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Dear Mr. Morris: 

1 Cella Barr Associates submitted a Hydrologic Analysis report for Cave Creek 
Wash to you and selected other governmental agencies on October 13, 1988 and 

I solicited your comments and input. We have reviewed all comments received 
regarding the submitted report and have made a number of revisions to the 
hydrologic information presented therein. Revisions resulting from significant 

I comments and/or suggestions are described below: 

1. Information gained from field observations made by hydrologists from the 
Flood Control District of Maricopa County during the October 14, 1988 
storm that impacted the Cave Creek Wash drainage area has resulted in 
minor refinements to sub-drainage areas and flow paths in the northern 
portion of the study area (between Glendale Avenue and Dunlap Avenue). 

2. A canal along the 23rd Avenue alignment south of the Arizona Canal, that 
contributed flow to 23rd enue during the October 14, 1988 storm, has 
been incorporated into th ? I-h3C-~\bydrologic model. A flow rate of 15 cfs 
was estimated to overtop the canal at 23rd Avenue (based on a discharge 
estimated from a 3 foot head above the crown of the inlet structure at the 
upstream junction box less the discharge estimated from a 2 foot head 
above the crown of the inlet structure at 23rd Avenue). Fifteen cfs was 
incorporated into the model for the affected sub-drainage area as base flow. 

3. A field survey was performed at the Durango exit of the 1-10 Freeway 
along the access road to more closely tie down effective weir crest 
elevations in this area. This field survey determined the average weir crest 

feet. An elevation of 1058.5 feet was previously 
based on an interpretation of available 

the 1-10 impondment. Input data has 
been corrected to reflect the lower, more accurate elevation. 
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4. A survey of the 19th Avenue underpass at the 1-10 Freeway was conducted 
to more accurately determine if 19th Avenue acts as a spillover outfall from 
the 1-10 impondment. Basedyn the new HEC-1 routing using a revised 
weir crest elevation of 1057.5 feet at the Durango curve, a water surface 
elevation of 1059.05 feet was obtained for the I-lO%npondment. CBA's 
field survey determined that a lowest elevation of 1058.%feet exists at the 
east gutter of the 19th Avenue underpass. Given the negligible amount of 
spillover outfall that O.lSNfeet of flow in the east gutter of 19th Avenue 
would represent, it was not included in the HEC-1 model. , . 

L d c 
5. Two pumping stations (not previocsly modeled) exist in the depressed 

portion of the 1-10 Freeway (at Van Buren Street and at Buckeye Road) 
and have a pump capacity of 24,000 gpm do_r_2,5_cfs)-ding to 
the Arizona Department of Transportation report enbtled, "F'ump House 
Study Black Canyon Freeway (I-17), Buckeye Road to Deer Valley Road", 
1975. The pump stations service an area of the freeway that is below the 
elevation of the Durango exit, and thus, their outflow from the system has 
been included in the updated HEC-1 model. -- - 

\ / 

HEC-1 input on the ~ g r e c o r d s  was chgged so that the value in field 
one was set equal to (reach length/average ve1ocity)jtime interval. .-- 

.... 
1 -__.-_-_ -- 

7. Table 6 of the report was revised to show corrected values for the l34 
estimates of the 100-year discharge for Cave Creek Wash developed by the 
U.S. Army Corps of Engineers. 

8. Minor nomenclature and title adjustments were made to specific figures and 
tables in the report for added clarity. 

The results of the above revisions have been incorporated into the tables and 
figures included within the revised attached Hydrologic Analysis report. The 
revised 100-year discharges represented on the-updated version of Figure 4 will 
be used as a basis for hydraulic analyses of Cave Creek Wash and selected 
tributary flow paths. 
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I Thank you for your review of the submitted Hydrologic Analysis for Cave Creek 
Wash. If you have any questions reqarding any aspect of the Cave Creek Wash 
Re-Study, please do not hesitate to contact our office. 

I Sincerely, 

1 roject Manager 

cc: Mr. Ray Lenaburg, Project Officer, FEMA 
Mr. John Wise, CBA 
Mr. Pat Ellison, CBA 
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DEPARTMENT OF WATER RESOURCES 
ENGINEERING DIVISION 

FLOOD MANAGEMENT SECTION 

M E M O R A N D U M  

TO : James R. Morris, P.E. a 
FROM: David E. Creighton, Jr. 

DATE : February 15, 1989 @&- 
SUBJECT: Review of CBA January 4. 1989 Flood Insurance Re-studv " .  " 

Hydrologic Analysis - Cave Creek Wash. - 
The following segments should be more adequately documented or revised. 

Section 2.0 Watershed description should clearly indicate the gross watershed 
area (252 square miles at the Dunlap USGS gaging station site instead of in 
excess of 150 sm), the downstream area (30+ sm) and the discounted drainage 
area attributed to the assumed 100-year storage on irrigated lot subdivisions 
(Sections 9.3 Drainage area and 4.6 Detention/Retention, pp-8, 10 and 11). 
The burying of the discounting methodology carried through this report is 
easily lost from the review process. It is a basic assumption and should be 
documented clearly early in the text. With the continuing conversion of 
interior metropolitan area residential zones into commercial or multi-housing 
units, and the water reduction goals of ground water management, the validity 
of 100-year on lot retention needs to be presented and documented in order for 
the paper trail to be adequate for the indeterminate future next Re-study. 

The January 4, 1989 letter comment No. 6 about RS cards, field one, shows that 
there is apparent adequate length to more properly configure the Reach cross- . 
sections and 'n" values. 

The routing from VANE17 to JACIIO and then the translation to a reservoir 
routing at PIMA22 and IlODUE has several problems with apparent logic, flow 
path geometry, and friction factor components. This 5000' model length flow 
path needs to be configured as 5-1000' subreach elements in order to 
appropriately recognize the restricted flow prisms created by large building 
complexes, occupied parking lots, and landscaping topographic modification of 
elements known to exist by common knowledge, specially when not shown on 
obsolete quad sheets. A marked copy of the quad sheet and a recent (1988) 
aerial photograph show the complexity involved in model simulation. All 
reaches need to be properly evaluated - such as THOMl7 to MCD017, MCD017 to 
VANB17, VANE17 to PIMA22, IlODUE to DUkA31, DURA31 to DURA35. The 3500 ft. 
wide MCD017 - VANB17 reach has a particularly large and numerous building 
impedance factor on the overbank areas beyond the 60 ft. wide main channel. 







Documentation is needed to display the 'In" values and in reconciling the gross 
channel width to a net channel area prism and "n". The indicated depth of 
flow may be increased under net area conditions. 

The flow path (model width 2850' for Reach A) from Van Buren - 17th Avenue 
down and across the Capitol Complex and then to JACIlO and PIMA22 as 
illustrated on Figure 3 and 4 and modeled through Reach A (First Reach) and 
2nd Reach is about as divorced from reality or reasonable approximation as 
possible. The broad 2850' wide by 3.5' maximum depth dished section with 
n=0.035 for channel (w=11701) and overbank also completely ignores the 
significant solid barrier effects of the 4' above street level solid parking 
lot screening wall on Monroe from about 16th to 19th Avenues. (20001 long 
less about 400 ft. of openings), the numerous and lengthy accumulative office 
buildings barrier on Adams, the Bolin Plaza elevated parking and landscaping, 
the House, Senate, Capitol and Capitol Annex Buildings, and the landscaping 
barrier walls and enclosures. To further complicate reality, the East-West 
slope of 0.00263 as occurs on Van Buren, Adams, Monroe and Washington is 
dominant over the North-South slope of 0.00135 along 17th Avenue, or 0.0016 
along 15th Avenue. Documentation is needed to support the Reach cross- 
section. 

With lowering of the Santa Fe Railroad tracks along 19th Avenue from 6-Points 
(McDowell Road, 19th and Grand Avenues) the barrier is no longer present which 
historically trained the Cave Creek flood into the Capitol basement. The 
westerly shift from 17th Avenue of the primary (Figure 3) flow channel will be 
influenced by the large industrial-warehouse complexes between 16th and 19th 
Avenues north of Roosevelt. Documentation for the Figure 3 alinement rather 
than the topographic depression is needed. 

The solid barrier impedances of multiple buildings within the modeled flow 
path will be particularly critical when properly modeled for HEC-2 using 
detailed topography. Critical-review of the HEC-2 output needs to be made and 
recycled back through the HEC-1 model with a possible westerly channel shift 
and revised "n" factors. 

The attached sketch sheet depicts at the top the Reach A cross-section of 
2850' width, and below are approximate profiles of impeding structures along 
the south side of Monroe, and the north side of Adams streets from 15th to 
19th Avenues. As the Reach A cross-section is assumed to have equal 
elevations at the left and right ends, so the Adams and Monroe sketches are 
drawn. A supplemental line for the elevation grade between 15th and 19th 
Avenues is drawn below the Adams Street profile. This 7.5' difference 
applicable to the northern part of Reach A illustrates the dominant grade 
which will apparently relocate the trough of the flow path about & mile to the 
west of that depicted on Figure No. 3. 

For the 2nd Reach to JACIlO (CBA assumed at SPRR crossing of 1-10) the large 
block of warehouses between 19th and 21st Avenues will further reinforce the 
westward shift from the historic 1921 flood flow path which had been 
constrained by the then existing SFRR track embankment. 

The reservoir routing assumed appropriate for the flows combined from JACI10, 
PIMAl9, and PIMA22 by trans-location rather then routing contains some 
undocumented data for reservoir area and elevation. The spillway discharge 





weir data showing SPWID=500 appears improper due to the configuration of the 
Durango Exit off ramp. There appears from scaled aerial photographs that it 
is not possible to locate a 500' wide discharge crest normal to the indicated 
flow path. The HEC-2 model results using detailed topographic data needs to 
be checked and the HEC-1 model revised. Supporting discussion and further 
documentation is needed for spillway width, skew angle, and crest coefficient. 

The routing from IlODUE to DURA31, then to DURA35 needs to be reviewed for 
adequacy of "n" values for the area through Murphy School, adjoining 
subdivision housing, automobile junk yards areas, and especially the Maricopa 
County complex of the Maricopa County Flood Control District, Highway 
Department, Juvenile Court and other detention facilities. 
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HYDROLOGIC ANALYSIS OF CAVE CREEK WASH 

I N  THE CITY OF PHOENIX, MICOPA COUNTY, ARIZONA 

1.0 JNTRODUCTION 

Cel la  Barr Associates (CBA) has been contracted by the  Federal 
Emergency Management Agency (FEMA) t o  perform a de ta i led  Flood 
Insurance Re-Study o f  Cave Creek Wash and selected l oca l  

C _ _  

t r i b u t a r i e s  w i t h i n  por t ions o f  the  C i t y  o f  Phoenix, Arizona. The 
study reaches comprise a t o t a l  o f  roughly 23.5 stream mi les 

commencing downstream (or  south) o f  the Arizona Canal Diversion 

Channel (ACDC) and continuing downstream t o  the confluence w i t h  

t he  S a l t  River (Figure 1). The purpose o f  the overa l l  re-study i s  

t o  de l ineate f l ood  zones associated w i th  the 100-year storm event 

along the  study reaches, tak ing i n t o  consideration the e f f ec t s  o f  
t he  ACDC and 1-10 Inner Loop construction. It i s  present ly 
proposed t h a t  a floodway be del ineated f o r  the  downstream reach o f  
t he  primary f low path i n  the  area below the Grand Canal due t o  the 

f a c t  t h a t  s i g n i f i c a n t  consol idat ion o f  l o c a l  f low paths occurs 
below t h i s  locat ion.  

This repor t  provides estimates o f  100-year peak discharges a t  key * 

p o i n t s  o f  concentration along the  stream reaches- under 
. - 

invest igat ion.  The reported discharges are proposed t o  be 

u t i l i z e d  f o r  subsequent hydraul ic  analyses t h a t  w i l l  determine 

water surface elevat ions and f lood  zones. 



I 
I FlaURC 1: LOCATION MAP 



2.0 WATERSHED DESCRIPTIOY 

The overall drainage area for  the study reach of Cave Creek Wash 
and i t s  local t r ibutar ies  (Figure 1) extends south from the A C D C ~  
near Dunlap Avenue t o  the Salt River near 51st Avenue. The 
western boundary i n  part i s  defined by the Black Canyon Freeway 
( 1 1 7 )  Eastern and northeastern boundaries are defined by the 
1-10 Inner Loop and Central Avenue. Some spiflover into the  
primary Cave Creek Wash watershed also occurs along Central Avenue 
north of the 1-10 Inner Loop and i s  derived from urban watersheds 
t o  the east. From 1-17 t o  the Salt  River, the drainage boundaries' 
are defined by topographic highs and the Southern Pacific * 
Railroad. The overall drainage area (excluding spi 1 lovers from 
adjacent easterly watersheds) encompasses approximately 30 square - 
miles a t  the Salt  River. 

Cave Creek Wash has historically existed as a regional"flooding 
source having a significant impact on large ~rban ized~areas  i n  the 
City of Phoenix. The ACDC flood control project,-currently under - 
construction, will eliminate runoff contributions from the ent i re  
watershed upstream of Dunlap Aven B (The upstream watershed @ b!, /, 

incorporates an area i n  excess of' 0 square miles.) The ACDC 5-k 
flood control project is designed t o  intercept and convey surface 6d,& 
flow from the Phoenix Mountains and Cave Creek Wash northwesterly PC&* 
t o  New River. The channel is designed for the 100-year flood I 
event (Reference 1 and lo).- The current planned schedule' f o r  

k 
completion of the ACDC ca l l s  for  a l l  reaches t o  be constructed by 
September of 1991 (Reference 2) .  The northern limits of the study 
drainage area are based on the ACDC being in place. Thus, Cave 
Creek Wash essentially becomes a local flooding source as opposed 
t o  a regional flooding source downstream of the ACDC project. 

The 1-10 In'ner Loop, presently under construction, passes through 
the current Cave Creek study area. Several years ago, the 
Arizona Department of Transportation (ADOT) contracted Howard 
Need1 es Tammen and Bergendoff (HNTB) t o  develop, a hydro1 ogi cal ' 
model for  the drainage area that  would affect the 1-10 Inner Loop 

and t o  establish the drainage design for  this freeway. HNTB 
- 3 -  



incorporated two (2)  major drainage tunnels t o  in te rcep t  drainage 

f low from the  1-10 Inner Loop drainage-area represented on Figure 

1 and convey i t t o  the  3, 4 and 5). The 

drainage tunnels have extend along the  

upstream side o f  the  i n  place. The .__ - 
western boundary o f  the HNTB watershed con t r ibu t ing  t o  the 
drainage tunnels corresponds f o r  the most p a r t  w i t h  the eastern 

boundary o f  t he  drainage area cur ren t l y  being studied i n  d e t a i l  by 

CBA f o r  Cave Creek Wash. Surface f low along the western boundary 

o f  the HNTB study area t h a t  i s  not  conveyed t o  and co l lec ted  by 
the drainage tunnels o r  the depressed freeway i t s e l f  s p i l l s  i n t o  

the Cave Creek Wash watershed. The 1-10 Inner Loop Freeway i s  

elevated on support columns between the west l i m i t  o f  t he  

depressed segment and 1-17 t o  al low the primary f l ow  derived from 

the  Cave Creek Wash watershed t o  pass unimpeded under the  freeway 

as surface f low. The e f f e c t  o f  the 1-10 Inner  Loop and i t s  

drainage design on the  Cave Creek Wash discharges i s  discussed i n  
greater d e t a i l  i n  a subsequent sect ion o f  t h i s  repor t .  

The Cave Creek Wash drainage area i s  characterized by gen t le  
topographic r e l i e f ,  w i t h  urban development being prominent n o r t h  

o f  the  1-17 curve a t  Durango Street  (Durango Curve) and a mix ture . 
o f  urban development and ag r i cu l t u ra l  land use being prominent 

downstream t o  the southwest o f  the  Durango curve. Topographic 

r e l i e f  ranges from land slopes o f  0.45% i n  the northern p o r t i o n  o f  

the drainage area t o  0.10% i n  the  southern port ion.  Resident ia l  

development characterizes approximately 70% o f  t h e  urbanized area 

w i t h  commercial and i n d u s t r i a l  development compr i s i ng  

approximately 30%. The land  use i n  the southernmost po r t i on  o f  
the  drainage area i s  predominantly agr icul ture.  

Cave Creek Wash below the ACDC i s  ill defined. The natura l  o r  

h i s t o r i c  f low path has been a l te red  and/or obstructed by urban 

development . Canals, major streets,  freeways, bu i ld ings,  

i r r i g a t e d  areas, fences and ra i l roads  e f f e c t  surface r u n o f f  and 

play a major r o l e  i n  the present character izat ion o f  the watershed 

and conveyance of surface flows. 



3.0 PREVIOUS STUDIES 

Previous studies per ta in ing  t o  Cave Creek Wash have been prepared 

f o r  f loodp la in  information, drainage design purposes and f l o o d  

con t ro l  p ro jec ts  by the  U.S. Army Corps o f  Engineers, Arizona 

Department o f  Transportation, HNTB and the Federal Emergency 

Management Agency. These studies are l i s t e d  i n  the  Reference 
sect ion o f  t h i s  repor t .  :Other studies have been prepared re levan t  

t o  l o c a l  development and f o r  the purpose o f  documenting the  
occurrence o f  c e r t a i n  h i s t o r i c a l  f looding events. The ma jo r i t y  o f  

previous hydrologic studies are now i r re levan t  t o  the post ACDC 
study reach as t he  ACDC has completely a l tered the  cha rac te r i s t i cs  

o f  the downstream watersheds rece iv ing i t s  f l ood  on t ro l  

benef i ts.  Accordingly, 100-year discharges proposed per t h i s  0 
study have been appreciably lowered, when compared t o  e a r l i e r  
studies t ha t  d i d  no t  account f o r  the ACDC p ro jec t  construction. 

Flood cont ro l  p ro jec ts  t h a t  have af fected the discharges along 
Cave Creek Wash are Cave Buttes Dam and the ACDC. The 1-10 Inner 

Loop has also s i g n i f i c a n t l y  af fected these discharges. A summary 

o f  previously determined discharges f o r  concurrent reaches along 

Cave Creek Wash are l i s t e d  i n  Table 6 f o r  comparison w i th  the  
resu l t s  o f  t h i s  study. 



4.0 HYDROLOGIC ANALYSIS 

I 
4.1 Jntroduct ion 

A hydrologic model h a f  been developed as a basis f o r  t h i s  study 
using the  U.S. Army Corps o f  Engineers' HEC-1 Flood Hydrograph; 

I 
/" 

Package (Reference 13) fo r  the purpose o f  determining 100-year 

discharges a t  selected locat ions.  The model defines a ser ies o f  

?ubLdrainage areQhat are connected by common f low paths. Flow 
paths are con t ro l l ed  by topography and/or urban improvements 

(roads, canals, freeways, rai l roads, etc.) t h a t  a l t e r  the  normal 

topographic f low path. Incorporated i n  the  model are - _Z+ 

o f  urban, development ;uch as storm drains, 

and - i r r igated areas tha t  would inf luence the  

estimated peak r u n o f f  and hydrograph character is t ics .  A schematic 
F 

diagram of the  drainage model i s  presented on Figure 2., - V 
\ 

Input  components requi red f o r  the HEC-1 program t o  model t he  
/' 

hydrology o f  the  Cave Creek Wash drainage area are .prec ip i ta t ion 

$ime distr ibution':  d r a i n a g e e a :  curve numb& t h a t  r e f l e c t  

drainage area character is t ics ,  tjme o f  concentration, f low path 
- 

h a r a c t e r i s t i c s  for  rqueing f low (geometry and slope o f  f low 
path), ~ann?ngs roughness coef f ic ients ,  and r a t i n g  curves f o r  
\ L - 

storm dra ins and f low diversions. - - 
4.2 Precioi tat ion Time Distr ibut ion 

/ 
Gauged natura l  r a i n f a l l  o r  discharge data i s  not  ava i lab le  f o r  the  

study reach. A synthet ic  p rec ip i t a t i on  time d i s t r i b u t i o n  f o r  t he  
area was obtained from the C i t y .  o f  Phoenix Storm Drain Design' 

/ - 
Manual, Subdivision Drainage Design (Reference 14). The 100-year 
24-hour storm was used t o  estimate dischaFies f o r  Cave Creek Wash ' 

(Table 1). It i s  assumed tha t  t h i s  p r e c i p i t a t i o n  t ime / 
d i s t r i b u t i o n  occurs simultaneously over the e n t i r e  drainage area., 



TABLE 1 

RAINFALL TABLE r/ 

(Percent t o t a l  rainfa11/100 by 0.5 hour 
increments f o r  24 hour storm) 

Return Periods, Years 

PHOENIX YBO RECORDS* 
(24-hour duration storm) 

Precipitat ion,  Inches 

* Technical Memorandum WBTM WR-44 

Source: C i ty  o f  Phoenix, "Storm Drain Design Manual, Subdivision / 
Drainage Design, 1985. 



4.3 prainaue Area 

To estimate discharges a t  concentration po in ts  along the study 

reaches and along t r i b u t a r y  flow paths t h a t  cont r ibute surface 
runo f f  t o  the study reaches, the  overa l l  drainage area was d iv ided  -+ .I& s (Fi  ure' 3< 5oundaries o f  &drainage / 
areas are defined by topograp - y, major streets,  the  Grand Canal, 
I n t e r s t a t e  Freeways and ra i l roads.  Subdrainage area boundaries u 
were estimated based on f i e l d  invest igazon,  reviews o f  plans and 

s tud ies f o r  spec i f i c  s t ree t  and d r a q e  systems, and a review o f  , 

a v a i l  able topographic mapping. 

J 

4.4 Curve Numbers 

The C i t y  o f  Phoenix has determined SCS curve numbers (CN) f o r  
var ious hydrologic s o i l  groups f o r  urban areas based on zoning 
c l a s s i f i c a t i o n s  (Reference 14). Table 2 l i s t s  curve numbers w i t h  

associated zoning c l a s s i f i c a t i o n s  and s o i l  types used i n  t h i s  
study. Type B s o i l  occurs throughout the study area (Reference 
15). For subdrainage areas i n  which more than one zoning 

c l a s s i f i c a t i o n  occurs, a weighted CN was calculated. Subdrainage 

areas and associated curve numbers are displayed on Figure 3. 
L---_p 

4.5 T i m  o f  Concentration 

Time o f  concentration i s  defined by the SCS t o  be the t ime 

requi red f o r  r u n o f f  t o  t r ave l  from the hyd rau l i ca l l y  most .d is tant  

po in t  o f  the drainage area t o  the co l l ec t i on  po in t .  

For subdrainage areas i n  which surface f low i s  conveyed by roads, 

v e l o c i t i e s  were determined by using t t y  of Ph~en ix -gu t te r  
*graph (Reference la The e ~ ~ f l o w  ve loc i t y  was - - 

ina the  velnf i4&uk&mined from G e a f o r  - f u l l  



ZONING 

PSC 

Hillside 
(over 10%) 
sloping. 

TABLE 2 

CURVE NUMBERS BY ZONING FOR USE WITH 
SCS OR TR-20 METHODS OF DETERMINING 

RUNOFF IN THE CITY OF PHOENIX 

Hvdrolouic Soil 
GROUP B GROUP C GROUP D 

Source: City o f  Phoenix, "Storm Drain Design Manual Subdivision 
Drainage Design, 1985. 



For subdrainage areas i n  which surface f low i s  not  conveyed by 

roads, ve loc i t i es  were estimated by the SCS method f o r  shallow 

concentrated f low (Reference 16 and 17). 

The HEC-1 program u t i l i z e s  l a g  t ime  as one o f  the  components t o  
generate an SCS synthet ic  ..- u n i t  hydrograph. Lag time may be 

estimated as a percentage o f  time o f  concentration f o r  watersheds 

w i t h  an approximated uniform d i s t r i b u t i o n  o f  r uno f f  using the  
fo l low ing  re la t ionsh ip  (Reference 16) : 

L = 0.6 Tc L = Lag time 
Tc - Time o f  concentration 

Some o f  the subdrainage areas i n c ~ a ~ i o u s  forms o f  stormwater 
# 

detent ion/retent ion t h a t  f u r t h e r u a t e  the discharge derived 

from them. These features include # . -. res iden t ia l  102 qnd 
formal stormwater detent ion/retent ion basins. Typical ly,  a &ur 
t o  s i x  inch h igh berm surrounds the outer boundary o f  an i r r i g a t e d  

res iden t i a l  l o t .  It has been assumed t h a t  the beFmed area w i l l  
a r  p rec ip i t a t i on  event, and t-re w i l l  no t  

y n t r i b u t e  t o  surface r u n o f f  (Reference 5 and 6). I r r i g a t e d  l o t s  
were i d e n t i f i e d  by f i e l d  invest igat ion and mapped on ae r i a l  
photographs. I n  some res iden t ia l  areas the berms have not  been 

maintained o r  have been destroyed, and these areas were no t  

included i n  the groups havinq the a b i l i t v  t o  r e t a i n  a 100-year 

p r e c i p i t a t i o n  event. -+?re i d e n t i f i e d  as _ b J 3 i n g e  

ted  res iden t i a l  
l o t s  cons is ts  o f  sidewalks, streets, driveways and por t ions o f  
r oo f  tops. The Rercentage o f  con t r ibu t ing  area per zoning 

c l a s s i f i c a t i o n  f o r  f lood i r r i g a t e d  l o t s  was estimated by HNTB i n  
t h e i r  study o f  the 1-10 Inner Loop drainage (Reference 4 and 5) 

and i s  presented i n  Table 3 along w i th  associated curve numbers. 

These values were used i n  t h i s  study. 



TABLE 3 

Zoning 
Class 

RE-43 
RE-35 

RE-24 
R1-18 
Rl-14 

Rl-10 

RI -8  

RI -6 

CURVE NUMBERS AND NON-RETENTION P5RCENTAGES 
FOR FLOOD IRRIGATED LOTS 

Regular 
CN 

77 
79 

79 
80 

80 

81 

82 

84 

f7ood I r r i q a t p  Lots 
Un-retained & gN f o r  Unretained  read 

10.7 95 
12.2 95 

1419 95 
18.3 95 

21.2 95 

23.3 95 

25.3 95 

29.6. 95 

I ~ i d e w a l k s ,  driveways, roof tops,  e tc .  

2~oward Needles Tammen Bergendoff, " Inner  Loop Storm Dra in  Summary 
Report, I n t e r s t a t e  10, Phoenix - Casa Grande Highway, 15 th  Avenue t o  
Maricopa T .  I." 

4.7 Flow Path Charac te r i s t i cs  

Surface runo f f  w i t h i n  t he  Cave Creek Wash drainage area nor th  o f  
t he  Grand Canal was determined t o  general ly  f o l l ow  major s t r ee t s ,  

not t h e  h i s t o r i c a l  f l ow path o f  Cave Creek Wash. Th i s  i s  due t o  
t he  e f f e c t i v e  e l im ina t i on  o f  upstream watershed f lows v i a  
const ruc t ion o f  t he  ACDC. St reets  t h a t  convey f l ow w i t h i n  
subdrainage areas are 7 t h  Xvenue, l l t h q y u e ,  15th  ~ v e G e ,  1 7 6  

r' 
Avenue, 19th h n u e ,  21st Awnue, 23rd Avenue and Central Avenue. 
A por t i on  o f  t he  surface f l ow being conveyed along nor th  - south 

s t r ee t s  o f t en  s p i l l s  i n t o  adjacent areas a t  r es i den t i a l  and major 
s t r e e t  i n te rsec t ions .  The s p i l l o v e r  f low i s  p r ima r i l y  conveyed 
along major east-west s t r ee t s  t o  adjacent primary f l ow paths. 



Below the Grand Canal, r u n o f f  general ly concentrates w i t h i n  the 

topographic low area t h a t  defines the h i s t o r i c  center l ine o f  Cave 

Creek Wash. A t  19th Avenue and the Southern Pac i f i c  Railroad 

(roughly 1/2 m i l e  south o f  Van Buren Street)  f low i s  d iver ted and 

conveyed westerly along the ra i l road,  s p i l l i n g  i n t o  the depressed 

p o r t i o n  o f  1-17. Runoff i s  ponded w i th in  and upstream o f  1-17 a t  

the  Durango Curve. Ponded outf low t o  the west occurs as weir  f low 

a t  t he  southbound ~uran'go Street e x i t  o f  1-17. The Southern 

P a c i f i c  Railroad 1 acks s u f f i c i e n t  freeboard t o  be considered as a 

f l o o d  cont ro l  s tucture by FEMA 
with/wi thout r a i l r o a d  cond i t io  
w i thou t  r a i l  road condit ion, p  

f o r  an addi t ional  roughly 1 
depressed segment o f  1-17. 

freeway, f low w i l l  s p i l l  t o  

l oca t i on  as f o r  the  w i th  ra i l r oad  condition. 

Below the Durango curve, the runo f f  s p i l l i n g  o the  west from the  
depressed segment o f  1-17 fol lows ph ic  lows through 
predominantly ag r i cu l t u ra l  and l i g h t  land use areas t o  

t he  S a l t  River. 



4.8 Flow Routinu Methods 

Normal depth storage rou t ing  and reservo i r  r ou t i ng  methods were 
used t o  rou te  f lows through the overa l l  watershed. Flow path 

cross-sect ion data f o r  the HEC-1 rou t i ng  component was obtained 
from ae r i a l  photographs, deta i led topography, a s - b u i l t  plans o f  
roadways, f i e l d  observations and f i e l d  surveys. Storage 

capaci t ies  o f  detent ion basins (i .e., ponding behind the  Durango 

curve and w i t h i n  the  adjacent depressed segment o f  1-17) were 

determined from topographic maps. 

Mannings roughness coe f f i c i en t s  f o r  r ou t i ng  reaches were estimated 

from f i e l d  observations and adjusted f o r  urban areas. A method 
developed by H.R. He j l  (Reference 18) was used t o  adjust 

roughness coe f f i c ien ts .  Roughness coe f f i c i en t s  f o r  stree-e 

adjusted upward t o  0 . 0 2 0 B t h e  i n s t r u c t i o n  o f  FEMA's Pro ject  

O f f i c e r  t o  account f o r  the l i ke l i hood  o f  t r a f f i c  and/or parked 
cars impeding the conveyance o f  r uno f f  dur ing the 100-year f lood. 

4.9 Diversion Methods 

The d ivers ion component o f  the HEC-1 program was used t o  model 

s p l i t  f low a t  major intersect ions and the  e f f e c t  o f  storm dra in  
capaci t ies  on discharges from subdrainage areas. Input  data 

requi red f o r  the  d ivers ion component o f  the  program include r a t i n g  

curves t h a t  r e l a t e  the diverted out f low t o  upstream inf low. 
Rating curves f o r  s p l i t  f low were determined using Mannings 
equation t o  estimate the depth o f  the upstream in f l ow  f o r  a given 

discharge and the we i r  equation ( Q = c L H ~ / ~ )  t o  estimate d iver ted 
out f low f o r  a given inf low. Storm d ra in  base maps were obtained 
from the City o f  Phoenix t o  i d e n t i f y  the  storm drainage network 

t h a t  would a f f e c t  the  surface runo f f  from a p a r t i c u l a r  drainage 

area. Only major storm dra in  l i n e s  ( t runk l i nes )  were taken i n t o  
consideration ( l i nes  greater than 36"). F u l l  f low storm dra in  

capaci t ies were estimated from the p ipe diameter and average 

reach slope obtained from as-bu i l t  plans. The capacity o f  the  

t runk l i n e  in te rcep t ing  surface flows v i a  an upstream gathering 



system f o r  a subdrainage area o r  f low path was diverted from 
surface f low a t  co l l ec t i on  po in ts  o r  d ivers ion  points.  For each 

storm dra in  diversion, a r a t i n g  curve was determined t o  r e l a t e  
surface i n f l ow  t o  d iver ted storm dra in  outf low. 

4.10$ni77over From I - I 0  Inner Loon Drainaue Area 

A simp1 i f i e d ,  approxihate procedure was u t i l i z e d  t o  model 

s p i l l o v e r  from the  1-10 Inner Loop drainage area i n t o  the Cave 

Creek Wash drainage area between Northern and Camelback Roads 
along Central Avenue. One hundred year i npu t  hydrographs were 

estimated from HNTB 50-year peak discharges depicted i n  Reference 

4 (appropriate hydrographs were not  ava i lab le  f o r  the HNTB study 
area). A t  a few selected concentration po in ts  w i t h i n  the 1-10 
Inner Loop drainage area, the  HNTB study depic ts  both 50- and 100- 

year peak discharges as shown on Table 4. These i d e n t i f i e d  HNTB 
discharges f o r  the  HNTB 50-year event range between 76 t o  82 

percent o f  the  HNTB 100-year event. Hence, a t  s p i l l o v e r  po in ts  

where only 50-year discharges are provided i n  t he  HNTB study, the  
HNTB 50-year peak discharges were increased 1.2 times as a means 

o f  est imat ing the applicable magnitude o f  the  100-year discharges. 
S imp l i f i ed  hydrographs were then generated f o r  the s p i l l o v e r  
discharges i n t o  the  Cave Creek Wash drainage area using peak times 
prev ious ly  derived f o r  immediately adjacent subdrainage areas. 

Through a ser ies o f  d ivers ion and rou t i ng  routines, inpu t  
hydrographs f o r  each sp i l l ove r  discharge were incorporated i n t o  

the  Cave Creek Wash drainage model. 



TABLE 4 
OFFSITE DISCHARGES FOR 

EAST-WEST LEG OF 1-10 INNER LOOP* 

Percent o f  100- 
Year Discharges 

Concentration 50-year' 100-year' For t he  50-year 
Point  Discharae c f s  Discharue c f s  Event 

20th St reet  232 283 
16th St reet  257 318 
12th S t ree t  277 358 
7 th  St reet  637 708 

Central Avenue 549 678 
7 th  Avenue 954 1,231 

15th Avenue 597 779 

Total  3,503 4,435 

* From Reference 4 



4.11 Effects o f  1-10 Inner Looo Drafnaae Svstem 

Two major drainage co l l ec t i on  and conveyance networks (Figure 1) 
have been constructed f o r  the 1-10 Inner Loop drainage system. 

These networks are designed t o  c o l l e c t  surface r u n o f f  f o r  the 50- 

year storm (References 3, 4 and 5). 

The east-west drainage , tunnel network c o l l e c t s  surface runo f f  

nor th  o f  the  Inner Loop between 20th St reet  and 15th Avenue and 

conveys the f low t o  the  Sa l t  ~ i v e r m a  21 f o o t  diameter conduit. 
I n  order t o  mi t iga te  the  po ten t ia l  f o r  backwater impacting areas 

nor th  o f  the 1-10 loop f o r  events greater than the  50-year storm, 

emergency overf low routes were designed. Surface runo f f  i n  excess 

o f  the  50-year storm s p i l l s  i n t o  the depressed segment o f  the  

freeway by f lowing i n t o  grated overf low structures,  down access 
ramps, and through openings i n  the retaining/noise b a r r i e r  wal l  
(Reference 3). During a 100-year storm, the  actual  discharge w i l l  
exceed the  capacity o f  the designed drainage network by 
approximately 932 cfs,  under a conservative assumption t h a t  

discharges are  able 4). The estimated storage capacity @ * 

o f  t he  depressed por t ion  o f  the Inner Loop i s  59,200,000 cubic 
f e e t  (Table 5). At  a r a t e  o f  932 c f s  i t  would take 17.6 hours 

(assuming a constant r a t e  o f  in f low)  t o  exceed the estimated 

storage capacity o f  the  depressed segment o f  the Inner Loop. Pump 
s ta t ions  serv ic ing the depressed por t ion  o f  t he  Inner Loop a t  

Th i rd  Avenue, Th i rd  St reet  and Sixteenth St reet  are designed t o  
accommodate a 50-year ons i te  peak inf low, and c o l l e c t i v e l y  the  
pumps have the capacity t o  de l i ve r  533 c f s  t o  the  drainage tunnel 

network (Reference 5). The time required f o r  f low t o  exceed the  
storage capacity o f  the Inner Loop dur ing a 100-year event, 
considering t h a t  the  pump stat ions remain i n  operation and t h a t  
533 c f s  may enter the system downstream o f  the main i n l e t s  i s  41.2 

hours (assuming a constant r a t e  o f  in f low) .  I n  our professional 
opinion, w i t h  o r  wi thout the m i t i ga t i ve  impact o f  the  pump 



k) 
the  100 year event would need t o  have an u n r e a l i s t t c a l l y  

u ra t i on  and peak t o  exceed the  ove ra l l  capaci ty o f  the  

inc lud ing storage. Thus, the east-west p o r t i o n  o f  the  

Inner Loop drainage system acts as a drainage boundary t o  the Cave 

Creek Wash drainage area. 

TABLE 5 
ESTIMATED STORAGE CAPACITY OF 

DEPRESSED PORTION OF 1-10 INNER LOOP FREEWAY 

BfTWEEN 11M AVE. AND 20M ST. 

Length Width Depth Volume 

i n  f e e t  i n  f e e t  i n  f ee t  i n  cubic  f e e t  

1 Measured from U.S.G.S. Topo Base. 

2 Edge o f  pavement t o  edge o f  pavement. 
3 Estimated i n  f i e l d .  

The north-south tunnel network co l lec ts  surface f l ow  east o f  the  

Inner Loop alignment between Bellview Street  and the  Maricopa 

Freeway and conveys the  f low t o  the Sa l t  River. The north-south 
alignment o f  the  loop i s  raised w i th  overpasses a t  Van Buren 
Street, Washington Street, Jefferson Street, the  Southern Pac i f i c  

r a i l r o a d  tracks, Buckeye Road and Mohave Street.  For storm 

events greater than the 50-year designed storm event, surface f low 
w i l l  pass under the  overpasses i n t o  a po r t i on  o f  t he  Cave Creek 

Wash drainage area a t  HNTB co l lec t ion  po in ts  located a t  Van Buren 

Street and Washington Street. The 50-year HNTB peak discharges a t  
Van Buren and Washington Streets are a product o f  approximately 40 

subdrainage basins encompassing approximately 10 square miles. 

F i f t y -year  discharges o f  1061 c f s  and 935 c f s  are reported f o r  

co l l ec t i on  po in ts  a t  Van Buren Street and Washington Street, 

respect ively.  One hundred-year discharges f o r  these co l l ec t i on  

po in ts  were no t  determined by HNTB, however, we have estimated 



(based on the data presented i n  Table 4) t h a t  the  50-year 

discharge i s  approximately 81% o f  the 100-year discharge. Thus, 

t he  d i f fe rence  between the 100-year and 50-year discharges a t  Van 
Buren and Washington Streets are 246 c f s  and 219 cfs,  

respect ive ly .  These f lows would pass i n t o  t he  Cave Creek Wash 

drainage area and fo l l ow  a f low path predominately along the  
Southern P a c i f i c  Ra i l  road tracks t o  CBA c o l l e c t i o n  po in t  LINC7S. 

The t ime t o  peak f o r  the  100-year discharges a t  Van Buren and 

Washington Streets ( f o r  an overa l l  drainage area o f  greater than 
10 mi les)  would be s i g n i f i c a n t l y  longer than the  t ime t o  peak f o r  

subdrainage area LINC7S (drainage area o f  1.8 square miles). 

Also, the  e n t i r e  po r t i on  o f  the hydrographs having discharges less  

than the  50-year event would be non-contr ibutory t o  the Cave Creek 

Wash drainage area as they w i l l  be co l lec ted  i n  the  north-south 

, it i s  our opinion tha t  the combined peak overflow 
a t  Van Buren St reet  and Washington St reet  w i l l  s u f f i c i e n t l y  l a g  
behind the peak f low a t  LINC7S and Cave Creek Wash downstream such 
t h a t  i t  w i l l  not  cont r ibute t o  the peak f low determined f o r  Cave 

Creek Wash. 



Results of the HEC-1 hydrologic modelling for the Cave Creek Wash 

drainage area are presented in the runoff summary portion of the 
HEC-I computer program output located in the -Appendix. Proposed 
discharges for the study reaches are shown on Figure 4. 

For comparative purposes, the results of preceding studies and 
the results from this study are presented in Table 6 for 
discharges along Cave Creek Wash at the Arizona Canal (same 
location as ACDC), Grand Canal, Buckeye Road, and the confluence 
with the Salt River. Obviously, there are significant differences 
between previously established discharges and values currently 
proposed due to the flood control benefits associated with the 
ACDC. 

The U.S. Army Corps of Engineers 1977 report (Reference 8) is the 
only previous study that reports discharges for Cave Creek Wash 
below the ACDC with the effect of the ACDC construction being 
considered. The 1977 report estimates 100-year discharges at the 
Grand Canal and at Buckeye Road of 6,300 cfs and 14,000 cfs, 
respectively. The current study has estimated 100-year discharges 
of 1,185 cfs and 2,796 cfs at approximately these respective 
locations. The gross discrepancies between these sets of values 

are explained as follows: 

1. The U.S. Army Corps of Engineers used a single linear 
reservoir model for sheet flow to perform cursory estimates 
of discharges at selected concentration points. The model 
relates basin storage to outflow and a proportionality 
factor. The proportionality factor relates time of 
concentration to rainfall intensity and basin slope, length 
and roughness. At any time, basin storage is equal to the 
summation of rainfall excess less the volume of outflow. The 
model assumes a uniform distribution of basin characteristics 
and that sheet flow is characteristic of surface runoff in 



the  drainage area. This i s  not  the case i n  the  Cave Creek 

drainage area due t o  urban development t h a t  has a l te red  the  

natura l  topography. Surface runo f f  i s  t y p i c a l l y  concentrated 
and conveyed w i t h i n  s t ree ts  t o  s t r e e t  in tersect ions and 

topographic low areas. Hence, uniform sheet f low throughout 

t he  drainage area does no t  occur. 

2. The drainage area f o r  the U.S. Army Corps o f  Engineers' 1977 
study i s  approximately twice the area determined i n  t h i s  

study. The d i f fe rence  i n  drainage areas i s  due t o  boundary 
loca t ions  ( e f f e c t  o f  1-10 Inner Loop and associated drainage 

design t h a t  was not  conceived a t  the t ime o f  the 1977 study) 

and the  reduct ion o f  drainage area i n  t h i s  study induced by 

tak ing  i n t o  considerat ion the e f f ec t  of i r r i g a t e d  l o t s .  

The discharges represented on Figure 4 are proposed t o  be u t i l i z e d  

f o r  subsequent hydraul ic  evaluations o f  the study reaches and the  
determination o f  f l oodp la in  l i m i t s ,  floodway l i m i t s ,  and f l o o d  

zones. 



TABLE 6 
COMPARISON OF REPORTED 

100-YEAR PEAK DISCHARGE VALUES 
FOR CAVE CREEK WASH 

Reported 
Location Studv Reoort Discharse c f s  

Cave Creek Wash a t  Arizona U.S. Army COE 1974 
Canal and ACDC 

U.S. Army COE 1982 

FEMA 1984 13,000 

Cave Creek Wash at  
Grand Canal 

Cave Creek Wash a t  
Buckeye Road 

Cave Creek Wash 
a t  Sal t  River 

U.S. Army COE 1974 

U.S. Army COE 1977 

FEMA 1984 12,400 

FEMA (This Study) 1,237t 

U.S. Army COE 1974 

U.S. Army COE 1977 

FEMA (This Study) 

FEMA 1984 

FEMA (This Study) 

Remarks 

1 

2 

3 

1 

4 

3 

5 

1. Future urbanized condit ions without f lood control projects. 
2. Revised (1982), future urbanized conditions wi th Cave Buttes Dam i n  place. 
3. With Cave Buttes Dam i n  place. ACDC not constructed. 
4. Future urbanized conditions wi th  f lood control projects i n  place, including ACDC, excluding 1-10 Inner Loop. 
5. Present conditions wi th  flood control projects i n  place, including ACDC and 1-10 Inner Loop. 
+ Cave Creek Wash a t  Indian School Road. * D = Downstream o f  Durango Ex i t  (1-10 Freeway Southbound) 

U = Upstream o f  Durango Ex i t  (1-10 Freeway Southbound) JHN00132.74T\ef 
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APPENDIX 



xxxx**Ix.xIXXX.xxXXIX*X*xxxIxXXiiXiXIxx 

w 8 

;.S. APXY 238PS OF ZLGINE I3S  * 
TnE HYOROLCZiC EkG i t i iER iNG CEXEiiEt 

x 629 S i C O l C  S i 2 E E i  x 
x EAL1:S. CALiFORti IA 555:: x 

? (9;s) 5 5 i - i 1 4 8  a 

x I 

x*X.xxxXXam?**wIXxx*m?xXxxaxI*xxXxax?1m 

X X XXXXXXX XXXXX X 
X X X  X X xx 
X X X  X X 
XXXXXXX XXXX X XXXXX X 
X X X  X X 
X X X  X X X 
X X XXXXXXX XXXXX XXX 

I 
!+:s ?RCB;A,+! 2ET:ACES ALL  39EYI06S VEXSICXS OF HEC-i KNO'WN AS n i C i  (:AN 13) .  - 6 ;SS .  3EC13a, AND SEC:KW. 

I THE I"'k--. ;r, r i13KS OF VARIABLES -3TiMP- AKD -RTIOR- i i A V i  CnAHGiO i i i 0 K  %Cji CSEC % i T E  i t i E  i413-STYLE i N P U i  S i%C iCRf .  
. r c  3F'iNiT:CN OF -Ab!SXi(- 3N R M i A R E  MAS C3AtiGi5 WI7H REV!SICHS DATE2 28 S i ?  8 i .  T H I S  I S  i H i  FO?TRAEi?l V i 3 S i O N  
nEii 3PTiONS: 3AM32EAK OUTiLO' i  SUJMEKGiNCE . S i h ' B L i  i V E N i  0AXA:AiiE CAiCl' i iATi%. 2SS::ZITi STAGE EREVdERCY, 

I 3SS:3EAD TIME S E X E S  AT 3 E S i B i D  CA'iCUiAi:ON iSTERVAL L3SS i i k i i : 6 X i Z ?  AtiD AMPi I N F i i 7 R A T I O N  
KI6 iMAi ;C 'AAVE: N E i  F i t i i i E  D ; F i B E N 2 i  A'iGGR:TH)r. 



I 3  ' 4 A  i-33: :NSSRANCE CAVE CREEK &ASK x$:i'i~2 DCLS - * 
.u RE-STECY '31 XAR;:O?A 23; YO. 2485i-:5-74 
:S 23UNTY ARIZONA i 5 8 8  105- YEAR PEAK 
'DIAXiAN .- 
I I i O  :$FAR88 1200 300 

- .  Iti 30 iBKARS8 :23 t  - 
:o 5 0 0 

Y3RTCE ' OAJiN C D T U h i i l l i  , 

SCS f lEi i lO0 
c.t5' 
4.04 

0.0 3.004 t.CO8 :.0;3 3.3:8 0.022 2.326 0.031 0.035 0.G4O 
C.GP4 C.068 C.053 C.057 G.262 0.366 O.Cli C.Cl5 C.580 2.093 
3.;01 0.:20 3.140 0.;70 0.500 3.830 1.860 0.880 0.853 3.521 
C.920 t.S24 0.928 0.533 C.531 0.942 0.947 5.551 6.556 0.560 
3.564 0.969 i .913  C.5lB 3.582 2.587 6.591 ~5.455 1.050 1.000 
C.:C5: 55.c' OO.C 

3.27' 

XM ?Oi i ING SdiiiACE :LO& FROM CENiRAilNOR7dE2N i O  CE!iiRAi/GiENDAL 
2s i ELEV I C 
3C 0.150 3.320 0.750 5280.0 3.235 
RX 0.C 0.01 i03.0 1GD.Ol 1 l t . C  i6t.C; 235.59 2CC.E 
2Y 6.0 2.25 i .25  ?.O 1.0 ;.25 2.25 4.0 

. . . 
KK GLEN:f 8ASiN CLlMPUiAiIOti 
XM SCS METHOD 
aA C.12 
LS j 'Ij . .. 95.0 0 
UD C.42 

K GLENCE 
KFI COMSINE ROUTED i i O i  HITH 8ASIN C0MPUiAT:OR 
?C 2 

KK ORAK7S 
XM INPUT %Y3ROGRA?H 
3A C 
I N  10 16AAR88 7220 
0 1  C 0 0 '  0 C C 0 
3 1  . O  3 J 0 0 0 3 
0; G 0 C 0 0 0 0 
P I  . 3  0 0 0 0 0 0 
O i  0 0 0 C 0 ,  0 C 
0 1  2.1 2.1 2.'1 2.1 2.1 ' 2 . 1  2.1 
P I  4 . 1  4.1 4.1 4.1 4 .1 .  6.2 6.2 
O i  24.5 66.5 i08.3 135.1 Yb9.6 160.0 141.5 . .. 
O i  24.5 18.7 14.5 8.3 8.3 8 . 3  8.3 
O i  6.2 6.2 4.1 4.1 2.1 2.1 2.1 
0 1  2.1 2.1 2 . i  2.1 2.1 2.1 2.1 
01 2.1 2.1 2.1 2.1 2.1 2.1 2.1 
O i  2.; 2.1 2.1 2.1 2 . i  2.1 2.1 
3 1  2.1 2 . i  2.1 2.1 2.; 2.1 2.1 



DIVERT STORY DRAIti ?:OK 

2OtiTiNG SURFACE t ~ &  i20R ORANGT*OOD/7ST. TO G;ENDAiU?ST. 
EiEV 4 0 

3.:20 0.T50 2643.0 :.305 
C.O1 1DC.C :C:.C1 ;6L.3 i6L.31 283.95 26L.3: 
2.25 1.25 i.0 i.0 7.25 2.25 4.0 

INPUT HVDRCBRAPH 



?.. 

I , ! ~ r  KK G-ENlS . . . . : ,  X4 0 I V i 3 T  $;?.FACE FLOW . . 
i 12 . 2- SEGlCS 

i15 XK &ENCi 

I 115 KN 3OL;T:NG i i0 i  WOM OLENOALE/IST. TO GiES1ALi/CENiRAL 
117 RS 1 ?LEV 1 0 
118 '9C 0.:57 0.020 0.?50 2640.0 0.304 

I 
iiS RX 0.0 0.01 iCO.0 100.01 161.0 164.01 263.99 264.0 
120 RY 4.2 2.25 i.25 i.3 1.0 i.25 2.25 4.0 

I i 26 KR G E N C E  
; 25 KN DIVERT SURFACE ilOK 
:26 9T S F G i C i  

- i35 KK MARYCE . .- - 
XM INPUT HYDROGaAPH 

- i31 3A C 
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CCRBINE i N P U i  HY3R3GRAPH ni7H R3U723 ;LOW 

I K P X  %YDROGRAPH A7 KISSIOSRi / lTH.  STREET 

ROUTING INPUT HYDROGRAPH iO N:SS/CENTaAL 
:LEV 1 0 



XK K S S C S  - 
Kt CTVER: STORK D R A I N  iL3& 
DT S D i Y i C  
D i  40 100 153G 
3 0  40 40 40 

X! 3CJT;NB FLOW :?C? Y I S S I C E N T R A L  TO CAME'L~ACXICES:~AL 
RS 1 ELEV 1 C 
2C 3.:50 3.220 0.;50 264C.O 3.:35 
RX f.C 6.01 2CC.C 2tC.01 261.0 264.01 463.99 1 6 L . t  
Y 4.3 2.25 1.25 1.0 1.0 :.25 2.25 4.0 

XK :AME?S 
KK i K W 7  HYDROGRAPH 
3 A  0 
0 1  0 0 0 0 
01 0 0 0 0 
31 0 o 0 0 
01 0 0 0 0 
01 a o o a 
Oi 0 0 0 0 
31 4.6 9.2 9.2 9.2 
O i  i7 .3  29.5 63.6 129.2 
01 239.8 i94.9 156.8 :29.2 
O i  35.9 32.2 32.2 21.1 
31 i3.8 :3.8 8.2 8.2 



. . KK CAMECE 
KN 
as 2 
3C O.:jiI 
Fix C.0 
ay 4.2 

C283iNi R O l ' i i D  HYDROGRAPH 

KK GRCACE 
KM 3DilTING ?-OK i2OM CARELJACK/CENTRAL 70 GRAND CANALICENTRAL 
RS 1 ELEV I c 
2C C.?50 2.223 0.150 t8CO.O 0.003 
RX 0.C C.O1 2C5.0 ZCC.01 282.0 284.01 483.99 48L.C 
3Y L.0 2.25 1.25 i.0 1.0 i.25 2.25 4.C 



KK GZACS 
KM 23FBINE INPUT aY32OGRAPi Sii iH RCUTiG FLOW 
HC 2 

KK GSCACE - 
KR OIVERT STORK DRAIK iLOii 
JT SSGRCE 
D; 20 iOO 1500 
30 55 55 50 

KX B2CA2I 
X!! 3Oui INPUT SYDROG1APS TO GRAHO CANAL/ CENTRAL 
RS 4 iLEV 1 0 
RC 0.545 t.345 0.G45 264C.0 0.GC02 
RX C.0 5.0 95.0 2C5.0 390.0 46C.O 500.0 6i0.0 
Y 25.0 24.3 23.5 23.5 24.0 26.0 26.3 26.3 

I(K GRCACE 
XM 22;?3:NZ 2CdTEG i3i 
! C  2 

X I  Z I V i 2 T  TOTAL %Y;ROGRAPH i C  5 i  RECALLED LATYER 
0i TCIAL 

KK ?:EN23 BASIN C3MPtiiAiION 
KK SCS FiTh'OD . . .. .- 

3A 0.203 
LS 0.353 85.C 0 
UD 0.35 



I 
LL? 
443 
LLL 

i(K 3 i T 2 3  
KK aO:!-:N" --^ 

" I .  u rnuK GLEli/23 7 0  BE7i123 
as 2 ELEV i 0 
RC G.i50 :.C2C C.150 5280.C 0.0341 
?X 0 .. " C.01 i00.3 130.0; i35.99 140.00 239.99 240.0 
RY 1.0 2.?5 i . 2 5  i . C  l . C  i .25 2.25 4.0 

K K  ?ET%23 3ASiN COMPUiAiiON 
KK SCS METnGC 
3A 0.27 
1S C . 3 3  8 5 . t  i 
i 3  C.313 

KK C A E 2 1  
KM CC?alHING POOTEJ FLOW TO CAMil24 
i12 2 

(K BRCA23 .. .-- 

KM CDRaiNiNt ROUTED FLOW iO GRAND CAKAL/23 AVE. 
iic 2 - - 



I 4% xi( zs5cas  
L6C Kln ROETING FRO1 3RAlD CAtiAi123 AVE. i O  3S30RR 
461 RS L EL?/ 1 J 
462 RC 0.060 0.06C C.060 3iOG.G 0.002i 
463 _ 2X 5.0 0.01 200.0 310.0 510.0 620.0 920.0 920.01 
LSL RY 2.5 2.5 i.O 1.0 1.0 1.0 2.5 2.5 

I 555 XK -%OM19 
L56 KV RO:'T!NG %OK OSEORf TO i iOMAS/iS AVE. 
~ $ 1  as 5 E-EV I o 

I 
LSB RC ;.CBC C.06C C.360 3CCG.C 0.0C33 
$59 2X 3.J I 280.0 570.0 ;30J.0 l i 20 .3  :252.0 ;250.01 
L1G RY 3.C 3.0 2.5 2.0 1.0 2.0 3.0 3.C 

416 KK ?ON15 
677 AX :C$B!NiNG ROLiiED =.Oh TO T%C!AS/I9 AVE. 
118 32 2 

D i V E R i  SXOM DRAIW FLUn 
0 60 

I 0 0  3000 
$0 66 

2OiiT;NG i3OM THGMS 119 AYE. THROiiG'd ENCANTO PARK 
i;EV I 0 

3.035 0.035 3090.0 0.0036 
0.31 4CS.O LC:.?, 6CC.C 60:.0 15S.95 83C.6 

2.5 2.0 i .0  1.0 2.0 2.5 2.6 

ROU7ING iRON G?EN/2i TO 3EiH/2i; 
ELEV 1 8 -- -. 

0.C20 0.150 5280.0 0.0044 
0.01 i03.0 !00.01 ;39.99 :40.0 239.99 250.00 .- -. . - . 
2.25 i .25 1.0 1.0 1.25 2.25 4.C 



IK 3E>27 3 A S I l i  COMPdiA i ION 
KR SCS M i i n O D  
a A  3.366 
i s  C.381 84.0 0 

-- UD 5.303 -. 

I 5 1 5  XK C A M i 2 i  3 A S i N  C3MPUTAT:ON 
5:6 KY SCS HETriOC 
5 7 7  3A ?.C3 

RO'ilXNG F3ON CAMEi3ACX/21 AVE. TO I N D I A N  SCHOOL/19 AVE. 
5;iv I C 

0.520 0.150 2500.0 8.0024 
C.O1 360.0 30C.iX 339.59 340.0 639.99 6LC.OG 
2.25 1.25 1.0 1.0 1.25 2.25 4.0 

R O d i i N G  2ND. REACE TO i N D l A N  SCHOOL/19 AVE. 
E:EV 1 ii 

3.:33 3.130 2580.8 0.0033 
C . C i  6DC.O 65E.C: 515.95  100.03 1200.CC ;2:G.3i 

3.0 1.0 i.G i .O  1.0 3.0 4.0 



XX A'2i17 
K% RCG7iEi6 TO itiG:AK SCHOOL/ 17 AVE. 
3s 2 ELEV I a 
RC C.CSC t.C2C 6.060 1360.0 il.OP3? 
2X C.O 3 . 0 i  260.0 200.71 261.99 264.0 463.99 464 .0  
RY 4.0 2 .25  1.25 i.O 1.0 i . 2 5  2.25 4.C 

6K NOR798 BASIN C3)dPL;iA;iON 
KI! S:S KEiiiOC 
3A 3.39 
3; 0 0 1 
LS 3 84.0 0 
2D 0.83 

KK NORTiS . .. - .- 
KM RCUi TO NORl'iiERN/?9iH 
RS 2 L E V  1 
2C 0.360 O.GZ0 0.060 1400.0 0.0024 



KK K C 2 : ; $  
KM 23Y;S;hiiNG hzGRi'~ERhi AND i 5 i S  AVE. (A)  i G  ( 0 )  
i lC  3 

3CiTING 570N NORi%SRN/;57% AVE. TO GLE!iJALE/!$Tri 
2-EV I C 

0.020 0.130 528C.0 0.0034 
3.61 200.0 2Ct.31 253.55 264.0 463.99 L64.O 
2.25 1.25 T.0 i . O  i .25 2.25 4.0 

%K HCRT15 
X t  ?OUT 3IVERTED =LO4 i G  #OR:% I T 5  AYE. 1 S i  EACH 
a s  2 E-EV 1 
?C 0.:30 0.92 0.130 550.0 0.3644 
RX 0 0.Ci 20J.C 20C.01 240.0 240.01 440.0 44C.01 
RY 3 2.25 i .25 i .0  1.0 1.25 2.25 3.0 

%K M3R-15 
Xhl . . - . -' 0.. - 

0 :  V L V  0 NORYEN 119 AVE. 3RO REACH 
i(S 2 L E V  
?C t.:3C 3 . 2  5.;30 :23C.O 3.3544 
ax o ;.$I 2-3 ... C 2*a i a 2 ~ c . 0  21C.Cl 44C.0 CLI.OI 
RY 3 2.25 1.25 i .0  i .3  1.25 2.25 3.0 

KK RSRTi4 
K M  ?OUT a!VEaiEl Lori i 0  MORTEN 115 AVE. 5 i H  REACH 
RS 2 i i E V  I 

RC 0.'33 0.02 0.:30 i352.0 0.002 ' 
RX C O . O i  20C.0 200.01 240.0 2L0.01 440.0 LLil.0; 
2Y 3 2.25 1.25 1.0 i .3  1.25 2.25 3.0 - -- 



KK COMBINE iL3uS 
;iC 2 

KK G;EK15 
X8 3Ci'i;NG 3% YCRTE3 /?ST% AYE. TO GLiNCA;E/;5iii 
as 2 E.EV 1 c 
3C 0.i30 C.520 0.:30 4CO0.0 0.0034 
RX 0.0 C.O! 201.0 23C.01 263.99 254.0 163.99 164.0 
3Y 4.3 2.25 :.25 1 .  7 .  !.25 2.25 4.3 

XK jE?H:9 
{fl XOUT:NG 3% 5 ~ E H 3 L E f 1 5  AYE. TC a E I A N Y f i 9  AVE. 
RS 4 i L i V  I 0 
2C 3.;30 0.320 5.:30 5280.0 3.0004 
RX C.C C.0; 2K.C 2CG.01 26S.95 260.0 L63.99 L64.t 
?Y 4.0 2.25 :.25 1.0  1.0 7.25 2.25 4.0 

?OiT:NG FRON aEiiiANY/!3 AVEl .iC CAFIELBACK/~$. AVE. 
L E V  I 0 
0.C20 0.;30 5280.0 D.3C35 
C.01 2CC.0 20C.Cl 263.95 264.0 363.99 '36i.C 
2.25 I.25 1 . 0  i .0  1.25 2.25 4.0 



7:s i S2R:;j 
720 <# RG'UT;#G FROM NOTHiRN AND 1 3  AVE. TO NORiHERN AN5 15% AVE. 
1 2 i  1s I LEV 1 G , -. - 
722 RC 0.:00 6.220 2.100 2540.0 G.GG23 
723 . - RX C.0 C.Ci iOG.0 iCC.3i j6S.55 i64.00 283.99 265.OC 
724 RY 4.3 2.25 1.25 1.0 1.0 i .25 2.25 4.0 

KK NORY5 
KN C3H3iNING NGRTXRN A6D 7 i H  AVE TO NORTSERN AND 15 AVE. 
HC 2 

XK NCRT15 
KK . JlVEXT STORK CXAiE ;LO& 

Sjh\:j 0 ... , .u 
Ci 206 3 0 ~ 3  
30 i i 3  i i O  ! I 0  

- j 7  KK G:E!i:5 
138 4M 3OUTING EXOM N3R7K3N AND :5 iH AVE i O  GLENDALE AND 15 AYE. 
73s as 2 E L 3  1 G 
163 2C 3.:00 0.020 0.iDC 5280.0 0.0044 
? L ;  RX 0.C G.21 i00.0 1OC.Cl :39.99 140.00 239.99 24C.OC 
142 XY 4.; 2.25 1.25 i .0  7.0 1.25 2.25 4.0 

748 XK !E i i i lS 
7 l 9  KN 8db-.vA -, " C  - .. , - 

'̂:: ., u 79% u.~huAir/!5 AYE. 70 B E i i / I 5  AVE. 
150 i s  ? FL:y I 0 
15; RC E.560 C . 2 6  0.360 528C.0 0 .3C2 
752 3X 3.3 5.3; 203.0 23C.21 263.95 264.0 463.99 464.0 
753 RY 4.0 2.25 :.25 1.0 1.0 1.25 2.25 L.C 



I C LINE ;D ....... : ....... 2 ....... 3 ....... 4 ....... ....... 6 ....... 7 ....... 8 ....... 9 ...... i0 

168 KK BiiNi7 
164 KX CO,vB;HE RO"--' -. ^" "" 

^ ' '" ' - ". cu r.dn ni IH uLchuALc/liH AVF. 
773 ;iC 2 

183 KK 3EiEiS 
784 XM XOiiT LASi REACH i C  a i r s  15 
185 RS 2 iiiV 1 0 
786 RC 3.i5 3.220 0.313 1320.0 0.0009 
181 RX 6.6 C.Oi 20C.O 200.01 289.99 29C.O 435.99 499.0 
788 2 L.G 2.25 :.25 : . 3  i.0 t.25 2.25 b.O 

796 XK 3ETE:5 
195 KU COK;iME RXTED 7 i O i  3EiH /:5 AVE. 
796 3C 3 

'$7 K K  0:V3i4 
798 HM 2ETRIEVE D;VE2TEO E13W A i  3ET3ANY 115 AVE. 

- IS9 DR SF3:9E 

_ $02 as 3 ELEV I o .. -- -. - .~ . 
: 8C3 I - .b 

RC C.;50 0.920 0.15 26LG.0 0.03b5 
ax 0.6 8.31 266.0 20G.2: 289.99 290.0 689.99 499.0 

825 RY L.C 2.25 7.25 !.O 1.0 i.25 2.25 -3.0 - 



.?CJ:;NG r.04 =?OK BET5ANYI15 AYE 73 :A!tEL3ACV15 AYE. -. - r-:V : C 
2.220 5.535 5280.0 0.0038 

C.61 20i.3 200.01 235.59 240.0 439.99 640.0 
2.25 1.25 1.0 1.0 1.25 2.25 4.0 

". " - " " ,." -,. " u;\:R:Eu :wh  i v  ,AX! / 15 AVE. 
E15V " 

I 

C.C2C 0.60 132C.O 0.6005 
0 1  235.0 230.31 263.99 254.0 453.59 464.0 
2.25 :.25 1.0 l.C 1.25 2 .25 .  4.0 

E34 5 CAliE?5 

I 935 . X f l  C;X$;NE RCFTi3 F i 0 d  70 cAMEL3ACxl!5 AVE. 
636 I!: 3 

I 837 Y i  CAYE.5 
636 KH DIVER- STROK SRAIY  .F-3i 
839 J i  S5i::S 0 :35 

I 
8LC D I  95 i S C  30Ci  
9 4 i  5 0  .?S 135 135 

862 KK CAKE:$ 

I 343 X f l  JiVE3T SURFACE FLOW -- -. 
844 D i  S%SE 

.. 845 51 13 263 $05 . -. - .. . . .  
- 8L6 DO 57.3 i 5 2  213 

I - 



Cfi :;C:A:5 
KM 3OUTiNG X O #  2AVE3ACK/:5 AYE. TO GRAND CANKL I :~  AVE. 
as 2 LEV o 
2C 3.J50 0.C20 0 . j 6 0  3232.0  3.9347 

- RX 0.3 t . 0 1  2OG.0 23C.Gi 235.99 212.C L39.99 L4G.O 
RY 6.0 2.25 :.25 1.3 l.O i . 2 5  2.25 8 .0  

853  i(fi 3 z v t k 7  

I 852  KM Ri72:V i  S IVEaTE2 ,=LO'& AT N C a i i i R N  AND 1iI AVE. 
8% a S.=~%C?S 

BASIN C0N?CiAT: 131 
S i S  NE:dCC 

567 KK BLEND? 
888 . KK Z3!!:tii ROCEO COY i O  G L E l i G A i i l ?  AVE. 
869  SC 2 

Kf i  20'UTI#G J I V i E T i 3  .!:OW iBDN GLE#CALE/CE#TRAL TO B.ENOA'LE/~ AYE. 
RS L E V  C ,*.:I ..- . ' 

2C S.:52 i . 2 2 3  0.:50 2583.0 O.CD3 

KK E;EliS? 
5M :3Fl?iNi 20'iTEO F-0'4 7 0  GLENJKLE/~ AVi.  
HC 2 



XK ;.?N:2 
XM 2OUT:NG EaOM GiEYDAL/? AYE. 7 0  G;ENOAL/:2 AVE. 
RS 3 ELEV 1 0 
2C 0.C35 0.220 0.035 183C.O 0 . W  

- -  RX C.0 0.01 iCO.0 iGC.Oi i63.59 iBZ.0 263.55 26b.C 
?Y 4.0 2.25 . i . 25  i.0 7.0 1.25 2.25 4.0 

KK BETiil: 
XM 3 C i T  i C  3ETAAHY / il AYE. 
RS 3 E - i V  I 0 
3C ;.G6 C.S23 0.36 5600.0 0.0031 
RX C.t C . O i  20C.C 2 X . C i  229.55 230.C 425.59 13C.t 
3 Y  4.0 2.25 1.25 ;.O 1.: :.25 2.25 4.2 

i(% B Z T H i I  3ASih'  C3MP;':AiiOK 
Xfl SCS K T O D  
BA 0.28 
is 0.213 8 8 . 3  0 
U 5  C.LL 

KR B E i i i l  
KX COK3;F;E RGSTEG CO'd Y i i H  8E:GANY /11 AVE. 
;Ic 2 

KK CAE:; 
X f l  ROtii i.ON 70 C A M i 3 A C K  / i 1  AVE. 
RS 6 ELEV 1 0 
3C 5 3.220 0.15 5285.3 0.2244 
RX 0.0 6.6; 2CG.0 2GO.Oi 22S.95 230.0 425.95 43C.0 
2 Y .  4.0 2.25 i . 2 5  i.i 1.0 1.25 2.25 6.0 

.... . . .  

K f l  RET3iEVE 3 i V E R i E 3  FLOi A i  CARELSACK / r 5  AVE. 
GR SZ:jE - - 



j 2 5  $6 :AXE:; 
530 Kf? ROUTING DIVEaTEC FLOK TO CAMiL3ACK / i 1  AYE. 
$31 2S 2 ?-EV I a 
$32 ~t 0 . 3 5  c.c20 0.035 1 3 ~ c . 0  a.caos 
933 - RX G.0 G.O1 200.0 235.01 263.59 254.0 463.59 464.0 
$31  RY 4 . 0  2.25 1.25 l .C  l .G  i . 25  2.25 l .G 

535 KK :A%!'. 
435 XU 3 i V E R T  E R F A C E  =LOW 
5 L i  DT S:C:iE 
941 31 73  263 525  
542 DC 51.3 :62 243  

943 i ; C A i i  
564 K!! RCiT 73 G 2 A G  :AKA: /1: AVE. 
3 c 5  as 3 E.3 I 8 
$46 . RC 6.13 C.62C C.i3 21:C.O C.OJ3i 
S 4 1  RX :.2 i 252.2 2X.C: 225.95 230.0 429.99 430.95 
568 RY L.G 2.25 :.25 1.3 ;.C :.25 2.25 6.C 

5L9 l i V E G 1  
558 XU ?CR!EVE D i V i R T i D  S i i l F A C i  FLOW A T  G L E N D A i i I i  AVE. 
951  04 S X 1 S  

963 KK Z E X A I  
$56 Knl COM5ih'E RO'L'itD iL3n TC EETdAKY/i AVE. 
365 3C 2 



6 3EYSA7 
Xl l  ROUT RETRIEVED 7-06 7t BETHAKY/I AVE. 
i s  2 E-EV f 0 
RC C.C:j C.C20 6.215 2640.0 0.002 

3.: 8.8 :00.0 130.0: 764.8 164.0i 253.55 264.3 
RY 4.0 2.25 :.25 1.0 1.0 i.25 2.25 L.C 

KK BE7t iA? 
XM 2 I V E R i  STORM J R A i N  i L 3 L  
D i  S J i 5 E 1  0 74 
J i  74 lCO0 2000 
DO 1 4  14 1 4  

BOiTifiG =LO& 7C CAFIILCACK /? AYE. 
I i E V  I 3  
0.C20 C.120 528C.G 0.0044 
$ 2  290.2 2cc.01 263.99 264.0 463.99 LSL.0 
2.25 i.25 !.C i.C :.25 2.25 L.C 

a A S i t i  C:X?~:;A~~CN 
SCS KETtiCD 

KK C A w i - 5  
iXM 2 3 8 3 I N i  R i l i i 7 i 5  F-CY TO CAFE.BACK/ ? AYE. 
H i  2 

'(K >iVEIi 
KX RETRiEVE DiVER7EG i l 3 i  AT CAtiBE;3ACK /1: AVE 
3R SFCl;E 

KK CAKE-! 
XM 20ii;iNG D:YE2ETE3 ? L D i  i C  CAMELBACK / 7 AYE. 
RS 3 L E V  I G 
ac 5 2 . 2 2 3  ;.z;s :3zc.a ;.ooos 
RX C.2 b.01 2t0.0 2CC.01 263.55 266.5 46S.59 L64.C 
RY 4.0 2.25 1.25 l.0 l.0 7.25 2.25 4.0 

KK CAKE;? -- -. 
K M  C3MBiNE ROUTED FiOi CAMEiaACK 1 7 AVE. 
HC 2 . -- . . . - - . . . . 



. . ID ....... : ....... 2 ....... 3.......L ...... 5. . . . . .  6 . .  7 . .  8 ...... S...... ,, 

XUJXIG TC GXASC GAKAL/l AVE. 
ELEV i , O  

C.C2E C . 3 0  2136.5 C.0C3: 
3.31 $60.3 333.01 363.49 354.0  553.95 664.0 
2.25 1.25 l.t 3 " ;.u 1.25 2.25 4.0 

:a20 KK D iV tAC 
1621  KM R S i R i i V i  DIVERTED :LO# AT CA#EL3ACK/CEKTRAL 
1322 >R SFCACi 

1625 KK CAME3A 3AS i t i  23KPi';AT;Oii 
:0$0 KM SCS METNOD 
1031  3A 0.130 
7032 IS 3.267 85.0 3 
lC33  iJD C.3C 

:G37 KK CIVCTP 
1038 KN RETRIEVE DIVEXTZD :LO'& A i  CAMELSACKIITH. AVE. 
i s 3 5  3R S R A 7 A  

:040 <X CAMEJA 
:341 Klrl 2CdT X i T ? I i V i 3  FL3K FROM ?ARE'LBACK/~TH. AYE. 7 0  CAME'L~ACK/~RD. AVE. 
!;L2 RS C ELEV t C 
:GC3 RC 0.153 ;.120 J.:50 1320.0 3 .30 i5  
;04L RX O.C G.Gi 20C.G 20C.01 261.0 264.01 163.59 L61.C 
1015 ?Y $.!I 2.25 i . 25  1.0 i . O  1.25 2.25 4.0 

I S 4 6  KK CARE3A 
i 0 4 7  KM C:A3INE R O U i i 3  FLOW i O  CAMELflACK/3RD. AVE. 
i 0 4 8  HC 2 . -. 



XK D:vcCC 
K! R E X I E V E  D:ViRTE3, 'L% A: GRAKD C A N A i l C i C i R A i  
58 TOTAL 

KK 8RCA3A 
Kf4 3 iVERT SiRFACE =LO& OViR GRAND CANAL 
DT S 3 C 3 A  
21 :it 300  4 0 0  500 
DO 2 185 286  386 

. KK GXCA3A 
X A C X B I N E  ROUTED 5;3% 
HC 2 

KK GRCA3A 
KK D;VE27 S i R i A i E  .:LO& OVER GXANO CANA. 
3i S R C I A  
D i  2G3 300  500  1 0 3  $06 
:O 0 3 1  2 5 1  P S I  6 3 1  

KK 3 2 A l A  
XM 3OLii i'i3ii '35N 3 A N C  CANA;/jRD. 7 0  GRAND CANAL1 l i d  AVE. 
RS 2 L E V  21.5 0 
1 3 . i 3  0.C20 J.:3G 1120.0 6.3C31 
RX C.3 8C.C 2?C.C 210.01 30C.O 30C.01 860.0  115C.t 
RY 24.0 23.5 21.5 21.5 21.5 21.5 24.1 24.9 

KK GRCA i i  
KM RO'JTING iiOd 70 BRAND CANAL lii AVE. 
RS i 22.5 3 .  . . 
RC C.;3G C.OZ0 0.130 i45C.O 0.0306 



: . . LC ....... 1 ....... 2 ....... 3 ....... 6 ...... " 6 .,... I...... 8 . .  s.. . I* 

. KK GRCA?5 - 
KM ROUTING 3% 1 0  GRAND CANAL / i 5  AVE. 
RS i E L 3  22.5 G 
2C 8.730 0.020 0.730 IC50.D G.XD5 
RX 0.C 7 1 S C . G  i5C.Oi i8C.a 18G.01 i i5C.C i30C.00 
RY 24.5 23.0 22.5 22.5 22.5 22.5 24.5 25.0 

KK BiiCh15 
5M C3R3iNE 2OUTES EL3W niT% G3AN  CANAL/^^ AVE 
KC 2 

KK itis::? 
XU C3MBiNi $ 3  iNil;AH SCHOiILl i l  AVE. 

KK 7iOM17 
KM ~CUTING FLOH F ~ O N  INCIAN s i i i a g L / i 7  AVE. To ~HCRAS/II.AVE 
RS 4 E-iV i G 
PC 0.130 0.120 0.130 5280.0 9.015' - -. 
RX C.O i2LC.O 1780.0 i180.1 190G.0 1930.1 2500.0 3600.0 
RY 2.5 2.9 ;.a i . O  . . i . O  i . 0 - 1 . 0  2.5 - -- 



KK iHOX:9 aASIR CON?UiAi:3ti 
KM SCS XETHOD 
BA C.64 
?S 2.381 84.0 0 
UD C.500 

, X i  i E C 8 i 7  
KM COIBiHE RWiEi :i3W Y i T H  THOIAS/I? AVE. 
4c 2 

KK ECAt i i7  
XF! BO67IHG 5 O M  THCYAS/17 AYE. TC E X G O / ; I  AYE. 
RS 2 ?LEV 1 0 
RC 6.:30 0.335 1.135 2540.3 9.6032 
RX C.C 55C.C :20C,O 160C.C 2CGb.G 2323.0 250C.0 26G0.C 
3Y 6.0 2.5 1.5 1.5 :.25 r . 0  3.0 0.0 

KK ECANll 
XU C 2 X a i N i  2 O J T i J  i L 3 & S  T H R A S / I 9  AYE + i<OMAS/17 AVE. 
HC 7 

rK K X i 7  
KM RGTIWG FRCV E A R 7 0  10. TO MCC3iE-L/;! AVf. 
as 3 ELEV , 3 
RC C.i30 C.C20 G.620 2610.0 G . O G l i  
RX 0.0 480.0 1600.0 1979.0 2420.0 3003.0 3:SO.O 323C.0 
RY 2.0 : . 5  5 1.5 1.0 1.0 1.5 2.0 

KK X X ; 7  
XH :3MaiN;NG RCi':i3 FLOd WITh N C D O d i ~ i / i l  AVE 
HC 2 

KK T50X22 BAS iN  C3NPUTA;;ON 
KF SCS #ETHOC 
3A 3.35 
LS 5.381 84.5 C 
do 2.262 

KK REAMA 
KM 7CU i iNG SEACH A i O  MCDOiELL/ i 5  AVE. - -. 
as 2 i i i V  1 0 



I ;:I5 
7:76 
iill 

KM 33UTiNG REACH 8 70 N C D W i i / i 9  AVE. 
as 1 LEV I c 
2C 3 . 3 5  0.235 0.560 ;CDO.D 0.9335 

KM ROUTING LAST REACH 7 0  XCSOYE;i/19 AVE. 
RS 2 E l E V  1 ' C  

KK MCl3O:S BAS!S CCMPJiA7:OK 
XM SCS E?HOD 
BA t . 68  
.S 5 .38 i  94.0 0 
UO 2.134 

KK 6 3 0 1 9  
5H ::WINE 3 O K E 8  FlOii #Iiii EC!CZ$k'ELL/74 AVE. AKD K D C k ' E i i / i ?  AVE. 
3; 2 

KX E D O i l  
XM X X 3 1 N E  FlOd AT MC33dEL!,/iS74 WITH F iOH AT flCDOliE?L/!lTH. AVE. 
HC 2 

KK 3iGC3A 
KK 8 ; i ~ i ; v ~  D - ~ - - - -  A en: cD Fi3i 
3R SFGC3A 

KK I l i C I 3 A  
nn ROUT ELOW TO INPIAN SCHOOL/ 30. AVE. 
as ; ELEV I G 
XC 5 . i 3  3 .32  0.13 3iCC.G 5.C332 
RX 0 0.01 206.0 20t .01  26C.C 260.01 459.99 bBi.~ 
?I 4 2.25 1.25 1 1 t . 2 5  2.25 4 

KK :k2:3A 3AS iN  COMPCTATION 
M SCS MET800 
BA 6.212 
LS  :.353 85.5 1 
UD 6.200 



K' i  M2507A 
XM 
3s 4 
RC 0.13 
RX i 
RY 4 

ROUT FLOW TO iHOMAS13RD. AVE. 

SASIN COXPtiiAi;ON 
SCS NETHOD ', 

COMBINE R O i i i O  K O d  KITH THCMAS/3A 

ROUi ?LOX TO b!3iiELL/ 383.  AVE 
ELEV - 1 
2.02 C.13 528C.0 0.SC18 
3.01 400.0 ex.Ji 443.0 440.01 835.59 820.0 
2.25 i.25 t ! i.25 2.25 t 

A O i i  ii3i i O  MCCOdi iL l  l i d .  AVE. 
E i i V  I 

0.02 0.13 1320.0 G.3091 
t.01 31G.C 3:C.it 36S.0 36E.Oi 65S.95 66t.i 
2.25 i.25 1 1 i.25 2.25 4 

BASIN C3RPC7ATiOE 
SCS XETHOD 

i24S 6 2  

I 
i.534 

. 1250 KK MCDOIA 
;25i K X  COMaiNE RO'iTiD i.G'iv' N iTH  MC00iJEiL/lTH. AYE. 

I 1252 HC 2 -- -- 
:253 KK DIGCIA . . . - .. 

I 
i254 KM SETRIWE D i V i R T i J  iLOv A i  G4AND CANAL /? id .  AVE. 
i255 DR SFGCIA . 



. . .- .- Ah: iY ....... :. 

C'V-"--* . :n. cu L3ii iO OS%RNl?iii. AVE 
EL iV  I 

C.02 0.13 528C.C 0.1031 
3.01 263.0 205.0i 265.0 260.51 t53.59 450.0 
2.25 1.25 i . i 1.25 2.25 4 

BASIN 2OMPUTAT;ON 
SCS UET'OD 

CXSiME ROJTED !LON giiH OSBORN/?TH. AVE 

BASIN COMPUTATiON 
$3 AEldOD 

85.0 0 

ROC7 X3il 7 0  RC2OiE-L/liH. AVE. 
?LEV I 

G.CZ C.i3 528G.C S.CG3C 
1.01 30a.0 300.01 350.0 363.01 559.99 550.1 
2.25 i.25 1 ; 1.25 2.25 L 

3IVERT SURFACE ?LOU 



Ci( AC30i5 
KV ~(o;;T :L3;i TO C-PO"-' ,vd RLL/ ' 15TH. AVE. 
2s 2 ;LEV I 

RC t . ! 3  C.C2 C.i3 2660.0 C.001 
2X 3 6 .  500.0 500.01 560.0 560.01 i059.99 :060.0 
RY 5 2.25 i .25  1 ? i . 2 5  2.25 5 

KK KCD3!5 
.XM 3CJT Ti86 TO KlOEELi ?ST6 FiRST REACH 
RS 3 ELEV t 
3C 3 ii.32 C.T3 2450.0 3.3::C 
RX 6 c . < . 20- u . v  2 ; ~ 3 1  2LD.C 2LC.0: 135.99 4LC.C 
3Y 4 2.25 :.25 1.0 i.; 1.25 2.25 4 

KR NC>$:5 
6M XOUi ii3i ill FC2Gi j iK i  / ?5Td AVE. 
RS 3 1 
ZC : . 3  C.02 J.13 T320.0 2.001 
RX 0 5.01 LtO.0 400.01 16C.C 46C.01 859.95 86E.C 
2Y 4 2.25 1.25 T i ;.25 2.25 4 

RK MC0315 
(M C3M3INE RCUTEJ :LGid WITH MCJGiiELLl 15TH. AYE. 

2 

KK 8CD017 
KF! COMBINE ROiiiED ?.OW 
;iC 2 



bv ?&@ ' 
I : 3 1 1  3K V A N B i l  BASIN CCfiPU7ATICN 

:3LB XP StS ?li:HOD 
' 319 3A 2.84 

1352  KK VAN311 

I :?5? YM C 3 l i N E  RCUiED ,=LON i i i i H  VAN 3UR 'I! AVE. 
:35b HC 2 a 

I 
..-- 
, 233  XK 2CCI6S BASIN COYPUTAXON ,--. .:>a K f  SCS METdOC 

. . : ? 5 i  3A 2.268 

: 3 6 i  fiN 3E7;NG iL% TC 2CCSEVELT/7 S i .  
1362  RS 2 ELEV 1 0 

;3?L KK ROGS?S 

I :315 ;(M ;:Vi?i SiGilE! PRAIN i L O i  
i 3 ? 6  D i  SD=RlS 0 6 0  
1317  0 1  6 0  i G 0 0  3 0 5 0  

I 
3 7 8  30 60 6 0  6 0  

3 1 9  KK MCKI'IA 
.- :380 KM ROU7iNG iLW i C  E K I K i , E Y / ?  AVE. 

: 3 8 i  I i3. 
as 3 ~ L N  I o 
RC i.3C 0.C20 C.359 5280.0 G.30i5 

:383 ?X 0.2 0.01 900.0 900. i  560.2 550.1  :500.0- Y850.0 

I ;38L RY 2.t 2.0 1.6 1.0 1.0 1.0 1.0 2.C 



Sit Y C K I I A  B A S i N  COXEIW;ATION 
Kt SCS NETHOD 
3 A  2 . 7 3 6  
LS E . 2 2 3  9 0 . 0  0 
UD 0.846 .. 

36 VAfi2:I 
<# ROUTING :.Ti 73 'JAN B'dXiNI ii AVE. 
35 2 ELEV I C ' 

KK VAII3;7 
KM C 3 K B I N i  R U J i E D  ilOil i l I i H  VAN BCREN/17 AVE. 
HC 2 

YK ?SACHA 
KK ROUTING F i R S i  REACL i O  .iACKSOK/ilO ,, -- .. 
3 5  2 i ? i V  I 0 

Kl! R U i l i i N a  2NC REACH i O  JACKSON / i i C  
as 3 * '-  CLZV 1 ' 0 

KK J A C i l O  . -. 
KM CDMB!NE ROJTED FLOW W i i H  BASIN 



KK J A K T C  
XM ROUiING SiVd JACKSON 1 IT2 
as 2 I C '  a ,  

2C 3 2 .220 C.:30 23S0.0 C . 5 0 i l  
ax u.u - " .  ..;I 2 0 t . 0  2CG.O; 22S.99 2 3 t . 0  L25.95 L3C.C 
7Y 4 . 2  2.25 I . 25  : . 3  :.O i . 2 5  2.25 4.0 

KK :AC:iC 
XM 2SXEiNE TC JACKSON /!I0 
HC 2 

xi6 1:NC7S 3AS iN  C3MPUTATiON 
KH SCS liETnSD 
3A : . 8 ,  
LS C.2'3 88.0 0 
$D :.260 

KK ROUTING 70 ?IMA/ l5  AVE. IST, REACE . . -- 
:LEV/ t] o . . 

RS 
RC 0.31bJ 6.360 Gs+&&!.O021 
RX 3.0 700.0 iOSG.0 :36C.C i682.O 2180.0 2290.t i -?ej0.0 / 
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DIVER; SGRFACE FLOW 

i 3 i l T i N G  FROM CAY?L!ACK/?~ AVE TO !N2:AN SZHGCL/ l I  AVE. 
L E V  1 F 

2.222 0 .050 2553.9 O.CC4i 
t.G; 23C.OG 2 0 i . C i  253.95 254.2; CBS.94 C6L.t 
2 . 2 5  1.25 1.0 1.0 1.25 2.25 4.0 

RK :KC;:! 
XM i O U i i N E  2ND. RFACH TO INDIAN SCilCC':/:l AVE. 
ifS 3 !LEV i 0 
3C 0.130 z.02; 5.:3C 295C.O 2.2339 
RX t .C  :.0i 2SC.G 210.Ci 22S.99 236.0 Z2S.99 L3C.S 
2 .  4 . 3  2.25 1.25 1.0 1.3 :.25 2.25 4 .3  

% 7 3 A S i U  COMPtiiATION 
3M S i S  E T H O D  
3 A  .56 

Kw CCYBiNE ROUTED E i O k  i C  INCiAK SCHOC.li7 AYE. 
HC 3 f 
KK t i C P i H 1  B A S I N  COM?diATiOl 
XM SCS METHOD 

i(i6 NCGTHI 
KM DIVERT SiRORM DRAIN i?OE 
DT S J i N O 7  0 50  
0: 5 0  i O 0  3 3 0 0  
3 0  5 0  50  5 0  
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ROE: ?.O& 70 BUCKE"EIL3 AVE. 
ZLN 1 3 
0.35 C.G35 3570.0 0.023 
0.Oi 200.0 300.0 400.0 - 600.0 195.99 802.00 

2.0 1.0 1.0 7.0 1.0 2 . i  i.0 
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