B+C+D 

ROUTE A+B+C+D+E TO F 
1300 - 1 

SUB-BASIN "F" 

8 1 

COMBINE P TO A+B+C+O+E 
e.kv . 



SCHEMATIC DIAGRAM OF STREAK NETWORK 
TNDftT - .-- 
LINE IVI ROUTING I--->) DIVERSION 

NO. I .  1 CONNECTCIR (<---I RETURN OF DIVERTED FLOW 
5 1 

6 2  5 ............ 
f a ' . )  RUNOFF ALSO COMPllTED AT THIS LOCATION 



.......................................... . 
FLOOD HYDROGRAPH PACKAGE IHEC-1) * 

FEBPUARY 1981 
PEVISED 30 OCT 81 . 

'RUN DATE THU. APR 21 1988 TIME 10:14:32* . ......................................... 
JACKRABBIT WASH 

OUTPUT CONTROL VARIABLES 
IFRNT 3 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH TIME DATA 
NMIN 30 MINUTES IN COMPUTATION XNTER'JAL 

IDATE 24FEB88 STARTING DATE 
ITIME 0000 STARTING TIME 

NC! 200 NUMBER OF HYDROGRAPH ORDINATES 
NDDATE 28FEBB8 ENDING DATE 
NDTIME 0330 ENDING TIME 

COMPUTATION INTERVAL 0.50 HOURS 
TOTAL TIME BASE 99.50 HOURS 

ENGLISH UNITS 
DRAINAGE AREA SQUARE MILES 
PRECIPITATION DEPTH INCHES 
LENGTH. ELEVATION FEET 
FLOW CUBIC FEET PER SECOND 
STORAGE VOLUME ACRE-FEET 
SURFACE AREA ACRES 
TEMPERATORE DEGREES FAHRENHEIT 

.................................... 
* U.S. ARMY CORPS OF ENGINEERS 

TWE HYDROLOGIC ENGINEERING CENTER ' 
609 SECOND STREET . 

* DAVIS. CALIFORNIA 95616 
* (9161 440-3285 OR (PIS) 448-3285 * 

t.+*+*..+.t-,, . 
5 KK . 1 ' SUB-BASIN A * .............. 

SCS DIMENSIONLESS UNIT HYDROGRAPH 
RAINFALL DISTRIBUTION SCS TYPE I1 
AREAL REDVCTION OF 0.92 HAS BEEN APPLIED 

SUB-BASIN '"A'' 

TIME DATA FOR INPUT TIME SERIES 
JXUIN 120 TIME INTERVAL IN MINUTES 

JXDATE 24FEB88 STARTING DATE 
JXTIME 0 STARTING TIME 

SUBBASIN RUNOFF DATA 

SlJBRASIN CHARACTERISTICS 
TAREA 43.00 SUBBASIN ARP1 



PRECIPITATION DATA 

STORM 4.20 BASIN TOTAL PRECIPITATION 

INCREMENTAL PRECIPITATION PATTERN 
0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.03 
0.03 0.03 0.05 0.05 0.05 0.05 0.07 0.07 
0148 0.48 0.48 0.48 0.18 0.18 0.18 0.18 
0.05 0.07 0.04 0.04 0.04 0.04 0.04 0.04 
0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

SCS LOSS RATE 
SlRTL 0.47 INITIAL ABSTRACTION 
CRVNBR 81.00 CURVE NUMBER 
RTIMP 0.00 PERCENT IMPERVIOUS AREA 

SCS DIMENSIONLESS UNITGRAPH 
TTAG 7.80 LAG 

*.* ... ... .** 
HYDROGRAPH AT STATION 1 

TOTAL PAINFALL - 4.20. TOTAL LOSS - 1.91. TOTAL EXCESS - 2.29 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
( C P S I  IPPI 6-HR 2 4 -HR 72-HR 99.50-HR 
4655. 20.50 ICFS) 4390. 2531. 883. 639. 

f INCHES) 0.949 2.189 2.291 2.291 
(AC-FTI 2177. 5019. 5254. 5254. 

CUMULATIVE AREA - 43.00 SQ MI 

*~*,.'***..**, . 
16 KK 2 * ROUTE A TO B . . 

HYDROGRAPH ROUTING DATA 

- .  
NSTPS 1 NUMBER OF SUBREACHES 
ITYP 2100 TYPE 01 INITIAL CONDITION gd 

RSVRIC -1.00 INITIAL CONWDITION 
X 0.00 WORKING R AND 0 COEFFICIENT 

1e RC NORMAL DEPTH CHANNEL ROUTINO 
L V T  n nyr. rss+ nttwms8m ~t-uut,. 



ANCH 0.040 MAIN CHANNEL N-VALUE 
ANR 0.075 RIGHT OVERBANK N-VALUE 

RLNTH 33350. REACH LENOTH 
SEL 0.0030 ENZRGY SLOPE 

ELVAX 0.0 MAX. ELEV. FOR STORAGElOUTELOW CALCULATION 

CROSS-SECTION DATA 
LEFT OVERBANK --- + ------ MAIN CHANNEL -YL---- + --- RIGHT OVERBANK --- 

ELEVATION 2107.00 2106.00 2104.00 2100.00 2100.00 2104.00 ,2106.00 ,2107.00 
DISTANCE 0.00 90.00 95.00 100.00 325.00 326.00 350.00 1?p 400.00 ,". 

STORAGE 
0UTFI.OW 

ELEVATIOI! 
SiC)RACF. 
OUTFLOW 

ELEVATIOV 

PEAK FLOW TIME 
ICES) IHR) 
4511. 22.00 

PEAK STORAGE TIME 
( AC-PT) (KRI 

991. 22.00 

PEAK STAGE TIME 
(FEET I lHR1 

2303.96 22 .OO 

COMPUTED STORAGE-OUTPLMI-ELEVATION DATA 
0.00 63.54 127.24 191.10 255.11 319.27 383.60 448.07 512.71 577.60 
0.00 86.85 275.50 541.07 873.P6 1265.67 1713.77 2214.11 2763.91 3360.89 

2100.00 2100.37 2100.14 2101.11 2101.47 2101.84 2102.21 2102.58 2102.95 2 1 0 3 . 3 2 7  
642.44 707.56 173.69 841.32 910.46 981.11 1053.26 1130.25 1221.25 1326.80 
4003.11 4690.70 5433.01 6219.89 7051.08 7926.30 8845.26 9800.69 10813.66 11890.36 
2101.60 2104.05 2104.42 2104.79 2105.16 2105.53 2105.89 2106.26 2106.63 2107.00 

. *. ... *.* ... 
HYDROGRAPH AT STATION 2 

MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 99. SO-HR 

I CFS) 4242. 2469. 883. 
I INCHES 1 0.917 2.135 2.290 2.291 
IAC-FTI 2103. 4897 .- 5251. 5253. 

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 99.50-HR 
6 6 5 .  460. 184. 133. 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 98.50-HR 

2103.81 2102.64 2101.06 2100.77 

CUMULATIVE AREA = 43.00 SQ Mf 

ii* 

SUB-BASIN "B" 

SUBBASIN RUNOEF DATA 

SUBBASIN CHARACTERISTfCS 
T A ~ E A  73.00 SUBBASIN AREA 

PRECIPITATION DATA 

STORM 4.20 BASIN TOTAL PRECIPITATION 

IXCREYkNTAL PRECIPITATION PATTERN 
0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.03 0.03 0.03 
0.03 0.03 0.05 0.05 0.05 0.05 0.07 0.07 0.07 0.07 
0.48 0.48 0.48 0.48 0.18 0.18 . 0.18 0.18 0.06 0.06 
0.06 0.07 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 
0.0: 0.02 0.02 0.02 0.02 0.02 0.02 0.02 



SCS LO55 P.ATE 
STRTL 0.47 INITIAL ABSTRACTION 

CRVNSR 81.00 CURVE NUMBER 
RTIMP 0.00 PERCENT XMPERVIOUS AREA 

p C S  DIl4ENSIONLESS UNITGRAPH 
TLAO 7.14 LAG 

UNIT HYDROGRAPH 
73 END-OF-PERIOD ORDINATES 

781. 1126. 1525. 2041. 2617. 3218. 3734. 
4747. 4765. 4733. 4381. 4378. 4152. 3901. 
2559. 2236. 1998. 1786. 1591. 1427. 1284. 
844. 747. 667. 603. 538. 483. 434. 
275. 246. 222. 198. 178. 161. 143. 
93. 83. 73. 66. 60. 53. 49. 
34. 30. 26. 22. 19. 16. 13. 

.+. ..* **. 
H'fDROGRAPH AT STATION 2 

T T R L  PAIPTFALL = 4.20. TOTAL LOSS 1.91, TOTAL EXCESS = 2.29 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
ICES) (HR) 6-Hi7 24-HR 72-HR 99.50-HR 
8471. 19.50 ICES1 7908. 4350. - 1499. I085. 

(INCHES 1 1.007 2.216 2.291 2.291 
IAC-FT) 3921. 8628. B919. 8919. 

CUMULATIVE AREA = 73.00 SO MI 

- 
" I  L p  

' t f  ..I *.- ..* L*. * I *  .,* .** .** .** *.. ..* ... C*. ..L f.. **. f*. ... .** tt. ... *-1 * f .  *.. f*. l*t t.. S f *  ... ... -.. ... 
t*,****r..r.*. 

25 KC 2 .  COMBINE 1\88 
* .. "t.....*9.t' 

HYDROGRAPH COMBINATION 
ICOMP 2 NUMBER OF MYDROGRAPHS TO COMBINE 

-.. .*. 
HYDROGRAPH AT STATION 

PEAK FLOW TIM". MAXIMUM AVERAGE FLOW 
ICES1 IHRI 6-HR 24-HR 72-HR 
1 2 6 7 9 .  20.50 (CPSI 11867. 6774. 2381. 1'123. . ... . 

(INCHES 1 0.951 2.172 2.290 2.291 
IAC-ETI 5884. 13437. 14170. 14172, Y S & I * ~ "  
CUMULATIVE AREA - 116.00 SQ MI 

,,pb14qrJ~ 
f* 



ROUTE A+B TO C 

HYDROGRAPH ROUTING DATA 

STORAGE ROOTING 
NSTPS 1 NUWBER OF SUBREACHgS 
ITTP 

4' 
2000 TYPE OF INITIAL CONDITION& 

RSVRIC -1.00 IPITIAL CONDITION 
X 0.00 WORKING R An0 D,!2OEFFICIENT 

, 
?IORMAL DEPTH CHANNEL ROUTING 

ANG 0.075 LEFT OVERBANK N-VALUE 
ANCH 0.040 MAIN CWANNEL H-VALUE 
ANR 0.075 RIGHT OVERBANK N-VALUE 

RLNTH 79200. REACH LENGTH 
SEL 0.0080 ENERGY SLOPE 

E L W X  0.0 MAX. ELEV. FOR STORAGE/OUTPLOW CALCULATION 

CRllSS-SECTION DATA --- LEFT OVERBANK --- + ------ MAIN CHANNEL ------- 4 --- RIGHT OVERBANI: --- 
ELEVATIOW 2067.00 2006.00 2004.00 2000.00 2000.00 2001.00 2006.00 2007.00 
DISTANCE 0.00 90.00 95.00 100.00 325.00 326.00 350.00 400.00 

.tt 

COMPUTED STORAGE-OUTFLOW-ELEVATION DATA 
STORAFZ 0.00 150.90 302.18 453.82 605.83 758,22 910.97 1064.09 1211.89 1371.45  
OC'TFLOW 0.00 141.82 449.69 883.57 1425.02 206e38,83 2798.57 3615.62 4513.45 5488.31 

5LEVATI'lEI 2000.00 2000.37 2000.74, 2001.11 2001.47 2001.84 2002.21 2002.58 2002.95 2003.32 
STORAGE 1525.69 1680.32 1837.36 1997.98 2162.17 2329.94 2501.29 2684.12 2900.24 3150.31 
07TFLOW 6537.05 7659.88 8872.07 10157.04 11514.37 12943.59 14441.25 16004.46 17658.63 19416.88 

ELEVATION 2003.68 2004.05 2004.42 2004.79 2005.16 200JbS3 2005.89 2006.26 2006.63 2007.00 

If. f.. .tt 

HYDROGRAPH AT STATION 3 

PERK PLOW TIME MAXIMUM AVERAGE FLOW 
ICFSl (HRI 6-HR' 24-HRI 72-HR 99.50-HR 
11984. 22.00 (CFS) 11243. 6560. 2376. 1722. 

( INCHES1 0.901 2.103 2.286 
IAC-FTI 5575. 13012. 14140. 14163. * p ~ ? / ~ ( ~ , k  

PEAK STOPAGE TIME 
I AC-FT) (HRl 
2217. 22.00 

PEAK STAGE TIYE MAXIMUM AVERAGE STAGE 
1 PZET l [ti?) I 6-HR 24-AR 72-HR 99.50-AR 

2005.28 22.00 2005.08 2003.54 2001.48 2001.08 

CUMULATIVE AREA - Il6.bO SQ MI 

'.t t r r  .+. t l *  .T. t*. .*. *.' ..* tt. ..* *.. **. .t. *.* .., **. *.* 1.. t*. .** *.* * * *  .t* .** **t ..L **. *I .  **. f.. . t i  r . .  

...*...*~**.+, 

32 GE 3 * SUB-BASIN "C" 



SUBBASIN CHARACTERISTICS 
TAREA 33.00 SUBBASIN AREA 

., 
PRECIPITATION DATA 

STORM 4.20 BASIN TOTAL PRECIPITATION 

INCREMENTAL PRECIPITATION PATTERN 
0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.03 0.03 
0.03 0.03 0.05 0.03 0.05 0.06 0.07 0.07 0.07 
0.4e 0.48 0.48 0.48 0.18 0.18 0.18 0.18 0.06 
0.06 0.07 0.04 0.04 0.04 0.04 0.04 0.04 0.04 
0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

SCS LOSS RATE 
STRTL 
CRVNBR 
RTIMP 

0.47 INITIAL ABSTRACTION 
81.00 CURVE NUMBER 
0.00 PERCENT IMPERVIOUS AREA 

SCS DIMENSIONLESS UNITGRAPH 
TLAG 12.97 LAG 

*.* *.* 
HYDROGRAPH AT STATION 

TOTAI, PAINFALL = '4.20. TOTAL LOSS = 1.91. TOTAL EXCESS = 2.29 

PEAK FLOW TIYE MAXIMUM AVERAGE FLOW 
I C F S )  (RRI 6-HR 24-HR 72-HR 99.50-AR 
2457. 26.50 I CFS) 2397. 1721. 678. 490. 

f INCHES) 0.675 1.910 2.291 2.291 
f AC-FT) 1189. 3414. 4031. 4032. 

CUMULATIVE AREA - 33.00 SQ MI 

*..... f* . . t t* t  

36 K1: 3 .  SUB-BASIN "0" 

t. *...,..***,. 
SllBBASIN RUNOFF DATA 

li - - -- -  



. . .. - .~ . 8 - L  
I _ 

SUBBASIN CHARACTERISTICS 
. . 

TAREA 145.40 SVBBASIN AREA 

PRECIPITATION DATA 

STORM 4.20 BASIN TOTAL PRECIPITATION 

INCREWENTAL 
0.02 
0.03 
b . A R  

SGS LOSS RATE 
STRTL 0.47 INITIAL ABSTRACTION 

CRVNBP 81.00 CURVE NUMBER 
RTIMP 0.00 PERCENT IMPERVIOUS AREA 

SGS DIMENSIONLESS UNITGRAPH 
TLAG 12.96 LAG 

.** *.* 
HYDROGRAPH AT STATION 

UNIT 
132 END-OF. 

492. 
3183. 
5288. 
4467. 
2434. 
1330. 

7 1 7 .  

HYDROGRAPH 
-PERIOD ORDINATES 

TOTAL RAINFALL = 4.20. TOTAL LOSS 9 1.91. TOTAL EXCESS = 2.29 

PEAK FLOW TIME MAXIMUM AVERAGE PLOW 
(CPSI (HRl 6-HR 24-HR 72-HR 99.50-HR 
10830. 25.00 (CFS) 10569. 7586. 2985. 2160. 

( INCHES I 0.676 1.940 2.291 2.291 
(AC-FT) 5241. 15047. 17763. 17764. 

CUMULATIVE AREA - 145.60 SQ MI 

'I* - - a  .*. *.. **. **I t.. *.. L*. ..* t.. *.. .** t** ..* t*. ..* ..I .** ..* .** t*. ... .*. ..* .*. *.* *t* ."* .*. .** tt. ... 
".**."*~.**. 

40 t:E 3 * COMBINE CBD WITH A+B 
* 

41 HC HYDROGRAPH COMBINATION 
VPI(UD r atuser nr vvnunnrruus +n rndh~m - -  - - -. 



1.* t.. 

SYDPOGRAPH AT STATION 

PEAK PLOW TIME MAXIMUM AVERAGE FLOW 
iCFS) (PPI 6-HR 24-HR 72-HR 99.50-HR 
23928. 23.50 (CFS) 23179. 15831. 6039. 11373. 

I INCHES) 0.732 2.000 2.288 2.290 
(AC-FT) 11494. 31401. 35932. 35959. 

CUMULATIVE AREA - 294.40 SQ MI 

* t t  * . *  **l t*. * * *  r r -  t t *  ... i t *  .** *.. ..L * * *  ... .*. t.. * * *  .*. tt. 1.. 1.. *** *I*  ..* **. *.. t*. .** I * *  ..a .f. f t *  1.. 

"'.*."t+"*+** 

42 KR 4 * ROUTE A+B+C+D TO E 
* 
****%..*..**., 

HYDROGPAPH ROUTING DATA 

STOPAGE ROUTING 
MSTPS 1 NUMBER OF SUBREACWES 
~ T Y P  1388 TYPE OF INITIAL CONDITION ad 

RSVRIC -1.00 INITIAL CONDITION 
X 0.00 WORKING R AND D COEFEICIENT 

NORMAL DEPTH CHANNEL ROUTING 
ANL 0.075 LEFT OVERBANK N-VALUE 

ANCH 0.045 MAIN C H A N ~ E L  N-VALUE 
ANP 0.075 RIGHT OVERBANK N-VALUE 

PLNTH 15500, REACH LENGTH 
SEL 0.0060 ENERGY SLOPE 

ELMAX 0.0 MAX. ELEV. FOR STORAGE/OUTPLOW CALCULATION 

CROSS-SECTION DATA --- LEFT OVERBANK --- + ------ MAIN CHANNEL ------- + --- RIGHT OVERBANK --- 
ELEVATION 1398.00 1394.00 1394.00 1388.00 1388.00 1394.00 1394.00 1398.00 
DISTANCE 0.00 25.00 26.00 30.00 200.00 205.00 206.00 210.00 

COMPUTED STORAGE-OUTPLOW-ELEVATION DATA 
STORAGE 0.00 31.91 63.97 96.18 128.53 161.04 193.69 226.48 259.43 292.53 
OUTFLOW 0.00 149.40 473.72 929.99 1500.35 2173.73 2942.26 3799.95 4742.01 5764.47 

ELEVATION 1388.00 1388.53 1389.05 1389.58 1390.11 1390.63 1391.16 1391.68 1392.21 1392.74 
STORAGE 325.77 359.16 393.02 427.71 463.10 499.22 536.04 573.59 611.84 650.81 
OUTFLOW 0861.99 8037.66 9508.91 10674.28 12117.48 13538.01 15235.39 16909.17 18659.01 20484.67 

ELEVATION 1393.26 1393.79 1394.32 1394.84 1395.37 1395.89 1396.42 1396.95 1597.47 1398.00 

-.* * a .  ... ... ***  
SYDROGRAPH AT STATION 4 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
(CFS1 iVR1 6-HR 24-HR 72-HR 99.50-XR 
23'425. 24.00 ICPS) 23173. 15R2O. 6037. 4373. 

I INCHES I 0.732 1.998 2.288 2.290 
(AC-FT) 11491. 31378. 35925. 3595s.: 

* ,.- MAXIMUM AVGRRDE STORAOE .. ..- --- -- 4- -- 



PEAK STAGE TIME 
(FEET) (NP) 

1396.99 24 .OO 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 724% 99.50-HR 

1398.78 1395.43 1391.80 1390.76 

COMULATIVE AREA = 294.40 SQ MI 

.............. . 
47 KY. 4 .............. SUB-BASIN "E" 

SliBDASIN RUNOFF DATA 

SUaBASIN CHARACTERISTICS 
TAREA 53.60 SUBBASIN AREA 

PRECIPITATION DATA 

STORM 4.20 BASIN TOTAL PRECIPITATION 

INCPEuENTAL PPECIPITATION PATTERN 
0.02 0.02 0.02 0.02 0.03 
0.03 0.03 0.05 0.05 0.05 
0.48 0.48 0.48 0.48 0.18 
0.06 0.07 0.04 0.04 0.04 
0.02 0.02 0.02 0.02 0.02 

SCS LOSS RATE 
STRTL 0.47 INITIAL ABSTRACTION 

CRVNBR 81.00 CURVE WRBER 
RTIMP 0.00 PERCENT IMPERVIOUS AREA 

SCS DIMENSIONLESS UNITGRAPH 
? X G  11.78 LAO 

*.* 2.. * * *  
HYnROGRAPH AT STATION 

UNIT 
120 END-OP- 

230. 
1501. 
2144. 

HYDROGRAPH 
-PERIOD ORDINATES 

311. 391. 
1644. 1781. 
2135. 2102. 
1472. 1366. 
697. 6 5 1 .  

TOTAL RAINFALL = 4.20. TOTAL LOSS - 1.91. TOTAL EXCESS - 2.29 

MAXIMUM AVERAGE PLOW 
(I-w 11--0 .. - I x n - . ~ ~ ~ ~ - ~ .  



4301. 25.00 f CFS I 4178. 2886. 1101. 796. 
I IyCHES) 0.725 2.003 2.291 2.291 

f AC-FT 1 2072. 3725. 65$9. 6b49, 

CUMULATIVE AREA * 53.60 SQ MI 

I 

.............. 
5: ::K 4 ' COMBINE E WITH A+B+C+O 

HYDROGRAPH COMBINATION 
ICOMP 2 NUMBER OF HYDROGRAPHS TO COMBINE 

*st 

' 1 %  ." .*. ... 
VYDROGRAPH AT STATION 4 

PEAR Ftotr TIM? MAXIMUM AVERAGE FLOW 
ICPS) fHP1 6-HR 24-HR 72-HR 99.50-HR 
2Rl79. 24.00 fCFS) 27330. 18703. 7137. 5169. 

(INCHES) 0.730 1.999 2.288 2.290 
(LC-FT) 13552. 37097. 42471. 42505. 

CUMULATIVE AREA - 348.00 SQ MI 

.............. 
53 Kr 5 - ROUTE A+B+C+D+E TO F 

HYDROGRAFA POIlTING DATA 

STORAGE ROUTING 
NFTPB 1 NUMBER OF SUBREACHES 

ITYP 1300 TYPE OF INITIAL CONDITION @ 
RSVRIC -1.00 INITIAL CONDTTION 

I! 0.00 WORKING R AND D COEFFICIENT 

NORMAL DEPTH CHANNEL ROUTING 
ANL 0.075 LEFT OVERBANK N-VALUE 

ARCH 0.045 MAIN CHANNEL N-VALUE 
ANR 0.075 RKONT OVERBANK N-VALUE 

RLNTH 26050. REACH LENGTH 
SEL 0.0080 ENERGY SLOPE 

ELMAX 0.0 MAX. ELEV. FOR STORAGE/OUTFLOW CALCULATION 

CROSS-SECTION DATA --- LEFT OVERBANX --- + ------ MAIN CRASNEL ----A* + --- RIGHT OVERBANK --- 
ELEVATION 1308.00 1307.00 1306.00 1300.00 1300.00 1306.00 1367.00. 1308.00 
DISTANCE 0.00 25.00 26.00 30.00 200,OO 205.00 206.00 210.00 



STORAGE 
OUTFLOW 

ELEVATIOK 
STORAGE 
OUTFLOW 

ELEVATION 

PEAK FLOW TIME 
ICES) lHRl 
z s ~ z r .  24.50 

PEAR STAGE TIME 
IEPETI IHRI 

1311.55 24.50 

--. *.* . .I  .*. 
HYDROGRAPH AT STATION S 

MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 99.30-HR 

ICFS) 27276. 18671. 7134. 5168. 
I INCHES) 0.729 1.995 2.287 2.290 
IAC-PT1 13525. 37034. 42451. 42499. 

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 99. 50-HR 
1253. 942. 419. 305. 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 99.50-HR 

1311.30 1308.70 1303.92 1302.86 

CUMULATIVE AREA = 348.00 SQ MI 

*-. *.. - - *  -.- -.. *.- ... tt. ..* +*. ... tt. .*. *I. .t. ..* ..* *I. t.. ..* .. t ..I ... .** .*. **. ..* **. t*. t.. ..* .I. t.. 

*.....".....*, . 
58 Kf: 7 5 * SUB-BASIN "F" * " 

..**.*.l**.*** 

SOBRASIN RUNOFF DATA 

SUBBASIN CHARACTERISTICS 
TAREA 4.50 SUBBASIN AREA 

PEECIPITATION DATA 

STORM 4.20 BASIN TOTAL PRECIPITATION 

INCREFlENTAL PRECIPITATION PATTERN 
0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.03 
0.03 0.03 0.05 0.05 O.Ob 0.05 0.07 0.07 
0.48 0.48 0.48 0.48 0.18 0.16 0.18 0.18 
0.06 0.07 0.04 ' 0.04 0.04 0.04 0.04 0.04 
0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

SC' LOSS PATE 
STRTL 0.47 INITIAL ABSTRACTION 

CRVASR 81.00 CURVE NUMBER 
RTIMP 0.00 PERCENT IMPERVIOUS AREA 

SCS DIMENSIONLESS UNITGRAPB 
TLAG 4.23 LAG 

UNIT HYDROGRAPH .' 
44 END-OF-PERIOD ORDINATES 

JY. 112. 186. 282. 441. - 478 485. - . 476. 
an9  1s1 10. . - Z * L .  - 1 - ... ' - .-. ..- . A -  



... ,** t*. ... ... 
HYDROGRAPH AT STATION 5 

TOTAL RAINFALL = 4.20. TOTAL LOSS - 1.91, TOTAL EY.CESS = 2.29 

PEAR FLOW TIKE MAXIMUM AVERAGE FLOW 
f CFS 1 f HP+ 6-HR 24-HR 72-HR 99. E0-HR 

7 4 7 .  16.50 fCFS1 034. 276. 92. 8 7 .  
1 INrHttl 1.109 2.282 2 . 2 9 1  2.291 
[AC-FTI 314. 8 4 8 .  530. 850. 

CUMULATIVE AREA = 4.50 SQ MI 

* -  t*.*..f..l*. 

62 Kt: 5 * COMBINE P TO A+B+C*D+E ..*..... f * . * . V  

5 9  HC HYDPOGRAPW ~0b%~fiTI0N 
ICOWP 2 ~ E R  OP HYDROGRAPHS TO COMSINE 

t*.  

.. .?. L.. . I .  *.* 
HYDROGRAPH AT STATION 5 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
ICFS) 1H41 6-HR 24-HR 72-HR 99.50-RR 
28338. (CFSI 27476. 1883% 7226. 5235. "2 CINCHES) 0.725 1.988  2.287 2.290 

1AC-FT) 13624. 37387. 42993. 43049. 

CUMULATIVE AREA = 352.50 SQ MI 

'90 .%FkP/ w*;" Fqt C. 



OPEPATIOR STATIOP 

HYDROGRAPH AT 1 

POIITFD Tn 2 

HYOROGRAPP AT 2 

2 COMBINED AT 2 

POIJTE;) TO 3 

WDROGRAPH AT 3 

HYOROGRAPH AT 3 

3 COMBINED AT 3 

ROIJTEO TO 4 

HYD90GRAPH AT 4 

2 COMBINED AT 4 

ROUTED TO 5 

HYOROGRAPH AT 5 

2 COMBINED AT 5 

PEAK 
FLOW 

4655. 

4511. 

8471. 

12679. 

11984. 

2457. 

10830. 

23928. 

23925. 

4301. 

28179. 

28126. 

747. 

28338. 

~~-., ,, -,:. ~ , . ,  ... . 
RUNOFF SUMMARY 

PLOW IN CUBIC FEET PER SECOND 
TIME IN HOURS. AREA IN SQUARE MILES 

TIME OF 
PEAK 

AVERAGE PLOW POR MAXIMUM PERIOD 
6-HOUR 14-HOUR 72-HOUR 

BASIN MAXIMUM TIME OF 
AREA STAGE MAX STAGE 

43.00 

43.00 2103.96 22. 00 

73 .oo 

115.00 

116.00 2005.28 

33.00 

145.40 

294.40 

294.40 1398.99 24.00 

53.60 

348.00 

348.00 1311.55 

4.50 

352.50 

** .  NORMAL END OF HEC-1 "' 


