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I. INTRODUCTION 

Cella Barr Associates (CBA) has been contracted by the Federal 

Emergency Management Agency (FEMA) to perform a detailed Flood 

Insurance Re-Study of the Centennial Wash in Maricopa County, Arizona. 

The study reach for the Centennial Wash commences at the La Paz County 

line at the upstream limit and extends downstream, a distance of 

approximately 39.8 miles, to the confluence with the Gila River near 

Gillespie Dam. The confluence o f  the Gila River and the Centennial 

Wash lies approximately 42 miles southwest of Phoenix, Arizona as 

indicated on the Vicinity Map, Figure 1. 

The purpose o f  this investigation is to estimate 100-year peak 

discharges at specific locations along the study reach of the 

Centennial Wash. These discharges are proposed for use in the 

completion of the Centennial Wash Flood Insurance Re-Study and are to 

be employed in determining water surface elevations, floodway 

boundaries and flood zones within the limits of the detailed study 

reach. For this particular Flood Insurance Re-Study, subsequent 

floodplain and floodway delineations will be based on the 100-year 

flood discharges only. 



11. WATERSHED DESCRIPTION 

General 

The Centennial Wash headwaters are l oca ted  i n  t h e  Date Creek Mountains 

near W i  ckenburg, Arizona, approximately 50 m i  1 es northwest o f  Phoenix. 

Runoff  generated w i t h i n  the  1,870-square m i l e  Centennial  Drainage 

Basin, a t  t h e  G i l a  River ,  tends t o  f l o w  i n  a souther ly  d i r e c t i o n  

(southwester ly  w i t h i n  the  upper p o r t i o n s  and southeaster ly  i n  t he  lower 

po r t i ons )  and passes through Yavapai, Maricopa and La Paz Counties. 

Towns which l i e  w i t h i n  the  sub jec t  watershed i nc lude  Agui la ,  Wenden and 

Sal orne . 

The Centennial  Wash Drainage Basin i s  genera l l y  elongated i n  shape, 

w i t h  a t o t a l  bas in  length  o f  approximately 110 m i les  and widths ranging * 
from 15 t o  35 mi les .  

Th is  watershed i s  charac ter ized by mountain ranges o f  moderate 

e l e v a t i o n  along the  e n t i r e  per imeter  o f  t h e  basin. The channels o f  the  

Centennial  Wash drainage bas in  are charac ter ized by numerous poo r l y  

defined, h i g h l y  dynamic, bra ided washes t h a t  c rea te  a p o o r l y  de f ined 

dominant channel over t he  m a j o r i t y  o f  t h e  watershed. I n  most 

l oca t i ons ,  t h e  Centennial Wash channel i s  wide and shal low and on ly  

recognizable by dense stands o f  n a t i v e  vegetat ion.  I n  several  o ther  

l oca t i ons ,  t h e  channel loses i t s  d e f i n i t i o n  and becomes p a r t  o f  the  

i r r i g a t e d  farmland t h a t  i s  prominent i n  several areas. The channel 

does no t  have the  capac i ty  t o  convey major f lows and l a r g e  areas o f  the  

watershed are  suscept ib le  t o  shal low f l o o d i n g  due t o  t h e  f l a t n e s s  o f  

t he  v a l l e y  f l o o r .  The r u n o f f  r a t e  der ived from the  watershed i s  

at tenuated s i g n i f i c a n t l y  as sheet f l o w  passes downstream across the  

watershed due t o  the  e f f e c t s  of overbank storage. Channel slopes range 

from about 0.34 percent t o  2.65 percent.  Moderate t o  heavy growth of 

n a t i v e  vegeta t ion  covers most reaches o f  the  channels and associated 

overbank areas. 



The Centennial Wash headwaters at an elevation of 4,506 feet in the 

Date Creek Mountains and elevations become variably lower, reaching an 

elevation of about 787 feet at the confluence with the Gila River. 

This results in a mean slope of 0.64 percent for the overall Centennial 

Drainage Basin. 

Within the Centennial Wash drainage basin, there are five major soils 

association types: Cherioni-Rock outcrop, Antho-Valencia, 

Muhall -Leveen, Gilman-Estrell a-Avondale and Laveen-Cool idge. Four of 

the soil associations are of hydrologic Soils Group B and one is of 

hydrologic Soil Group D, as defined below: 

Cherioni-Rock outcrop, of hydrologic Soil Group D, has a high 
runoff potential and a very slow rate of water transmission. These 

very shallow soils, over nearly impervious material, are found in 

the mountainous portion of the Centenni a1 Wash drainage basin. 
Approximately 10 to 20 percent of the study areas are comprised of 
this Soil Group D. 

The other four soil associations, comprising about 80 to 90 percent 
of the study area, are found in the braided channel regions and 
valley plains. These soils, of Soil Group B ,  have moderate 
infiltration rates when wetted and a moderate rate of water 

transmission. The soils are moderately deep to deep, moderately 
well to well drained with moderately flne to moderately coarse 
textures. 

The natural vegetation cover in the study area is desert brush. Desert 

brush includes such plants as mesquite, palo verde, brittle brush, 

creosote bush, catclaw, ironwood, salt bush, saguaro and mixed cactus, 

etc. This hydrologic cover type is typical of lower elevations with 
low annual precipitation. Some irrigated farmlands are located in the 

study area a1 ong the Centenni a1 Wash. 

The study area is situated in a semi-arid climatic zone characterized 

by hot summers lasting from May to September with maximum daily 
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temperatures averaging more than 90'F (33'C), and mild winters with 

early morning temperatures usually above the freezing point and 
afternoon temperatures generally between 65'F (18°C) and 70'F (22'C). 

Average annual precipitation varies from 11 inches at Wickenburg to 

7 inches at the lower limit of the watershed. The study watershed is 

subject to three major wet seasons. The first season, during the 

winter months, is invoked by pacific storms producing gentle, 

widespread showers. The second season, during the summer months, is 

characterized by thunderstorms produced by moist air from the Gulf of 

Mexico. During the third season, from late summer to fall, rain is 

also delivered through tropical thunderstorms arising in the Pacific. 

Physical Characteristics 

. 
For the purpose of this study, the Centennial Wash Drainage Basin has 

been divided into an upper and lower region. As shown on Figure 2, the 

upper watershed has been designated as that portion of the contributing 

drainage basin which lies above the Narrows Dam (southeast of Salome) 
and is represented by Sub-basins 1 through 18. The lower watershed 
extends from the dam, downstream to the Gila River and is comprised of 
Sub-basins 19 to 37. General basin characteristics for the two regions 
are presented in the following text. 

Upper C e n t e n n i a l  Bas in  

The Upper Centennial Basin is bounded on the north by the Harcuvar 
and Date Creek Mountains and on the south by the Harquahala and 
Vulture Mountains. The Centennial Wash in this vicinity flows in a 

southwesterly direction through the McMullen Valley before making 
an abrupt turn near Salome and continuing in a southeasterly 

direction to the Narrows Dam. The general slope for this reach of 

the Centennial Wash is 0.96 percent. 



A majority of the Upper Centennial Basin remains in a natural state 

and is currently only impacted by minor flood control measures, 
highways, railroads and low intensity, irrigated cropland. 

A vegetative cover density of about 20 percent Desert Brush extends 
throughout the undisturbed valley region of this basin, with 

densities in the mountain regions decreasing due to rocky outcrops. 

Lower Centenn ia l  Basin  

The Lower Centennial Basin is bounded on the north by the 

Harquahala, B i g  Horn and Belmont Mountains and on t he  south by t h e  

Little Harquahal a, Eagletail and Gila Bend Mountains. 

The centennial Wash in this vicinity flows in a southeasterly 

direction through the Harquahala Plain before converging on the 

Gila River. The general slope for this reach is 0.31 percent. 

Over the years, the natural condition for the Lower Centennial 

Basin has been considerably impacted by various land uses and 

improvements. A large portion of this area has been converted to 

irrigated cropland. Numerous regional flood control measures have 

also been instituted within the Lower Centennial Basin. A major 
segment of the Central Arizona Project, the Granite Reef Aqueduct, 
crosses the entire basin and passes under the Centennial Wash near 
Lone Mountain. In addition, major highway and railroad 

construction has taken place. 

A natural, vegetative cover density of about 10 percent Desert 
Brush exists in the undisturbed valley regions with cover densities 

decreasing in the mountain regions. 



The channel f o r  t he  Centennial Wash i n  the  Lower Centennial  Basin 

i s  wide and shal low and sometimes on l y  recognizable by the  dense 

stands o f  S a l t  Cedar l i n i n g  t h i s  reach o f  t he  watercourse. Runoff 
from l a r g e  p o r t i o n s  o f  t h e  Lower Centennial Basin has been s tored 

and/or d i v e r t e d  by f lood c o n t r o l  s t ruc tu res  and i s  d e l i v e r e d  a t  

var ious  l o c a t i o n s  along the  main drainage course. Major  

t r i b u t a r i e s  i n  t h i s  reg ion  are T ige r  Wash and Old Camp/Winters 

Wash. 

S t r u c t u r a l  Features 

S t r u c t u r a l  f ea tu res  w i t h i n  the  watershed inc lude major roadways, 

r a i l r o a d s ,  f l o o d  c o n t r o l  s t ruc tu res  and water d i s t r i b u t i o n  systems. 

The i n s t a l  1  a t  i o n  o f  these improvements has invo lved the  p a r t i c i p a t i o n  

of many Federal, S ta te  and Local agencies and represent  a  considerable 

investment. 

The f o l l o w i n g  t e x t  conta ins  more s p e c i f i c  in fo rmat ion  regard ing  t h e  

more prominent f a c i l i t i e s .  

Upper Centennial Basin 

I n  t h e  Upper Centennial  Basin, major roadways i nc lude  U.S. 

Highway 60/70 and S ta te  Highway 71. These roads t rave rse  t h e  basin 

from nor theast  t o  southwest through the  c e n t r a l  p o r t i o n  o f  t h e  

sub jec t  watershed. A t  t he  two l o c a t i o n s  where these highways cross 

the  Centenni a1 channel , concrete box cu l  v e r t s  have been i n s t a l  1 ed 

t o  convey r u n o f f  beneath t h e  roadway. For t he  purpose o f  t h i s  

study, i t  has been assumed t h a t  these s t ruc tu res  w i l l  have no 

a f f e c t  on the  de terminat ion  o f  t h e  100-year peak d ischarge a t  the  

conf luence w i t h  the  G i l a  R iver .  



The Atchison-Topeka and Santa Fe Railroad traverses the Upper 

Centenni a1 Watershed adjacent to the previously cited highways. 
The primary drainage channel crosses the railway near Wenden. 

Field investigation yielded that a new bridge crossing was under 
construction. It was the opinion of CBA that this new structure 
would be capable o f  passing the 100-year peak discharge and would 
provide no significant stormwater detention, therefore routings for 

this structure were not included in the hydrologic analysis. 

Flood control structures within the Upper Centennial Basin range 
from minor features such as spreading dikes and local diversion 
systems to flood-retarding structures and levees. As determined 
through field investigation and reconnaissance, many of these 

structures were not designed to, or are not capable of, storing or 
diverting the 100-year storm runoff. It was assumed that these 

structures would have little consequence on the estimated 100-year 
peak discharge downstream and, therefore, minor features such as 

spreading dikes and irrigation systems were not modeled in the 

hydrologic analysis. The foll owing is a discussion regarding the 

more significant flood control structures in the Upper Centenni a1 

Basin. 

Ritter Dam is located in the northeastern portion of the upper 

watershed and was not incorporated into the hydrologic analysis due 

to its relatively small size and long distance from the downstream 

concentration points investigated along the study reach. 

The Upper Centenni a1 Flood Retarding Structures (FRS) are 1 ocated 

along the primary channel between the Towns of Wenden and Aguila. 

These facilities were constructed in 1956 by the Bureau of Land 

Management and consist o f  seven detention structures. During field 

investigation, it was evident that the two upstream structures had 

been breeched at some time in the past. In light of the current 

condition of these facilities and the potential for future failures 



o f  the  system, CBA has e lec ted  no t  t o  incorpora te  the  p o t e n t i a l  

f l o o d  c o n t r o l  e f f e c t s  of the  Upper Centennial FRS i n  t h i s  

i n v e s t i g a t i o n .  

The Narrows Dam i s  l oca ted  approximately e i g h t  m i l es  southeast o f  

Salome i n  the  L i t t l e  Harquahala Mountains. This  f a c i l i t y  i s  under 

the  j u r i s d i c t i o n  o f  the  Bureau o f  Land Management and Maricopa 

County. As evidenced du r ing  f i e l d  i nves t i ga t i on ,  t h e  dam i s  

p resen t l y  i n  good c o n d i t i o n  and func t i on ing  app rop r ia te l y .  

However, we be l i eve  i t s  capac i ty  t o  c o n t r o l  t he  100-year discharge 

i s  marginal .  Based on i t s  s i g n i f i c a n t  s i z e  and storage area, 

however, we have incorporated the  impact o f  t h i s  f a c i l i t y  i n t o  the  

hydro log ic  ana lys is .  

Lower Centennial Basin 

I n  t h e  Lower Centennial Basin, major roadways inc lude the  

Salome-Buckeye Highway and I n t e r s t a t e  10. These roads t raverse  the  

bas in  from northwest t o  southeast through the  c e n t r a l  p o r t i o n  o f  

the  subject  watershed. A t  l o c a t i o n s  where these highways cross the  

Centennial channel, concrete box c u l v e r t s  and d i p  sect ions have 

been i n s t a l l e d  t o  convey r u n o f f  beneath and/or across the  roadway. 

For t he  purpose o f  t h i s  study, i t  has been assumed t h a t  these 

roadway crossings w i l l  have no a f f e c t  on the  determinat ion o f  t he  

100-year peak discharges along t h e  study reach. 

The Southern P a c i f i c  Rai 1  road t raverses  the  Lower Centenni a1 

Watershed near the  downstream study 1  i m i  t s .  The r a i  1  road crosses 

the  pr imary drainage channel, and from f i e l d  i n v e s t i g a t i o n ,  i t  

appears t h a t  t h i s  f a c i l i t y  w i l l  not  f unc t i on  as a  f l o o d  detent ion  

s t r u c t u r e  and, there fore ,  w i l l  have minimal a f f e c t  on the  

downstream 100-year d i  scharge. 



Numerous f l o o d  c o n t r o l  s t ruc tu res  have been constructed w i t h i n  the  

Lower Centennial Basin. These f a c i l  i t i e s  are dep ic ted  on Figure 3. 

The T iger  Wash Detent ion S t ruc tu re  i s  l oca ted  n o r t h  o f  1-10, i n  the  

cen t ra l  reg ion  o f  t he  Centennial  Drainage Basin. Th is  f a c i l i t y  

de ta ins  peak r u n o f f  generated by t h e  T ige r  Wash Drainage Basin 

(Sub-Basin 21) and o u t l e t s  i n t o  the Centennial Wash j u s t  upstream 

o f  1-10. For t he  purpose o f  t h i s  study, da ta  re levan t  t o  t he  

performance o f  t h i s  de ten t i on  s t r u c t u r e  was obtained from t h e  

McArthur Report (Reference 8) and u t i l i z e d  i n  t he  hydro log ic  

analys is .  

The Harquahal a Flood Retent ion S t ruc tu re  (FRS) i s  a1 so located 
nor th  o f  1-10 and l i e s  t o  the  eas t  o f  the  T ige r  Wash Detent ion 

Structure.  This  f a c i l i t y  de ta ins  peak r u n o f f  generated i n  t he  B ig  

Horn Mountains (Sub-Basin 29). Out f low from t h i s  s t r u c t u r e  i s  

conveyed t o  the  Centennial  Wash by means o f  the  Saddleback 

D ivers ion  System. 

The Saddleback FRS l i e s  south o f  1-10 and i n t e r c e p t s  r u n o f f  from 

the  Harquahala FRS and Sub-Basin 30. Stormwater from t h i s  

s t r u c t u r e  i s  conveyed t o  the  Centennial Wash by the  Saddleback 

D ivers ion  Channel as shown on F igure  3. 

Adjacent t o  t he  pr imary drainage channel and south o f  1-10 i s  t he  

Centennial Levee Reach I. This levee d i v e r t s  r u n o f f  generated by 

the  area j u s t  south o f  1-10 and upstream from the  l e f t  overbank o f  

the  Centenni a1 Wash. 

In format ion re levan t  t o  t h e  performance o f  t h e  Harquahala FRS, the 

Saddleback FRS, the  Saddleback D ive rs ion  and the  Centennial  Levee 

was obta ined from the  "Harquahal a Val 1 ey Watershed - Supplemental 

Watershed Work Plan No. 1," March 1977 (Reference 9) .  These 

s t ruc tu res  are inc luded i n  the  hydro log ic  ana lys is .  



As i l l u s t r a t e d  on F igu re  3, approx imate ly  40 m i l e s  of  t h e  Cent ra l  

A r i zona  P r o j e c t  Canal (G ran i t e  Reef Aqueduct) passes through t h e  

Centennia l  watershed. The G r a n i t e  Reef Aqueduct t r a v e r s e s  t h e  

bas in  f rom west t o  eas t  through t h e  c e n t r a l  p o r t i o n  o f  t h e  sub jec t  

bas in  and 1  i e s  immediate ly  south o f  t h e  p r e v i o u s l y  r e fe renced  T i g e r  

Wash De ten t i on  Basin and Harquahala FRS. S t r u c t u r a l  da ta  

p e r t a i n i n g  t o  t h i s  system was ob ta ined  f rom m a t e r i a l  p rov ided  by 

t h e  U.S. Bureau o f  Reclamation. 

I n  a d d i t i o n ,  a  l a t e r a l  branch o f  t h e  Cent ra l  A r i zona  P r o j e c t  (CAP) 

canal known as t h e  E a g l e t a i l  Reach passes i n  a  sou theas te r l y  

d i r e c t i o n  th rough Sub-Basins 26 and 27. S t r u c t u r a l  and performance 

da ta  f o r  t h i s  s t r u c t u r e  was ob ta ined  f rom t h e  c o n s u l t i n g  f i r m  

Franzoy, Corey and Assoc ia tes,  and i s  i nco rpo ra ted  i n  t h e  HEC-1 

ana l ys i s .  



111. AVAILABLE INFORMATION 

The Centennial Wash Drainage Basin has been the subject of considerable 
investigation in the past. For the preparation of this report, 

numerous federal, state and local government agencies and private 

parties were contacted and re1 evant materi a1 was requested and 

reviewed. A bibliographic listing of references and personal contacts 

utilized in the preparation of this report has been provided herein. 

The primary reference source employed in this investigation was 

prepared by Mr. Robin McArthur of the U.S. Soil Conservation Service 

(Reference 8). This report is titled "Harquahal a Val 1 ey Watershed, 
Hydrologic Studies for the Design of Reach 1 and Reach 2 of the 

Centennial Levee," January 1984. This study did not include the lower 

portion of Centennial Wash which is designated for Flood Insurance 

Re-Study as part of this report. 

The U. S. Geological Survey has hi stori cal ly maintained several stream 

gauge recording stations at various locations along the Centennial 

Wash. For the purpose of this study, only the station that contributed 

sufficient data was considered relative to estimating a 100-year peak 

discharge. Of particular interest to this investigation is the 

water-stage recording station, U.S.G.S. No. 09517500, situated along 

the Centennial Wash near Arlington, Arizona. This station was located 

at the Centennial channel crossing of the former U.S. Highway 80, 

approximately three (3) miles upstream of Gillespie Dam and provides a 

continuous record of annual peak discharges for the period from January 

1961 to September 1979. A Log-Pearson Type I11 Statistical Analysis 

was performed for the 19 years of recorded data using procedures 

outlined in Reference 4. The 100-year peak discharge value estimated 

by this procedure for the Centennial Wash, at a location approximately 

3 miles upstream of Gillespie Dam (Gila River), was 39,200 cfs. This 

peak discharge i s  based on a contributing drainage basin area of 

1,810 square miles, resulting in an average runoff generation rate of 

21.7 cfs per square mile (0.3 cfs per acre) for the watershed. 



It is the opinion of CBA, that the analysis of this particular stream 

gauge data resulted in a value which is too low to correctly represent 
the potential 100-year peak discharge for the Centennial Wash. This 
conclusion was reached after consideration of several primary factors: 

- The statistical analysis was performed on only 19 years of recorded 
data. 

- The location of the stream gauge recording station is approximately 

130 miles from the headwaters of the Centennial Wash. This stream 

gauge data may not reflect contributions from all portions of the 

watershed. 

- A 100-year storm runoff value of 21.7 cfs per square mile was low 

by comparison to the results of the McArthur Report (Reference 8). 

It is, therefore, the intent of CBA not to utilize the results of the 

F l  ood Frequency Analysi s presented herein for the current Centenni a1 

Wash Flood Insurance Study. 



IV. HYDROLOGIC ANALYSIS 

General 

For the purpose of this study, the Army Corps of Engineers "HEC-1" 
computer program was utilized to estimate 100-year peak discharges 
along the study reach of the Centennial Wash. Use of this method was 
determined to be the preferred procedure during a meeting held on 
February 25, 1988 at CBA's Phoenix office which included 

representatives of CBA, the Flood Control District of Maricopa County, 
the Arizona Department of Water Resources, and several other agencies. 
The methodology employed for t h e  selection of input parameters for the 
HEC-1 program is presented in the following text. 

Drainaae Basins 

The Centenni a1 Wash Drainage Basin was del ineated using U .S. Geological 

Survey Quadrangl e Maps, aeri a1 photography and field investigation. 

The exterior watershed boundary and the interior sub-basin boundaries 

were del ineated util izing the USGS topographic map 7-l/2-minute series 

(1" = 24,000'). Drainage area sizes, elevations and length of 

watercourse were also determined using these maps. Due to the large 

size of these maps, they were not included in this report. The overall 

watershed was subdivided into sub-basins selected based upon topography 

and interpretation of characteristic unit flow contributions. The 

Centennial Wash Drainage Basin divisions and sub-basins are represented 

on Figure 2 of this report. Table 1 provides a summary of the 

estimated sub-basin areas, 

In order to eliminate duplication of effort and to provide a means of 

comparison for the CBA results, concentration points for this study 
were selected to coincide with the concentration points of the McArthur 
Report within overlapping portions of the study reach. 



Drainage Basin boundaries were then determined independently of the 

McArthur Report and basin areas were estimated with the use of a 

computer-assisted, digitizing table and manual planimeter. The entire 

Centennial Wash Watershed was divided into 40 sub-basins ranging in 

size from 8 to 185 square miles. A comparison was then made between 

the drainage basins determined by CBA and those estimated in the 
McArthur report. An acceptable correlation between the two computed 
basin areas exists. The difference in computed overall watershed area 
between this study and the McArthur Report, computed at the downstream 

concentration point for the McArthur Report (CBA Basins 1 through 22) 
is 0.6 square miles. 

Curve Numbers 

As determined through field investigation, a generally uniform 
vegetative cover of desert brush extends throughout the Centennial Wash 
watershed. Cover density within the valley portions of the study area 
varies from an estimated 20 percent in the upper regions of the 
watershed to about 10 percent for the lower regions. The surrounding 

mountain slopes have somewhat lower vegetative cover densities than the 

vall ey areas. 

The determination of hydrologic soils groups was performed with the use 

of the Soil Conservation Service General Soil Maps for Maricopa and 

Yuma Counties (References 12 and 13). Sub-basins were differentiated 

and proportioned with respect to the appropriate soi 1 s groups. 

Based on the above-referenced parameters, weighted curve numbers were 

then determined for each sub-basin according to the method presented in 

"Urban Hydrology for Small Watersheds, Soil Conservation Service 

Technical Release 55," 1986 (Reference 17). Curve numbers for each 

sub-basin are contained in Table 1 of this report. 



Rainfall values were computed util izing "NOAA Atlas 2, Precipitation - 

Frequency Atlas of the Western United States, volume VIII, Arizona" 

(Reference 18). 

As mentioned earlier in this report, Mr. Robin McArthur of the U.S. Soil 

Conservation Service has prepared a detailed Hydrologic Study of the 

Centennial Wash for Centennial Levee Reaches I and 11. After reviewing 

this report, CBA computed rainfall values for three sample basins using 

the same procedure as in the McArthur Study. CBA's results for 

sub-basins 8, 13 and 20 were then compared with the computed values in 

the McArthur Study, and the correlation was found to be acceptable. 

To avoid duplication of effort, CBA utilized the precipitation values 
contained in the McArthur Report for sub-basins 1 through 25, 28, 30 and 

31 (CBA's sub-basin sizes approximately match those presented in the 
McArthur Report). Precipitation values for the remaining drainage 
sub-basins, 26, 27, 29 and 32 through 37, which were not included in 
McArthurJs Report, have been computed by CBA using the same method 
contained in said report. The procedure Mr. McArthur followed to compute 

the 100-year 24-hour rainfall values is attached as Appendix I11 in this 
report. 

Lag Times 

As described in the SCS "National Engineering Handbook, Section 4, 

Hydrology", Chapter 15 (Reference 19) ,  the Time of Concentration for each 

sub-basin was computed using the Upland method and lag times for the 

subject basins were estimated in terms of Tc using the empirical relation 

o f :  

L = Lag Time (hours) 

Tc = Time of Concentration (hours) 

Table I presents the computed Lag Times used in the HEC-1 analysis. 
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Stream Channel Routinqs 

Stream channel p r o f i l e s  a r e  u t i l i z e d  by t h e  H E C - 1  program t o  r o u t e  storm 

runoff  through p re sc r ibed  channel reaches .  For t h e  purpose o f  t h i s  s tudy,  

channel rou t ings  were performed using t h e  normal depth op t ion  o f  t h e  HEC-1 

program. Channel c r o s s - s e c t i o n s  f o r  t h e  lower po r t i ons  o f  t h e  Centennial 

Wash watershed were developed from topographic  mapping (1  i n .  = 400 f t . ;  

C.I.  = 2 f t .  and 4 f t . ,  1978 and 1988) and U.S.G.S. quadrangle s h e e t s ,  

7.5 minute s e r i e s  topographic  maps (1:24,000).  F i e ld  c r o s s - s e c t i o n s  were 

developed f o r  t h e  upper po r t i on  of  t h e  watershed and t h e  U.S.G.S. 

topographic  maps (1:24,000) were u t i l i z e d  t o  determine approximate 

e l e v a t i o n s  of  t h e  c r o s s - s e c t i o n s .  

Flood Control S t r u c t u r e s  

S t r u c t u r a l  d a t a ,  a s  well  a s  any a v a i l a b l e  hydrologic  and hydrau l i c  
information,  was obtained from loca l  engineer ing  f i rms  and governmental 
agencies  having j u r i s d i c t i o n  over  t h e  e x i s t i n g  s t r u c t u r e s .  For t h e  
purpose of  t h i s  i n v e s t i g a t i o n ,  100-year composite hydrographs generated by 

t h e  HEC-1 program were rou ted  through t h e  e x i s t i n g  s t r u c t u r e s ,  based on 
d a t a  provided t o  CBA regard ing  prev ious ly  performed ana lyses  of  t h e  
ind iv idua l  s t r u c t u r e s .  

The fol lowing i s  a  l i s t  o f  t hose  s t r u c t u r e s  which were modeled f o r  t h e  
HEC-1 a n a l y s i s :  Lower Centennial Dam (Narrows Dam), Bureau of  Land 

Management; T iger  Wash Detent ion S t r u c t u r e ,  Bureau o f  Reclamation; 
Harquahala Flood Retent ion S t r u c t u r e  (FRS), Saddleback FRS, Maricopa 

County; Old Camp Wash Crossing of t h e  Gran i t e  Reef Aqueduct, Central  
Arizona Water Conservation D i s t r i c t ;  Eag le t a i l  Reach (CAP L a t e r a l ) ,  
Harquahala Val ley I r r i g a t i o n  D i s t r i c t .  

Features  which were no t  included i n  t h e  H E C - 1  a n a l y s i s  inc lude  loca l  

i r r i g a t i o n  c a n a l s ,  1  evees  and spreading d ikes .  These s t r u c t u r e s  a r e  

presumed t o  e f f e c t i v e l y  con t ro l  runof f  during low flow even t s ,  a s  those  



that are produced by a 10- or 25-year storm; however, such structures 

would have little impact on the 100-year runoff. 

Other structures not modeled for this analysis are the Upper Centennial 

Flood Retarding Structures, due to the structural failures evidenced 

during field reconnaissance and the Ritter Dam because of its location in 

the upper watershed and great distance from downstream concentration 

points. 



V. RESULTS 

The i n t e n t  o f  t h i s  i n v e s t i g a t i o n  i s  t o  determine 100-year peak discharges 

a t  designated l o c a t i o n s  along the  Centennial  Wash. These discharges are 

proposed f o r  use i n  t h e  complet ion o f  t he  Centennial  Wash Flood Insurance 

Re-Study and are t o  be employed i n  determin ing water sur face e levat ions,  

floodway boundaries and f l o o d  zones w i t h i n  t h e  l i m i t s  o f  t h e  d e t a i l e d  

study reach shown on Figures 1, 2, and 3. 

The Flood Flow Frequency computer model prov ided by the  U.S. Army Corps o f  

Engineers was used t o  perform a Log-Pearson Type I 1 1  S t a t i s t i c a l  Analys is  

on the  19 years of recorded gauge data  (U.S.G.S. Gauge No. 09517500) 

l oca ted  along the  Centennial Wash, rough ly  3 m i l e s  upstream o f  G i l l e s p i e  

Dam ( G i l a  R ive r ) .  The r e s u l t s  o f  t h i s  ana lys is  y i e l d e d  a 100-year peak 

discharge o f  39,000 c f s .  Th is  value appears t o  be a low est imate, 

r e s u l t i n g  from the  r e l a t i v e l y  sho r t  p e r i o d  o f  record  and the  downstream 

l o c a t i o n  of the  record ing  s t a t i o n  w i t h  respect  t o  a t o t a l  bas in  l e n g t h  o f  

135 m i les  f o r  the  Centennial watershed. I t  i s  our op in ion  t h a t  19 years 

of a v a i l a b l e  stream f l ow  data  i s  no t  adequate t o  determine the  100-year 

peak discharge f o r  t he  Centennial Wash a t  the  G i l a  R iver .  

De ta i l ed  hydro log ic  ana lys is  o f  Centennial  Wash a t  Centennial  Levee 

Reaches I and I 1  was performed by M r .  Robin McArthur (Reference 8) .  His 

s tudy u t i l i z e d  the  S o i l  Conservation Serv ice TR-20 hydro log ic  model t o  

determine 100-year discharges along p o r t i o n s  o f  t he  Centennial Wash, bu t  

d i d  no t  evaluate the  lower reaches o f  t h e  Centennial  Wash designated f o r  

t h i s  Flood Insurance Re-Study. 

The drainage areas a t  the  Maricopa County/La Paz County l i n e  and a t  

Centennial  Levee Reaches I and I 1  ca lcu la ted  by CBA c o r r e l a t e  very c l o s e l y  

w i t h  t h e  drainage areas a t  t he  same l o c a t i o n s  I n  M r .  McArthurls Report. 

The 100-year peak discharge values a t  these l o c a t i o n s  computed by CBA 

(us ing the  HEC-1 computer program) a l s o  c o r r e l a t e  we l l ,  b u t  are 

approximately f i v e  t o  seven percent ( 5  t o  7%) lower when compared w i t h  the  

100-year discharges presented i n  McArthurl s Report (see Table 2 ) .  



Utilizing the HEC-1 computer program, a 100-year peak discharge of 

67,300 cfs was estimated for the Centennial Wash at the confluence with 

the Gila River. Discharges determined at this location and other key 
locations along the study reach utilizing the HEC-1 computer model are 

depicted on Table 2. CBA proposes to use the peak discharges determined 

by the HEC-1 analysis to estimate the 100-year water surface elevations 

and floodway boundaries for the portions of the Centennial Wash designated 

for detailed study per this Flood Insurance Re-Study. 



TABLE 1 

CENTENNIAL WASH 

PARAMETERS USED I N  THE HEC-1 ANALYSIS 

Drainage Area P r e c i p i t a t i o n  
Drainage (square Lag Time (24 hrs.  - 100-yr.) 
Sub-Basins mi 1 es) (hours) Curve Number ( i n . )  



TABLE 1 (Cont .) 

CENTENNIAL WASH 
PARAMETERS USED I N  THE HEC-1 ANALYSIS 

Drainage Area Precipitation 
Drainage (square Lag Time (24 hrs .  - 100-yr .) 
Sub-Basins m i l e s )  (hours) Curve Number ( i n . )  



TABLE 2 

ESTIMATES OF 100-YEAR 

PEAK DISCHARGES ALONG CENTENNIAL WASH 
FROM HEC-1 

CBA's Study Mr. McArthurfs Study 

Drainage 100-Year Drainage 100-Year 

Location A1 ong Area (square Discharge Area (square Discharge 

Centenni a1 Wash m i  1 es) (cfs) m i  1 es) (cfs) 

At Maricopa County/ 1,031.20 52,200 1,031.21 56,400 

La Paz County Line 

(Concentration Point 12 

- Figure 2) 

At Centennial Levee 1,109.70 52,300 1,110.3 55,300 

Reach 2 

(Concentration Point 14 

- Figure 2) 

Near Base Line Road 1,398.1 58,100 

(Concentration Point 15, 

- Figure 2) 

At Railroad Bridge 

near Arl ington 

(Concentration Point 17 

- Figure 2) 

At Confluence with 

Gila River 

(Concentration Point 18 

- Figure 2) 

NO DATA 

NO DATA 

NO DATA 
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212 R: 145C 1445 144: 1440 144: 1444 1446 1448 

I 
219 K A  RUUOFF FRO1 SUGBASIP 20 
230 B A  50.7 
231 1s 80.0 
232 UD 6.63 

233 KK 13 C O d B l I E  1-18 Y l T H  19 AN0 20 
234 K f l  ADD TWREf HYDROGRAPHS 

211 KK 10 ROUTE HYDROGRAPH 21A THROUGH REACH 11 
242 R L  9 ,2  
143 RS 6 FLOY -1 
244 RC 0.055 0.040 0.060 63400 0.0088 
245 RX 0 100 1000 1010 1110 1120 2120 2110 
246 R Y  1725 1724 1723 1720 1720 1723 1724 1725 



K K 14 COfiE1Kl 21 YITH 2 i A  
KB ADD TYO HYDROGKAPHS 
HC 2 

HEC-1 INPUT 

K k 1 IOUTE lTIGER Y4SH D f l f H T I D l  6ATlWJ 
Xb R O ( V E  HYDROGRAPe :HROu;n TIGER BASH PETEYTION PASIF 
R :  1 Z l E Y  1390 
s)' 0 0 0 l i l d  6 1 1 8  6'773 i i l f  44c(l 11302 15429 
Sf 1390 1393 139; 140! 1405 14fif.S 140t  1407 1406 1410 
S 0 0 Sq1 903 1132 1 1037 2287 4307 7101 14651 

K1 SUE22 
K B  RUlOfF FROB SUEBASIN 22 
BA 25.1 
L S 79.0 
UD 1.51 

K h  16 COUBllE 1-21 UITW 1? 
Kn ADO 710 HVDROGRAPks 
HC 2 

KK ! I  ROUTf HYDROGRAPH 1-21 THROUGH REACH 11 
R 1 0.2 
RS 2 f l O B  - 1 
RC 0.055 0.035 0.055 10937 0.0015 
RX 0 800 1000 2300 2600 3500 4000 4500 
RY 1290 1286 1282 1280 1282 1284 1286 1288 

KK 17 CDABINE 1-22 BITH 23 
Kd ADD TYO IYDROGRAPHS 
H t 2 



202 L I  12 R O U T E  HYDROGRAPH 1-23 THROUGH R L A C H  J? 

I 29 1 R L  0.1 
294 I? S 4 f L O Y  - 1 
295 RC 0.050 O,(1?5  0.050 17708 0.0017 

I 296 RX 0 8 6 ~  I000 2300 2600 3500 4000 4500 
29 7 PY 1/74 1 2 ~ 9  12t.7 1165 2 1269 1271 1275 

I H L C - 1  I N P U T  

I L I R E  18 ....... 1 ....... 2 ....,., 3,,,.,,.4 ,,,..., 5..,,,,.& .... ,,,7, ,,.... 8,.,.,,.?,,.,,.10 

I K 18 C O I E J R E  I-?! iliH 24 ABP IS 
dlf ADZ T H R E E  HYDROCRAPHS 
H 2  3 

R K  13 R O U T €  HYDROGRAPH 1-25 T H k U G r i  REACI !  13 
R L  0 . 2  
R S t: F l O U  - 1 
RC 0.050 0.035 0.050 21354 0.002; 
RX 0 2200 2900 4100 4300 5300 6250 74i0 
RY 1184 1182 1180 117?.P 1 1182 1180 1181.4 

K K  
KII 
B A 
P 6 
P C  
PC 
PC 
PC 
P C  
P C  
PC 
PC 
P C  
P C  
1 s  
UP 

19 coniIWE 1-25 ~ I T H  26 
ADD T H O  H Y D R O C R A P H S  

2 

336 K K  14 R O U T E  HYDROGRAPH 1-26 THROUGH R E A C H  14 
337 R L  0.2 



K K  SUB17 
K RUUOFF FROd SUBEAZII  27  
8 A  6 2 . 1  
IS 7 7 . 0  
U b  4 . 3 5  

b h  10 COfl,BlMf 1-26 WIT!! 27 
K!! ADD THO HYDROGRAFHS 
HC 2 

21  C O n B l M l  1 - 2 7  Y l T H  2s A I D  31 
A D D  T H f i l E  HYBROGkAPHS 

3 



I L l W f  ID ,...... 1 ....... 2., ..... 3 .  ...... 444.,.4,5 ,.,.,,, 6 .,.,,,, 7 ,,,,,,, 8,,,,,.,9.,,..,10 
385 Ki 4 R O U T E  ( M A R Q U A H A L A  f . R . S . )  

I 
386 A! R O U T E  H Y D k O G R A P H  29 T H R O U G H  B f T f W T l O U  S T R U C T U R E  
387 R S  1 E L f V  1393 
368 R  Y 0 1000 1500 2300 3500 5000 7000 8500 12000 14205 
381 R f  13'73 1395 131? 139V 1401 1403 1405 1407 140'2 1413 

I 390 RQ 0 121 1 210 I43 2i2 296 322 344 1;14 

39 1 K C  15 f i O U 7 f  H Y D f i O G R 4 P C  29  T H R O U G H  R f A C h  i 6  
1 9 2  R 1 0.1 
3'3 f! S b f l o h  -1 
394 RC 0.04(~ 0.026 0.04{! 3 f T i  0.0011 

I 
39 5 8 4 0 1 0 1 4  2 4 3 f i  71 $ 3  IP3 

39a RY 1205.5 1205.5 1203.5 1103.5 1200 !2G0 1203.5 1205 

1;lr 5 ROUTE ( S A B B i E G A C L  f .  8. S. I 
K H  f i B U T E  HYDROGRAPH 30 T H t C U G H  D E l f U t I O n  S T R U C T U R I  
fi S  1 [ L E V  1179 
fi Y 0 200 400 1000 li50 3000 4500 6800 4300 10500 
R E  If?? 1161 1183 1185 1187 1109 1191 1/93 1/05 1197 
1 8  0 100 240 440 6i0 830 1030 1206 1.318 1450 

l l K  16 R O U T f  HYPROGRAPH 30 T N R O U G H  R E A C H  19 
R L  0.2 
R S  12 FLOY -1 
RC 0.040 0.030 0.040 43121 0.0038 
RY 0 10 24 6 4 73 205 220 270 
RY 1149.5 1149.5 1146 1146 1143 1143 114b 1147 

K I  ADD T H R f f  HYDROGRAPHS 
HC 3 

I 41 7 I X  17 ROffTf WYOROGRAPH 1-31 T H R O U G H  R E A C H  15 
418 R L  0.2 
419 RS 4 flOY -1 
420 RC 0.055 0.035 0.055 20833 0.0030 
421 R X  0 1800 2100 2130 2700 2790 3280 4300 
422 RY 1056 1050 1046 1044 1044 1046 1056 1056.6 

P A G E  10 

PAGE 11 



KK 23 C O B 6 1 H E  1-31 Y l T H  3? 
K B  ADD T Y O  HYDROGRAPHS 
HC 2 

KK 18 R O U T f  HYDROGRAPH 1-32 THROUGH R f A C H  16 
R! 0.2 
R S  14 FLOW -1 
RC 0.065 0.040 0.055 58333 0.0024 
RX 0 700 1300 1400 1550 1600 1600 2100 
RY 930 928 924 920 920 924 92d 93i1 

KK 24 C O B 6 1 R 1  1-31 Y I T H  33 An? 34 
L B  ADD T H k l E  HYDROGRAPHS 
HC 3 

1 t t t t S t l f f t t ~ f t t ~ t t f f t f t t t  P a g e  1 1  

K K  6 R O U T E  ( O L D  C A N P  D E : I I T I O I  RASIW! 
K n  R O U T 1  HYDROGRAPH 35 THROUGH O L D  C A B P  D E T E H T I O I  ( U P S T R H  Of C.A.P.! 
R S  1 € L E Y  0 
R  Y  0 163 326 483 652 816 978 1141 1222 1344 
f i f  0 1 4 f 6  10 12 14 15 16 
1 3  0 156 315 5 8 5  825 1020 1200 1335 1410 1508 

I K  19 ROUTE HYDROGRAPH 35 THROUGH R E A C H  17 
RL 0.2 
RS 24 fLOll - 1  
RC 0.060 0.035 0.060 105600 0.0049 
RX 0 200 400 600 800 1000 1200 1400 
RY 1004 1003 1002 1000 1000 1002 JOOJ 1004 

KK SUB36 
K  R U R O f f  F R O B  S U B E A S I U  36 
E A  163.1 
1 S 79.0 
LID 12.25 

1116-1 IHPUT P A G E  12 





P B i E C I P I T A T I O W  P E F T H  I l C H E S  
L E H G T H ,  E I C Y A T J O N  f E f T  
FLOW C U B I C  F E E T  P E C  S E C O N F  
S T O L A G E  ~ o i u n f  A C R ~ - F E E T  
S U f i i A C f  ARE 4 ACRES 
T f H P f  R A T U R L  b f C R E f S  T A H R f B H I I T  

t t t t t t t t t t t t t t  
t  t 1 8 LL t i s 0  1 1  
t 1 

I t t t t t t ~ t f t l t f t  
R U l l f f  f k t ? '  SUEFA. ; IG  ! 

S C S  D l R E h . ~ l O h L E S S  U N I T  H Y B f i O G R Q A F b  

I 
L A G T I R E  = H Y B R P P r I C  I E H G T H ,  AVG.  Y A T E R S H C D  S L O P E  AN? C.H. 
R I ! P i A L L  P I 5 T A O P C T ! O P  = fCS T Y P E  I1 

S U B P A S I W  f i U b O ; F  D P T P  

P f i l C I P I T 4 ? I O Y  B 4 T A  

I 14PB S T O R d  3.88 E A S i H  T O T A L  P R f C l P i T A T I O d  

1 5  P 1  I % C R E B E W T A L  P R L C I P I T A T I O B  P A T T E R N  
0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 
0.02 0.03 0.05 0.36 0.07 0.04 0.03 0.01 0.02 0.0i 

I 0.01 0.01 0.01 a.01 0.01 O,OI 0.01 4.01 0.01 0.01 
0.01 0.01 0.01 0,01 0.01 0.01 0.01 0.01 

I S C S  L O S S  R A T E  
S T R T L  0.56 I W I T I A L  R B S T R A C T I O W  

CRYHBR 78.00 CURYE WURBER 
R T I R P  0.00 P L R C E R T  I H P f R Y I O U S  A R E A  

S C S  D I U E I S l O H L I S S  U I I T G R A P H  



t t ~ t t t t t t t t t t l t t t f t t t 1 t : ; t t  Pipe 14 

I 01 1 ,  5 1 7 .  470. 400, 358. 301. ?71. 218. 207. 18.'. 
150. 140. I?:. 107. 9 3 .  80. 7 i .  62. 56. 50. 
45. 40. 3 4 .  20. 24. 20. 15.  1 1 .  7. 2. 

I 1,: t t t  t t t  t t t  t t t  
HYDROGRAPH Ar STATiOW SUE 1 

I TOTAL RAIHfA!L = 3.88, TOTAL LOSS = 2.00, TOTAL EXCESS = 1.7" 

( PEAK f l O Y  TII. '  

t ( C ~ S J  r n n  

CUIULATIYE AREA = b7.00 SO A1 

I 
t t t  t t t  t t t  t t f  t t i  rt t  f t f  t f t  It1 t t l  t t f  t t t  t t t  t t t  t t f  t t t  t t t  f t t  t t t  t t t  t t t  1:: 111 t t t  t t t  $ 2 1  t i t  t t t  11: t t :  t t t  t l t  f t t  

I 27 Kf t  I t  ROUTE HYPROGKAPH 1 THROOCH REACH I 

I HYDRDERAP!! ROUTING DATA 

28 R L  ROUTI~Q LOSSES 
QlOSS 0.00 INITIAL LOSS 
CLOSS O.OC ADDiTIOHA! FRMTIOU LO57 

29 RS STORAGE ROUTIHG 

I HSTPS 10 HUABER Of SUBREACHES 
ITYP ~ L O Y  TYPE of IHITIAL C O ~ D I T ~ ~ P  

RSVRlC -1.00 IUITlAL COUDITIOR 
X 0.00 YORKlUG R AHD P CQ.'fflClEUT 

I 30 RC HOMA! DEPTH CHANlEL ROUTIHG 
AWL 0,055 LEFT OVfRBAUK H-VALUE 

Ah'CH 0.040 l A l l  CHAUIEL I-VALUE 
AH1 0,055 RIGHT OYERBAUK W-VALUE 

RLUTH 53500. REACH LfHGTH 
SEL 0.0050 EIERGY SLOPE 

fL lAX 0.0 NAX. ELfY. fOR STORAGEIOUTFLOU CALCULATlOd 

CROSS-SICTIOH DATA 

32 RY 
--- LEfT OYERBAUK --- t ------ l A l H  CHAHUEL ------- + --- RIGHT OVERBAHK --- 

ElEVATlOP 2206.00 2204.00 2201.00 2100.00 2200.00 2202.00 2204.00 2206.00 
31 RX DISTAWCE 0.00 400.00 700.00 900.00 1100.00 1400.00 1700.00 2100.00 

t t t  

I COlPUTfB STORAGE-OUTf LOW-Elf VATIOH DATA 



I 111 YAlUlUG $11 /fOF!FIiI PU!f ROtTlUG I I  BE UUlffiltAiLl UYSTABif FOE OUTfIOYC BITYffl 8411. 10 370?7, 

THE ROUTE? HYBROiRAPH SHOl!LD BE ErAllWfB fOK OSCILLATIBIS OF OUTFLOYS CPIbTES TIM PEll 1kF:OY;. 

I THIS CAI 6f CORRECTED BY PECRfASiIG Thf Tidf IITERYAL 01 IbCREASlHG S7ORAG' (USE A !BNGLl kfAfb.J 

ttt ttt ttt ttt ttt 

I PEAF STAGE TIRE HAYIRU! AVERAGE STAGE 
6-HI! 24-HR 72-Hk ??.SO-Hk 

2291.7P 2201. E? 2200.72 2200.51 

CUIULI!IYL ARLA = 67,00 SO II 

I ttt 1st ttt ttt ttt ttt ttt ttt ttt ttt ttt ttt ttt ttt ttt ttt ttt ttt ttt ttt ttt ttt ttt rtt ttt ttt ttt ttt ;ti tit ttt ttt ttt 
ttlttttttttttt 
t t ( 31 K K  t SUE 2 1 
t t 
ttlttttttttttt 

SUEEASIW RUUOFf DATA 

SUBBASIN CNARACTERISTICS 
TAREII 185.00 SUEBASII ARE A  

PRCCIPITATI0N DATA 

IICREIEITAL PRECIPITATIOU PATTERN 
0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

I 
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0 . 0 2  



( ltt1llt11ttt11t1lltt1t,t1l,lltttr,tttttt 11 t t 1 t t t t t t t t t t t t t t t t t t t t t I t t f t  P a c e  i t  

36 1s S C S  L O S S  R A T E  

I S T R T L  0.47 J N l T l A l  A B S T f i k C T I C n  
C R Y I E R  8i.?0 C U F Y E  %UHBER 
/i:lIIP 0.00 P E R C E U T  I B P C R Y l O U S  A R E A  

- S C S  D I H E R S l O l l E S S  U l l T G t l P H  
T l A G  15.70 LAG 

111 111 $11 
HYDROGPAPH A1 S T A T I O N  S U B  2 

I T O T A L  tAIUfALl = J.88. T U T A L  l O S S  - 1.86, T O T A L  E X C E S S  = 2.02 
- 

PEAK f L U Y  T I N E  

C U H U L A T I Y E  A R l A  = 185.00 S B  H I  

dl!. 975. 115t, 
3319. 3452. 3941. 
5474. 5554. 5571. 
5242. 5124. 5001. 
3780. 3$6'?. 33!5. 
2125. 2019. 1914. 
1300. 1?3t,. 11 ' 2 .  
773. 738. 7Q3. 
466. 440. 418. 
278. 21.5. 252. 
167. IS?. 151, 
101. 96. 90, 
61. 59. 57. 
40. 3 E .  3e. 
20. 18. 17. 

) 111 111 111 $11 111 111 111 ll* l1t 111 111 $11 $11 111 111 111 111 111 111 tlt 111 111 111 111 111 111 111 111 111 111 111 $11 111 



I 
tfttlttltttttt 

R U H d F f  f R O C  S U b ' I A S ! C  3 

S Y E E A S J U  R U U O F F  D A T A  

I 40 ! A  S U B B A S I U  C H A R A C T l R l S T l C S  
T A R L A  43.00 S U B B A S I W  A R E A  

P f i E l i p i T A T I O U  D A T A  

14 PE S T O R I I  3.88 B A S l H  T O T A L  P R L C I P I T A T I O H  

I 1: P: I M C f i f f l l k T A :  P f i E C l P l T A T l O U  P A T T i k d  
O.[l(l 0.01 0.Irl 0.01 0.01 0.01 0.01 0.01 0.91 0.0: 

i 0.01 0 , 0 1 0.01 1.01 0,01 0.01 O.!II 0.Cf G , l ! i  I?, ! I :  

0.01 0.03 0.a: 0.36 0. i~i 0.64 0.03 0.61 0 .02  0.0: 
0.OI 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 O.O! 
O,J! 0.01 0.01 o.01 0.01 0.01 O,OJ 0.01 

4i L S  SCS L O S S  R l r f  
S T C t T l  0.50 I W ! T I A L  A P S T I A C T I O U  

C R Y H P R  80.00 C U R V l  U U b R l d  
R T l b P  0.00 P Z R C L U T  i # P l R C ! O O C  A R E A  

S C S  O i I I W S I O Y L E S S  U n l T G R A P H  
T i A G  4.81 L A G  

U H I T  HYBROGRAPF 
50 E N D - O F - P E I l O D  O R D l K A T L S  

122. 404. 767. 124?. 18P1. 2654. 3311. 3775. 4038. 4iQ1. 
4076. 3853. 3575. 3257. 2865, 2393. 1971. 1663. 1410. 1108. 
1037, 881. 760. 63?. 546. 465. 39;. 337, 286. 242. 
206. 176. 150. 128. 10?. 93. 79. 67. 57. 48. 
43, 38. 33 , 28. 23. 19. 15. 11. 6. 2. 

$12 ttf ttt tft ttt s HYQROGRAPP AT S T l r I l W  S U E  3 

T O T A L  R A l H f A l l  = 3.86, T O T A L  L O S S  = 1.94,  T O T A L  [TCESS = 1.94 

M A X l M U d  A V E R A G E  f LOU 
6 - H R  2 4 - H R  7 2 - H R  9 9 . 5 0 - H R  

I 
$11 ttt ttt ttt ttt tft ttt tfl StS ttt 2x1 ttt ttt ttt ttt $11 ttt ttl ttt ttt ttt ttt ttt 111 ttt ttt ttt ttt ttt 11; ttt ttt ttt 



tttttttttttttt 
t t 

1 1  COUBI~E 1-3 

tttttttttttttl 
ADD T H R E f  H Y D f i O G R l P H S  

I 
$81 $1; 111 ttt ttt St1 ttt ttt ttt ttt tft ttt ttf ttt ttt ttt ttt ttt ttt ttt 111 ttt $11 ttt 111 tt! $11 t11 $11 111 It1 ttt : t i  

tflttttttttttt 
1 1 

2 1  ROUTE HYDROGRAPH 1-3 THROUGH R E A C H  2 
1 I '""" t 

HYBROGRiAPH R Q U t l I G  D A T A  

I 
47 R L  R O U T I N G  l O S S E S  

4 L O S S  0.00 1 1 1 7 1 A L  L O S S  
G L O S S  0 . 0 0  I D D I T I O I A L  F R A C T I O H  LOS! 

4 8  R S  STOfiAG! R O U T J I G  
H S T P S  8 1UU6'ER O f  S U B f i E A C H f S  

I T Y P  f l O Y  T Y P E  O f  I W I T l A L  C O H P l T l O I  
RSYRIC -1 .OO IH~TIAL c o n P I T r o / l  

X 0.00 Y O R K I H G  fi A N D  D C O E f f I C l E I T  

I 
49 RC WORUAL P E P T H  C H A W H f i  t O U T I H G  

ANL 0 , 0 5 5  L E F T  O Y E R G A I K  W - Y A L U I  
A I C H  0 , 0 3 5  l A l H  C H A N N E L  W-VALUE 

AHCl 0.055 R l G H T  O Y E R 6 A I l  I - Y A L U I  

I R L H T H  34375.  R E A C H  L f W G T H  
S f  L 0 . 0 0 1 9  ENERGY S l O P l  

f L U A X  0.0 l A X .  E L E Y .  F O R  S T O R I G E I O U T F L O Q  C A L C U L A T I O H  



vr 
=z 

vr PII 
e m 
m h 
m Cn 

u u -  
e r r  3 0 
3 m =  
3 c.. -4 



1 4  P 6  STORW 3.68 E A S ! N  TOTAL P R E C l P l T h T l @ i  

C C  , C  
r ,J  L >  scz c : ; [  

S ' F i i  0 . 4 7  I R i ' I A !  1P iJRACTiOW 
CFI B E 2  81 .PO C U R Y E  H U l P f C  
$:;UP 0 . 0 9  PEFCLPT ! i lPE I i ' lCUS ACEA 

u ttt 111 tt t  $11 t t t  
HYDFOGA'APH A7 STP:lOH S U B  4 

TGT.4! R A I W i X i i  = 3.88, TOTA! L O I S  = 1.86,  TOTAL f X C E S S  = 2 . 0 2  

C U n U L A T l Y l  AREA r 21.60 SQ I 1  

I $13 1st t t t  ttt ttt t t t  ttt t t t  $11 ttt ttt ttt ttt ttt t t t  t t t  t t t  t t t  $81 tt t  t t t  t t t  t t t  t t t  t t t  t t t  t t t  t t t  ttt t i t  111 ttt ttt 

t t t t t t t t t t t f t t  

RUNOFF FRUW SUGBASIY 4A  

SUBBASIN R U N O f f  DATA 



TAblA 18.50 SUBBASIA AREA 

PA'EClPlTATlOR OAT4 

14 P E  STORK 3.88 GASIA T O T A L  PRECIPITATIOP 

8 6~ L S  
SCS LOSS RhTE 

STRT! 0 . 4 7  I I i T l A l  ABSTRACTIOI 
C R Y n H E  $ 1  .QO C U R V E  B U H 6 E R  

A'TlHF 0.00 PiRCERT IRPEA'YlOil5 AfiLF 

b l  U." SCS BIHEASl?dLiSS UIiISRAPP 

U i l T  HYDROGA'APX 
36 EWD-Of -PfA'lOD OiDIWATiS 

137. 40:. 80:. 1373. 1?4d. ?308. 2437. 2424. 212~. 1 0 6 ~ .  
1644. 1263. 967. j8b.  636, 514. 412. 328. ? d l .  211, 

168. 1 3 2 .  107, 86. f?. J .! . 44. 35. 2 6 .  24. C C 

20. 16. 11. 8. 5. 2. 

ttt ttt ttt 
HYOROGRAPH AT STATION SUBlA 

ttt 

I TOTAL RA iK fAL l  : 3.88, TOTAL LOSS - 1.96, TOTAl EXCESS = 2.02 

PEAK f l O l  T I I Z  IArIHUf! ATERAGE FrOQ 
6-HR 24-HR 72-HR 99.50-HR 1 + (CfSJ (HR I 

( C F S )  I + 3440, 15.50 2626. 1004. 335. 241. 
(IHCHE SI  1.320 2.018 2.021 2.021 

(AC-fTI 1302. 1991. 1994. 1894. 

CURULATIYE AREA = 18.50 SQ Ul 

I $11 111 111 111 ttt $11 ttt 111 111 ttt ttt 111 111 111 ttt ttt ttt $11 111 $11 ttt ltt 1x1 ftt 111 $11 111 111 111 t t r  ttt $11 

f t 
tttttttttttftt 

ADD THREE HYDROGRAPHS 

I 64 HC HYDROGRAPH COIBIIATIOW 



- 
0. 

m 

G-. 

* 
Q a?. 
-a 

L-r 

OD Oa 

m 
L 
LI-, L. 

= 
-4 
0 '1 

L P 

m 
a m 
9 L-. 

b L. 

w 
h 
-4 .* 
0 = 

rs Ylm 
.A . U C  

I = 
0 - 
T-' 

L-r r c u  
0 .  00 
' 0  4 00 
0, .A hll - + 1 3 -  

- 
L-r C1 -- a 
.-. . h., 

C1 
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I1  T O T A L  R A I U f A L i  = 3.8B, T O T A L  l O S S  = 2 .01 ,  TOTAL ZkIESS = 1.87 

111 I l l  t i i  111 111 111 111 111 l t t  111 1t t  $11 l t l  111 l i t  t t l  t i1  l i t  11: 111 111 111 111 $11 $11 $11 111 i l r  111 111 111 111 l l t  

l t t  t t i  t t t  

t t t  

t t t  t t t  . . .  

HYDROGfiAPH AT S T A T I O N  3 

PEAK FLUB 1111 I A X I H U i l  AYERAGE f l O Y  
6-Hh' 24-Hi 72-HR 99.50-Hh' 

- .  

a + 1 9 4 9 3 s  22'50 

18935. 15486. b b P b .  48SP. 
IIICHES! 0.459 1.500 1.946 1.952 

(AC-FT)  9381. 30705. 39B42. 39955. 

C U H U L A T I Y E  AfiZA = 383.80 SQ H l  

) t i 1  111 i t1  111 $11 111 $11 111 t l t  111 111 l f i  l i t  111 111 111 l l l  111 $11 (11 111 111 111 111 $11 111 111 t f t  f t t  $1, 111 111 l i t  

1 t 
73 K K  1 3 1 ROUTE HYDfiOGfiAPH 1-5 THROUGC f iEACF 3 

I I t 1 
l l t t l t t t t t t t t t  



t t t l i f & f r t ~ r f f t f f t l t 1 t l I ~ f t ~ t  P a c e  2 4  

I HYDlOGRlPH ROUTIHG DATA 

CLOSS 0.00 ADDITIOUAL ffiACTlOH LOST . 

STORASE COU'IHG 

NPSYAL DEPTH ~ H A ~ Y E L  RDI~:HS 
AN! 0.055 l i F T  OY1164Sk W-r4;!;E 

A N i H  0.010 H 8 : U  C H A U d f l  f f - V L - C f  

A l p  0,055 R ~ E V  ! V ~ E B ~ N K  k - V A L U E  
RLN?H 18750, REACH LENGTH 

SEi 0,oo:Z EWLfiG! SLOP[ 
E l d A i  0.0 NA!. ELEi'. i 0R  sTGRA6E:UL'TrlOQ CALCULATlOU . 

CRUS5-SfiTlOk P A T 4  
--- @ ~ [ f i b ~ ~ ! ,  --- 4 ------ !AIM CHAIh'EL ------- + --- RIGHT OVERBAHt --- I 7, RY ELEVATlOW 1022.00 102b.00 2023.00 1010.00 20 i i f .00 2023.63 20 ib.00 2028 .w  

i i  R l  D I S I  AWCE 0.00 30!:,i.i~ 400.00 $ 0 ~ . 0 0  1500.4i' 1800.00 ?4i'O,lrO 27iri!,?c; 

COHPlIJEP S J ~ R A G ~ - D ~ T F L ~ ~ - € L E Y A T I O H  DATA 

D STOr-"Aii 0.00 135.77 18?.35 4bO.?? 649.91 850.91 1081.71 131!.31 1:Si.?1 186?.?! 
PlI?FLOW 0.04 296.75 969.34 1963.71 32 i I . 12  4896.21 6850.42 913P.56 i l l i 3 . 7 7  1 So:( . i G  

EiEYATlCn 1C20.00 2010.42 2020.84 1021.26 2021.68 2022.11 2022.53 202?,?5 2023.37 1023.7:; 

I STORAGE 2356.96 2472.79 2804.41 3153.86 3521.11 3907.59 431t.81 4746.?2 5203.91 St8! .EZ 
OUTflOW 19521.01 23794.42 284?6,41 33573.50 3?0?2.34 45G2!.45 51411.53 58273.07 65610.Tt- 7 3 4 ! 4 . 7 4  

EiEVATIOn 1024.21 2024.6: 2025.05 ?025.4 i  ?025,8Q 202L.32 ?026.74 2027. 16 2027 .3  20?E.OC 

( 111 Yl tY lUG 111 lOD!TlIP PULS iOUTl l id  #A)  Bf W U l f R l i A i i l  UXST46!E fOL OUTflOYS B!lYfEN 9 6 4 .  TO 73435. 
THE ROUTED HYDRO6RAPH SHOULD BI EXAHlWED fOR OSCILLATIORS OE OUiflOWS GFE4TEd THAN PfAC l!lf!QUs. 
THiS CAN 6E CORRECTED 0 )  DEttfASlNG THE T I B f  IWlERCAL O i  1ICRfASlNG STORACE (US€ A lOXGfB R E A C S . !  

I PEAK f l O Q  T l l E  

tSt ttt ttt 
HYDROGRAPH A T  STATION 3 

BAl'!IU! AVEfiAGE f LOW 
6-HR 24-HR 72-HR 99. SO-HR 

1 (INCHES) 0.458 1.496 1.944 1.951 
(AC-fT! 9380. 30617. 3?802. 39938. 

PEAK STORAGE T l H f  BAXlHUl AVERAGE STOFAGf 

( I "A' "A" IAXIIU!! AYERAGE STAGE 



t ( F E E T !  t HR! 

I 2 0 3 4 . 2 1  23.50 2 0 2 4 . 1 4  2 0 2 3 . 7 5  10::.04 2 0 2 1 .  .5ii 

C U H U L A I I Y E  ARLA = 363.80 Sd BI 

111 ttt ttt ttt ttt $11 ttt ttt ttt ttt ttt 1x1 ttt tti ttt ttt ttt t t t  ttt ttt tt: ttf ttt ttt tft ftf ttt 111 L t f  1:; t r :  ttf ttt 

I P R E C j P i ; R ? I D N  P A T A  

1 4  P E  STOh'li 3 . 8 8  B A S l r  7G;A' P / ? E ; l P : T 1 l l d l  

I 8 1  L S  SCS L O S S  P A T E  
S T R T L  0 . 4 7  I H l T l A L  A S S T R A C T I O W  

CfivnER el.o/j c u ~ v ~  nunsrt 
h'T1YP 0.00 P L R C E l T  l / ! F E t Y l O U S  AREA 

8 3  UP S t S  B l l E i S i O l l E 5 S  U l l ? C / ? A P H  

I ttt 111 ttt ftt $11 
HYDROGRAPH AT S T A T I O W  S U 6  6 

T O T l l  R A l H f A L L  = 3.86, T O T A L  l O S S  = 1 . 8 6 ,  T O T A L  E X C E S S  2.02 

P t A d f L O Y  T l d l  I A X l l U H  AVERAGE FLOY 
6-HR 2 4 - H R  72-HR 9 9 . 5 0 - H i  



I tt; 111 $11 118 If$ ll; tll lli lil 1;; llt ll; lrl 111 rr; ltt llr a t  111 $11 trt ttt ltl lt; ttt tl1 ltl ttt 111 ttt ttr 2x1 ttr 

tttttttttttttt 

I 4  P6 S T U P U  1.88 P A S I C  Ti?TAi  P R E C l P I T A T l O I  

I 1 5 P I  1 H C K i l E M : A i  P f t l f l P l T A T l O n  P A T T E R N  
0.00 (!.(I! 0.01 0.01 0.01 0.01 0.01 0,0i 0.01 0.01 
C , $ f  0-01 0.01 0.0i 0.01 0.0! 0.C1 0.01 O,?i (i,Q: 

0 . 0 2  0.03 0.05 0.38 0.07 0.04 0.03 0.02 0.02 0.Cl 
0 .0 ;  0.C1 0.01 0.01 O.?! 0.Cl 0.01 0.01 0.01 0 ,(' ! 

I C. Oi 0.01 0.01 0.01 0.01 0.01 0.0! 0.01 

Pi I S  S C S  LOSS R A T E  
S T R T L  0.53 I U I T I A L  A B S T P A C : I O N  

C R C ' ~ B ~  77.00 C U f i Y L  H U l B i f i  
f i T l H P  0.00 P f R C E H T  I U P E f i Y l D U S  A R L A  

I 88 U B  S C S  D l B E ~ S l O I i E S S  U I I T G R A P H  
T L A G  4.01 LAG 

ttt 

ttt ttt ttt ttt ttt 
HYDf iOGf iAPH A T  S T A T I O C  S U B  7 

T O T A L  R A l U f A L L  = 3.86. T O T A L  L O S S  = 2.01, T O T A i  E X t f S S  - 1.87 



I t i t  t t t  I t ;  ttf t t t  t t l  t i t  t t t  t t t  t t t  t t t  i l l  t t t  $11 i f t  ftf t f i  $11 t t i  $St f t t  111 t t t  $11 $11 t t t  t t t  $11 111 ttf t t t  t t t  t t t  

t i t l t t t t t t t t t t  

I 
t  t 

F 7 r k  1 4 1 C O H E I W I  I - ?  UITH 6 AUP 7 
t  t 

ADD THRlE HYDROGFAPHS . 

t 2 t $11 t t t  t t t  
HYDROGRAPH AT STATI@U 4 

HAYIIUC AVCRPGE FLOY 
6-HR 24-Hfi 72-11? 98.50-HR - 

+ ~ C ~ S J  (HE! 
i t fs) 

t 27317. i6.00 23264. 18416. 785 t .  570?. 
I INCHISI  0.478 1.517 1,939 1,446 

I 
t t t  t t t  t t t  $11 t t t  t t t  t t t  t t t  t t t  t t t  t t t  t t t  t t t  t t t  t t t  t t t  t t t  t t t  t t t  t t t  t l t  t t t  t t t  t t t  t t t  t t t  t t t  1st t t t  t t t  t t t  t t t  t t t  

t t t t t t t t t t t t t t  
1  1 

92 KK t  4 t  ROUTE HYBROGRAPH 1-7 THROUGH REACH 4 
1 t  
t t t t t t t t t t t t t t  

I HrbROGRAPH ROUTING DATA 

93 RL ROUTING LOSSES 
OLOSS 0.00 I Y I T I A L  LOSS 
CLOSS 0.00 ADOllIOWAL fRACTlOW LOST 

94  RS STORAGE ROUTIWG 
NSTPS 1 0  WU16fR OF SUBREACHES 



I 11yP FLDY TYPL O i  l n l T l A L  COnDlTIOti 
RSYR:C -1.00 I N I T I A L  COUDII!OW 

I Y 0.00 YORblNG fi AUP 0  C O f f f l C l E b T  

95 RC UOfiKS. DlFTH C H 4 I S l !  ROUTING 

I 
AN 1 0.050 LEFT OVLIGAUK U-VALUE 

A I i H  0 . 0 4 ( ~  NAIF C H ~ U U ~ L  U -V ILUZ  
r n ~  0.055 I ~ G H T  O V E L B A K K  I - Y A L U C  

RLWTI! 38541.  REACH lENGTH 

I SEL 0.00?3 EUfIGY SlOPE 
11141 0.0 Ill'. ErEY. FBC S J D f i k i f l O U T f l O Y  CALCUiATIOh 

1 CROSf-SECTION BATA 
--- ! f f T  OVEI64U1 --- + ------ I A l U  CHAWIf l  ------- + --- R!GFT OYfRBAW! --- 

97 I !  I l fb 'A ; !G l r  1946, i lS 1944.0(1 1 9 4 ! , 0 0  1340.00  4 ,  1941.00  1 0 4 4 , i r ~  1";.,..',!' 
Ot .  f ix 01 S:drr'.:i 0.3;i 4 5()rj.1.i$ $(I(I.fi() 150c .00  Jif l i . i .(r() 1 ,  21f:10,00 

I ttt 

C@,!DCTCP S ? O R X C E - O U T f l O P - C L E V . 4 T I O W  BATA 
STORAGi 0.00 206.61 435.26' 686.01  958.60  1253.t.4 1570,.55 190P.51 2270.53 2 t 5 ? . i 0  
0 1 ~ J ~ ~ C i l  b.Od 186.86 606.63 1110.96  2021.16 3006.15 4178,Oq 567'2.08 74S1,64 9454.66 

I ELEVXTIOW 1940.00  1940.32 1940.63  1940.95 1911.26 1941.58 1941.89  1P42.21 1941.53 1941.64 
SIORAGC 39SE. i4  3 4 8 5 . ? 3  3?35. !9  4406,?5 487:,?4 5403.26 5 9 2 2 . 2 i  6470.90  7031.11  7 6 0 ? . i 0  
OCTflOk 1 1 t 8 i 0 . 3 1  11108.74  10773.07  19671.49  I25!1",!5 ?t1?7.34  ? ? i ! ~ . 4 i  33608.45 37675.14 41976.54  

ELEfATIGR 1  1943.47  1943.?P 1?41.11 1944.42 1944.74 1915.05 1345.37 1945.68  194e.00 

1 t l l  YARllNG t l t  HODl i lED PULS R O U i l k t  I11 B I  U U I E R I C A r l )  UWSTIBLf TOR OUTFlOUS B f T U f f I  5'79. TO 41?79.  
THE ROUTED HYDRCGRIPH SHOULD BE EXARIUCD FOR OSCILLATl@IS OR OUTflORS GREA!EI THAM PEAk IWfL@l!S. 

I THIS CAL G i  CORAEi-TfD BY BECRLASlWG THf T I I E  IUTfRVAl  OR IUCfifAS!WG STOfiAGf f U S i  A lOWEiF f i f A I H . i  

- 
t t t  ttt t t t  ttr t t t  

HYDROGfiAPH AT STATIOW 4 

I P I 1 1  PLOY T l l i  I R X I I U I  AVfRAGC f !OY 

PEAK STORAGE T l U f  

(HR) 

I A X I H U I  AYERAGE STORAGE 
6 - H I  24-HR 71-HR 93.50-81 

l A X l I U U  AVERAGE STAGE 
6-HR 24-HP 72-HR 99.50-HR 

CUdULATlYE AREA = 451.20 SO I 1  

I t t t  t t t  t t t  t t t  t t t  ttt ttt t t t  t t t  $81 tt t  $11 t t t  t t t  St1 111 t f t  11% %St ttt ttt St1 tat t t t  t i t  ttt ttt t t i  $11 t t l  $11 ttt ttt 



t t t t t t t t t t t t t t  
RUNOFF f R O t l  S U B B A S I N  8 

SUBBASIW f i U W O i f  P A T 4  

0 . 0 1  0 . 0 ;  0.01 0 . 0 1  o.01 0.01 0 . 0 1  O.O~ 

IO! LS SCS 10:: RATE 

I 
10; 0; SCS D l n E U S I J i l l S S  U n l T G R d b H  

TLAG i . P L A G  

t t t  t t t  t t t  
HYDROGRAPH AT S T A T I O M  SUB 8 

I T O T A l  R A l W F A L L  - 3.68, TOTAL LOSS z 1 - 9 4 ,  TOTAL E X C E S S  = 1.94 

I C f S !  
t 6 2 7 4 ,  15.0Q 4 4 3 4 ,  1634. 545. 391. 

( I N C H E S  I 1.335  1 . 9 4 2  1 .943  1 , 9 5 3  



t t 1 t t t t t 1 t 1 X l f 1 l l 1 1 t i l f ~ f t l t t  f a p e  30 

I '  t i t  t t t  txt t t t  t t t  t t t  t t t  t t t  t t t  111 t t t  $11 111 $11 111 111 11; $11 t t t  111 t t t  111 $11 111 t t t  $11 t t i  t t i  111 t t t  t t t  tty t t r  

I U C t E l E U T A l  PREC!k:TITIOB PI!:iRl 
i1,0C 0.81 0.0; 0.01 0.01 0.0; 0.01 0. b i  0. 01 (1, C! 

G . C !  C . 0 1  0.01 0.0! 0 .0 1 0.Oi 0.Cl 0.01 0.0: 0, ('2 

8 0.02 0.03 (1.05 (I.'$ 0.07 0.04 (I . (1 3 0.01 I;. Q2 0.01 
0.01 0.01 0.01 0. Oi 0, C! 0.01 0.0; 0.01 0.01 0.0; 
0.01 0. fi1 0.0; 0.0: 0.01 0.01 0,t i  0 . ~ 1 1  

I CRY k 5 l  8C.03 CURVE U U f F i f i  

I RTJHP Q.00 P E P f f n T  I H P C P Y i G $ i  ARiA 

u p  SCS @ l ! l f P ~ ! ? U ~ E . : i  UI!TGGAPh 

I TLAG 2.33 iAt 

111 

111 111 t t t  t t t  
HYDROGRAPH AT STATIOW S U B S X  



NARROW DAM 

KEY 

Dra inage Area ( m ~ )  ' I  

Curve Number 
L a g  Time ( h r s )  

SUBBASIN 

COMBINED 
HYDROGRAPHS 

ROUTING REACH 

CETENTION 
STRUCTURE 

HARQUAHALA F.R.S. 

SADDLEBACK F.R.S. 

EAGLETAIL DETENTION 

Centennial Wash 

SCHEMATIC OF THE 

BASIN LOGIC USED IN HEC-1 
L 

C J ) C I H  lots-asl -.- 
JOB NO. 04856-03-74 JANUARY 1989 NSoams 0 - m M  



KEY 

CONCENTRATION POINT 
I 1 

1 I - DRAINAGE BASIN, BOUNDARY I 

6 

NOTE : EXTERIOR DRAINAGE BASIN BOUNDARIES AH0 INTERIOR SUB-BASIN BOUNDARIES WERE 
DELINEATED ON U.S.G.S. TOPOGRAPHIC HAPS 17.5 NINUE, 1:24000). THIS MAP IS AN 
EXHIBIT TO SHOW BASIN DIVISIONS AS INPUT IN THE HEC-1 ANALYSIS AND SHOULD NOT BE 
USED TO CHECK BASIN DELINEATION OR AREA. 

I ' - C-- SUBBASIN BOUNDARY - 
SUBBASIN NUMBER 

ROUTING REACH NUMBER 
b 

$ 

\? 

L 

r J CENTRAL ARIZONA PROJECT 

DETENTION STRUCTURE 

= 4 miles 

I FIGURE 3 I 

Centennial Wash 
Flood Insurance Study 
Maricopa County, Arizona 1 -- 

TOPOGRAPHIC MAP SHOWING 
FLOOD CONTROL STRUCTURES 
ALONG CENTENN~AL WASH 

CELw W R  2075 North Sxth Avenue 
Tucson. Arlzona 85705 ASSOCWES (602, m ~ - u o r  

1 JOB NO. 04856-04-74 SEPTEMBER 1988 



KEY 

NOTE: EXTERIOR MUINAGE BASIN BOUNDARIES AN0 INTERIOR SUB-BASIN BOUNDARIES WERE 
DELINEATED ON U.S.G.S. TOPOGRAPHIC MAPS (7.5 MINUTE, 1:24000). THIS MAP IS AN 

I EXHIBIT TO SHOW BASIN DIVISIONS AS INPUT IN THE HEC-1 ANALYSIS AND SHOULD NOT BE 
USED TO CHECK BASIN DELINEATION OR AREA. 

I + CONCENTRATION POINTS I 
1 - DRAINAGE BASIN BOUNDARY 

-- SUBBASIN BOUNDARY 

b SUBBASIN NUMBER 

I 
ROUTINGREACHNUMBER 

FIGURE 2 

Centennial Wash 
Flood Insurance Study 
Maricopa County, Arizona 

TOPOGRAPHIC MAP SHOWING 
CENTENNIAL WASH SUBBASINS 

CdFl CELM BARR 2075 North Sixth Avenue 
Tucson, Arizona 85705 ASSOCIATES (a021 624- 

JOB NO. 04856-04-74 SEPTEMBER 1 9 8 8  



''a- 

s 

SCALE = 1 : 62,500 

. 2 4 t h  Street )enix, P 
(602) ; i 65 

Mar i c o ~  

MAP 1 CENT 

(Date 



I A l l f f G F  AY1!4;1 f l O F  
I-HE: 14-HFi 72-Hf 99.50-HC 

tti t t ~  ttl 111 ttt ttt ttt ttt ttt 1x1 ti; 1;; ttt ttt ;tt ttt ttt $11 ttt 11t trt ttt ttt $11 ttt ttt 111 trt tit ttt ttt ttt ttt 

I 
111 L b  t SUB " 1 

1 1 
tl1ttlttllll11 

SUBBASIW R U W O f f  DATA 

SUBBASIW C H A R A C T l F I S T l l 5  
T A R f  A 5 2 . 2 0  SUBBASIW ARLA 

P R E i l P J l A l l O H  DATA 

STORR 3.88 BASIW T O T A L  PREIIPITATIOW 

SCS LOSS RAT[ 



I 171 t t f  t t t  111 111 
H I ' f i f i ~ ~ C ~ P <  ji ;:AT]flh 21'6 9 

( 111 111 111 11t l t l  111 1:; 111 111 111 111 111 111 t i t  t i t  111 t l 1  111 111 111 111 111 111 111 t t l  : t t  1x1 111 $17 $11 111 l t l  111 

t l t t t t t t t t t f t 1  
ADD T Y D  HYDROGRAPHS 

1st 111 111 
WYDRDGh'APH AT STATION 6 



( ltttftltttttttttttttttttttttlttttttttttttt tttttttttttttltlttttttt1ltttt P ~ O P  33 

CUUJ;ATI I f  AREA : 55J.VO SU I! 

I 
ttt $11 ttt ttt ttr ttr trt 111 1x1 ttt ltt ttt ttt ttt ttt ttf 111 ttf 111 tt1 ttl 111 $11 111 ttt ttt ttt $11 111 111 $11 ttt ttf 

2ttttttt:ff Iff 
1 1 

HlDfiOGEAPP R00'1k6 DATF 

112 RC CORlAi D l P T l  CHAC4i; P:OUTiUP 
Al i i  0.Q:: I E F :  OIEfiGAYb U-YILL;E 

AUC)I' 0.046 IA!W /Hllkli I - Y l i J E  
AUfi C.055 Rlthr OCEk'E4#I L-YALUI 

I klUTH 1812q.  REACH LEU676 
S f 1  0,0?33 E 4 f R h !  S L O P E  

ELnAY 0 .0  HAY. E L L } .  fDf i  S?ORASIIOU?$!SU CIICULATIOU 

CROSS-SEITJOH DATA 
- lEfT UYERBACL --- + ------ ~ ~ 1 4  C H A H N ~ !  ------- + --- RlGH7 OkfRiAUk --- 

114 ~ 1 '  E1fYA:lOW 1897.00 1885.0? 1883.00 18dS.OC 1880.00 1864.00 1895.30 1882.06 
DISTANCE 0.00 500.00 1100.08 1150.00 1250.09 1260.09 14b6.00 1 4 F J . 0 0  

ttt 

I conPuTf o STORAGE -Ou r r l ou -E  LEv r l r l ou  DATA 
STORAGE 0.00 18.33 38.02 51.16 81.86 105.88 131.32 158.18 194.51 253. i '  

I 
OUTilUY 0.00 51.31 165.34 330.10 541.25 800.10 1103,32 1452.02 1 6 Q t , l ?  244Q.ob 

ELEYATlUC l8BO.00 1886.42 IBBb.P4 lPP1.26 1881.68 1882.11 1882.53 1881.Q5 1863,37 1881.79 
STORAGf 336.01 454.16 609.26 790.31 990.41 1209.55 1447.73 1703.65 1963.69 1224.22 
OUTfLOY 3153.56 4064.32 5140.03 6750 .  '34 8562.14 10683.76 13127.99 16047.79 19538.96 23353.33 

ELEYATlUW 1884.21 1881.63 1865.05 1885.47 1885.09 1886.32 1086.74 1887.16 1807.58 1886.00 

$11 BARHIHG $21 MODIFJEP PUlS ROUTIHG I4Y BE HUIERICA!lY UHSTABlf fOR OUTfLOYS B f T Y f f H  330. TO 13353.  
THE ROUTED HYDROGRAPH SHOUlD 6f EXAFlliEfi FOR OSCIl lATIOHS OR OUTFlOYS 6REATfR TWAH PEAK IH f lOYS .  
T W I S  CAH Bf CORRECTED BY DCCRIASIHG THE TIME IHTERYl l  Of IHCREASIUG STORAGl (USE 1 [OHGER Rf4Ch. l  

ttt ttt ttf ttt ttt 
HYDROGRAPH AT STATIOU 5 

PfAK FLOl TIME 



HAXIBUY AYERAEE STObAGt 
6-HIT 24-HR 72-HP 99 .56 -H f i  

1 111 111 111 11: 111 111 1f1 111 111 111 111 l l l  11, 111 111 I l l  l l l  111 lll 111 l l l  111 l i t  111 ill l l l  tll l l t  111 l l l  I l l  I l l  111 

T 4 f i i A  17,00 SUEG4SIR ALE1  

P f i I C I P I T A T i O H  DATA 

STORH 3.88 B A S I H  T O T A l  P R f C I P I T A T I O R  

I 
128 I S  SCS LOSS RATE 

STRTL 0.53 I W I T I I l  ABSTRACTIOU 
CRVRGR 79 .00  CURVE HUHBIR 

R T l l P  0 . 0 0  PERtEWT I l P C R Y I O U S  ARCA 

SCS D I l f H S I O l l E S S  UHZTGRAPH 
TlAG 2 .56  146 



v, 
c= m m 

h C., 

* .- 
L = 
a 
m o 
A I 
1 m 

- 
.& 0. 

-3 <! 0. 

P ' .  ? 

P P P P  3 3 0 z  - ..a j 



tt: ttt tit ttt 
li!'Gt!Gh'XP+ AT 5 T A T l O H  SU! l l  

I TOTAL R d I n f A : [  = 3 .66 ,  T O T R i  : 2.09,  T O T A L  E l [ E S S  = 1.70 

PEAK F L C Y  T I ! :  I d X l s i f r  4 Y I F 4 6 E  T l O Y  

I 
a - H i  2 4 - ! P  7 1 - H I  9 9 . 5 0 - H k  

t ( [ r : ~  ( H k  1 

r ~f s J 

t 3 5 3 3 ,  1 5 . O C  2 6 1 5 .  9 7 3 .  1 2 4 ,  ?3'. 

I (~U:!C:I l,;,:: I #  7?! I a? '?  I,"J: 
( 4 ; - F : I  1 2 G O ,  jg;,;, 1 ' 7 3 i l .  j 9 3 1.': . 

I 11; I Y i  t t f  $11 tti ttl f t l  ti1 $1; tlt tfl t f t  ttt tit ttl ttt t:f tti Itf $11 ttt ftt If1 ttt $11 111 ttt tlt 1;: ;i: 1:f 111 11: 

ttt 

ttt ttt 111 ttt $11 ttl $11 $11 111 111 ttt 111 111 $11 tft ttt 1tt 111 111 111 tft $11 111 $11 $11 111 $11 111 ttt ttl ttt $11 

I ftttttttlttttt 
t t 

B 1 3 8  KK t 6 t R O U T €  HrDROGRAPH 1-11 THROUGH REACH 6 



t t t t t t f t t t t t t t  

J T Y P  
R S t ' A J l  

r 

i41 kc  llOEr19! DfP?I: l H A Y h l i  P P C 7 : W G  
Ak'l fi,O:(i L E T T  D ; i R b 4 C I  h - C d i i E  

Iki! 0 . 0 3 5  1 A 1 *  C H A C $ E !  ~ - I A I U E  
A k i  4.050 l 1 G H T  OFERBAY\  H - V A L U E  

I R L I T ! !  I?fi.li. P L A C b  L E H i T H  
S C I  0.0( !21 E U l f i E )  S L O P E  

f ~ r 4 !  6.6  NAX. E i E f .  T @ P  S ~ O ~ A ~ i i O l l l ~ ! t C  iALCL ' !RTIOU 

ttf 

t t t  YARNJUG ttt 1 O D I F J E D  PUL: POUTlWG B A f  6 1  W U I E R I C A i I Y  U l t r l B L E  f O 6  O U r f L O P S  B E T I E E N  1 2 0 1 4 .  TO 7 6 1 5 1 .  

I THC k O l l 7 f D  HYDRUGRAPP S H O U l D  BE E X A n l U E D  FOR O S C J l l A T I O H S  OR OUTf!OHS 6 P E A T E R  THAN Pf  41, 1rF:EYS. 
T H I S  C A I  B E  C O R R i i T C D  BY D l C R E A S l l G  :YE T l 1 E  l U T E l Y A 1  OR I H C R L l S l n C  STORA6[ (USE A  l O b G E R  R E 4 C H . I  

I t t t  ttt ttt ttt 111 

WYDfOGRAPH AT S T A T I O L  6 

U A l l U U f l  A Y E R A G f  STORAGE 
6-WR 24-HR 7 2 - H R  99  .SO-HR 



1,t 11, lt1 ,ti t t l  t t ,  $11 tt* 1,; **I  l * ,  *,I t ; :  I t *  ;:* ,,I $1, Sl, $1, $11 ,,I $1, 111 111 $11 1,: $11 1,; t t :  $ 1 ,  1x1 $1, $1, 

P R f C 1 P I T A : i P N  D A T A  

SCS LOSS RATE 
S T R T I  0.53 J W I T I A l  A E S T f i A C T I O N  

CRY HEd 7?,OG C U R I E  I U F E f R  
R 7 1 ) I P  O . 0 O  P f R l I P T  I I P E R b ' I O U S  A R f A  

SCS P I l E H f  I O H I E S S  U H l T G f i A P H  
11AG 1 . 9 8  I A i  

t t t  

UNIT  HYDROGRAPY 
2 2  E Y D - O F - P l A ' l O D  D R D l n d T E S  

279. 889. 1781, 2267. 2 2 4 ,  18'JO. 1369. 905. 627. 446 .  

ttt t t t  at t  t t t  t t t  

I lYDA'OGRAPH AT S T A T J O U  SUB12 

T O T A l  R A l l F A L L  = 3.88, T U T A L  l U S S  - 2 . 0 1 ,  T U T A l  E I C E S S  - 1 .87  



I-HF: :I-HC 72-HF: ?".Sil-HF 

B 
t t t  111 111 I t ?  1;: $1: 1 ; ;  111 t t :  I t ?  t t f  t t 1  t t t  1x1 211 $11 f t f  i l l  t t 1  t f l  f t f  t t f  1:; 111 t 1 t  I t 2  l i t  111 111 It: 111 111 111 

I 1 5 ;  1 :  SCS l O S S  R A T E  
S T f i T l  0 . 5 3  I n ! T l 4 i  A B S i R l C T l G U  

C R V U e P  79.00 C U P Y E  N U H B l f i  
R T l B P  0.00 P E R C E N T  I l P l f i Y I O U S  A R l A  

15.1 U D  S C S  D I H E M S I O h ' L E S S  U N I T G R A P H  

1 5 7 .  101. 6 6 .  43. 26. 2 0 .  11. 5 .  

t t t  ttt $11 $11 

I 
H Y D i O G R A P H  I T  STAT IOH S U E I Z I  

T O T A l  R A I l f A l l  : 3.88 ,  T O T A L  L O S S  - 2.01,  T O T A L  E X C E S S  = 1.87 





R T l i l p  0.30 P f G i i U T  I I P E R V l O U S  AREA 

16; I/? ST5 D 1 I E K ~ : C b . E ~ ~  l l C ! ? G I / P l !  
T l l F  3 . 0 ,  L A G  

ttt ttt 1 t t 
HYBROGRAPH AT 5:A?IBC Sub13 

ttt 

I T G T A L  R A l U f A i l  : 3 . 8 6 ,  T O 7 4 i  l O S S  5 2.09, TOTAL f Y i f S S  : I.?? 

ltt $11 1st Stt $11 ttt $11 1x1 ttt 111 111 111 ttt ttt ltt ttt 111 111 $11 ttt ttt ttt ttt ttt 111 ttt 1x1 $11 tti 111 ttt trr $11 

sttttttttttttt 
1 

162KK S 
t 

9 t C O I I G I R E  1 - 1 1 4  Y I T P  1 3  
1 1 
tttttttttttttt 

ADD TYO WYDROGRAPHS 

RYDRDGRAPH COllG1RATIOh' 
l C D b P  2 lUlBE4 OF HYDRDGlAPWS TO C D l l I U i  

ttt 



1 111 I f 1  f l !  111 t f t  f i t  11t f t l  t t t  t t i  117 t t t  t f l  t i i  111 l t i  11$ i t !  $11 111 t i t  111 $14 111 $11 111 t l f  t f t  t t f  t t l  t f !  t t t  t t t  

I 14 P6 STORK 3.88 8 4 S I I  TOTAL PRf;IPITATJOY 

1.: P i  ~ n c ~ r n r n ? ~ !  PfiriJPJTATJGn D A T T E R U  
0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

1 0.01 0.01 6.01 0.01 0.01 0.01 0.01 0,CJ 0.02 0.0: 

0.02 0.0? 0.05 0.36 0.07 0.04 0.03 0.02 0.01 0.01 
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0 .0 ;  

I 0.01 0.01 0.01 0.01 0.01 0.01 0,OJ 0.01 

1611 15 SCS LOSS RATE 
STRT L 0.53 I W l T I A l  APSTRAClIGh' 

CRVUGPI 79.00 CbKlE UUIGEP 
RTINP 0.00 PERClUT IlPERVIOUS AREA 

i I 6 Y l 0  scs DIuEnsIonLrsS uNIr6RAPH 
TlAG 3.41 L A G  

t t t  



ttl ttf 
HYDROCRAPH AT STATION S U E 1 5  

1 t t f  I t l  t r J  It1 $11 ttt $11 111 ti1 $71 ftt fit 111 1 1 1  ttt ttt It1 111 ttt tff 111 ttt ltt ttf ttf 111 iti ftt it1 111 ftt tit ttt 

t t 
ttl1tf:tfztttt 

ADP 7 Y C  H b P R C 6 F A D H f  

ttr ttl ttt ttf ttt 
HYDROCRAPH AT STA'lUW 10 

I ,LA! F L l Y  1 I I E  l A X l l U Z  AYitAGL FlOY 
6-HR 24-HK 72-HK 99.50-HR 

1 + (CTSI fHRI  
ICFS I 

t 46818.  19 .50  4 0 9 4 i .  2 7 2 9 i .  1 1 8 i 3 .  8 6 4 4 .  
( I I C H E S I  0 .546  1 . 4 5 7  1 . 9 0 1  1 . 9 1 2  
( AC-fT) 2 0 3 0 4 .  5 4 1 4 3 .  70052.  71073.  

b 111 llt 111 111 $11 tlt 111 $11 ttt ttt ltt ttt ttt ttt ttt 111 111 111 ltt ttt 111 ttl ltl $11 111 111 111 111 111 ttt It1 111 ttt 

t t 1 1 7 1 K l  1 7 t ROUTE HYDROGRAPH 1-15 THROUGH RE ACH 7 

lttttttfttttff 

HYDROGRAPH ROUTIIG DATA 



P O f i F 4 i  P E P T H  C H A N U i L  R O G 7 l W G  
AM 1 0 . 0 5 5  L E f T  O Y E A ' P I h L  1 - Y A i O i  

AMCH 0 . 0 4 0  f 4 i M  C H A W l r !  I - V A L U E  
AN 9 o.o?: RIGHT o r i e ~ l u r  C - Y  ~ L G E  

f i l M T h  165~:. f i E 4 C h  1 E L G T k  
S E l  0.OO:C E h E f i C )  S ! B P E  

ttt 

C O P P i 1 i i B  ! ? 2 K A G € - D U T i l  O Y - I L E Y A 7 ! O W  b A J P  

$17 U A P h ' l n D  t t t  H O F l l l E P  P U L S  R O U T I C C  R A t  i f  W l ' I I R l C I i L Y  U W S : I E I I  F O F  O U T T L O Y ?  B f T Y E E h  83P. T O  12QO.  
T H I  R O ~ ? E ! J  H Y D f 0 6 P J P H  S H O l 1 ' B  P I  I l A l l N f D  f O R  O S C I L L A l 1 D I S  0 1  D E T f  L G Y S  G f i E A T f L  T H A N  P L h b  I I f  l O C f  . 
T H l S  CAM 8 1  C O R R E C T E G  BY D E C t ! A S I # C  ? H E  7 1 1 1  I I T I R Y A L  OR I W C R L A S I C B  S J O f i A t E  ( U S E  X L O H 6 f C  R E A C C . '  

t t t  ttt ttt t t t  ttt  
H Y D R O G f i l P H  A? S T A T l O Y  7  

B A Y l I U ~  A V f f i A G E  ! I O U  
6 -Wf i  2 4 - H f i  7 2 - W R  99. SO-HP 

PEA! S T A G E  Tldl  

I H R ?  

H A l ' l d U l  AVERAGE S T O R A G f  
6 4 4  14-IIR 7 2 - H f i  9?. SO-MR 

I A X l U U H  A Y C R A G E  S T A G E  
6 - H R  2 4 - H R  7 1 - H R  9 9 . 5 0 - W R  



$11 111 ltt ttt ttr r f l  ttt ttt 111 i t :  ttt tfi ttt $11 tat ttt $11 tt1 111 tit 111 111 ttt ltt 111 111 111 111 111 r r r  tta ttt $21 

$~tttttt~liltt 
1 1 

8 16;  6 4  SUE64fiH C H I C A ! T i f i l : T I C S  
T A P E S  J3 . i l . i  SUEE4:lr Ifill 

1 8 3  UD SCS D I H E N S ! O N L I S S  U N I T G U I P H  
7146  0,71 LAG 

Stt 

U N I T  HYDROGfiAPH 
9 E N D - O f - P E R I O D  O R D ! h l T E S  

KYDIOGKAPH AT S T A T I U H  S U B 1 4  

T B T A l  R A l W f A L L  = 3.88, TOTAL L O S S  - 1 . 6 1 ,  T O T A L  f X C E S S  = 2.27 



I 
tti 111 ttr ttt $ti 111 ttt 111 tti tf1 ttt ttt ttt ttt $11 ttf tlt ttf 111 ttl ttt ttt ttt ttt ttt 111 ttt ttf tft ttt ttt ttt $1; 

tttttttttttttt 
t t 

SUE5A; Ih  R 6 k 0 F F  DATA 

RTl!lf 0.01:l P E R C f H T  1APERl ' lOUS ARE4 

1;; SCS D l I E H S l O Y L E ~ T  U H f T j R l P P  

U W I ?  HYDfiGGdbPk 
16 E W F - C I - P I R I B D  DLPIYATES 

8.51. 1 9 5 8 .  4 8 5 7 ,  1 4205.  2737. 1701. 1110. 713. 461, 
2 0 1 .  1 9 0 .  1 2 3 .  7 7 .  5 2 ,  35. 20. 6 .  

ttt ttt ttt ttt 

'I HYDROGRAPH AT S T A T I O N  S U 5 1 6  

I I 70711 I A I X T 1 1 1  : 1,BI. TOTAL LOSS : 1.78. TOTAL E l C l E S  : 2 . 1 0  

C U I U L A T I Y I  AREA = 19.70 SQ I 1  



tft 

I ttf Y A R l l W G  111 l O b l ~ l E F  P U L 5  R O U T I N 6  H 4 r  B i  W U H E R I I A L L Y  U N S T A B L E  f 0 F  O f l f L O Y S  B E T Y i f n  0. TO 160. 
T H f  R D U 7 E D  H 1 D f i O t R A P c  SHOULO 61 E X A P I W L ?  f 0 R  C S I I L L A T I O H S  DR OU?!lDY: G R E A T f R  THAW P E A b  I H f l O E f  . 
T H l C  CAP B E  C O f i R E I T E Q  BY D f I P f 4 S I P ~ j  T P i  T l H i  l U : E P f d L  OR I W C P E A 5 l H C  S T D F 4 F i  ( U S E  A  L O U 5 1 P  P E A i H . ,  

1:: ttt ttt ttt ttt 

I + I ( F $  t I HI; 
fCf:J 

CUl !CLATlYE AREA = i3C.V S& R 1  

I ttt tti $11 tit ttt ttt ttt 111 $11 111 ttt tlt tt1 ttt ttt $11 ttt ttt ttt ttt ttt ttt ttt ttt ttt 111 ttt ttt ttt tft ttt ttt 118 
tttttttttttttt 

tttttttttttttf 

8 I Y D R O G R A P H  R O U T l W G  D A T A  

I '" l1 

R U U T l W G  L O S S f S  
Q l O S S  0.00 I W l T l A ~  L O S S  
C l O S S  0 . 0 0  A D D I T I O W A !  f R A C T I O W  l O S 1  

STORAGE R D U 7 J U G  
WSTPS 10 WUHBER O f  S U B R E A C H L S  

I T Y P  f L U Y  7 Y P I  OF 111714f C O U D l T I U W  
R S V R I C  -1.00 1 W J T I A l  C O W D I T I O H  

X 0.00 YORKIWG R  AWD P C O E F F l C I E W T  

WORHAL D E P T H  CHAWWEl  R O U T I W G  



AH1 0.0Sli LEFT OCEREAKA K - I A i l r i  
AHI H 0,035 l A I U  CHANCEL C-YALUE 

AHF 0.050 RICH7 DVffifiAUl H-VALUE 
RinTH 4947Q. REACH LEHGTk 

Sf 1 0.0041~ EhERG) SLOPE 
ELM41 0.8 MAY. ELEY. FOR STORIGEI0UTfLOY CALlUlATiOU 

CROS'-SEITI'OU DATA 
--- LEfT Ol'[R[AI//5 --- t ------ MAIN CHAHHEL ------- + --- RitC: OYL13Ant --- 

fLfbd:iOh i t  160:.(10 1 ~ O t . 0 0  1604.00 lb0O,0O 1600.00 lb(15.00 l d ? B , ~ ( ~  
20; fir DISTANCE 0.00 500.0fi 550.oo 640.00 650,UV $00,0iJ 620.00 1500.00 

COdPUTiD STOC4IE-C(llf LCY-EtEY 1TIOH DATA 

I SlOKAi f  0.00 90.i!! 1 8 j . 4 4  278.23 7 ,  473.14 5 7 4 . 8 ~  677.63 783.71 'J@j.OI 

OU?!!OP 0 1 443.50 Bi5.27 14lP.54 2067.4i 2613.!1 3 i f l . i ;  41!5.1: 51:3,7? 
ELECITlOb 1 1t.'i:.53 I ,  lb61.5E la02.11 16V!.h3 1 ~ 0 3 , l t .  1 b 0 ! . ~ 8  1 .  i604.74 

I STCiA:E 1040.:1 1166.2; 15?b.!4 195i .16 2406.09 2943.17 3531.26 4115.97 478i.4P 5665.58 
0lJTf~Oir 586L.6b 6 8 " i . l l  Sf;rjt,.it3 10?!5.66 13i5.!,84 16100.3? 1?!t'1.!2 23P8i.34 2PCl;.l$ 31,"iiC.fl 

ELEIATIDII 1605.26 1605.79 110 i .32  16!~t.&4 lbOi.37 160i.BQ I b 0 8 . 4 I  16OE.PC I jOc .47  lt!(,.Oi? 

ttt UAIWIH~ ttt MODITIEP PULS RO~:IH; s f  MUKEP;CALL~  u n s ~ 4 s i r  FOI ourr~cvs s r : w f ~ u  8;:. ro 33s~;. 
THi fiPi:?iD FYBICGIAPH SHGUIF ti! E l l l l P L G  TOR 0SiI: iAl lOU: OR 0C:riOUS GREA?ER THAl PEAK IHfiOYS. 
THi5 CAN 6 i  iOF6ET:ED 8Y PECRiASit; THE TIHE IHTfRkPL OR IHCRIASiU5 STORAiE tU<E 4 LOL;E: REA;H. 

2 11 111 tti 
H Y D F C G ~ I Q , - I  AT STA:iON 8 

ttf 

(AC-f l! 20056. 54572. 73630. 74314. 

PEAL STOPAGl TIME lAX lMUl  ACE RAGf STDRAGE 

# PfAK STAGE l l l E  IAXIMUI! AYERAGf STAGE 
6-HI( 24-Hli 72-HR 99.50-HI 

+ I f f E l l  (HR I 

I 1610.99 24.50 1610.66 1609.26 1605.74 1604.33 

CUMULATIVE AREA : 730.30 S4 M I  

ttt ttt 111 ttt ttt ttt ttt ttt ttt ttt ttt tlt ttt 8x1 tft ttt ttt 111 ttt ttt ttt ttt fft $11 tft 111 ttt ttt 111 ttt ttt 111 11: 

tttttttttttttt 
t t 



ttttttr1t~l~l1ltz1llf1tlftfff Pact 50 

RUWJFf FROM SUBGASIU l i  

SUBEAS!li R U l O f r  D A T A  

1 206 11 SUBBASII  CHARiACTIRJ5?lLE 
TAkEA 21 .01.1 S U 6 6 C l k  AIE! 

P f i E i l P l l A T J D l  DATA 

1 5 P l  ~ ~ [ f i f m ~ n ~ d :  PR€;!PI:~?!cc P ? T T E ~ ~ #  
0 , i l ~  0,OJ 0.01 0.01 0,Oi 0.01 b.C! . c i  0.01 0 ,., 

(l.01 0 . 0 :  0.01 c , :.' j C.O1 0.G: O.C! 0 . 0 i 0-i: :  O,(.? 

I 1:i . 9 2 (:I . n J 0 . i ~  0.16 0.07 0.04 0.03 0,02 O. n: 0 , o i  
0.0; 0.Oi 0.41 0.0; 0.21 0.01 0,01 0,01 0, C! t . it! 
0.0i O,G1 0 . 0 1 O,ill  0.01 0 , P i  0,Oi 0.01 

SC? 1P3: PATE 
S:R:l 0.50 Jl!TlA, ASSTRAiTJOP 

Cbl'N!( ~ i ' , i ] , ~ j  CUFii hijPc'[F 
~ ~ T I M P  0.00 PfRi[ i#T I I P f f ~ l C ~ ~  APEA 

B TOTAL R l l l F A l l  - 3.68. TOTAl LOSS - 1 .q1, TOTAL EXCfSS - 1.94 

PEAL F L O Y  TIME A A r l n u n  A Y E R A G E  F L O Y  
6-HP 24-HP. 72-HK 99.56-HP. 8 + (CfS, IWR) 

(CIS1 
+ 5489. 14.00 3/73,  109'. 366. 265. 

I ( I Y C H I S I  i . 4 4 O  1.913 1.913 1 .943  
f A C - f T I  1623. 2176. ? l i b .  2176. 

CUdUiATlYE AREA = 21.00 SQ d 1  

) 111 111 111 111 111 111 111 tl1 111 111 111 ttt 111 llt 111 111 111 111 111 111 $11 l11 111 111 111 ltt 111 111 $11 lll $11 $11 



HYDROGRAPH AT S T A T I O U  S U E 1 8  

I T O l A l  R A l W f A L L  = 3.88, TOTAL L O S S  = 1 . 9 4 ,  TOTAL fICfSS = 1 . 9 4  

I $11 ttt 111 $11 111 111 $11 $11 111 tft $11 $11 $11 111 111 111 $11 $11 $11 r r r  rrt ttt ttt ttt ttt 111 1t1111111111 itt ur irt 

\ tltttttftttttt 



1 1 
tltttttttifttt 

APF ? H R L i  HYBf iSSf iAPHS 

tft 

R 0 9 : l I G  L O S S E S  
41055 0 .00  I U 1 7 1 A L  l D S f  
C L O S S  0 .00  A D B I T l O l A i  F R A C ? I O I  LOST 

I W O R l A L  D f P T W  C H A U U E L  R O U T I U G  
A l l [  0.050 L E F T  O V E f i G l d I  W - V I L U E  

AUClr 0 . 0 3 5  H A I H  CHAMWE[ I - V A L U E  

I AUR 0 . 0 5 5  R I G H T  O Y E R E A n l  I - V A L U E  
l l  N T H  1 7 7 0 8 .  R f A l H  l E U G T H  

S f 1  0 . 0 0 3 8  E W E I C Y  S l O P E  

I 
f M A Y  0 . 0  H A X .  €LEY, TOR S T O R A C E ! O U ~ f L O Y  C A L C U l A l l U l  

C R O S S - S f C T l O W  D A T A  
--- LEf7 O Y f R B A H K  --- + ------ H A l n  C H I W W E f  ------- --- R I G H T  O V E R B A I k  --- 

E L E V A T I O W  1450.00 1446.00 1441.00 1440.00 144:,00 1444.00 1446.00 1448.00 



t t t  

C O R P t 7 E P  S T O R A S L  - 0 U r f  L O U - E l E b ~ 7 l O I I  D A T A  
STORAGE 0.00 45.04 180.17 405.30 710.0: 1101.77 153O.F? 2034.18 2583.03 3Jt9.7! 
OUTf  l O Y  0.40 110.41 756.20 1135.44 487t.97 9015,Qb 1445Q.10 21191.91 30263.53 4I?Ot.!' 

E l E Y A T I O N  1440.00 144o.53 1443.05 l44i.56 144:.11 1442.t3 1443.1t 1443.68 1444.11 1:;4,71 
STORAGE 37U0.11 4444.47 5135.55 S8iS.le bbt?.fl4 750b.i) 03g:.?I 9298.72 10127.74 11i7~.?'i 
O U T f  LOB 54448.43 696E"i. 13 85864.01 10366(1.58 ;?3141.28 1445tf.u: 16804°.84 1?!40:. 15 110526.96 1403fi ,6r 

E f E Y . C l O M  I44'.?t 1415.71 1446.32 144e.84 1447.37 144'.81 1 4 4 2  1 4 4  144".47 1451~,~1 

t t t  Y A P ~ ! ~ S  t t t  H O F J ~ I ~ ! ~  P ~ I L S  KOL'TICS H A Y  BE nurrrtrci!i! uns l i s i r  roc o u r r L o m s  s E r w E r r ,  901t. TO 2491~!. 

D T C E  R O U T E 0  H r P R O S R A P H  S H G U ! D  B E  I X A W l U f F  F O R  O S C ! l L r r l @ Y :  8 P  O C r f L O P S  G R E 4 T E F  :hrk p L l !  I R F L O Y C .  
T Y l t  C h Y  EE CORPECTEP 61 P i C P E 4 : I b E  THE T 1 6 E  I Y T E R Y A L  Of lWCCE!EIHG S T O l A G E  r U S i  A L O S S E F  R E I r h . !  

I t t t  t t t  t t t  1 1 1  111 
HYDROGQRPB A' S T A T l O h  1 2  

1 1st Ilt l l t  t f t  $11 111 t t l  t l t  1tt $11 l t l  111 111 l l l  $11 111 l l t  t t t  111 111  l t t  t i t  11,  l t l  111 $11 111 t t l  1x1  t l t  11 ,  $11 l t l  

S U B E A S l W  R U W O f f  D A T A  

225 BA SUBBASIW C W A R A C T E ~ ~ S T I C S  
T A R L A  10.60 S U B B A S I N  AREA 

P R E C I P I T A T I D W  D A T A  



m u -  

P P P P P  . > z o 3 =  
L-- w -  

P P P P P  
2 z z z z  



. SC5 LOSS R A T E  
STCITL O.SC lUlTi4i AESTfiA;!iOW 

CRYhSCI 80,OQ C C f k E  HU261F 
R T I U P  0 . 0 4  P l R C E G T  J A P E K Y l 0 U S  AREA 

I t l t  111 t t f  $ 1 1  112 
Hl'fiROCldPb A: S:ATl?k Su8:L" 

8 TOTAL I A I b T 4 i i  : 3.85, TOTAL LOSS - 1.P4, T@!AL i r C l S S  = I.O4 

~ 1 4 1  r l t k  TIHE n ~ l r n u n  A V E R A C E  ~ L O Y  
6-HC 24-HR 7 2 - H R  9 9 . 5 0 - H R  

S t ( C i s 1  (HR 1 

(Cf SI 
+ 4 1 9 . 0 0  4 1 9 1 .  1 5 8 s .  8 8 3 .  630, 

I (:WCHESI 0 . 9 1 5  1.888 1.943 1.943 

1 A T - F T ,  1 4 7 5 .  5 1 3 3 .  5 ? 5 4 .  5254.  

C U I l l A T I Y E  AREA - 50. i0  SO I 1  

1 3 5  HI HYDROGRAPH C O I B I H A T I O W  
I C O l P  3 W U I B f R  OF HYDROGRAPHS TO C O l E J i I  



tlt 

tlf $ti 111 111 ttl ti1 tlt ttt Ytl its ftt I t t  ttt ttt It1 ttt Ytt 111 $11 $11 111 111 ttt ttt 111 11; 1:: ttt ttt 111 i t :  111 11; a tttittttttttrt 

kClDfF FRO\  S U G F A 5 I P  2 i A  

Sl!B!P:I A P U n D f i  DATA 

I P ~ E C I P I I A T I O B  DA?A 

I4 P i  STOR! 3.81 E A S I k  TOTAL P R E C I P l l A T I O W  

139 L S  SCS LOSS RATE 
S l R l l  0 . 3 8  I I I T I A L  I B S T P l C T I O W  

CRYHER 84.00 CUPYE WUlBER 
R T I B P  0 . 0 0  P E R C t H T  I b P E R Y  I O U $  AREA 

ttt 



tat t t i  It1 111 
nYDfiCt."4or 47 :':1710# SU6:f 4 

UAXlUUb AVERAGE f L 0 b  
6-HL 24-h'F. 7:-tF 99.50-Hfi 

t t t  t t t  t f i  t t t  t t l  t t l  t t t  l t t  t t t  t t t  t t t  t i t  t t t  t t t  $11 t t t  1Sf ft1 111 t*! ; i r  I t1 t t t  t t t  t t t  t t t  t i t  $11 ttr  t t t  t t t  t t f  t t t  

t t t t t ~ t t t t t t f t  

HYDfiUGfiAPH RCUTIWG DATA 

ROUT; WG LOSSES 
4102:' 0.00 1 l l : I A ~  l0SS 
CLOSS 0.00 AOhlTlOnAl FRACTIOI LOST 

STORAGl R O U T 1  IG 
WSTPS 6 WUUBiR O F  SUBREACt!fS 

ITYP f lOY TYPE Of 1 I l T l A L  COlClTIOS 

I RSYRiC -1.00 lW!TJAI COWD!ilOM 
X 0.06 YORKIWG R AKD D COff f lCIEKT 

244 RC IORHA: DEPTH CHlWWf L ROUTlWG 
AW I 0.055 l E f T  OYEREAHk H-YAIUE 

A W C H  0.040 ~ A I W  c n ~ n n r r  I - v a l u f  
AWR 0.060 RIGHT OYfRBAIk I-YALUE 

I RLWTH 63400. REACH lENGTH 
Sf [ 0.0088 EIERCY SlOPf 

ELUAX 0.0 RAW. ELEY. FOL STORAGElOUTFlOY CALCULATIOM 

CROSj-SECTIPI DATA 
--- L E F T  O Y ~ R B A W K  --- t ------ l A 1 l  CHAWUfl ------- + --- RlGHT OYERGAYK --- 



- Y  - ;;%zzE-l-  
W r, .., c. -1 0 . . =  
- 9  w u r  o n  
9. - 4 , . , W  a,-., c 

-4 

P P P  
0 0 0  
- 4 - -  

P 
m 

-).-- - 
U Q -2 -1 .-* - h 
..> r CZ2 -2 L., c. -4 
W C,. .-r .-. ., O  -- . . . . . .  O *^ .  - J W w ' O =  
L., A A L Z  .a - 0 

P P P  
3 3 0  
Ir - - 

P ? ?  
0 '3 3 
C.., C - 
P P ?  
-2. 3 3 
.a C y  - 





CUIUIATIVE AREA = 161 .I0 SQ U1 

n ttfttttrrffltl 
t t 

255 1;1, r 2 ;  ROUTE tT1CfE YA.:P I'iTEBilbP EASJU; 
t t 
ttttttttiittlt 

ROUTl HYDpOGfibPV THfiO!iGH TIGEL WASH DETtNTION BASIN 

I 
isi f i ;  5TD?d5i fi00'lh6! 

USTPS 1 NUUGEI OF SUQREACHE: 
ITYP [LEV TYPE OF I ~ I T I ~  C O ~ P I T I O ~  

R$VSli 1390,UJ IYITIAL CONDlTIDk 

I I 0.00 roa1;rus 6 ANP a  EFFICIENT 
- 

151: SY STORAGE 0,O 0.0 0, i l  1716.6 6216.0 6?!3.0 i ? 6 5 , 0  9460.0 11302.0 15428.0 

DISCHARGE 0. 55'1. 903. 1131. 1312. 1637.  2187. 4367. 7106.  14651. 

t t t t  YARBIMG t t t  RODlflED PUlS ROUTING HAY 8 1  NUnERICALlY UHSTAELE FOR OUTFLOYS 8E!YEfN 0. TO 903. 
THE ROUTED HYDROGRAPH SHOULD BE EXAUlUED TOR OSCllLATlOUS OR OUTflOYS GREATER THAN PEAK INFLUUS. 
lWlS CAN BE CORRECTED BY DECREASIUG THf TIME INTERVAL OR 1UCREASlUG STORAGE (USE A LOYGER REACH.) 

I 111 ttt t t t  t f t  ttt 
HYDROGRAPH AT STATION 2 



U A X l b U I  AYERAGE STORAGE 
E - H R  2 4 - H K  72-Hf 9 9 . 5 0 - H R  

1 1 
tttfttftfft!11 

AQC lU@ N r D E I C f i A P ! ! :  

1 1 
264 II 1 10 1 ROUTE HYPROGRAPH 1 -21  THRDUG!! R lACH 10 

1 1  
1~ f t l t t f t t t t t t  

UYDROGRAPH ROUTIWG BATA 

RDUTJ lG  LDSSES 



QLOSS 0,00 l n l T i A L  LOSS 
CLOSS 0.80 ADDITIOIA! FRACJIOW LOST 

266 RS STORAGf ROUTICG 
USTPS 10 UUHRER Of SUGEEACHLS 

ITYP f l 0 Y  TYPE Oi  IN IT IAL  COUDI!IOW 
RSPR:C -1.00 I I ! T I A L  COUDITl08 

I 0.00 YORIIUG R AID D COEffICIEUT 

- NOA'HAl DEPTH I H A I k i i  POCTIIG 
AYL 0.055 lEfT BYEREAI1 P-V4lUf 

I 
AICH 0.035 I A I I  C!41Wf! U-VALUE 

AUP 0,000 RIGHT OYEREaCb U-Y4!UE 
RlHTh' 19271. REACH LENGTH 

SEL 0.003? ISf f iC:  S13Pf 

I fiIf4i o.c n u .  ~ : t r .  F O P  I T D P A G E : C I U T ~ ! O U  C A L C U ~ A T I O P  

CROSS-SLCTIOW DATA 

n --- ! I f 7  @Yf,mEA{!' --- t ------ RAIN C IANn l l  ------- t --- RJEH! OYLRRAnb --- 
269 i?) E L i b X 7 1 C h  1376,:?2 i36t.Oi;1 J jb? ,0 i l  1369.00 1361.00 13a4.0Q 13 tc .00  13t,8.08 
?c6 PC DlSTAnCE 0.00 60ci.00 1006.00 2306.00 260C.(l(i 35(ifi,00 4000.0" 45OQ.00 

t t t  

1 111 Ylrl!S( 11; I@D! f !EP  PULI RBUTIlG HAY RE UUHERlCAli l  UYLTAElE FOR OUTFlOYS EETUEEU 707.  10 23022!. 
THE ROU!EP HYDEOGRAPH SHOULD Ef  fXAI lWfP fOR OSClllATlOWS OR OUTfLOYS GREATEL THAI P fA t  I d F i O k i .  
THIS CAi 8 1  CORRECifD 6Y DLCRIASlUG THE T IH f  IUTlRYAl OR IUCREASIWG STORAGE (USE A 101GER REACM.! 

tat ttt tlt 
HYDCOGPAP!! AT STATlCh' 10 

tlt 1 

) PEAL fiOI TIRE I A X I I U I  AVERAGE f LOU 
6-HR 24-HE 72-HR 99 .SO-HR 

IHR! 

I : :::::. 25.50 
(Cf  S! 

48703. 3 5 ! ? 7 .  16760. 12415. 

u IAC-TT! z t r s a ,  6?6?4. 99847. 1 0 2 0 ~ 2 .  

PEAK STORAGE TINE HAXIHUH AYERAGE STORAGE 

( PEAL STAGE llIE 

t (FEET! (Ht: 



I 
$18 tit t t t  111 t t t  t f l  t f t  ti1 1 1 1  i f f  t t t  111 t t t  $ 1 1  it1 t t t  t t t  t t t  t t t  111 t t ;  t t f  t t t  t t t  t t t  t t t  t lt  t f t  t t l  t l t  t f t  $ 1 1  1;; 

T i  Au" 2.51 L A G  

t t t  

1245. 9 5 1 .  705. 5 2 6 .  392. 290. 21 5 .  1 6 1 .  1 2 0 .  85. 
65. SO. 40. 30. 21. 1 3 .  5 .  

t t t  t t f  t t t  t t l  t t t  

I HYDROGRAPH I T  STATIOl SUB22 

- 
JOTdL fiA1WfALL = 3.66, TOTAl LOSS = 2.61, TOTAL EXCESS = 1.07 

IAXIIUM AVERAGE FLOY 
6-Hi 24-Hfi 72-Hi 99.50-Hi 



[ U H U ! A T I Y L  A R E A  : 2 5 . 1 0  S d  11 

4 

ttt ttt $11 ttt lit ttt 111 ctf ttt ttt 111 ttt ttf ftt ti1 tlt ttt ttt ftf tft tft ttt ttt ttt ttt ttt ttt ttt ttt 11: ti; ttf 

C b H L I L A T I Y E  A R E A  = 1 0 2 j . 3 0  S6' f i 1  

ttt ttt ttt ttt ttt ttt ttt ttt ttt 111 $11 111 $11 $11 tzt t:t ttt ttt ttt ttt ttt ttl tti tft $11 $11 tit ttt tit ttt ttt ttt 

I tttttttttttttt 
t t 

278 KI; 1 11 t ~ G ~ T C  PYFROGBAPH 1-11 THROUGH R E A C ~  11 

HYDROGRAPH R O U T I N G  U A T A  

I C L O S S  0 . 0 0  A D D l T l O W A L  F R A C T l O W  1 0 5 1  

280 R S  STORAGE ROUTIWG 
WSTPS 2 H U H B E f i  OF S U E R E A C H E S  

I I T Y P  f l O W  T Y P E  O F  I U I T I A L  C O W B l l l O U  
RSVIIIC -1 -00 IWITZAL COWDIT IO~  

Y 0.00 YOtKlWG fi AHO D C O E f F I C I E U !  

4 281 %!I WORfiAL B f P T H  CHAUWEL R O U T l U G  
A H L  0 . 6 5 5  1 E f T  OYERBAHI ;  H - V A L U E  

AUCH 0 . 0 3 5  N A I U  CHAUWEL W-VALUE 



A 3 4  0 , 0 5 5  R l G U  OVERPAMk M - V A L O f  
R L W T h  10317, R E A C H  L E i G l H  

sf! il.001: E W C ~ ~ C Y  SLOP[ 
E:)IAi 0 .0  b A l .  E L E Y ,  f O R  S r O Z A I E I O U T F i O Y  C A L C U L A T I O I  

I C R O S S - S f C T l O h '  P A 7 A  
--- L E F T  O r E P f i A l b  --- t ------ A A I ~  C H A n n i L  ------- + --- R l G H T  OYCRBAWK --- 

?63 fir E L E Y A T l 0 H  Ii'Qi'.(% I l 6 b . N  1267.00 f lP0 .00  f 2 t Y . O c  1284.00 1266.00 126E.00 

I i O f l P i ; T i D  S ? O ~ A ~ E - O U 7 f L O Y - E L f Y A T 1 O I  D A T A  
S T O I 4 G f  0.00 27.12 I !  ?!il,!E 444.71 680.49 951.04 1256.37 1515.36 1 5 5 7 . ? ;  
@ U : ~ L ~ V  0.03 75 4 7 6 . 3 c  14(i4,4$ .](jd4,l(i 566.4.67 ?OP1 , 3 3  j j j70.67 JP#$i.i,?O 2b;:j ,S5 

1 E l E I I T l D S  1280.00 128il.53 1261.05 116; . S S  12El . I l  i 2 E l , t 3  1263.16 J:B3.tb 1284.21 1284.74 
1 :349,?5 7 4  .]]71,$i 3 ,  4117.76 46.]i,@b Sl#. j ,2"  5 i 4 j 8 ! 7  & 3 1 @ , l i  bQ04.67 
@U7F!OF 34484.34 41722.91 53873.84 65043.66 7 7 2 ? 5 , 6 ;  9064fi.11 !(!53?5,i6 J2 l lbP .49  ]3609.:,62 1:8b9?,60 

I 
[[[i'e:lfib 1 . "$5 ,Zc  .!:'$:,70 1286.J.' 128c,84 1 1 # 7 , J i  128,1:" i288.4:' 12E$,?f 1!$;,4i ll'?i/,()i> 

t t t  W1BSJr :  t t t  # I D I ' ! I P  P U L S  R@!T!WG F4Y B f  n U A f f i l C A i l !  UI$!AS!E f O C  C C i f i O U i  B E T Y E L I  53874. Ti? 156076. 
T H E  t e l T E 9  hjF!5~4APk' SY5kL.q 1: f X A f [ Y E G  fOR @SC]i!XTIO!iS OR O U T F i O Y S  G R E A T i f i  T H I b  PEAA I R F L O P S .  

I T H I S  C A 6  P I  C O k P ! l r l D  FY B T f R i A 5 l M G  T H E  T l H i  I G T E R t A i  01 I W C t E A S I N G  STOf i4Gf  ( ( !S f  k L O M G f t  REACH.  1 

t l t  t i t  t f i  $ 1 :  $ 1 1  

PEA! STORAGE T!dE 

( A ; - T T !  i H R l  



-m .=. .=. -z2. ,=. CL. > . . . . . . . - ,  .=. .=. .=. ?, -2. T-r .- C-  I.., -- .I .- 
h 



APD T Y O  H Y D R 0 6 k A P H S  

t t t  t t f  ttf 111 11% 

I H Y D l O G F A F k  AT S T A T I O C  17 

P i 4 1  f 1 0 i  T l d f  141 l H U n  A V E R 4 E E  f10i 

I 
b-HE: 2 4 - H l  i l - H R  9 P . 5 0 - H 9  

t (CfSI t l r f i ]  
(Cf?, 

+ :::I:, I C . N  4 1 t t  1 .  I : : : I ,  1 7 : ! 1 ,  I.?;;:, 

I l I b i # E T '  0 . 4 4 3  1 . 2 P ?  : .Ft .J 1 , G I ! )  
f4C-f 7 1  2 4 ! i i .  i ( ' s 5 4 ,  1 0 : 5 ! ! ,  ~ { I ~ o . ' ; ,  

I t l l  I t l  %it f?t t t t  Lti t i t  tft ftt t t t  Sii ?It  111 t f i  l t t  f i t  t t t  f t f  f t i  $11 $11 %If 111 t f i  1!t 111 $11 t f t  tfY l f i  1! !  t t f  11; 

1 ? a ?  p~ 
A ; .- f i O U ? l k t  L O S S E S  

dl0;S 0.00 I U l T I A L  L O S S  
C L O S S  0.00 A D b I T ! O B d i  f R R C ? l O k  LOST 

8 194 I S  S T G d A G f  R O U l I W G  
WSTPS 4 W U U G f f  O f  S U B R E A C H E S  

H O R l A L  D E P T H  CHAUUE!  R O l l T ! ! f  
A H 1  0.050 L E F T  O Y E R G A U r  W - Y A L U E  

A I C H  0.035 U A I U  C H A W ~ ~ L  U - V A L U E  

I AUfi  0.050 R I G H T  O V E R G A I L  N - Y A L U E  
R I U T H  17708. REACH L E N G T H  

$ E l  O.002i E U f f i G Y  S L O P E  

I 
E l l l P r  0.0 U A X .  L I L Y .  FOR S T O R A C E I O U T F L O Y  C A L C U L A T I O K  

C R O S S - S E C T I O N  D A Y A  
--- [ E F T  O Y E R I A W K  --- + ------ Q A I n  C H A B n E i  ------- + --- R I G H T  O Y E f i B l W t  --- 

E L E Y A T I O U  1274.09 1263.00 1267.00 1265.00 1267.00 126Q.90 1 2 7 1 . 0 0  12;5.00 
B I S T A # C E  0.00 800.00 1000.00 2300.00 2600.00 3500.00 4000.00 4500.00 



u 
u 
4 

= 
h 
3a == .- 
Z .=, 

u u 
I , *  

* * =  
x = 0 
4 - 3  - ,  - - 
n 0 - 
L C -  =- '-( CJ 

m  
m - a  
m e 

=I2 C - Y ,>-, 
0 a 
h 4 h  
m a -  
r-, 0 = - =, --I 
'-4 h LI 

m D =  
1 % '5. 

OJ -2-3 = 
Y Z h  - - 

CZ 
m c w  
T5 I .1 

% m  03 = 
h m c  
c.., = 
- m m  
l W - m  
c , h 4  
3 C, 

-4 - 2 x = r- 
7 1  m c 
3 -c 

.-&.a- 
*> a '̂ ( * >  m u 
-1 CI Lr, 3 w c.3 n -- r., 4. .7 a'=. 3 . . . . . .  
w .= ...... - m 
h2 -. -1 .. 1 - -1 C2 -4 

s m s = .A 
m - 
x 9  s - 5 -n -., -. L A  
r-4 - --  
L O .  - '.= 
a= , .-, . . 



F P P P  
3 3 3 -  
c.-'"- 

P ? ? ?  
- > O W =  - LI a 

P P P F  
2 2 2 2  



I I IObLs SCS LOSS !ATf 
S T f i J l  0.60 l U l T l A L  d G i l C A C T I 0 N  

C k r n E l  77.0!) i U R S i  WU!BIR 

I F T l l l F  O.OC P l f i C l N l  I I P E K Y I O F S  AREA 

t t !  

I 
t t t  t t t  $11 t t t  t t t  t t t  t t t  t t t  t t l  t t t  t t f  t t t  t t t  t t t  t t t  t f t  t t t  t f t  t t t  $11  1 1 8  t t t  $11 t t t  $11 t f t  t t t  t t f  t l i  t i t  t t t  ttL $11 

t t t t t t t t t t t t t t  
t  t  

1 300 KI( 1 1 8  t  C O H 6 1 P I  1 - 2 3  % 1 T H  2 4  AUP 25 
t  t  
t t t t t t t t t t t t t t  

ADD T H R E l  HYDPOGRAPHS 

t t t  

t t t  t t t  $11 t t t  
HYDROGRAPH AT STATlO! l  18 

t t t  



C U H U L A T I Y E  A R L A  = 1067.30 Sd h l  

I 
ttt ttt ttt ttt ttt :tt :ti ttl ttt ttt t t ~  :lt ;ti ttt ttt !it ttt ttt ttt ttt ttt trt ~ t t  111 tt; ftt tti ;ti ti1 tt! 1:; 1:: t t ~  

3il Xb t 1.3 t f i O U T L  H r D P O E f i 4 P H  1-25 THRUGH REACH 13 

B ~ O S S  0.0~ IW;T:;, ~ a r r  
GLOSS 0 . N  ADCiTlDUAI F R A C T I O N  10;: 

313 r.5 SiOKlGE ROOTIWG 

I R S ~ P S  6 tU!!Bffi Of SUhRfAi! ! f l f  

I T Y P  f l O W  T Y P E  OF 1 I 1 7 l A l  C O W ? l l J O C  
R S Y f f I C  -1.00 J H I T J A L  C O W D l T l O H  

Ah!  0.~50 i l f T  O Y E R 6 4 P K  H - Y A i U L  
A l l C i i  0.035 1~18  c h ~ n n r ~  W - V A L ~ L  

A B P  0.054 t l G H 1  GYl f iGdPb  I - Y A L U I  I 

R L k ' T l i  2i.154. R E A C H  1 f N G l h  
S E l  0.0027 EWERGY S L O P E  

f ~ 1 4 ~  0.0 I A I .  E L E Y .  FOR S T O ~ ~ A G ~ I G ~ I T ~ L O W  C A L C U L A T I O W  

C R O S S - S f C T l O U  D A T A  

I 316 R Y  
--- /.If: O V f R E A n K  --- t ------ l A l W  CHAWHLL ------- t --- R I G H T  OYERGAh'k --- 

E I E Y A T l O N  1184.00 1181.00 1160.00 JtT9.90 1180.00 1182.00 1160.00 1181.40 
315 RX D I S T A H C E  0.00 2200.00 2900.00 4100.00 4300.00 5304.00 6250.00 7470.00 

ttt 

I COHPUTED S T O R A G E - O U T F L O U - f i E Y A T I O H  I A T A  
STORAGE 0.00 121.00 321.07 571.28 671.63 1112.11 1611.74 2073.47 2563.46 3083.61 
O U T f l O Y  0.00 157.10 670.89 1509.85 2685.67 4218.42 6130.94 8452.32 11293.86 14555.89 

I 
E I E Y A T I O H  1179.90 1180.12 1180.33 1180.55 1180.76 1180.PI 1181.19 1181.11 1181,63 1181.84 

S T O R A G f  3633.98 4210.75 4012.64 5439.63 8091.!4 6768.?5 7471.?8 8188.71 8851.26 9728.P1 
O U T F  L O U  18335.17 22851.67 27872.01 33364.53 3P365.46 4587'5.1 1 52855.i~ 60330.64 68304.11 76780.8Z 

E L E V A T I O I  1162.66 1182.17 1181.49 1182.71 1162.92 1183.14 1183.35 1163.57 1163.78 1184.00 

( 111 Y A R l l X j  111 1 1 0 8 1 F I E 1  RLS R O U T I W G  I A Y  B E  I U I I E R I C A [ L Y  UHSTA111E f O L  BUTfLOh 'S  8 E T Y E L W  22612. T O  76781. 



7 H I 5  CAK EE i O l F f C T f D  EY P f i ! ? f d S ! N G  I H f  T J h f  i N ? E R Y A l  0 1  I H C F L A 4 1 R G  S i O R A G t  ( U S E  A l O W G f 1  RIA[!'. 1 

$11 t f l  t l t  tit 

I 
f i t  ttt ftl 1 2 r  r t i  i:1 ttt ttt it; ttt ftt ttt tft if1 It1 f t t  t t t  it1 ttl t? t  tti ttf ttt ttt rtf ttt ftt l i t  I f t  :I! ttt t t t  Ztf 

tttttft#tl:tfl 

I R U M D F f  FRO! SUEBASl .4  26 

7 l U  T I B E  DATA f 0 f f  I R P U T  T i t f  S E R i f S  
J Y t l l l  1 5  T I H E  l N T E R Y 4 i  I N  f l M g T ! s  

J X D A T E  J l d p P P S  STA!!!BS D A T E  
J Y T I l l l  JlOi! S T I R T I K C  T l l f f  

S U B B A S I N  R U N D f F  DATA 

3 1 9  BA SUBBASJH C H A R A C T E f i l S T I C S  

I TARLA 4?.40  S U B B A S I C  AREA 

P R E C l P l T A T l O M  D A T A  



I $1, ttt ttt ,,, ,I* ttt tt; ttl Itt Zt, ttt *ti It, ,,I $11 11, ttt ttt a11 ttt 11, 11, ttt ttt ttt ttt ttt tt, 111 tfl tt, tt, ,It 

tttttttttttttt 
t t 

1 8 9 K K  8 11 t CU!t5!Hl 1 - 1 5  YITH I 4  ANP 16 

ttt tf1 1st $11 tti 

I ttt tt: ttt ttt 127 ttt ttt ttf %ti ttt 111 ttt ttt ttt 1x1 ttt ttt 21; ttt It1 1x1 ttt ttt tlt ftt $11 ttt ttt tt: :I? ttt 1x1 ttt 

tttttttttttttt 
t I I91 LA 1 

t 
1 1 ROUTE llOWfR CfUTfdUlAL - WARRUUS DAN' 

1 t 
tttttttttttttt 

RDUTE TOTAL HYDROGRAPH THROUGP IiSffiYOlfi 

HYDROGRAPP ROU:!YS DATA 

I 17, 1, aourlnG L o s s [ $  
OLOSS 0.00 I N I T l A l  105: 

I CLOSS 0.00 APOlTlONAL rRACTlOli l@ST 

194 1s STORAGE ROUTING 

I HSTPS 1  HUNGER Of SUEREACHES 
ITYP [LEY TYPE Of I I I T J A L  COWClTlOU 

RSYRIC 224,oo IWJTIAL ConuzTIon 
X 0.80 YORllNG R IN! F C D E f f l l l f U i  

195 SY STORAGE 0.0 0.0 0.0 500.0 850.0 1240.0 1700.0 1300.0 2620.0 29OP.0 



.- G, 
C- . 1 -1 
.:'I O *_I 

I,., L .I . .I C. . . . . .  

.& *.J 
0 .  . In 
n.. * 
L- *. '-1 



! I  ttr t t t  t t t  t t t  111 t i t  tr: t t t  t t t  t t t  t t t  t t t  t t t  t t t  t t t  t t i  $1; t t t  ttr ttr t t t  trt t t t  ; f t  t t t  t t t  $ 1 1  i t t  rtt ttt  t it  t i t  t t t  

(jLC"< .. . 6.01:; I S I T I A L  LESS 

3j;i STOEACE ROU?lKG 

C Yj rpS  1 4  Hl1!fEC! Of SUGkiRCHI~ 
ITYP fLDY TYPL OF I l l ? ! k :  COJP!TlOC 

RSik?C -1.0? IR!TIAi iOHBI:i@!i 

I 
r 0 . ~ 3  b f l f ! : k C  P k # r  r ipf;rj:;EMT 

33: kc YI?KAL OLPTH iHA#KL l ROUT JUG 
XML 6.065 l C f  J OYL4SAPS I-fAi! iE 

A#CH 0.045 f 4 1 R  CHANkil 1 - Y A I l / i  
AYCl C . ? e ~  RIG?? OVLREdlI L-YALCI 

k l  H?H 46354. RLAC!! LEKGTg 
SE! 0,0027 EnERG) SLOPL 

Elf lA) 0.0 HAY. E!EY. FOR STORAGEiOUTfiOY CALCULATIOI 

CROSS-SECTIOM DATA 

I 341 RY 
--- LEFT OYfR64IK --- + ------ HRlH CHAdKtl ------- + --- AJGHT OYf f iP lS l  --- 

fLfPATIOU IlOC.?? 1 0 3 ~ . 0 6  1092.00 1090.00 J0Gh',!W 1090.Qb 1002.09 loJh',1)0 
340 RX DISTAUCf 0.00 1900,OP 530C.00 5443.00 5636.00 5720.00 5730.0t 6140.00 

t t t  

COHPUTED STORAGf-OUTF LOW-ILEVATIOU DATA 
STOkAGl 0.00 29.71 116.85 267,4? 465.83 6?6.47 951.94 1340.65 2125.70 333.5.03 
BUTF LOU 0.00 21.18 141.44 417.03 932.09 1662.43 2610.83 3958.31 5971.77 8667.00 

I 
ElEYATIUl  1086.00 1038.63 1083.26 1089.89 1090.53 I091.16 10?1.79 1092.42 1093.05 1093.68 

STORAGE 4971.35 7931.95 9517.74 12431.66 15611.03 19670.65 24005.14 18706.59 33715.77 39032.7! 
OUTTIOH 1294i.70 19367.96 25343.48 33994.13 44181.53 57141.51 72368.65 91153.86 112509.87 136501.47 

ELfYATlOM 1094.31 1694.95 1085.56 1096.21 1096.84 1097.47 lO'J6.11 1096.74 1099.37 1f02.00 

THE ROUTLB HYDROGRAPH SHOULD BE EXAlJPfD FOR OS{lLLATIOWS OR OUTflUYS GRLATLR THAH PEAK INfl@QS. 
THIS CAN 86 CORRECTED BY DECRCRSlHG THE rln€ rnrERvA1 UP IUcRLAslUG STORAGE (USE 1 LOUGER REACH.! 

f i t  111 ¶St t t t  
HYDROGRAPH AT STATIOU 14 



P E M F L O Y  T I ~ E  IIAXIHUC AVECAG: f 101 
f -HP 24-Yh' 72 -Hb  P Q .  SO-HR 

4 ( C F S ,  fHR1 
( C T S  J 

I r 52167.  J1,Si;  4'i47!. 3 b b I ~ .  1F3:'. 1 ? 5 1 c .  
I I ~ C H E : ~ ~  0 . 4 1 5  I , : :>  1 . 8 4 2  1 . 8 7 1  

( A ( - f 7 l  2 4 5 J 2 ,  i 2 i , ' c ,  10?1142, i l l l 4 j .  

t PfAL STORAGE J l n E  

fi$,!flFY l i ' E F i G E  STAGE 
&-lit ;'~-fi 72-YL Q G ,  f;~-lf 

1 1 2 1  P 8  STOLH 4 . 1 2  6 4 S I U  TOTAL P R E C I P I T A T I G b  

3 4 5  1s SCS LOSS RATC 
J"lRl1 0 . 6 0  I I J T I A I  A6STfiACJIOH 

CRYh'PF 77.00 CUfiYE UUWBER 
fiTlHP 0 . 0 0  PERCEHT 16PLRY!OUS ARIA 

SCS D I I E U S I O U L E S S  UHITGRAPH 
JLAG 4 . 3 5  LAG 

t t t  



t t t  ttr t f t  $ t i  
YYDCCLLAL." AT STATIOU S U E 3  

I 
t i t  1:; # t i  t i t  t i t  I l t  t i t  t f f  t t t  t i t  f i t  t t t  t i :  Ylt t t t  t i t  i t ?  ttY t f t  t t t  f t l  $11 t f l  t t l  t t i  t t :  i t :  t t :  t i t  t t t  $11 f f :  

1r l t l t t t t t : t t t  
t 1 

STORAGE ROUJlUG 
HSTPS 1 HUIIBER @f SUBREACHES 
ITYP [LEY TYPL Of InlTIA! COUDITIOP 

fiSY/?lC 1251.50 IIJTIAL COIDJTJOI 
X 0.00 UORKIh'G fi AID 0 COffflCIfNT 

STORAGE 

DISCHARGE 0. 20. 50 .  90 .  140. 200. 268. 315.  4 7 5 .  352 sa 

t t t  



t t t  t t f  t t f  l t t  
HYPKilGKlPH A? S;A?!Ok 3 

PfAb FLOP TIHf HAiICOI AYERAGE f lOY 

C U I ! ~ L F J I ~ I  A R E A  - h2.10 $ 2  Hi 

I t i t  111 t t !  r i i  t i t  t t t  t t t  t f t  St; t t t  t i t  t i t  t t t  t r t  f i t  t t i  t t t  t t l  t t f  t t t  $11 t t t  t i t  121 $11 t t t  f i t  t t t  ? t i  f i t  t i t  t i :  t t f  

t t t t t t t t t t t t t t  
4DS TYO HYDKOGh4PHS 

t t t  

t t t  111 t t i  
WYDfiOGRAPH AT STATlOP 20 

t t t  

HAXIHYH AYIRAGE F 101 
8-HB 24-llfi 72-Hfi 99.50-Hi 

ICFSI ( + 53110. 31.10 50410. 37547. 19024. 14070. 
IIWCHES! 0.480 1.192 1.811 1.851 

(AC-FJI 24'7?i. 74473. 11317?. 115701. 

CUdULATIYE AREA = 1171.80 SO H I  

t t t  t t l  111 t t t  t f t  l t l  t t t  t t t  t t t  t t t  t t t  t t t  111 1st $11 f t t  t l l  111 111 t f t  t t t  1x1 $11 t t t  t t t  t t t  $11 t t f  t t t  t t t  t t t  f t t  t t t  



SCS D ; Y E N $ ! O U L [ S S  UCI;61APH 

1146 i5.0i LAG 

t t f  

t t t  ttt at% $11 11% 
H Y D R O G R A P H  A! S T A T I O N  SUB28 



fi F i l h  11111 11111 

I :[: I;; 1 1 ;  ::: :i: t ! !  :;I 1 1 ;  1 1 ~  ;(I i t :  111 t1; : i f  t t t  t7 t  I f 7  111  117 1?1 i f f  111 t t :  $7;  I t 1  It! t l f  t f t  1 1 1  $7: f t :  f t :  

SCS LGS: RATE 
S ! R T 1  0 . 3 3  1 1 1 T 1 A L  A B S T R A C T I D B  

CRliWErC 8 6 . 0 0  CUkVE U U H 6 1 9  
R T J I P  0 . 0 0  P E R C l U J  J I P f l v l O U S  AREA 

SCS D I U E I S I O U I E S S  U I I T G f i A P %  
T l A G  0 . 9 6  LAG 

t f t  

t t t  l t t  t t t  t t t  
HYDROGRAPH AT S T A T I O U  SUB31 



I ttt tlt tt1 $11 1st 

I HYDROGRAPH AT S T A T I l M  21 

P i A t  [ L O ;  T ! H ~  H A X I I U H  AYIRAGE f L O U  

I n  ttt ttt 111 ttt ttf ttt ttt ttt ttt ttt $11 tit 111 ttt ttt ttt ttt St1 ttt ttt ttt ttt ttt 111 ttt ttt ttt 111 $11 ttt 1x1 tfl ttt 
tttttttttttttt 
t t 1 I 369 K K  t SUE19 1 
t t 
tttttttttttttt 

RUIOFF f ROB SUBGASIW 29 

I 
7 ln T I H E  DATA FOR I I P U J  T I R E  SERIES 

JXIIIW 15 TIIE JIJIRYA! JI nlnurrs 
JXDA7f 18APR88 STARTING D A J l  
J X T I I I E  1200 STARTING T I H E  



. . . . -  
7- c r  .r c.. P. 
C;. <* 0 C1 - -. " - ' - -  

0. '? 

t? -. 
C Y  

0 

V. w. 

Lu 
U '4 

k d  

4 
T 
C .=, 
C 

0 
I-.. - 
I, 

V. 
c.-2 

Q 4 

4 
q 
C 0 

C 

r? 
0 .  

r? 

I, 

4 4 

T 
I.. 
m - 
T QC 

'I, 
a. T 
'a 4 
-r 
U. ,-1 La-, 

* CU .-. . 
x w 
&?, 

L'. L.-. 

L.1 

a. 
F, C. C:. 

'.?a 4 
2 -4 
L . 4  C 

= --. 
c2, 

..-I 

c.i LC, 

9-; 

C P 

U 

CL 

L.. '-3 

x 
3 I;.I 

- 
,.IS 
-1 

cz. ca 

3 CO 

L U  C 

q. -,=a 
CL C - -  Y, = 

E C T -  
L' , w- h C.. 
LC, w. V Q 
C. U 
d 



t t t t f t t t t t t t l t  
EOUTE HYDROGRAPH ?? THRUlGH D E T E Y 7 I C I  STkOCTUfiE 

HYQRQ;iPPt ROUYIH; OATR 

ROUTIRG I O S ' I S  
BlOs'S 0,OC I H I T I A :  LOSS 
CLOSS 0.00 A f i P I 7 l O I A :  i i A r T l C W  1 0 5  

I 3c"i f i S  S i B R A i E  R G U T l N i  
~: :p. ;  1 WUWEtt Of S U B f i i l f f i E S  

JTYP [ill TYPE @i l k ' i r l P L  COk!'!r!OP 
ESYf i l [  1393 .04  IH IT !4 !  CONP!TIUW 

X' P,OO YDRlilG P A I D  B C D i i f l C I E H :  

PEAK STAGf T l H f  I A X l B U H  A l l R l G f  STAGE 
6-Ht? 24-HR 72 -Hk  99.50-HR 

t (11111 lHRl 
1408 .67  35.00 1 4 9 8 . 6 t  1 4 0 8 . 5 8  1408 .15  1405.57 

I 
$11 t t t  f t t  $11 t t t  t t t  t t t  t t t  t t t  t t t  t t t  t t t  St1 111 $11 t t t  t t t  t t t  $11 f t f  $11 t t t  t t t  t f t  t t t  t t t  Stt St1 t t t  t t t  $11 t t t  Stt 

391KK t  1 5  t  ROUTE HYDROGRAPH 2 9  THROUGH REACH I8 



STOA'45f RO!C!UG 
UZTPS 6 IUdGEfi OF SUBklACHES 

JTl'r! flOC TYPi  Of I I i T I A !  COClITiOW 
RSYRlC -1.00 I U l T I A i  COUllTlOW 

A' 0.0G YOfiAIUG fi AWP C COEFFl t iEh ' r  

BObdA: F E P T i  c $ C K Y [ i  i 2 G T i $ 5  
4!4! O,!IJ(~ LE'T f i Y f F i 4 C B  I-F4:?[ 

4KEh 0.018 gAlN C H A Y ~ ~ L  W-PALUE 
AhP O,i,jJi.'! k ] G r :  $;iR6.441 k - y ; j r J [  

RLUT*: 3 i i 7 1 ,  CEAC?Lf4GTH 
S f !  i,j,fic;; [ K f c c i  sific[ 

f i l A r  0.0 M42. E!EY. fOF STOfi4GEIOUTFLOR CAiCUiATlOP 

I tONPU?fD S l O R k 6 E - O U ~ ~ i @ Y - ~ i i ~ A T I O W  DATA 
ST@RlGE 0,OO i , d 0  15.62 24.0:  3? ,91  42.11 51.88 61.9:' 72,.5.3 Ej,+ 

O ~ : T F L P /  0.00  15 .26  4F.Pf 9 i . 2 !  159.66 2 3 2 . 5 i  318.50 416.19 525.49 646.33 

e [L[I.'A?I@U 12ij1j.01;) 12(i(~.;P 1:!?0,5$ 12gC.67 1201.16  120 i ,4 .5  12Q!.74 1202.01  -12O2.32 1202.61 
STSRAGE 94.65  1 0 t . 6 4  116.85  1 2 4 , Q b  155.44  386.32  206,99  142.06 liP.16 314.72 
OUTflOY 778.66 9 2 2 . 5 i  1G'i." 1 3 ,  1328.10  1568.37 1841 - 0 1  2118.b4 2  19;t,.5i 

[LEVATIOM 1201.89 1203.11  1 2 0 3 . 4 i  1 2 0 j . i d  1201.05 1 2 0 4 . 3 1  1204.63 1264.92  ! 2 0 5 . 2 1  12?.!.5<' 

1 1 1 1  IARYIXI: $1, X O i l i l l E O  PULI 1OUTlKB H I !  B f  WUI !C l ! ILLY U K I T A I L f  FbP D!I:ILbh'$ *tlitli 1J1. TO ?ai'7. 
THE kOU?fD HYOh'OGRAPH SHOULD BE I Y A l l H E C  fOfi O S l l i i A T l O U S  OR OUTflOWS GfiEATfR THAN PfAL I I f l D l S .  

I THIS CAK Bf CORRECTED Br BECkfASIWG THE TIRE Id iERYA!  O R  IMCfiEASlNE STOfiAtE ( U S E  A  LONGER f i i l f u . !  

HYDRCGPAPH AT STATIOU 1 5  

PLAKFLOY TIBE UAXlbUH AYEh'AGE FLON 

HAXIHEM AVIRAGf STORAGE 
6-Hk 24-HR 7?-Hfi q?,50-HR 



I PEAK STAGE T l n f  
6- f i r  ?4-6i? ;.?-WF 11.5f i -Pc  

t ( F E E T '  r HI r 1 1201.60 J l . U ! l  1201.80 11Oi.RC1 1101 -7s  1201 .JB 

g t t t  t t l  111 t t l  t t t  t t l  fft t i t  t t t  fft t i t  t t i  t f l  t i l  t t t  1:; I t t  t t !  t t t  ttt  ttf t?t t t t  11: t t t  ttt  : ; i  111 tft :I& t : t  f t f  t i t  

a 0,fli (: , (I !',01 0,0! 0.01 0.01 o,$! ( ~ , ! j j  

400 1: SCC I U S S  R A T E  

SCS @ l l l H E i O H ! l f f  UH!TCRAPH 
TLAI; 4.7: LAG 

t t t  

t t t  Stt t t t  Stt St1 
WYDROGkAPH AT S T A T I O N  SU630 

T O T A L  R A I H F A L L  = 3 . 9 3 ,  T O T A L  l O S S  = 2 . 1 0 ,  T O T A L  EXCESS : 1.83 



C U H U i A T l Y l  AREA - 2 8 . 6 0  $6' H l  

t i t  tfX f t t  t t t  t t t  111  t t t  1 1 1  1 1 1  $ 1 1  t t t  t t i  111 11% 111 t t f  t l t  f l t  t l !  11; 111 111  l t l  111  f f 1  $ 1 1  111 111  111  ! t l  ir1 l t t  f i t  

1 t t : t t ~ l : t t i f :  

~ S T P S  I NUUSER OF SUBREACHES 
l T Y P  E i I t  T I ? [  Of I N I T I A L  C O U D i T I O I  

RSYRIC l l i g . 0 0  J h ' l T l  A i  COHD!IIOR 
Y 0.00 Y O f i k l I 6  R AKD b C B l f r l C I E Z T  

t t t  

t t t  tat St1 t t t  111 
HYDROGRAPH AT STATIOH 5 

PEAK FLOY r111 HAXIHUH MIRAGE f l o u  
6-HP 24-HR 72-HF 9 9 . 5 0 - H I  

+ t C f S !  (UP(! 
(Cf Si 

f 700.  2 8 . 0 0  fJS, 653 .  431 .  324 .  
( I I C H E S I  0.21i 0.849 1.680 1 . 7 4 6  

( A t - f T I  346 .  1 2 ? 5 .  2561 .  26i .3 .  

P f A K  STOf iAGi  7lMf fAXIdUb AYERAGE STORAGE 
f -Hfi 24-HR 72-HR 39.50-Hk 



: f r ; r t t t t t t r t ;  

H Y D ? G E i A F h  R B d T J H G  D A T R  

1 T ) F  r!OY TYPE Of l h I ? I A L  C O l D I T i O W  
R S Y R l i  -1.00 I W l T l A i  C O W P I T l O n  

1 0.00 ROPrINF P AND D C O E i f l C l E N T  

nOF"4! D E P ? h  C H A n W E l  POUTIWG 
AN: 0.040 l E F T  OVERBIU! C - V F i U E  

A i C l r  0.030 M I A  C H A I W f l  8 - V A L U E  

I Akh; 0.040 R I G H T  OVERGAWK W - Y A L t E  
f i l n r k  432:Q. REACH l E R G T H  

S f  1 0,0039 E l E I G Y  S l O P E  

I 
E L U A r  0.0 RAX. € L E I .  f O R  STURiAGEIOUTFLOY C A L C U L A T I O b  

C R G S E - S E C T I O I  DATA 
--- L E F T  OVERPlWb --- + ------ M I #  CHAWHEl  ------- + --- R I G H T  OVLCBAYk --- 

I ::: :: E L E V A I I O N  1141.50 1113.50 1146.00 1116.00 1143.00 1143.00 1146.00 Il4i.QC 
D l S T A W C E  0.00 10.00 24.00 64.00 73.00 205.00 210.00 270.00 

C O M P U T f D  STORdGE-OUTFlDY-ELEVATIOW D A T A  

I 
S l O I  AGE 0.00 45.38 81.49 138.63 186.69 23S.69 IS5.61 336.47 388.25 444,:4 
O U T f l O W  0.00 67.90 21b.45 437.17 692.77 1008.94 1372.76 1782.10 1135.35 2346.87 

E L f Y A r I O W  1113.00 1143.34 1143.68 1144.03 1144.37 1144.71 1145.05 1145.3? 1145.74 1146.01 
STORAGE 515.37 591.77 676.16 761.11 847.13 933.31 1019.95 1107.06 1194.t4 12S2.68 

8 O U T f l O U  2938.74 3696.89 4351.90 5188.90 6088.56 7051.81 8076.16 9160.64 10303.70 11504.13 
€[EVATIOW 1146.41 1116.76 1147.11 1147.45 1147.79 1148.13 1148.47 1!4F.81 !14?.16 114P.5E 

I 
ttl YARWJWG ttt I O D I F I E D  P U L S  ROUTIWG I A Y  B f  U U X E R I C A l l Y  U R S T l B l E  FOR OUTFLOYS 6 f T Y f E U  216.Tb 11504. 

T H E  I O U T E D  HYDROGIAPH SHOULB B f  f X A n l n f D  F D 1  O S C I L L A T I O W S  OR O U T i l O Y S  G I E A T E I  THAN P L A F  LRFLOBS.  



I 
JHI: CAN E I  lORfiICTED 6!' DECREASiWG 7HE TIHE IRTEfiYA! OR IWCREASlRG SJORAGi (USE A L O U G E L  REACH. 1 

f f t  t t t  tt1 t t t  
I HYDfil;FAPP A i  S i A T i O s  f b 

PEAL STIGf TiUE 

t rfIErl i H t /  

i t8 .  is. 11. 

I 
111 t t i  l t f  ttl $11 t i ;  tt: i t? t t t  t t t  it1 t t i  $11 t t i  ttt t t t  f t t  llt t i t  ti1 1tt 118 t l t  $11 t t f  S f ?  t i t  ltt f f f  t f t  111 fZi' i t#  

t  1 
1lttt1l1tttt~t 

ADC THREE HYDROiRAPHf 

t t t  

I l l t  ttt t l t  $11 111 

I HYDROGRAPH AT SJATIUH 2 2  

PEAK FLOY TIHE I A X I A U b  IYERAGE FlOY 
6-Hfi 24-Hfi 72-Hf PC. 5 0 - H I  

INRI 
(If:., 

t 58266. 31.50 5543: ; .  41517. 2 1  151. 15831. 

I (INCHES! 0.36? 1.104 1.686 1.746 
(AC-F T I  27490. 82347. 125861. 13011?.  

CUAULAJIYE AREA 1398.10  $6' A1 

( tt: 111 111 t t t  111 111 $11 lrt $11 111 $11 rtr 111 111 111 111 lit $11 rtt t t t  t:t trt t t t  t t t  rtt i t t  ttr trr rrr trt rrt $11 rrt 



41" f S  STORAGE f O C T I N G  
ISTFS 4 IU!!gER O f  S U G R E A C H I S  

I 420 FI;  h$kl!Ai  BE";Y C M ~ W U E I  R O l ; i ! H G  
A! l 0.055 L E F T  O Y E C 6 4 E F  ! I-Y4LPE 

AHCh' i , , if35 I d I k '  CH4YHii Y-I'A!l,i 

u Ah'[ 0,05: filGJ!! O Y E R 6 4 S l  I - Y A L U E  
R i N T i l  1?63!. k E A C m  l I S G ! P  

S E L  O,(:Jji.i [r l f i i t  :,?Pi 
E L P A )  0.0 I A X .  E L E C ,  F O R  S T O f i A S E I O l ~ T F i B k  :Pi.-C!AT!>S rn CffiSS-S[;:Iok fiAT.4 

--- O Y E R G A W ~ ,  --- f ------ U A I S  .~HAHPE:  ------- t --- RIGS; O Y f f i E A k k  --- 
412 R 1  [ L E I  A'!OK lQ56.00 1050,QC 104:,(iO 1044,Oc 1044.0c 1 0 4 b , ~ l 3  1055.00 1056.60 I 421 R I  D l S T A l C E  0.00 1803,OF 1!02.(;(! 1130.00 2700.00 279C.00 3286.00 430C.00 

t t t  

COHPUTED STORAGE-OUTF LOU- f  l E Y A T ! 9 H  S A T A  
STORAGE 0.00 187.61 386.9ij 599.14 830.61 1088.15 1371.78 lbS1.41 2017,:E 2379.16 
O U T f  l G k '  0.06 678.47 2182.44 4349.53 7322.15 10963.23 1 5 2 i i . 1 4  20273.53 15963.71 32361.08 

E l [ I ' A T I O I  1044.00 1044.66 1045. J! 1015.9? 1046,65 1047.32 1047.96 1048.64 1b49.31 104P.?7 
STORAGE 27BS.57 327i.34 3827.51 4457.06 5160.06 3936.44 6786.23 7709.42 6'0: .02 96?2.3! 
O U T F L O Y  31111.54 47874.23 5SJPi.37 660!5.54 77233.25 88i15.34 10353f.23 118764.06 131470.10 1501(j4.33 

E L E Y A T l O l  1050.63 1651.29 105!.96 1052.6: 1053.28 1053.95 1054.61 1055.27 1055.?4 lOS6.60 

I 
t t t  Y A R I I W G  $11 N O E I F I I D  P U L S  R O t T l I G  I#' B E  I l ~ I i l l C A L l ~  U N E ? A G l E  F O f  O U T f L O Y S  B f T Y E E W  4350. TO 156164. 

7 H E  ROUTED HYBROGRAPP SHOULD B E  EXA!!IWED F E R  O S C I L L A T l D W S  OR O U J f l O Y S  6 R E A T E R  T H A N  P E A L  I W f L O B S .  
T H I S  CAU 6 E  COf i f iECTED B Y  D E C R E A S I W G  T H E  T I H E  IWTERYA!  OR I I C R E A S I I G  STORAGE [ U S E  A L O I G E f  REACH.! 

I $11 t t t  t t t  $11 tc'f 
H Y D R O G l A P H  1 7  STA?I@!! I ?  
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PEIL S T A G E  T I R E  n ~ r r n t r  IVCPAGI STAG[ 

G-nfi 14-HC 7 1 - h ~  90.5~-HS 

t I ~ E E T '  ( H I  1 

105?.19 32.50 ]Cfi,Ql.? 10S(:.': 1048.36 104i.4P 

I f t i  111 tff 111 $ i f  f t i  :ti i f ;  i:! [ I !  r i l  r r :  t f f  t t ;  t t ;  ?It $1; I t ?  tff  i f t  t t t  t t f  l t t  f l f  t t t  t t t  f t i  f f t  t i ;  I,; t?! t t !  t f f  

UIJT HYDROGfiAPH 
5 2  EIP-Or-PERIOD DRDJWATES 

1 3 5 .  4 4 0 .  835. lJS1.  2 0 3 1 .  2 8 4 7 ,  3617. 4208.  4 5 6 7 .  4 7 5 4 .  
4763. 4641. 4356,  1031. 3657. 3197,  2 6 5 9 .  2 2 0 8 .  1 6 9 0 .  1 6 1 0 .  
1384. 1207. 1042.  8?F. ?b;. 6 5 2 .  5 6 2 .  482.  414. 35:. 

1 2 1 .  1 0 3 .  8? . -, , 
303, 2 5 6 .  2 2 2 ,  1 8 9 .  1 6 4 .  140- I C .  

6 5 .  1 6 .  49. 4 4 ,  33. 3 3 .  2s. 2 3 .  1 8 .  14.  
9 .  5 .  



HYDCOGdAPe 4T S T A T ! O N  SUET; 

T O T A L  R A l i i k i ~  : J.93, T O T A L  LOSS = 2.0? ,  T O T A L  i X C C S S  2 1.91 

;ti ;ij ;it 1;t i t ;  r 1 i  ;rt t t i  i s 1  ::I t t t  t f r  t t :  t f r  ~ t t  rtr i t /  ttr r r f  t t t  t t f  tit ::t t t t  : t i  t t f  t:t r f :  t t :  :tt i t :  f t t  ;:I 

t f t  tXt St? 
HYDROSRAPH 17 5 : A T I O I  * - 

i > 

1tttt1tttt111t 
t t  

431 KI; 1 16 1 ROUTE HYDROGRAPH 1-31  THROUGH k f A f H  16 

HYDROGRAPH R O U T I R G  D A T A  
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--- I f f7  @C[RBIYI --- t ------ H A I N  ;H$$'kfi  ------- t --- PI(h: OPLFEIW! --- 

4 : ;  6~ [ : [ \ 4 i ] @ #  93i1,0(1 'J;S,Ofi '?]+,>ij '??(J,ijC 9:0,()? ?::,?i,; c:$,(;:$ ? l c , l j G  

I CDBPdTED 5 T O R A G f - G C : r i O C - l l t I A ~ ~ P P  P I T A  
STORAGC 0,iIij J ,  3 ,  3 7 9 ,  j~ 5]4,17 701.4? $84,:2 ; ( ~ P ( ~ , P i  1295.74 l T - i , " T  
~ ~ i + - ‘ ? k  , (  0 : :  313.47 t 1 3 3 , ~ t  1 0 5 l , t , 0  1573.80 ?!?c,77 ;Q:5 .2 : ,  36:4,:$ 4 c f t  .:: 

I E L I V A T I P N  '310.iOO 023.53 .0? 3:1.58 I 911.6! Q 1 3 . i ~  92?.tP P I 4 . 2 i  014.74 
$?@F.A6: J91c ,36  237:," 22853.74 j 4 1 5 . i ;  4fi77.85 4601 , : 5  5t j3d .4 i  Ct,'c,$: -a::,-! g:d[,f:s 

( l ( lTF~f i$  62'O.CI 7 7 9 5 . 2 7  9553.56 J ~ S t , ? , + 4  ;]857,@,' l@411.!7 19E?::',04 22172.76 2 f i Q ! , l c  1*'?9i, J $  

[ L f V P T j O h '  ??:,I6 925.79 926.32  010.84 927.37 927.89 918.12 026.05 929.47 ~ ? C , J . ~ ~  

I 111 Y I P I I I I I C  f f l  i 0 O l F i E l  P U i 6  RrlCr!HC I A )  t i  X U I I R I [ A L L I  U I I T A G L I  l O l  0 U T I 1 0 l . i  8 i T Y i l l  illi. 1 0  16441. 
THE ROCTED YYPXD;F494 SHI;;!!J 6 E  E L A U I Y I ?  f P C  O S C I l l A T 1 0 / S  U P  OG?f!@YS 66EUTIP THAN Pl41 I IV !PWS.  
T H I S  (Ah' P C  C@6FEI : [h  5' @EiSf45!k6 7 k f  T! lE I H T ~ F ~ ? ~  ?F I h C R i d S i Y E  j T O R A G L  ( U S E  A L O W G E P  Pil;i,l 

t t l  Iff t t t  tYl tf t 

M A L l l U U  AVERAGE S T U R A 6 1  
6-Wfi 24-HP 72-HR 99, 5?-HR 

UAY 1 b L l l  A V f R A E f  STAGE 
6-HR 14-Hh' 72-HR 99.50-Hl 



I ytt t t t  t t t  t t t  f t i  t f l  ttt  tt1 t i t  111 111 t l t  t i :  f I i  ttf Ytt 111 ttt It1 111 ttt  it1 ltt t t t  t t t  ttt ttt t f t  111 l i t  111 $11 t f t  

1tttttfl:tftfl  

.F;R:i 0 . 5 0  I N I T I A !  A B S ? f i A C T 1 0 6  
C P C U i F  80.06 tURbI U U Y E E 6  

RT!!F. 0.00 PERCENT 1HPERF:CUS AREA 

I 
441 U D  S C S  D I H E W S I O B L E E C  U N I T G R A P H  

TLAG 4.00 l A G  

ttS tt t  t t t  t t #  ttf 

I H Y D R O G R A P H A T  S T A T I O N  S U B 3 1  

T O T A L  R A I W F A L ~  : 3 . 9 3 ,  T O T A L  [as: - 1 . 9 5 ,  TOTAL EYCESS = 1.?e 

IA i ' !OUU AYERAGE f l O Y  
6-HR 24-HR 72-HR 99.50-HR 



$11 t t t  111 111 t f t  I t 1  t i 1  f t t  ttt t i t  id1 t t t  1;: 111 t t t  111 l t t  t i t  f 1 f  111 111 1:: f f :  f : f  $1: 111 111 111 111 111 111 1 t t  t t t  

t t t f f f 1 t t t f f t f  

373 P j  I W C l f ~ ! h ' i S i  P R E T I P i T A T ! O b  P A T T E k b  
0,OO 0.01 0.0r 0.0! (r.(ll (1~01 0.0i (1.01 ( i s $ ;  0 , i..I 1 
0.0; G a o l  0,ui (;,Ol 0.0: 0.01 (I,;! if,?: 1. c: 0.0; 

I ij . 0 : 0.03 0.05 0.38 0. (li 0.04 0,0? 0.P: (I, ;!; C . i  .' 
;I a 8. i  : 0 a 0 ! 0.01 0.01 iJ,Ol 0,0: 0.C1 (; , ! t,?"! (~,<!i 

0.0~ (I , cj 1 i , i.': j (;,O: 0.0; 0.01 0.0; 0.3! 

C R l  M E F  8: ,d,..' C ! ' p ; i  kc?$!! 
R T l ' l J  0,bJ P L k C l k :  ; H P E F Y J O I %  ARLA 

55. 47. 40. 32. 25. 19.  11. 6 .  

t t f  $11 111 t t l  t t t  

u I Y D R O G k 4 P F  A? S T A T l O h  S U 6 3 4  

TOTAL R A J I f A L !  : 3 . 9 3 ,  TOTAL 1025 : 1.87, TOTAL E I C E S S  - ?.06 
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475 K K  8 20 1 ROUT[ HYDROGRAPH 1 - 3 9  THKDbGH REAL! ?C 

1 1 
t 1 t t t t t t : t t 1 t t  

I HYDROGRAPH R O U T I H G  DATA 

476 RL R O U T l H C  l O S f E S  

I 
OLOSS 0 . 0 0  1 H l ? l A L  !OSS 
C l O S S  0 . 0 6  A P P I T l O k 4 1  FKACTIOW 1057 

4ii RE STORAGE R O U T I H C  

I H S T f  S 6 W U i B I R  O f  SUGP!ACHES 
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l t t  

UFI? H I P 6 P i C d D h  

T O T A L  l A I H f A L !  = 3 . 0 3 .  T O T 1 1  L O S S  = 1.76. T O T A L  C k ' C I S 5  = 1.23 

1 PEAK fLOY TllI IAlIfUI AYfR4E f L O U  
6-Ht7 24 -HP i:-HR 9 9 .  SO-HR 

I l t t  t t t  t t t  t t t  t t t  t t t  t t t  l t t  t t t  t t t  t t t  t t t  t i t  t t t  t t t  t t t  1st t t t  t t t  t t t  t t t  It? St! t t t  t t t  t t t  t t t  t t t  t t ,  $ 1 1  t t t  t t j  t f t  
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f [ @ E  1H C ? b l i  F E E T  PEE 5E;CFF 

Tlflf IN H O U L E ,  A t E d  iU SOU4Rf !l:fS 

P E R F  ? I n :  6' ~ ~ [ F b t t  f : C b  r c I  AAi'!lCf' P E C I O ?  

( I F !  PA' lC*  STAT:(Ih PEAL 
6-HC:L : ~ - H O ! J C  i i - H @ C '  

R@U:fF T I !  
1 7110. 21 .00  6 3 5 9 .  3126. 1 0 7 6 .  

HYDkOtKAfih A T  
SUE 1 104?0. 2?.00 10270. 7?i; .  3?4'. 

YYDROGRAPH A T  
SUB 3 5 6 9 0 .  17.00 5ir43. 2234. 74P. 

HYDROGRAPH A? 
SUB 4 4125. 15.50 3101. 1172. 301. 

HYDROGRAPH AT 



WYDROGRAPh 4; 

It S U B  f; 9 J f . O C  

1, ROUTED 1G 

UYDROGRAPH AT 
SUB1 J 3 5 3 1 .  15.00 

ROUTED TO 
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.:dS! 3 g r  . - 
' . I  , i : , ? :  t y : ,  lj(~1. J J C ! .  ~ $ , i ( :  

ROUTED T O  

I : 8 4 3 0 8 5 .  1 4 . 5 4  404:t.. 2 i S 2 4 .  1 ? 3 7 4 .  7 3 0 . 2 0  
J t i G , ? ' ;  .?4,50 

HYDROGRAPH AT 
S U B 1  i 5 4 8 9 .  14.00 333. 10cT. 366. 21 .OO 

ROUTED 1 0  



I + 17 52331.  

ROUTED T O  

I '  
HYDROGRAPH AT 



ROUTED TO 
! 3 

ROUTED TO 
4 

HYDROGRIPH A7 
SUB30 



SUE ? 4  ":,c, 1 7 , 0 ( :  P!" :. 3 5 4 ' J .  ! I f c ,  6.1. ? # '  

3 COilEiI iEP l i  

d ROUTED TO 
t 2 0  6 7 2 6 1 .  3 7 . 5 0  6 4 8 0 5 .  51857.  2 8 7 8 4 .  1824.50  

850.16  3 7 . 5 0  

MYDROGIAPk AT 
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