
FINAL 
DRAINAGE REPORT 

FOR 

SUPERSTITION FREEWAY 
- 

STATE ROUTE 360 
POWER ROAD TO ELLSWORTH ROAD 

ADOT PROJECT NO. SBM-028-1-3 1 lPE, 5 1 1C 

STATE OF ARIZONA 
DEPARTMENT OF TRANSPORTATION 

Prepared By 

URS CORPORATION 

SEPTEMBER 1988 



Property of 

@. FINAL ~ l ~ ~ d  ~ ~ ~ # ~ ~ ? i  ;::i:.i.rict of MC Library 
i'i<..-.:e ;:l';;rr? to DRAINAGE '5009 ~.~ 

FOR 

STATE ROUTE 360 
POWER ROAD TO ELLSWORTH ROAD 

ADOT PROJECT NO. SBM-028-1-3 1 lPE, 5 1 1C 

STATE OF ARIZONA 
DEPARTMENT OF TRANSPORTATION 

Prepared By 

URS CORPORATION 

* SEPTEMBER 1988 



for 

Prepared by the 

:S e '91 @-ojects Branch 
.. , 

y r o l o ~ ~ i v i s i o n  
. . ; ~lood-control . . . . ? .  District , 

. of M'dcopa County. 



STATE' R0111"ltt' 360 

POWER ROAD TQ, X.X;3WORTfP ROAD 

ADOT PROJECT NO. %BL~~058-1-3111PE, -511C 

STATE OF AE?,SfZQIVA 
v 

DEPARTMENT OF TIIPANSPORrATION 



URS 
A PROFESSIONAL SERVICES ORGANIZATION 

-. 
URS CONSULTANTS OFFICES 

October 5, 1988 

Sverdrup Corporation 
Arizona Statewide Management Consultant 
432 N. 44th Street, Suite 300 
Phoenix, Az 85008 

Attention: Mr. Rick Simon 

Re: Superstition Freeway 
Power Road to Ellsworth Road 
Contract No. 85-39 
ADOT Project No. SBM-028-1-311P%, 51 1C 

Dear Mr. Simon: 

Forwarded herewith are  five copies of the sealed Final Drainage Report Ear. the Power 
Road to Ellsworth Road segment of the Superstition Freeway. . T h b  constitutes the 
final submittal for  the Final Drainage Report. The report:documents: 'he development 
of the recommended on-site and off-site drainage system..of channels, ponds, collection 
system and trunklines, which are a part of the three. constr,uctioni phases for this 
project. Included herein are the background, criteria and moth~ds ,  hydrology, and 
hydraulics supporting the final drainage design. In addition, the responses to your 
final review comments have been incorporated into this report. 

If you have questions, please do not hesitate to contact me. 

Yours very truly, 

URS CONSULTANTS 

Enclosures 



L. TABLE O F  CONTENTS 

a 
EXECUTIVE SUMMARY 

I. lNTRODUCTION 

A. General 

B. Project Description 

C. Study Area 

D. Area Drainage Improvements 

E. Purpose 

F. Study Approach 

11. BACKGROUND 

A. Existing Drainage Conditions 

B. Related Drainage Considerations 

C. Other Highway Projects 

D. Future Drainage Conditions 

111. CRITERIA AND METHODS 

A. General 

B. Drainage System Descriptions 

C. Approach 

IV. HYDROLOGY 

A. Off-Site 

B. On-Site 

V. HYDRAULICS 

A. On-Site 

B. Off-Site 

C. Construction Phasing 



VI. CONCLUSIONS AND RECOMMENDATIONS 

REFERENCES 

APPENDICES 

A. Precipitation Data and Procedures 

B. Computation Procedures 

C. Computer Programs: Input and Output Listings Supporting Data 
I 

ATTACHMENT 1: HEC-1 
HEC-2 (CHANNEL 2) 

ATTACHMENT 2: HEC-2 (CHANNEL 1) 



L LIST O F  FIGURES 

Number 

1. Project Vicinity Map 

2. Drainage Basin Delineation 

3. Major Existing Drainage Ways 

4. Existing Drainage Patterns a t  Ellsworth Road 

5. Preliminary Alignment - Red Mountain Freeway 

6. Possible Freeway-to-Freeway Interchanges 

7. interrelationship of Proposed Area Drainage 
Master Plan to Freeway 

8. Drainage Basin Delineation for  Off-Site Flows 

9. Schematic Diagram for  HEC-I: 
Simulation No. 1 - Existing Conditions 

10. Schematic Diagram for  HEC-I: 
Simulation No. 2 - Proposed Conditions w/o Detention 

I I. Phase 111: On-Site Drainage System 

12. Phase I: On-Site Drainage System 

13. Schematic Diagram for HEC-I: 
Simulation No. 3 - Proposed Conditions w/Detention 

14. Hydraulic Gradelines - Off-Site Drainage Channels 

15. Phase I: Drainage Improvements 

16. Phase 11: Drainage Improvements 

17. Phase 111: Drainage improvements 

Followine Paee 

1 

2 

6 

8 

10 

10 

10 



LIST OF TABLES 

Number 

1. Sub-Basin Parameters for  HEC-I: 
Simulation No. 1 (Existing Conditions) 

2. Simulations No. 1 and No. 2: Comparison of Peak Flows a t  
Critical Areas Along the Superstition Freeway Right-of-way 

3. Phase I: Runoff Calculations - On-Site Drainage 

4. Phase 111: Runoff Calculations - On-Site Drainage 

5. Phase I: Slotted Drain Interception Sheet 

Phase I: Grate Interception Sheet 

Phase I: Inlet Summary Sheet 

Phase 111: Slotted Drain Interception Sheet 

Phase 111: Grate Interception Sheet 

Phase 111: Inlet Summary Sheet 

Phase I: Storm Sewer Sizing Table 

Phase I: Hydraulic Grakleline Calculations 

Phase I1 and Phase 111: Storm Sewer Sizing Table 

Phase I1 and Phase 111: Hydraulic Grade Line Calculations 

Summary of HEC-2 Results for  Channel No. 1 and Channel No. 2 

HEC-2 Special Bridge Parameters 

Results of Off-Line Pond Routing 

Peak Flows at  Critical Locations Along the Superstition Freeway 

Followine Paee 



EXECUTIVE SUMMARY 
L. 

This report documents the final  drainage design for  the three-mile segment of the 
planned Superstition Freeway (State Highway 360) between Power Road and Ellsworth 
Road. This report was prepared by URS Corporation under contract to the Arizona 
Department of Transportation (ADOT). 

The project is located in eastern M?ricopa County, partially within the City of Mesa 
corporate limits. The project consists of a six-lane, undivided freeway (with a Jersey 
Barrier along the centerline) and drainage appurtenances; this segment of the freeway 
has a depressed profile, with the exception of the Sossaman Channel crossing. 

The drainage area tributary to the freeway consists largely of urbanized areas with 
undeveloped parcels interspersed between the residential and  commercial developments. 
The upper end of the drainage area is bounded by the Central Arizona Project 
aqueduct, with additional flows being introduced by the aqueduct's over-chutes. Due to 
the general slope of the land, flows ' a r e  conveyed to the southwest. Runoff is 
conveyed by Overland flow in the upper reaches and  by collector channels and street 
conveyance in  the lower reaches. This segment of the freeway intercepts several of 
these channels, including the Hawes Road Channel, the Sossaman Road Channel, and 
the 72nd Street Channel. Because of the depressed freeway profile, flows must be 
collected along the north right-of-way line and routed to  outfall locations which permit 
the drainage to pass under the freeway to the south. Flows from the area are 
ultimately discharged to the Gila River. 

The Flood Control District of Maricopa County is currently developing a Master 
Drainage Plan for  the area. Because of its comprehensive nature and recent 
preparation, the hydrologic modeling of the master plan was used, with appropriate 
modifications, as a design basis for  the freeway off-site drainage concept study. This 
proved to  be inadequate, however, for  preliminary design, due primarily to the 
imprecision of several key assumptions and the required level of detail. A complete 
off-site hydrologic analysis was performed for  preliminary design of this project. The 
hydrologic calculations' of this analysis are reflected in  this report. 

The recommended design for  off-site drainage is to provide conveyance via two 
concrete-lined channels in combination with detention ponds along the freeway north 
right-of-way line. The westerly channel (Channel No. 1) will extend from a point to 
the west of the Sossaman Channel to a connection with the existing ADOT channel 
east of Power Road; flow will be in a westward direction. The outlet for  flows in 
Channel No. 1 is the Roosevelt Water Conservancy District (RWCD) Floodway. The 
easterly channel (Channel No. 2) will , r e ce ive~ f lowsa t . i t s  upstream end from the maTor 
detention pond (by Coe and Van Loo) to be constructed & t h e  east of Ellsworth Road -- - ..., , . 
as part of the Phase I1 construction.' These flows w ~ l l b e  conveyed t o  ihe channel by . ~ . - . -  .- _- - .  ~. -. ~~ ' 

a pipe under Elliworth Road, from which point the channe lw i l l  extend wesiwardl, - ..~ ~ - . . . ~  - 
d ~ s c h a r g i n g t o  the Sossaman . ~ ~ ~ Channel. i'connection~'io the existing East-West Channel 

-- lGill~'b;e-retain?d as an  inter& measure until the major detention pond is constructed. 
The future  Red Mountain/Superstition Freeway interchange will be constructed in the 
area between Ellsworth and Hawes Roads. 

Roadway drainage for the freeway and the crossroads will be accomplished by a series 
of storm sewer systems with inlets along the cross-road overpasses and the freeway. 
The storm sewer outfalls will discharge to the right-of-way channels. 



The recommended off-site drainage design achieves the design objective of safely 

i conveying off-site runoff around and under the freeway without increasing flooding 
problems on downstream property. This is achieved by; 

a. maintaining minimum freeboard requirements along the channels, 

b. not exceeding existing flooding elevations a t  Power Road for  the 50-year and 
100-year flood flows, 

c. not increasing the net discharge into the RWCD Floodway from the combined 
freeway discharges. 

The recommended on-site drainage design achieves the design objective of draining the 
roadways for  the design storm rainfall. 

As currently proposed, the freeway project will be constructed in three phases, as 
follows: 

a. Phase I. 

The first  phase will include construction of cross-road overpasses (at 72nd 
Street, Sossaman Road, and Ellsworth Road), box culverts under Sossaman Road 
and the relocated 72nd Street, storm sewerage associated with the cross-roads, 

-. and cross-road paving. 

b. Phase 11. 

c. Phase 111. 

Phase 111 includes construction of the remainder of the on-site drainage and 
paving of the mainline and ramps. 

I t  should be noted tha t  the on-site drainage system will not be operational until 
completion of Phase I11 construction. 

This phase includes the major earthwork for the freeway, the off-site drainage 
system, and  the outfall pipe for Storm Sewer Trunkline No. 1. 



. I. INTRODUCTION 

A. General 

This report documents the hydrologic studies and hydraulic design elements that 
constitute the preliminary drainage design for  the planned segment of the Superstition 
Freeway (State Highway 360) between Power Road and Ellsworth Road. The design of 
this segment of the freeway constitutes Arizona Department of Transportation (ADOT) 
Project No. SBM-028-1-31 IPE, -51 1C. 

This work was performed by URS Corporation (URS) under ADOT Contract No. 85-39, 
dated April 24, 1986. The report presents the recommended design of the storm 
drainage collection system for  off-site and on-site runoff. 

I Subsequent to completion of the Drainage Concept Study, prepared by URS and 
submitted to and approved by the Management Consultant in  1987, construction of the 
project and plan submittals were divided into three phases. Elements of the off-site 
and on-site drainage systems are  required in all three construction phases. Phase I 
encompasses cross-road construction with the associated inlets and storm sewers and 
those portions of the off-site runoff conveyance system that pass under the cross- 
roads (i.e., box culverts and pipe). Phase I1 construction includes the roadway grading, 
construction of all channels and detention ponds (i.e., off-site runoff conveyance) and 
installation of the storm sewer outfall line for  Channel No. I .  Included in Phase 111 
construction are roadway paving and installation of the inlets, manholes, lateral pipes 
and the remaining storm sewers (on-site runoff conveyance). Rather than providing a 
separate drainage report with each submittal, i t  was determined to be more effective to 
present the drainage system design in its entirety under the cover of a single drainage 
report. However, an  Interim Drainage Report was prepared by URS in  conjunction with 
the Phase I submittal in order to clarify the phased construction of drainage 
improvements from Phase I through Phase 111. 

This report is the Final Drainage Report and  incorporates review comments received on 
this report and  on the Phases I1 and 111 construction plans. 

B. Proieet Descriotion 
-- 

The segment of the Superstition Freeway under design will extend the freeway three 
miles in an  easterly direction (from its present terminus vicinity) a t  Power Road to the 
vicinity of Ellsworth Road. The freeway will be six lanes, undivided, with provisions 
to allow it  to be expanded to eight lanes in the future. The proposed profile for  the 
roadway will be depressed, varying from 10 f t  to 20 f t  below existing grade, except for 
the planned over-crossing of the existing Sossaman Channel. As shown on the vicinity 
map in Fig. I, the freeway will have diamond t raff ic  interchanges a t  Sossaman Road 

<- -- 
and a t  f i lsworth Road and a grade separation (underpass) a t  72nd Street. Hawes Road 
will continue to terminate a t  the freeway right-of-way (as i t  currently does) since the 
Red Mountain/Superstition Freeway interchange will be constructed immediately to the 
east of Hawes Road at  a future  date. The project is located in eastern Maricopa 
County, partially within the corporate boundaries of the City of Mesa. 
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A corridor approximately 600-ft wibe has been reserved fo r  the freeway right-of-way. 
The  horizontal alignment will occupy the southern half of the right-of-way to allow 
drainage features to be placed within the northern half. This will allow interception 
and conveyance o f  flows f rom the drainage basin, which lies to the north and east of 
this segment of the freeway. 

The  freeway section has a constant cross-slope of two percent from centerline to curb 
line. In depressed sections of the Freeway, landscaped side slopes will extend outward 
and upward f rom the edge of the roadway. Side slopes will extend downward and 
outward a t  elevated sections. 

C. Studv Area 

The  study area generally consists of the drainage area tr ibutary to this segment of the 
freeway. T h e  topography of the project area exhibits relatively little relief, and the 
land slopes to the southwest a t  a gradient of generally less than one percent. Land 
use of the area has been evolving from agricultural to high-density suburban residential 
and commercial within the last ten years; this process will continue in the  foreseeable 
future. 

Historically, flows through the project area were conveyed in a southwesterly direction 
by sheet flows and  numerous small drainageways, as shown on Figure 2, ultimately 
discharging to the Gila River. Within this area, historic f low patterns have largely 
been interrupted by the construction of irrigation supply canals, drainage channels, and 
roadways, and by land leveling and re-grading fo r  agricultural or development purposes. 
In general, the present drainage features have either a n  east-to-west, or  a north-to- 
south orientation. Any runoff intercepted by these features is therefore redirected 
f rom historic flow paths. Thus, construction of this segment of the freeway will 
largely not interrupt drain,age, patterns currently in existence, with exceptions which 
will be discussed in  Chaptef IV. , 

Local governmental agencies involved in drainage and flood control efforts  in the 
vicinity of the project a re  the City of Mesa; the Maricopa County Highway Department; 
and the Flood Control District of Maricopa County (FCDMC). The  FCDMC has been 
working on a n  area-wide basis with the  Federal Soil Conservation Service (SCS) on two 

-. flood control projects. The first  project is located to the northeast of this segment of 
the  freeway and  serves to reduce flood inflows to the area. This project consists of 
channels, dams, and  dikes to divert  the  runoff f rom the vicinity of Spook Hill and the 
Usery and Goldfield Mountains to the Salt River. The  second major area of drainage 
improvement is to the  west of this segment of the freeway. It consists of a planned 
and partially constructed regional floodway, the Roosevelt Water Conservation District 
Floodway (RWCD Floodway), to convey stormwater flows to the Gila River. The  U.S. 
Bureau of Reclamation's Central Arizona Project aqueduct has also modified drainage 
patterns in  the area. In addition, the FCDMC is currently preparing the "Eastern 
Maricopa County Area Master Drainage Study" (AMDS) (being done under contract by 
A-N West, Inc.) (Ref. 1) which addresses the manner in which stormwater originating 
downstream of the SCS structures will be conveyed to the Floodway. The AMDS and 
resulting Eastern Maricopa County Master Drainage Plan (MDP) have not yet been 
adopted. 
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This drainage study was performed 'to identify and  mitigate any adverse impacts that 
the freeway will have on existing runoff patterns. 

The  various elements of this study include: 

a. Determination of the hydrology fo r  the on-site drainage design; 

b. Recommendation of a n  on-site conveyance system of inlets and storm sewers; 

c. Identification of existing runoff patterns in  the area of the project; 

d. Determination of the hydrology fo r  the off-site drainage; and 

e. Recommendation of a n  off-site drainage conveyance system, including channels 
and detention ponds, that will mitigate adverse impacts and will convey off-site 
flows around or under the freeway to acceptable discharge points. 

F. Studv Aooroach 

The  study was conducted using the following approach: 

1. Identification of Existing Drainage Conditions 

This phase consisted of conducting a field reconnaissance; performing a field survey, 
which was supplemental to the roadway cross-section data provided by ADOT; 
collection and review of existing reports and other information relevant to the study 
area; meetings with representatives of governmental agencies and engineering 
consultants working on drainage and other freeway improvements in the area; 
determination of peak off-site flows entering the freeway corridor; and approximate 
determination of the existing 100-yr flood plain limits. For off-site flows, existing 
conditions represent the highest realistic design flows. 

Off-site flows arriving at, and flowing along or through, the freeway corridor were 
determined by computer modeling techniques (HEC-I, Army Corps of Engineers) 
(Ref. 2.) Flow patterns, areas of local flooding and peak flows were determined a t  
critical points along the freeway corridor. These analyses were performed for storms 
of 100-year and SO-year return periods. Off-site flows determined in the modeling 

-. included any runoff generated in the  freeway corridor itself. 

2. Design fo r  Conveyance of Off-Site Storm Runoff 

This phase consisted of the  development of a conveyance system and storm water 
detention facilities fo r  off-site flows. Off-site flows will be conveyed along the north 
side of the roadway by means of open channels to suitable crossing points a t  which 
conveyance is provided under the roadway., A large detent ionpond,  designed, by Coe & 
V a e L o o  and to be constructed by ADOT 'ust north and east ' oxhe- ,E l l swor th  Road .. ~---.. J ------~---~ 
crossing w i l i h a v e ' a s ~ i t s  out le t  a 48-111. pipe w%h w ~ l l  daylight to the west. This 
pipe is extended to meet the invert of Channel No. 2 (between Ellsworth Road and the 
Sossaman Channel) and  has as its ultimate outfall  the Sossaman Channel. 
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3. Determination of On-Site Flows 

Peak design flows for runoff originating on the Freeway itself were determined. These 
included flows a f te r  project construction only. 

4. Design fo r  Conveyance of On-Site Flows 

On-site flows will be collected by inlets a t  the cross-roads, along the ramps and along 
the depressed sections of the freeway. Flows f rom the inlets will be collected by 
lateral pipes and discharged into a main trunkline, or directly into the off-site 
conveyance system. The  main trunklines will discharge into the off-site conveyance 
system. Inlets and laterals will serve to remove storm runoff f rom the segment of the 
roadway which is above existing grade. 

5. Recommendation of Design fo r  a n  Efficient and Cost-Effective Storm Water 
Conveyance System 

The  design described and depicted in this f inal  drainage report is shown on the Phase 
I, Phase I1 and Phase Ill construction plans fo r  the Superstition Freeway between 
Power Road and Ellsworth Road. The  recommended design represents a cost-effective 
conveyance system which maintains, as closely as possible, existing drainage patterns 
and which accommodates fu tu re  development and planned fu tu re  area drainage system 
improvements. Within the right-of-way limits, peak flows from the 100-yr. storm event 
will be contained within the proposed lined channels without overtopping onto adjacent 
property. 
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11. BACKGROUND 

The overall drainage area which currently contributes runoff to the Superstition 
Freeway corridor within the project limits is shown on Fig. 2. The upper end of the 
defined drainage basin is established by the Central Arizona Project (CAP) aqueduct. 
Although the aqueduct provides a physical barrier, over-chutes across i t  contribute 
flood flows from uphill areas. The lower end of the basin is the freeway corridor. 

The drainage basin boundaries are defined as follows: The west boundary extends 
north along Power Road from the freeway corridor to Broadway Road and thence east 
to 72nd Street. From the intersection of 72nd Street and  Broadway Road, the basin 
boundary extends northward to just north of Apache Trail  and thence northeastward to 
the CAP aqueduct. The basin boundary follows the aqueduct to the southeast (not 
considering the area contributing to the over-chutes) to Apache Trail. From Apache 
Trail the boundary extends southwestward to a point approximately 2700-ft east of 
Ellsworth Road and 600-ft north of Broadway. From there, the boundary extends south 
for  approximately 2400-ft, southwesterly approximately 3500-ft. to Ellsworth Road, and  
thence southerly along Ellsworth Road to the freeway corridor. The present 
contribution to flows west of Ellsworth Road from the area east of Ellsworth Road is 
also considered. The described boundaries are  as determined by URS and  vary slightly 
from those of the MDP. The boundaries presented in  the MDP include an area east of 
Ellsworth Road and south of Broadway Road. In the hydrologic analysis performed for 
the preliminary drainage report, i t  was determined that at  low flows 100 percent of the 
runoff from this area is tributary to the freeway corridor. Flows exceeding the 
capacity of the culverts under Ellsworth Road split on the east side of Ellsworth Road. 
The excess flows overtop the existing channel banks and are conveyed south toward 
Baseline Road. For the purposes of this report, the eastern boundary is considered to 
proceed south along Ellsworth Road to the freeway. As indicated, the flow split from 
the area east of this boundary is included in the analysis. It should be noted that the 
freeway extension is oriented east-wkst, and that  this alignment traverses the drainage 
basin diagonally, relative to the direction of historic flows. 

The RWCD Canal and  the partially completed RWCD Floodway serve to intercept flood 
flows which originate in the basin. These flows are diverted in a southerly direction, 
to be discharged to the Gila River. 

The historic drainageways have largely been re-defined during the transformation of 
the basin from an  undeveloped condition to agricultural and finally to residential and 
commercial land use. The various subdivisions have created barriers which serve to 
divert the sheet flow either due west or due south in lieu of the historic southwesterly 
flow pattern. The existing drainage pathways typically follow street rights-of-way or 
other surface drainage courses. Sheet flow occurs across vacant parcels between or 
around existing developments. 

There are several major drainageways, including the Hawes Road Channel, the Sossaman 
Road Channel, and the 72nd Street Channel, which are intersected by the freeway 
corridor a t  the north right-of-way line. For the most part, these drainageways follow 
established channels which convey the flows to the south or west. A major existing 
drainage feature is the East-West Channel along the south right-of-way line from 
Ellsworth Road to the Sossaman Channel. The East-West Channel currently conveys a 
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portion of the off-site flows which originate east of Ellsworth Road, plus the 
intercepted sheet flows which cross the corridor. Fig. 3 shows the locations of these 
major drainageways. For the purposes of this report the drainageways are  grouped 
into four  systems as follows: 

1. 72nd Street 
2. Sossaman Road 
3. Hawes/Sossaman System 
4. Ellsworth Road/East-West Channel 

Brief descriptions of the four  systems are provided below: 

1. 72nd Street 

The 72nd Street drainageway begins a t  Apache Trail. From Apache Trail to Broadway 
Road an  unimproved drainage and utility easement conveys the flows. At Broadway the 
flow is channeled into a two-bay 6 f t  x 3 f t  reinforced concrete box (RCB) culvert 
which discharges onto the depressed 72nd Street cross-section. From Colonial Club 
Drive to Southern Avenue, 72nd Street has a n  inverted cross-section to convey the 
storm water runoff. 72nd Street is paved for  approximately 700 f t  south of Southern 
Avenue. At this point the conveyed runoff enters an  unlined channel (flowing 
southerly) which, in  turn, discharges to the unpaved channel running parallel to the 
north right-of-way line of the Superstition Freeway. 

The north right-of-way channel extends from Power Road to the east for  approximately 
3,000 f t  and  conveys the 72nd Street and Sossaman Road runoff into the existing 
Superstition Freeway channel a t  Power Road. The latter channel is a trapezoidal 
concrete-lined channel which discharges to the RWCD Floodway. 

2. Sossaman Road 

The Sossaman Road drainageway begins collecting flows a t  the Double Knolls in the 
vicinity of Apache Trial  and 81st Street. From this point a small trapezoidal concrete- 
lined channel conveys flows southwest and forms the north and west boundaries of the 
Carriage Manor development between 79th Street and Sossaman Road. 

At the intersection of Broadway Road and Sossaman Road there is a single 6 f t  x 3 f t  
RCB culvert that  conveys the flows southward along the east right-of-way line. At 
the southeast corner of the intersection, paved rundown channels facilitate the 
collection of sheet flows in the Broadway Road right-of-way into the Sossaman Road 
drainageway. From Broadway to Pueblo Way the drainageway is unlined, depressed 2 f t  
and bounded by the north travel lane and a concrete block security fence. Pueblo Way 
crosses the drainageway by utilizing a two-bay 6 f t  x 3 f t  RCB culvert. Between 
Pueblo Way and  Ed Rice Street the collected runoff sheets across a vertical sag in 
Sossaman Road from the east to the west right-of-way line. 

Ed Rice Street crosses the drainageway over a two-bay 6 f t  x 3 f t  RCB culvert. An 
unimproved depressed pathway runs southward from Ed Rice Street to Euclid Avenue. 
At Euclid Avenue the flow path is not clearly defined. Some runoff enters an 
overgrown side channel which heads west a t  a 90 degree angle to the direction of the 
incoming flow. The remaining flows continue southward, in the form of sheet flow and 
street flow, toward the freeway corridor. The small side channel extends westward 
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from Sossaman Road a distance of 1,200 f t ,  then i t  turns south and widens to a 30-ft 
wide by 2-3 f t  deep unlined channel. This channel flows south for approximately 3,500 

i f t  to the north right-of-way line of the freeway. At this point, the discharged Flows 
are  conveyed westward to the RWCD Floodway as described in the 72nd Street 
discussion. 

A storm sewer, constructed as a part of the recent Sossaman Road: Baseline Road to 
University Drive, roadway improvement project (Maricopa County Highway Department) 
serves to convey low flows south along Sossaman Road to the freeway right-of-way. 
During conditions of high runoff (i.e., during the 50-year and 100-year storm events) 
the flow patterns are as described abdve. 

3. Hawes/Sossaman System 

The Hawes Road drainageway is a north-to-south stormwater collector that receives 
inflows from the east by the discharge of several laterals. These laterals are located 
a t  Broadway Road, Pueblo Way, and Southern Avenue. The laterals collect 
southwesterly directed sheet flow from undeveloped parcels of land between Southern 
Avenue and  Apache Trail. The principal lateral is at  Broadway. On the north side of 
Broadway Road a recently constructed lined ditch conveys flows westward from 91st 
Street to Hawes Road. The ditch has a trapezoidal cross-section with a bottom width 
of 10 to 16 f t  and a depth of three to four  f t .  Between 91st Street and Hawes Road 
the channel passes through six box culverts. At Hawes Road the channel turns 90 
degrees to the south and passes through a new double 10 f t  x 6 f t  concrete box 
culvert under Broadway Road. Construction plans for the improvements along Broadway 
indicate a horizontal curve a t  the Hawes Road intersection. The resulting super- 
elevation through the intersection slopes down to the south and has the effect  of 
directing any channel overflow to the south with no flow heading west along Broadway. 
These improvements were under construction in the late spring of 1987 by the 
Maricopa County Highway Department. 

From Broadway Road to Coral Bell Avenue the Hawes Road drainageway is a well- 
defined earth channel running parallel to the east right-of-way line. Between Coral 
Bell Avenue and  Pueblo Way, the collected runoff sheets across a vertical sag in Hawes 
Road from the east to west right-of-way line. From Pueblo Way to Southern Avenue 
the unlined Hawes Road channel occupies the majority of the right-of-way since the 
street is not paved. At Southern Avenue the runoff is split and flows are directed 
both to the south and to the west. Southward-directed flows pass through a two-bay 
8 f t  x 4 f t  RCB culvert. Westward-directed flows are conveyed by means of a 
concrete-lined side channel. This side channel is approximately 10-ft wide and conveys 
flows to the Sossaman channel. At its westerly end, the side channel turns 90 degrees 
to the south under Southern Avenue to enter the Sossaman Channel. The reach of 
side channel approaching this bend is prone to siltation and  must be periodically 
cleaned. 

The Hawes Road drainageway continues southward in a concrete-lined channel from 
Southern Avenue to the north right-of-way line of the freeway. At the intersection 
with the north right-of-way line, the channel turns sharply to the west, and the flows 
are  discharged to an  earth channel that  daylights onto the freeway corridor. The 
released runoff becomes overland flow that  sheets across the freeway right-of-way in a 
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southwesterly direction for  approximately 2,400 ft .  The Hawes Road system sheet flow 
is re-collected by the Sossaman Channel where the channel intersects the south riaht- 
of-way line of the freeway. 

The Sossaman Channel is unlined and has a varying cross-section between Southern 
Avenue and Baseline Road. This s e p e n t  of the channel receives inflows at  Southern 
Avenue, a t  the south right-of-way line of the freeway (East-West Channel), and at  
Baseline Road. The stormwater inflow a t  the freeway south right-of-way line 
represents the combining of three drainage sub-basin runoff flows: 

a. A portion of Ellsworth Channel flow via the East-West Channel, 

b. Overland flow from the freeway corridor between Ellsworth Road and the 
Sossaman Channel, and  

c. Overland flow from the daylighted Hawes Road channel. 

Flows in the Sossaman Channel are  conveyed under Baseline Road through a four-bay 
10 f t  x 8 f t  RCB culvert. The channel continues southward to Guadalupe Road where 
the flow is daylighted to existing farm land. At Guadalupe Road there is an  unlined 
side channel that  directly conveys the runoff westward to Power Road. At Power Road 
runoff is directed south and  eventually reaches the RWCD Floodway. 

4. Ellsworth/East-West Channel 

The planned temporary end of the Superstition Freeway project a t  Ellsworth Road 
coincides with the current limits of urban development adjacent to the freeway 
corridor. Therefore, the drainage patterns east of Ellsworth Road are more 
representative of natural  conditions than are the drainage patterns west of Ellsworth 
Road. Parallel to the east right-of-way line of Ellsworth Road there is an  excavated 
channel which extends from Broadway Road to the south freeway right-of-way line. 
This channel flows north-to-south and collects overland runoff.  The Ellsworth Channel 
discharges into the East-West Channel and to the southeast toward a low-lying area 
leading to Baseline Road. 

The present drainageways to the east of Ellsworth Road are  depicted on Fig. 4. As 
indicated, the flows conveyed by the Ellsworth Channel, and overland flow from the 
northeast, split a t  Ellsworth Road and the Superstition Freeway south right-of-way line 
(East-West Channel.) Flows to the East-West Channel are conveyed westward under 
Ellsworth Road by three 81-in. diameter concrete culverts and thence to the Sossaman 
Channel. The hydraulic capacity of these culverts has been reduced by sediment which 
constricts the openings to 1/2 to 3/4 of the pipe diameter. 

-. 
B. Related Drainaee Consideration$ 

There are  several related drainage issues which have an influence on the design of the 
freeway drainage system. The first  concerns the East-West Channel. Segments of this 
channel will be eliminated, since its location along the south right-of-way line is 
designated for  freeway construction. Because this channel currently conveys a portion 
of the flows from to the east of Ellsworth Road, its removal would increase the flows 
draining to the south toward Baseline Road, and these flows would have to be detained 
or retained in  order not to aggravate the existing flooding conditions a t  Baseline Road. 
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The planned drainage improvements associated with the Phase I1 construction of the 
Superstition Freeway, will accommodate these flows. 

On an  interim basis, between construction of Phases I and 11, the existing conveyance 
of storm flows in the present ~ a s t I ~ e s t  Channel will be maintained in order that 
ADOT not assume liability for  temporarily modifying the present flow conditions. The 
5-yr design criteria applies only to temporary diversion during construction. As 
discussed in  more detail below, this replacement conveyance will be provided by 
constructing an  interim ditch system to the east of Ellsworth Road and a pipe crossing 
under Ellsworth Road to connect the East-West Channel to the present Ellsworth 
Cfiannel. 

In recent years the FCDMC has made improvements to the Sossaman Channel from 
Baseline Road to Guadalupe Road. These improvements have increased the capacity of 
this channel. The culvert a t  Baseline Road was constructed by the Maricopa County 
Highway Department as part of roadway improvements to Baseline Road and has a 
capacity of 3,200 cfs, before overtopping (Ref. 3). 

As discussed above, flows from the Sossaman Road and 72nd Street drainageways are 
currently conveyed along the north right-of-way line in a n  unlined channel. These 
flows continue westward along the north right-of-way line to the ADOT channel at  
Power Road. The culvert under Power Road has adequate capacity, as designed and 
constructed, to convey the existing 50-yr, and 100-yr. flood flows without overtopping 
Power Road. 

According to the MDP, existing and future  condition discharges (100-yr) in the RWCD 
Floodway exceed its design capacity, cited as 4,720 cfs at  the freeway crossing. The 
Powcr Road to Ellsworth Road segment of &e f f reway did not contribute to this 

a "present conditions" disparity. Phase 11 drainage improvements associated with freeway 
construction will not increase flooding hazards currently existing a t  the RWCD 
Floodway and  a t  Power Road. 

Since the RWCD floodway is only partially completed a t  this time, another concern is 
that backwater from the floodway may raise flood elevations in the ADOT channel east 
of Power Road. However, since the RWCD Canal banks are  approximately 20-ft lower 
in elevation than the controlling elevations in the ADOT channel east of Powcr Road, 
backwater is not anticipated to be a problem. The hydraulic grade lines of the planned 
channels are addressed in Chapter V. 

C. Other Hiehwav Proiects that  Relate to the Suoerstition Freewav 

The following projects will have an  influence on the off-site drainage system for the 
Superstition Freeway: 

Feature or P r o i e a  Qwner or Resvonsible Aaence 

1. 72nd Street Extension Private Developer/ADOT 
and Overpass 

2. Sossaman Road Improvements Maricopa County Highway Department 
3. Ellsworth Road Improvements City of Mesa 
4. Red Mountain Freeway ADOT 
5. Superstition Freeway ADOT (East) 
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The Red Mountain Freeway project is currently a t  the corridor selection stage through 
the eastern portion of Maricopa County. Recently, the alignment option shown on 
Fig. 5 was selected. Also, as shown on Fig. 6, there a rc  two directional four-level 
interchange options for  the freeway-to-freeway intersection. Ramps for  this 
interchange will occupy much of the distance from Ellsworth Road to Sossaman Road. 

The other highway project that  has a significant bearing on the proposed off-site 
drainage system is the extension of the Superstition Freeway from Ellsworth Road to 
Ironwood Road. The configuration and construction scheduling for  the Ellsworth Road 
interchange and the detentionlretention of flows which are  currently conveyed by the 
Ellsworth Channel and the East-West Channel affect  the interim and final  off-site 
drainage designs for  this area. 

Additional discussion of these projects and methods of accommodating the respective 
drainage aspects is presented in Chapter V. 

The projected implementation of the MDP will alter present drainage conditions in the 
vicinity of the freeway. The MDP currently contains recommendations for  a system of 
concrete-lined channels and detentioh basins to convey runoff from below the SCS 
flood control structures to the RWCD Floodway. The conceptual configuration of this 
conveyance system is depicted on Fig. 7. 

The following discussion provides an  overview of anticipated modifications to the 
runoff that  is tributary to the drainageways which intersect the freeway corridor. 

The MDP University-Bush channel will truncate the northern-most segment tributary to 
the 72nd Street and Sossaman Road drainageways. Runoff from the area between the 
CAP aqueduct and  University Drive will be intercepted and diverted westward to the 
RWCD Floodway in  lieu of flowing southwesterly. 

The MDP Ellsworth Channel will divert tributary runoff from the Hawes-Sossaman 
System. The overland sheet flow which currently enters the Broadway lateral channel 
at  90th Street will be intercepted a t  Ellsworth Road and Apache Trail  by the new 
channel. The intercepted runoff will be conveyed south to Elliot Road and then west 
to the RWCD Floodway. 

The present function of the East-West Channel as a relief drainage system for  runoff 
east of Ellsworth Road will be altered when Phase I1 is completed. The improved 
Ellsworth channel will create a new drainage basin boundary with all runoff east of 
Ellsworth Road being conveyed south to a detention pond of about 600 ac f t  capacity 
in the vicinity of the northeast quadrant of the Ellsworth Road - Superstition Freeway 
interchange. This pond, designed by Coe and Van Loo, has an  outlet to the west 
consisting of a 48-inch diameter pipe which will be gated down to a 24-inch equivalent 
opening. The pipe will discharge into the planned East-West replacement channel along 
the north right-of-way line (Channel No. 2). This channel will continue to intercept 
runoff from the north side of the freeway between Ellsworth Road and the Sossaman 
Channel. 
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The MDP is currently being reviewed by the FCDMC and other interested parties. At 
present, a priority list o f  the suggested improvements and an implementation schedule 
have not been adopted. 
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111. CRITERIA AND METHODS 
~ . .  . 

A. General : .:. 
. . . . 

The criteria and methods used for  the determination of ~ e a k  flood flows and for the 
sizing of drainage appurtenances are consistent with those outlined in the "Hydrologic 
and Hydraulic Training Session" (H & HTS) (Ref. 4), "Hydrologic Design for  Highway 
Drainage in Arizona" (Ref. 5 ) ,  "Arizona Statewide Management Program - Project 
Design Guidelines - 1986" (Ref. 6) ,  and the Technical Memoranda that  have been issued 
for  this project (Ref. 7). 

The intent throughout the design phase was to provide a stormwater conveyance system 
that will maintain safe driving conditions on the roadway and cause minimal impact to 
existing drainage patterns in the project area. Every attempt was made to preserve 
existing flow patterns and flow rates through and  from the freeway corridor. 
Connections were provided for  existing drainage improvements north of the freeway 
corridor to the off-site system. Where future  improvement design was unknown or 

-. 
available only in the concept stage, every attempt was made to design on-site and off-  
site conveyance systems for the most conservative case (i.e., that resulting in the 
highest peak flow rates). 

B. Drainaee Svstem Descriation~; 

The hydrologic and hydraulic analyses were performed for  two distinct drainage 
systems; off-site drainage and on-site drainage. These terms, as used in this report, 
are defined as follows: 

1. "Off-Site Drainage" consists of: - 
The quantification of flood flows which originate north of the south right-of-way line 
of the Superstition Freeway (under existing conditions) and which must be conveyed 
around or through the proposed freeway by the freeway drainage system; the 
determination of where those flows will intersect the freeway corridor; and the 
determination of required facilities for  conveyance of those flows along and away from 
the freeway corridor. 

2. "On-Site Drainage" Consists of: 

The quantification of flood flows originating within and confined to roadway limits, 
(freeway, ramps, and cross-roads) including, side slopes in areas of cuts, within the 
freeway corridor; and the determination of the conveyance required to route those 
flows along and off of the corridor. 

These two systems are connected a t  points where the on-site systems discharge into 
the off-site conveyance systems. 

C. Aooroach 

1. Off-Site Drainage System 

Off-site drainage flows are conveyed a l o n g ~ t h e ~ f r g e w a y  corridor by means of channels 
\~ 

and culverts and across the corridor by means of a..cijrver& Flows are temporarily 
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stored (where necessary) in detention ponds. In accordance with the construction 
,. sequencing that has been determined for  this project, segments of the off-site drainage 

system will be built in  Phase I and the remainder will be built in Phase 11. However, 
it was necessary to perform the hydrologic analyses for the system as a whole and 
subsequently break out the individual design elements for  Phases I and 11. In some 
situations interim measures are  required to maintain existing flow patterns between 
completion of Phase I and completion of Phase I1 construction. The required 
improvements, the phased construction of these improvements, and the interim measures 
provided between construction phases are  addressed in greater detail in Chapter V. 

An initial review of .the available information regarding off-site flows led to the 
conclusion t-haatthe MDP-Review Draft .wap~.the,~most,recent ~ material ~~~ ~ ~- .- available -~ ..- ~ that ~.~ .. 
dealt with the drainage issues &the immediate vicinity o f  the project. As noted in an' ,.. ..-.. ~ ~ ~ ~ ~ - ~ .~~~ 
antecedent to this report (the Drainage Concept Report), the peak flood flows 
presented in the MDP were not entirely applicable t o  the design of the off-site 
conveyance system for  the Superstition Freeway. I n  addition, the MDP has not yet 
been officially adopted by the FCDMC. However, the MDP i s s t i l l  regarded a s  the most  

-'likely description of how drainage issues will be treated as the area is developed. 
Working under this assumption i t  is cjear that  peak storm flows a t  the freeway will be 
lower under future  conditions than they are under existing conditions. Therefore, to 
provide a conservative' design, all off-site conveyance system design was based on 
accommodation of existing flows. 

Several hydrologic analyses utilizing the HEC-1 computer program were conducted by 
URS to determine the peak flows arriving at, and discharged from, the freeway 
corridor. These analyses are designated Simulation No. I, Simulation No. 2 or 
Simulation No. 3, depending upon the conditions that were assumed for  the individual 
computer run. Simulation . ~~ ~ ~ Nol ~ ~. !~. inc~udes~thre.init i .al ,  set o f  computer runs that were 

~ . 
performed to determrne peak flows a t  G d  through t h e  freeway corridor ~ n d ~ r e x i s t i n g ~ . ,  --- -- ~.~ .. 
condit'lo~~-far---50:yiii  and 100-yr recurrence interval storms. The results of this 

%/-  
s~mul~t~ ion- -def ined  the--maxim-um peFmissible discharge limits Tbr the proposed off-site 
conveyance system. Computer runs were then performed, in Simulation No 2 in which ,~ -----'-2-- 
the freeway wasa2sumed to be in place with,,a.n..i.nt.ercep.tor channel located along the.. 
V- 

norfh' iight:of-way.lin_ee The results of Simulation No. 2 were compared to those from .. ~- 

Simulation ~ 6 .  1 and ii 'was concluded that-detention of storm flows would berrguii,ed. - --.,.----- . , . . -.. - - -  - - - -  
,aJm the @yay ' s~myla t lonTo.  3 t~~-~~-.-7 encompassing ~~ -.-- ~~ 

the ~~ third set of computer .~ ~ -- runs, ~.~ .~ . .~  ..-. ~- 

t h e ~ H E C ~ I ~ ~ c o m p u t e r  program was used as ~. an  . integral . part of the design process to. 
determiie locations, s i z e s ,~and  hydraulic ..propertTes o f t h e  required detention ponds. ,-. . -  
Detai'lc&~d'lscns~sio~is of i h e  HEC-I runs of Simulation Nos. I ,  2 and 3 are provided in 

. ~ .. . ~ 

The freeway design criteria established at  the onset of the project for conveyance of 
off-site flows were conveyance of the peak 50-yr, 24-hr flows with 2.5 f t  of freeboard 
and conveys-rice-of the Reak. 100-yr, 24-hr flows such that no additional (greater than 
existing) ~ l o o d i n g ~ G o u l d  occur ,as a result of. f.ree\;a) construction (Ref. 4 and 5). ,The 

C.criteria f o r  conveyance of the peak 50-yr, 24-hr flows were later revised to conform 
with the criteria in the "Arizona Statewide Management Program, Project Design 

1 i Guidelines", which are  as follows: 

Freeboard = 0.20 (depth of flow + VZ) 
2g 

Minimum Freeboard 1.0 f t  
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Freeboard depths obtained from the formula given above are  compatible with the 
channel design and with A.D.O.T. criteria. This revision in criteria was made with the 
concurrence of the Statewide Management Consultant. 

The Flood Insurance Rate Map (FIRM), Maricopa County, Arizona, Unincorporated 
Areas (Ref. 8). indicates that the project area will experience shallow flooding (less 
than one foot) during a 100-yr storm. No detailed flood elevations are given in the 
FIRM. Existing channels along the freeway corridor were checked for  their capacity 
to convey 100-yr storm off-site flows. Channel capacities and overtopping are 
addressed in greater detail in Chapter V. 

Similarly, culverts were designed to convey the peak flows from the 100-yr, 24-hr 
storm a t  a headwater to depth ratio of approximately one. Culverts were initially 
sized and designed according to the procedures set forth in Hydraulic Engineering 
Circular 5 (HEC-5) (Ref. 9). At the time of f inal  design the headwater elevations at  
all culverts were determined using the HEC-2, Water Surface Profiles computer 
program from the Army Corps of Engineers (Ref. 10). 

All channels were sized based on Manning's equation for  open channel flow with 
backwater curves taken into consideration, as appropriate. Concrete linings were used 
to assure channel stability. A trapezoidal cross-section with 2 (horizontal) : 1 
(vertical) side slopes was chosen to assure adequate channel capacity in a narrow width 
while concomitantly providing for  an  easy means of exiting the channel as a safety 
measure. Longitudinal slope varies. A value of 0.016 was used for  the roughness 
factor ("n"). 

Water surface profiles, from the outfall points upstream through the proposed 
conveyance systems, were determined by utilization of the HEC-2 computer program. 
These profiles were computed to describe water surface elevations at  critical points 
along the system and to demonstrate that the design was within maximum water 
surface elevation tolerances. 

2. On-Site Drainage System 

The on-site drainage system consists of inlets, sewer pipes, manholes and subsidiary 
channels. The only areas contributing runoff to the on-site system are the roadway, 
the ramps and cross-roads, and the side slopes in locations where the roadway is below 
existing grade. All off-site runoff north of the roadway is intercepted by the north 
right-of-way channels and does not enter the on-site system. Runoff generated on the 
south side of the freeway, between Ellsworth Road and the Sossaman Channel, flows 
into the existing East-West Channel and  thence into the Sossaman Channel. West of 
the Sossaman Channel runoff generated on the south side of the freeway follows 
historic overland flow paths to the southwest. 

Components of the on-site system will be completed in all three construction phases of 
the project. Since all but a few components of the on-site system are interconnected, 
i t  was necessary to design the system as a whole and then to break out the individual 
components for  the separate phases. The required improvements, phased construction, 
and interim measures required between phases are  described in greater detail in 
Chapter V. 
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Due to the difference in complexity aAd runoff characteristics between the off-site and 
on-site watersheds, different analytical methods were used to determine design runoff 
flows for  each system. As indicated, a computer model (HEC-I) was utilized to 
simulate the off-site runoff patterns. For the simpler on-site watersheds, a more 
applicable analytical method was used for determining peak flows. The Rational 
Method was used fo r  determining on-site peak flows for  both inlet sizing and for storm 
sewer design. 

The criteria and methods employed in  the on-site drainage design were those set forth 
in the-"Project Design Guidelines" .. issued by the Statewide Management Consultant for 

~~ ~,~ . 

', 
A D O = ,  ~ h e s e  ins t ruct  ihe consultant to use the "~Hydrauiic and Hydrologic Training 
M%ii"aln (ADOT) and the "Hydrologic D e s u o r  ~ i ~ h w a y ~ i a i n a ~ e "  (ADOT) with -~ ~.~ -__-._- .; .~ ~ 

modifications as noted in the Technical Memoranda. Further lnstructlons are given in 
the above to use the Hydraulic Engineering Circulars --.- (FHWA) - ~ 5 and . ~ 12 ~ ~ (Ref. 11) fo r  
items not specifically covered in the original references. 

The following procedure was used to design the on-site drainage conveyance system: 

a. Storm runoff for  inlet and storm sewer design was calculated by the Rational 
Method: 

Q - CIA Where Q - Peak runoff rate (cfs) 
C = Runoff coefficient (( I) 
i = Rainfall intensity corresponding to the 

estimated time of concentration (t,) 
A\= Area (Ac) 

The t, calculation is a combination of the overland flow time of concentration 
plus the gutter flow time of concentration and is given in minutes. The following 
items are  relevant to the determination of i a t  each inlet: 

i. A Standard Duration Rainfall  - Intensity Curve was prepared as described 
in Appendix A. 

ii. t, for  the cross-roads was based on gutter flow only (no overland flow 
contributed to the cross-street drainage). 

iii. t, for  the freeway was based on both overland flow and gutter flow 
components. 

iv. t, Minimum = 10 min. 

v. The maximum calculated t, for  any  inlet on the entire project (all Phases) 
is less than 10 min. (See Appendix A). 

vi. t, = 10 min. was used for  all inlets. 

vii. A storm with a 10-year return period was used for determining the rainfall 
intensity for  inlet design on the cross-roads since these are a t  or above 
grade. 

viii. A storm with a 50-year return period was used for  determining the rainfall 
intensity for  inlet design on the freeway since over 90% of the inlets 
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occur on roadway sections that are below existing grade. 

ix. Ramps were treated the same as the freeway since bypass from the ramp 
inlets flows down onto the freeway. 

b. Inlet spacing was determined using the following criteria: 

Cross-Roads: 

I. Inlets are required a t  all upstream points of curb return (PCRs) and in 
areas of superelevation to prevent excess flows across roadways. 

ii. Inlets are placed a t  loci where the width of spread of gutter flow (T) for 
the design storm exceeds one-half of the adjacent t raff ic  lane: 

Roadwav 
Ad iacent Traff ic  Lane 
Full Width _Half Width 

72nd Street 14 feet 7 feet 
Sossaman Road 14 feet 7 feet 
Ellsworth Road 14 feet 7 feet 

. . . 
111. Inlets are  placed a t  loci where gutter flow for  the design storm results in 

curb overtopping. 

Ramps (including full length of ramp tapers): 

I. Inlets are  placed a t  loci where T for  the design storm exceeds 8.5 feet. 

. . 
11. Inlets are placed at  loci where gutter flow for  the design storm results in 

curb overtopping. 

Freeway: 

I. Inlets are  placed a t  loci where T for  the design storm exceeds 16 feet. 

. . 
11. Inlets are placed a t  loci where gutter flow for  the design storm results in 

curb overtopping. 

c. Storm Sewer Design 
.-- 

The storm sewer lines to be installed in  Phase I are classified as laterals in  the 
overall on-site runoff conveyance system. All but one of these laterals terminate 
a t  a n  inlet or a manhole in  Phase I. The exception is the outfall pipe for the 
foun inlets a t  the north end of Ellsworth Road. This outfall pipe will discharge 
i n t o l h e  off-site conveyance system. 

The storm sewer line to be installed in Phase I1 is part of the outfall line for 
Trunkline No. 1. All other storm sewer pipes will be installed in  Phase 111. 

The storm sewers were initially designed employing the following criteria: 
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I. For any given pipe size and slope Qdsmip is less than or equal to QIull 
except where surcharging does not result rn an  HGL with less than 0.5 ft.  
freebound a t  a n  inlet o r  manhole. 

ii. Minimum pipe size is 24 inches 

iii. All storm sewer (closed conduit) is Concrete Pipe (n = ,013). 

iv. On the cross-roads a minimum pipe cover of - 2.1 feet is provided to the 
top of the pipe: 

13 inches (pavement depth) 
+ 12 inches (vioe backfill) 

25 inches (total) 

v. Minimum pipe cover for  lateral pipes under the freeway was based on the 
following criteria: 

(a). laterals parallel to and under the gutter flow line have a minimum 
clearance of three feet from the flow line elevation to the crown 
of the pipe. This provides a foot of clearance between the lateral 
and any slotted drains. 

(b). laterals crossing under the freeway are set such that  a minimum 
clearance of one foot plus the depth of pavement will be provided 
with the addition of one lane (each direction) in the future: 

17 inches (pavement) 
+ 12 inches (clearance) 

29 inches (total) , ~- ' 

vi. Minimum pipe covering for  the main trunklines was provided such that a 
minimum covering of one foot of cover (no pavement) will be provided 
with the addition of one lane (westbound) in  the future. 

vii. Minimum pipe velocity is three (3) feet per second for  Qdcaign 

viii. Maximum distance between manholes: 
Pipe Diameter (inches) Maximum Spacing (feet) 

3. Interim Conditions 

Initially the on-site and off-site drainage systems were designed for  the job as a whole 
without taking phased construction into account. When the construction phases were 
defined i t  then became necessary to separate components of the drainage systems into 
the phases. With construction of one system being split between two or three phases, 
temporary measures are  required to accommodate the interim drainage conditions. A 
description of the phasing of drainage improvements and required interim measures is 
presented below: 
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. - Phase I: Brainane Im~rovements  - Permanent Construction 

• - Construction of cross-road inlets with associated laterals, manholes, and 
outlet pipes. 

- Construction of box culverts under 72nd Street and Sossaman Road for 
future  connection to Phase I1 improvements. 

<- - Construction of a m s n h o l e n  the east side of Ellsworth Road and a 
48-inch concrete pipe under Ellsworth Road for  future  connection (at 
the west terminus of the pipe) to Phase I1 improvements. Connection 
to the manhole from the east is planned (by others) as a part  of the 
Phase I1 improvements. - Removal of the existing triple barrel 81-inch culvert structure under 
Ellsworth Road and filling of the associated channel as needed to build 
the ramp segments. 

Interim Measures - TemDorarv Construction 

- Provision of sumps or temporary ditches for  cross-road laterals that 
drain directly into the off-site channel system. 

- Provision of a n  interim outlet ditch west to the north right-of-way 
channel for  an  existing 48-inch concrete storm drain (by others) under 
Sossaman Road. - Rerouting of the Ellsworth Road ditch (running north-south) and the 
East-West Channel around the ramp segments. 

- Provision of 3 x 84-inch interim culverts under Ellsworth Road to 
convey the rerouted ditch flows west under Ellsworth Road to the 
East-West Channel on the west side of Ellsworth Road. 

Phase 11: p ra inaee  Im~rovements  - Permanent Construction 

- Construction of Storm Sewer No. 1 from its outfall  into the existing 
concrete lined channel west of Power Road to the manhole a t  72nd 
Street. The manhole will not be constructed in  this phase. - Construction of a "Tee" connection f rom the inlets a t  72nd Street to 
Storm Sewer No. 1. 

- Construction of all of the remaining off-site drainage improvements 
including channels, the CBC a t  Sossaman Channel, Sossaman Channel 
improvements, detention ponds, and access roads. 

- Filling of all minor ditches, and erosion rills within the right-of-way 
that  d o  not function as part of the off-site or on-site drainage 
systems. - Removal of the 3 x 84-inch interim pipes under Ellsworth Road. - Provision of a permanent connection fo r  the 48-inch storm sewer (by 
others) a t  Sossaman Road into Channel No. 1. - Provision of transitions from existing north-south channels into Channel 
Nos. 1 and  2 a t  the north right-of-way line. 

- Provision of a permanent connection for  the 48-inch pipe under 
Ellsworth Road (detention pond outlet) into Channel No. 2. - Removal of any temporary culvert plugs on the off-site drainage system. 

- Provision for  a low flow relief drain  from the existing East-West 
channel into the Sossaman Channel. 
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No interim measures a re  required. The  off-site drainage system will be in 
place a t  the  conclusion of Phase I1 construction. Isolated components of 
the  Phase 111 system of inlets and storm sewers will be in place but that 
system will not become fully operational until completion of Phase I11 
construction. Since the purpose of the on-site system is to remove runoff 
f rom the roadway to' a n  outfall point, the on-site system is not required to 
be fully functional until the roadway is in place. Roadway paving will 
occur in  Phase 111 af ter  construction of the storm sewer system. 

Phase 111: Drainane Imvrovements - Permanent Construction 

- Construction of al l  remaining segments of the on-site drainage system. - Removal of any temporary pipe plugs in  laterals o r  on Trunkline No. 1. - Construction of connections f rom existing manholes a t  the cross-roads 
to the main storm sewers along the freeway. - Construction of collector channels along the toe of slope fo r  the inlets 
on above-grade sections of the roadway (these channels discharge into 
the  Sossaman Channel). 
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L IV. HYDROLOGY 

A. Off-Site 

1. Introduction 

Off-site drainage includes flood flows that  originate north of the southern limits of the 
freeway right-of-way and  that  must be conveyed around or through the planned 
freeway by the freeway drainage system. Off-site drainage requirements were 
determined by defining the existing hydrology, analyzing the impact of the freeway on 
the existing hydrology, and defining required drainage improvements. The HEC-I Flood 
Hydrograph Package from the Army Corps of Engineers was used in all stages of the 
hydrologic analyses. 

I 2. Model Description 

The HEC-I Flood Hydrograph Package is a computer model which represents a drainage 
basin as a system of interconnected hydrologic and hydraulic components. Each 
component simulates a n  aspect of the precipitation-runoff process using a set of 
parameters which characterizes the component and  mathematical relations which 
describe the physical processes. The result of this modeling process is the computation 
of streamflow hydrographs at  locations of interest in the basin. 

The watershed of interest is divided into sub-basins, each of which is assumed to be 
uniform in  its runoff characteristics. The hydrologic and hydraulic components of a 
sub-basin are  its area, an infiltration factor, overland flow characteristics, 
characteristics of collector channels, and  main channel characteristics. These 
components plus rainfall da ta  and  flood routing information are  employed in the 
simulation of a flood hydrograph a t  the outlet of the sub-basin. Hydrographs can be 
routed along main channels, combined with other hydrographs, routed through 
reservoirs or diverted (partially or entirely). The runoff of a watershed is simulated 
by calculation of hydrographs for  sub-basins and the subsequent modifications t o  those 
hydrographs. Hydrographs can be generated a t  the watershed outfall and at  other 
locations of interest within the watershed. 

The HEC-1 program offers a variety of hydrologic and hydraulic analytical methods for  
hydrograph generation. This permits the user to tailor the program for use in a 
specific area (where one methodology may be preferred) or fo r  differing types of 
watersheds. The Kinematic Wave Routing Method, used in  Simulations No. I, No. 2 and 
No. 3 (previously described in Chapter III), fo r  hydrograph routing, is the recommended 
routing method for  modeling in urban watersheds. Little or no peak flow attenuation 
occurs with this type of routing. This is an  appropriate reflection of the fact  that 
travel times through urban areas are  generally rapid due  to the presence of paved 
streets and channels. For a detailed discussion of the model the reader is referred to 
the HEC- I Users Manual. 

3. Model Application 

As explained in Chapter 111, runoff generated from the drainage areas upstream of the 
freeway, under existing conditions, is greater than that  anticipated under fully 
developed conditions (i.e. with the MDP in  place). Using the larger peak runoff values 
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results in a more conservative design fo r  the freeway drainage system and was used as 
the basis for  design. 

Existing conditions were simulated using the HEC-I model to establish existing runoff 
patterns and peak flows a t  the freeway corridor. The results of these initial model 
runs were used a s  a baseline in subsequent runs fo r  evaluating the impact of the 
proposed freeway on storm runoff. In the second simulation the freeway was assumcd 
to be in place with two associated interceptor channels running east to west along the 
north right-of-way line. Each channel serves to intercept 100 percent of the off-site 
runoff f rom the 100-year storm. T h e  eastern channel (Channel ~~ . No. 2). .. - discharges into 
the Sossaman Channel a t  &proximaierGdwLy stationl930 + 50. The weiXeFnchanne7 .~ ~ 

,(Channel No. 1~)discharges  into the existifig ~. ~ .~~ ~ ~ concrete . ~. . ~~ lined ~ . .~ channel -~ at-.~Power Road. 
The  results of Simu1ati0~-No; 2 were examined to  determine the need for  dete<iionoii 
storage. Increased ponding elevations a t  existing structures, increased discharges into 
existing channels, or potential freeway flooding were the criteria used to evaluate the 
results of the second simulation. The need for  detention was established and the HEC- 
I program was subsequently used as a design tool to arrive a t  a f inal  off-site drainage 
system design. Detention storage could be provided within the right-of-way by a 
series of smaller ponds, outside the present right-of-way-with major facilities, or with 
a combination of both. Due to real estate costs in the  area, and the impact of 
constructing and maintaining large ponds, i t  was decided to attempt to confine 
detention storage to within t he  right-of-way; this was ultimately accomplished. A 
complete discussion of the design process can be found in  Chapter .. .~ .  V of this report. 

The basic model set-ups for  Simulations No. 1 and No. 2 are presented in the following 
paragraphs. Basin boundaries, sub-basin parameters, major channels, areas of flow 
division and key outfall points are  identified. The results of each simulation are 
tabulated in terms of peak flows or relevant ponding elevations a t  key points along the 
freeway corridor. A discussion of the HEC-I model as a design tool is reserved for  
Section V gnce  i t  was used to describe not only the hydrology but the hydraulic 
functioning of the off-site drainage system. 

a. Simulation No. 1 

The general watershed boundaries, major drainageways, and  land use characteristics of 
the watershed upstream of the Superstition Freeway (between Power Road and 
Ellsworth Road) are  described in  detail in Chapter 11. The sub-basin boundaries, basin 
parameters and a discussion of the modeling technique used a t  areas of flow diversions 
are presented below. 

The watershed and sub-basins used for  determining the existing hydrology are 
presented on Fig. 8. Sub-basin boundaries were determined from USGS topographic 
maps, aerial photographs, field investigations and survey data. 

The sub-basin parameters utilized in  HEC-I are  as follows: - Area 

- Curve Number (CN - related to land use) 

- Overland flow: - length - slope 
- roughness coefficient (N) 
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- Typical collector channel; - slope - length - cross-section - roughness factor (Manning's "n") - percent area of sub-basin drained 
by collector channel 

- Main channel - slope - length - cross-section - roughness factor 

The parameters for  each sub-basin of the existing-conditions watershed are presented 
in  Table 1. 

Within the boundaries of the study area, and  utilizing the sub-basins of Figure 8, three 
minor watersheds were identified, as defined by their discharge points from the 
freeway corridor. Watershed No. I discharges through the existing box culvert under 
Power Road into the existing concrete lined channel west of Power Road. The 72nd 
Street Channel, the Sossaman Road ChanneLan&th_c~~No_rth Right-of-way c h a n n e l  f low - 
through  this^-watershed. Hfatqrshed No. 2 discharges . into ' . ' the Sossaman Channel a t  
: apG6&&teSta t ion  930t50. The Hawes/Sossaman Channel and the East-West Channel 
(from Ellsworth Road) flow through this watershed. Watershed No. 3 lies immediately 
to the east of Watershed No. 1. Flows from this watershed are not intercepted by any 
east-west channels in the right-of-way but currently pass across the right-of-way from 
north to south as sheet flow. There are  no major drainageways flowing through this 
basin; however, overflows f rom both the  HawesjSossaman Channel and the Sossaman 
Road Channel enter this watershed and traverse the freeway corridor. The 
contributing sub-basins, flood routing and flow diversion occurring in each of these 
three minor watersheds is described below. A schematic depiction of the routing model 
is presented in Figure 9. 

Watershed No. 1 

The outfall fo r  Watershed No. 1 receives all of the runoff from Sub-Basins No. 33, 34, 
35 and 36. At low flows all the runoff from sub-basins 30 and 31 enter Watershed No. 
1. At high flows, runoff from these two sub-basins overtops the low flow channels 
and enters Watershed No. 3. Routing through the sub-basins of Watershed No. 1 
occurs in the following manner: 

A hydrograph is computed for  Sub-basin 30. This hydrograph is routed south through 
Sub-Basin 31 (R030) along Sossaman Road to Euclid Street. A hydrograph is computed 
for  Sub-Basin 31 and  combined (C031) with the routed hydrograph a t  this point. The 
Sossaman Road Channel (as described in  Chapter 11) makes a 90 degree turn to the 
west along E u _ & d m  The channel has a shallow (approximately 3 feet deep) and 
constricted cross-section a t  this point. Based on field investigations the maximum 
capacity of the channel was estimated to be 500 cfs. A flow diversion was introduced 
a t  this point (DIV31) such that a maximum of 500 cfs  flows west in the Sossaman Road 
Channel with excess flows proceeding south (through Watershed No. 3) along Sossaman 
Road. The hydrograph derived from DIV31 for  flow to the west is routed west and 
south (ROD31) through Sub-basin 33 along the Sossaman Road Channel. Although the 
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Sossaman Road Channel has a limited capacity as i t  flows west from Sossaman Road, 
the same channel has a greatly expanded cross-section-and capacity in the reach from 
Euclid Street to the freeway corridor. Runoff from Sub-Basin 33 is readily conveyed 
south in this channel and is combined (C033) with the routed runoff a t  the right-of- 
way. At this point the Sossaman Road Channel t u r n s 9 0  degrees to the west and is 
known as the North Right-of-way Channel. Flows are  routed along the North Right! 
of-Way Channel (R033) to the outlet of the next basin downstream. Between the 
Sossaman Road Channel and Power Road the south bank of the North Right-of-way 
Channel is one to three feet  higher than the north bank. For the purposes of the 
hydrologic routing i t  was assumed that the 100-yr., 24-hr. storm flows proceed west 
with no bank overtopping to the south. Bank overtopping to the north may occur; 
however, all flows ultimately return to the channel and pass through the box culvert 
under Power Road. Overtopping flows are  assumed to be shallow (1-2 ft.) No specific 
quantification of overtopping flows was attempted since the proposed channel is 
designed to carry the 100-yr., 24-hr. storm flows without bank overtopping. 

I 

A hydrograph is computed for Sub-basin-34 and  is routed (R034) through Sub-basin 35 
to the North Right-of-way Channel. Flows routed through Sub-Basin 35 travel 
primarily on local streets in  the upper part  of the sub-basin. Approximately half way 
through the sub-basin the routed tflows enter the 72nd Street Channel and are 
conveyed by this channel to the freeway corridor. A hydrograph for  Sub-Basin 35 is 
computed and  combined (C035A) with the flows routed from the north. A second 
combination is required (C03'5) to combine flows from the north with flows from the 
east. The resulting hydrograph is routed (R035) to the outlet of the next basin 
downstream. This outlet is the existing box culvert a t  Power Road. 

The hydrograph computed for  Sub-Basin 36 is combined (C036) with flows from the east 
a t  Power Road. The two-bay 10-fqot x 6 foot box culvert a t  Power Road introduces a 
constriction in  the North Right-of-way Channel. A preliminary analysis of this 
constriction was performed for  the Drainage Concept Report. The inlet and  outlet 
control nomographs of Hydraulic Engineering Circular No. 5 (HEC-5) were used to 
determine the required headwater depths for  the p e a u y r . a n d  100-yr. storm flows. 
Implicit in these nomographs is the conservative assumption of zero vglocity head (i.e. - still water) just upstream of the culvert entrance. A more detailed analysis is 
provided for  preliminary design. Flow through the Power Road box culvert was 
modeled with HEC-2 using multiple flow rates to determine the relationship of 
headwater elevation versus flow rate. The procedures used in the HEC-2 program 
employ a momentum analysis to determine water surface elevations at  culverts with 
piers. In this type of analysis, channel velocity is not assumed to be zero at  the 
upstream face of the culvert. The output from the HEC-2 multiple run was used to 
establish a discharge versus storage volume table fo r  the HEC-I routing through the 
box culvert. The output obtained from the HEC-I runs indicate that  the.50-yr. and 
100-yr. water surface elevations, just upstream of the box culvert, are close to the top 
of bank elevations but do  not overtop the north bank. This result d i f fers  from the 
concept report analysis. Using the HEC-5 nomographs, overtopping elevations were 
obtained a t  the upstream end of the box culvert. Since the north bank of the existing 
channel is higher than the area just north of the right-of-way overtopping flows were 
assumed to flow north and overtop Power Road a t  the sag vertical curve north of the 
box culvert. As a result of the more sophisticated analysis used for  preliminary design 
i t  was determined that, for  the proposed design, peak flows must be conveyed through 
the existing Power Road box culvert without bank overtopping. 
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The RWCD is considered to be the outfall for  Watershed No. 1. Before reaching the 
RWCD, flows routed from Power Road pass through a basin which lies outside the 
boundaries described in this report. This external basin, is described in the previously 
referenced dra f t  M D P a n d  , ~ ~~- is shown as an  existing basin on Figure 9 (26C). Flows 
f rqm this basin are  ,~o_mbined with those .~ routed - along t h e  N o r t h  Right-of-way ~ ~~ Channel ~~ 

'(C037) resulting in a f inal  hydrograph for  flows entering the RWCD Flooaway at  the 
freeway corridor. The peak flows obtained from this modeling effor t  were used as a 
guideline in  evaluating the effects of freeway drainage improvements on flood flows. 

The outfall for  Watershed No. 2 receives runoff from Sub-Basins 10 through 21, and 
from the area east of Ellsworth Road (Sub-Basin 224 of the MDF): The East-West 
Channbl, the Hawes Channel, and  the S o s g a n  Channel ,are t h e  main channe ls l fkw@g .~ ~ ~ 

through .this watershed, . A t  low flows there is no channel overtopping. At high flows 
I (i.e. 50-yr - 24-hr and 100-yr - 24-hr peak flows) all three channels experience 

overtopping. Overtopping flows from the Hawes Channel remain within the waters?ed. 
Overtopping flows f rom the East-West Channel flow southwesterly away from the 
watershed. Overtopping flows from the Sossaman Channel enter Watershed No. 3 and 
cross the freeway corridor between the Sossaman Channel and Sossaman Road._-.Routing -- -. .= 

th.!ough the sub-basins of .Walershed N o , ~ i n c l @ e s d i v e r s i o n  . ~ ~~~ . tables to account ~ ..~ ~~ for ~ . .~ 

these flow sp l i t sa t  high flows. 
~ .~ ~ ~ ..... ~-,. .... ~. 

. . 

A hydrograph is determined for  Sub-Basin 10 and is routed (ROIO) in  a well-defined 
channel through Sub-Basin 16 to Broadway and 91st Street (approximately 950 ft. west 
of Ellsworth Road). A hydrograph is computed for  Sub-Basin 11 and routed along 
erosion channels ( R o l l )  through Sub-Basin 16 to the same location. The hydrograph 
for  Sub-basin 1 6  is computed and combined (C016) a t  Broadway and  91st Street with 
the routed hydrographs from Sub-basins 11 and  10. At this point the flows enter the 
newly reconstructed Broadway Channel which runs east-west to Hawes Road. A 
diversion table (DIV 1 6 1 i s  introduced a t  this point to account for limited channel 
capacity a t  high flows. The overtopping flows are  routed (ROD16) southwest to the 
intersection of the Hawes Channel and  Southern Avenue. Flows in the Broadway 
Channel are  routed (R016) to the box culvert a t  Glenmar Street. 

-- A hydrograph is computed for  Sub-Basin - 12 and is routed (P012). along local erosion 
channels, through Sub-Basin 15 to the box culvert a t  Glenmar Street and the Broadway 
Channel. The  hydrograph for  Sub-Basin 15 is caldulated and is combined (C015) with 
the previously routed flows from the east and the north. Another diversion table 
(DIV15) is introduced to simulate the roadway and  culvert overtopping a t  Glenmar 
Street a t  high flows. Flows overtopping Broadway are routed (ROD15) southwest to 
the intersection of the Hawes Channel and Southern Avenue. Flows remaining in the 
Broadway Channel are routed (R015) to the intersection of Hawes Road and Broadway. 

A hydrograph is calculated for  Sub-Basin 13 and  is routed (R013) through Sub-Basin 14, 
via erosion channels and  overland flow, to the intersection of Hawes Road and 
Broadway. The  hydrograph for  Sub-Basin 14 is calculated and combined (C014) with 
the hydrographs routed from the east and north. 

At this point the Broadway channel makes a 90 degree turn to the south, crosses under 
Broadway and  is known as the Hawes Channel. Flows overtopping the culvert at  

Page 24 



I 

Broadway turn south and re-enter the Hawes Channel. The combined flows at  this 
point are  routed south (R014) to the intersection of the Hawes Channel and Southern 
Avenue. The hydrograph for  Sub-Basin 17 is computed and  combined (C017), a t  the 
intersection of Southern Avenue and the Hawes Channel, with the hydrographs routed 
from the two diversions along Broadway and the hydrograph routed south along the 
Hawes Channel. 

The Hawes Channel crosses under Southern Avenue in  a two bay 8 f t  x 4 f t  concrete 
box culvert and  continues south towards the freeway corridor. The upstream end of a 
lined channel heading west along the north side of Southern Avenue is adjacent to the 
upstream edge of the box culvert. The channel and culvert inverts are  approximately 

-. the same, therefore runoff from the north is split a t  this point even a t  low flows. A 
diversion (DIVI7) was introduced a t  this point to simulate flow splitting a t  low and 
high flows. Flows continuing south are routed (ROD17) in the lined Hawes Channel to 
the freeway corridor. Flows heading west are  routed (R017) via the Southern Avenue 

I Channel to a 90 degree turn and a box culvert under Southern Avenue where they 
enter the upper end of the Sossaman Channel. 

A hydrograph is computed for  Sub-Basin 20 and  combined (C020) a t  the box culvert 
with the flows routed from the east. The culvert under Southern Avenue presents a 
constriction a t  high flows. In addition, the Sossaman Channel, to the south of 
Southern Avenue, has limited capacity. A flow division (DIV2O) is introduced a t  this 
point to simulate channel overtopping a t  high flows. Overtopping flows are routed 
(ROD20). by the local streets, through Sub-Basin 32 (Watershed No. 3) to the freeway 
corridor. Flows remaining in the Sossaman Channel are  routed (R020) south to the 
freeway corridor. 

The contribution of flows from the east side of Ellsworth Road to the East-West 
Channel is represented in  Figure 9 by the MDP Hydrograph 224. The reader is 
referred to the MDP for  the derivation of this hydrograph. The three 81-inch 
concrete pipes under Ellsworth Road convey stormwater to the East-West Channel, on 
the west side of Ellsworth Road, a t  low flows. At high flows the channel banks are 
overtopped on the east and west side, of Ellsworth Road. Two diversions (DIV224 and 
DIV225) are  introduced to simulate these conditions. Flows heading south from these 
diversions leave the freeway and  are  of no further interest in this simulation. Flows 
remaining in the East-West Channel are  routed (R0224) west to a point approximately 
3200 f t  west of Ellsworth Road. A hydrograph is computed for  Sub-Basin 18 and 
combined (C018) with the channel flows in the East-West Channel. Routing proceeds 
along the Channel (R018) to the Hawes Road right-of-way. A hydrograph for  Sub- 
Basin 19 is computed and  combined (C019A) with the flows routed from the east. This 
hydrograph is then combined (C019) with the hydrograph previously routed along the 
Hawes Channel from the box culvert under Southern Avenue. At this point the 
capacity of the East-West Channel is exceeded under high flow conditions. A diversion 
(DIV19) is used here to simulate channel overtopping a t  high flows. Overtopping flows 
leave the freeway and  have no fur ther  significance for  this simulation. Flows 
remaining in  the channel are routed (R019) west to the Sossaman Channel. A 
hydrograph for  Sub-Basin 21 is computed and combined (C021A) with the flows in  the 
East-West Channel. This composite hydrograph is then combined with the previously 
routed hydrograph from the north to produce a hydrograph of all flows in  the 
Sossaman Channel a t  the south right-of-way line of the freeway. 
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Under low flow conditions the outfall for  Watershed No. 3 receives runoff from Sub- 
Basin 32 only. Under varying conditions of higher flows, overtopping flows from 
Watershed Nos. I and  2 enter Watershed No. 3 and  cross the freeway corridor. Runoff 
from Sub-Basin 32 occurs a t  the freeway right-of-way as overland flow. There are no 
channels crossing or paralleling the right-of-way in  this area. Runoff crosses the 
freeway corridor as sheet flow. 

A hydrograph is computed for  Sub-Basin 32 and is combined (C032A) with the 
previously routed flows (ROD2O) from overtopping of the Sossaman Channel a t  Southern 
Avenue. This hydrograph is combined (C032) with previously routed flows (R031) from 
the diversion a t  Sossaman Road and Euclid Street. This hydrograph crosses the 
freeway corridor and  is of no further significance in  Simulation No. I .  

I The flow diversion calculations and storage-routing curves used in Simulation No. 1 are 
presented in detail in Appendix C. Results of the existing conditions simulation are 
tabulated in Table 2. A discussion of the results follows the description of Simulation 
No. 2 a t  the end of this chapter. 

b. Simulation No. 2 

Construction of the freeway will alter the runoff patterns within the freeway corridor. 
The . -- only major channel crossing the corridor is the S ~ s ~ m a n  Channel. The freeway _.~_-I---- 
profile is below existing grade between Power Road and ~ l l s & r t h  Road except where it 
crosses over the Sossaman Channel. This configuration necessitates the construction of 
channels along the north side of the roadway to  intercept off-site runoff and convey i t  
to established outfall drainageways. The two established_.~utfall drainageways in the a vicinity .of the project a r e  the SOS&G-a.an.nel--and t h e  RWCD ~ l b o d w a y .  The ?...~ ~~ &.:-:-:- -~ ~ ~ 

existing ihanncls running east-west wlfhln t l i~rright-of;way convey low flows to the 
outfalls but experience overtopping a t  high flows. There is one segment of the 
freeway (between the Sossaman Channel and the Sossaman Road Channel) corridor that 
has no current east-west conveyance. All flows up  to the 100 yr. peak flows 'must be 
conveyed by the north Right-of-way Channels without overtopping onto the freeway 
and without exceeding flood elevations under existing conditions. Flows that, under 
existing conditions, cross the corridor must be conveyed to new outfalls. 

Simulation No. 2 was run to determine the peak flows in  these channels, assuming 100 
percent interception of off-site runoff, and to determine the effect  of 100 percent 
interception on the peak flows a t  the design points and outfalls identified in  Simulation 
No. 1. 

The routing model of Simulation No. 1 was used as the basis for  the model for 
Simulation No. 2. This was altered in the vicinity of the freeway to eliminate 
diversions along the freeway corridor and to eliminate the flow through the corridor 
between the Sossaman Road Channel and  Sossaman Channel. The reader is referred to 
Figures 9 and 10 as a n  aid in  the following discussion. 

.- 
Figure 10 corresponds to that portion of Figure 9 which depicts the freeway corridor. 
Since the hydrograph routing upstream of the freeway remains the same for  all 
simulations,,only that  portion w h i c h i s  changed is s h o w n f o r  ~ ~.. - Simulations No. 2 and 3. 
The revised routing scheme is best described starting a t  the east end of the project. 
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TABLE 2. SIMULATIONS NO. 1 AND NO. 2: PEAR FLOWS AT CRITICAL AREAS ALONG THE SUPERSTITION 
FREEWAY 

.- 
Location 

Peak Flows (cfs) 
50-yrI 2 4 4 1  storm 100-YrI 24-Hour Storm 

Simulation Simulation Simulation Simulation 
NO. 1 NO. 2 NO. 1 NO. 2 

1. RWCD Floodway at the Superstiton 1459 2123 1681 2734 
Freeway (C037) 

2. Power Road Box Culvert (ROPOW) 1455 2192 1663 2812 
* 

3. 72nd Street Box Culvert (proposed) 1284 1841 1415 2456 
(C035) 

4. Sossaman Road (West Side) (C032) 831 

5. Sossaman Road (Box Culvert) (proposed) 570 
(C032A) 

6. Sossaman Channel at the South Right- 2982 
of-Way Line (C021) 

7. Overtopping in the East-West Channel 2037 
East of Ellsworth Road (D 224) 

8. Overtopping Along the East-West 
Channel on the West Side of 558 
Ellsworth Road. (Flows head south) 3 17 
(DIV 19) (DIV 225) 

9. Flows in the Existing East-West Channel 1472 
West of Ellsworth Road 1155 
(DIV 224) (DIV 225) 

(Stored in 
Detention 
Pond - No 
Overtopping 

Eliminated 
Eliminated 

(R0224) 54 
Eliminated 

(Stored in 
Detention 

Pond) 

Eliminated 
Eliminated 

(R0224) 62 
Eliminated 
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I. . 

The channel parameters assumed in this simulation are  bqsed on flow approximat;ons 
'..- for  the north Right-of-way Channels which were obtained a t  the concept level study. 

These parameters evolved through the final  design process to those used in Simulation 
No. 3. 

The routing used in  Simulation No. 2 is described for distinct reaches along the 
freeway (by freeway stationing). For each reach, the Simulation No. 1 routing is 
described with a n  explanation of how it  was altered for  Simulation No. 2 

Reach 1: Station 1024+00 to Station 992+00 I 

Flows arriving a t  Ellsworth Road are divided in Simulatioli No. I a t  the east and west 
sides of Ellsworth Road (DIV224 and DIV225). The flow division occurring on the east 
side is modified in Simulation No. 2 to include_a_-detcdtion p o n d  in the northeast 
quadrant of the Ellsworth Road/Superstition Freeway Interbhange. T h i s  detention pond 

' .  I (designed ,~ by ~~~ Coe ~~ and Va_~_Lo_o) will detain ail the flows arr iving a t  the east side of 
Ellsworth. These flows will be metered out of the pond under Ellsworth to the 
channel along the right-of-way line. r______,. The outflow hydrograph - ~. _ , . -  (from . Coe . and Van Loo) 
used ~ . to model the outflow from the pond.ia.S!mulat&n No. 2 replaces the flow 
division -~.. (Divy224) of Simulation No. 1. The flow division occurxng on th-e~Ge-st s i d l  
(DIV225) reflects a IiXiiiifCZr-existing -channel capacity fo r  the 100-year peak flows. 
Since the new channel will convey 100 percent of the 100-year flows this division does 
not appear in Simulation No. 2. Flows are then routed (R0224) in  both simulations to 
Station 992+00. 

The routing length remains the same for  the t w o .  si jnu~ations but the channel 
parameters.(slope, s h a p e , n ) c h a n g e .  The existing unlined channel, with a varying 

-. slope and cross-section (Simulation No. I), i s  replaced w i t h  a lined channel .of~con.stant 
slope and cross-section (Simulation No. 2 ) .  At Station 9b2+00 the routed flows are .. ~~~ 

combined with off-site flows from Sub-Basin 18,(C018) in b4th simulations. 

Reach 2: Station 992+00 to Station 970+00 

The combined flows are  then routed (R018) west to Hawes Road a t  Station 970+00. 
The routing length fo r  ROl8  remains the same in the two simulations but the channel 
parameters change as described above. At Hawes Road the hydrograph for  Sub-Basin 
19 is added to the routed flows (C019A) and that  combined hydrograph is added (C019) 
to the hydrograph routed from the north along the Hawes Channel. Existing channel 
capacity a t  Station 970+00 is restricted, as reflected by t h t  flow diversion (DIV19) in 
Simulation No. 1. Since all 100-year flows are assumed to remain in the channel in 
Simulation No. 2, DIV19 is not included in this simulation. 

Flows in  the channel are  routed to the Sossaman ~ h a n n e ~ l  a t  Station 930+50 (R019). 
As with the previous routings, the channel parameters change between the two 
simulations, but the lengths are  the same. In Simulation #o. 1 the routed hydrograph 
is f irst  combined with the hydrograph from Sub-Basin 41 (C021A). The resulting 
hydrograph is then combined (C021) with the hydrograph routed from the north along 
the Sossaman Channel. In Simulafion N o , 2 ~ ~ t h e ~ r o u t e , d  hydrograph is comb in~d  
(COFY2) with runoff from the roadway storm sewer sysfem outfall a t  the Sossaman 
Channel and  with runoff from Sub-Basin 21. Flows from the east are then routed ,.. 
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(C021) with those f rom the north a t  Sossaman Channel. 

Sossaman Channel is the outfall for  all on-site and off-site flows between Sossaman 
Channel and  Ellsworth Road in Simulation No. 2 .  .-A discussion of the r e su l t s~o f  
Simulation Nos. 1 and 2 a t  CO2l  ~,~ is presSenItd.at+he -- end of this  section.^, 

~ ~ - -  . - .~ - 

-. Peach  4 - Station 930+50 to the RWCD Floodway 

In Simulation No. 1, some of the flows arriving a t  the freeway right-of-way within this 
reach are  conveyed as sheet flow across the corridor. These include overtopping flows 
from the Sossaman Channel (ROD20). runoff from Sub-Basin 32 and flows from 
Sossaman Road (R031). In Simulation No. 2, these combined flows (C032) are  routed 
(R032) west along the channel to the Sossaman Road Channel. From the Sossaman 
Road Channel west to Power Road, routing for  the two simulations di f fers  only in that 
Simulation No. 1 models the existing unlined channel and  Simulation No. 2 models a 

I lined channel of differing cross-section and slope. 

Roadway runoff fo r  the below-grade roadway section between Power Road and the 
Sossaman Channel is collected in  a storm sewer and discharged into the existing lined 
channel west of Power Road. This hydrograph is combined (COFY 1) with that  in the 
lined channel in Simulation No. 2. Other than this addition, routings through the box 
culvert a t  Power Road and along the existing lined channel west of Power Road to the 
RWCD Floodway are  identical in Simulations No. 1 and  No. 2. 

4. Discussion 

Simulation No. 1 was run to establish the baseline flooding conditions along the 
freeway. Simulation No. 2 was run to determine the effect  of the freeway on these 
flooding conditions. A discussion of the results of both simulations is presented below. 

- 
Three major design points were identified i n S i _ m u l a t i o ~ N o .  1. These are the RWCD 
Floodway, the box culvert a t  Power Road, and  the Sossaman Channel. The RWCD 
Floodway is the outfall for  Channel No. 1 which runs between Power Road a n d  the 
Sossaman Channel. Channel No. 1 discharges flows through the box culvert a t  Power 
Road into a n  existing lined channel west of Power Road which in turn discharges into 
the RWCD Floodway. Peak discharges into the RWCD Floodway and ponding at  Power 
Road must be within the limits observed fo r  peak flows under existing conditions 
(Simulation No. I). The Sossaman Channel flows north to south through the freeway 
corridor and  provides an outfall for  the existing channel between Sossaman Chaqnel 
and Ellsworth Road and for the proposed channel (Channel No. 2). Peak discharges in 
the Sossaman Channel a t  the south right-of-way line must not exceed the maximum 
peak discharges observed under existing conditions. 

In addition to  identifying the major design points and the limiting criteria associated 
with these points, the results of Simulation No. 1 were used to identify existing areas 
of channel overtopping and flooding. Any overtopping flows heading south across the 
freeway corridor must be eliminated in  the final  design since the proposed channels 
will be on the north side of the freeway. 

Copies of the HEC-I printout for  Simulation No. 1 (SO-yr. and 100-yr, storm flows) are 
attached in  Appendix C. The results of this simulation at  the key areas identified 
above are  presented in Table 2. 
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' .. .. From a n  analysis using HEC-2 the  capacity ' of the Sossaman Channel, through the 
right-of-way, is estimated toi.be 1000 cfs-before the east bank is overtopped and 1900 
c f s  before the west bank is~over topped.  T h e  peak '100-year flow (2998 cfs) in the 
Sossaman Channel exceeds the  channel capacity' (both banks), a t  the point of discharge 
fo r  the existing East-West Channel. Overtopping occurs a t  the south right-of-way line 
with the overtopping flows proceeding southwest as sheet flow through the adjoining 

! 

residential .area. .,. . 

In the model used fo r  Simulation No. 2 the channels are  located along the north right- 
of-way line and  sufficient  channel capacity is assumed to preclude overtopping to the 
south. The  results of Simulation No. 2 a t  the key areas identified above are  presented 
in Table 2. 

The  overtopping flows between the Sossaman Channel 'and Ellsworth Road have been 
I eliminated. These flows are  redirected west to the Sossaman Channel on the north 

side of the freeway. The  capacity of the Sossaman Channel is exceeded as in 
Simulation No. 1. However overtopping occurs ~ ~. - ~ ..- on the . .~ north ~ side of the Jreeway, 

-~ -~ 
,, therefore t h ~ f l o w s  a re  intercepte$_~by~Ch~n_n~l1&1-@stead o f  sheeting - through t& 

adjoining C.h-an r e s i d e n t i a l a r e a .  - - The  flows currently crossing the freeway between Sossaman 
nel and ' ~ o z m a n  Channel are  intercepted by Channel No. 1-and added to 

the overtopping flows f rom the Sossaman Channel. , A t  Power Road the additional flows 
from the  east result  in  overtopping elevations exceeding those fo r  existing' conditions. 
The  peak discharges a t  the RWCD in  Simulation No. 2 exceed those of Simulation No. 1 
due to the increased flows from the east. 

Based on the results of Simulation Nos. 1 and 2 i t  was concluded that *detention is 
required to maintaip peak flows and flood elevations a t  or below those observed under 

L- - 
existing conditions. Overtopping of the Sossaman Channel just upstream of the 
freeway (ie. - within the right-of-way limits) is extremely undesirable in light of the 
impact on Channel No. 1. Flooding elevations a t  Power Road and peak discharges into 
the RWCD Floodway must be maintained a t  existing levels. 

Having determined this need fo r  detention along Channel No. 1 and Channel No. 2, the 
HEC-2 and HEC-I models were used to finalize a design f o r  the off-site drainage 
system. The  results of Simulation No. 1 a t  the key areas were used as the driving 
forces in  the design process. A discussion of Simulation No. 3 is presented in --- - - 
Chapter V. 
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1. Introduction 

The on-site drainage includes all runoff from cross-roads, ramps and  the freeway. 
Runoff flows are  removed from the roadways and conveyed to suitable discharge points 
by the on-site drainage system. This system has the following components: 

a. Inlets - Intercept runoff on the streets 
b. Lateral Pipes - Convey intercepted runoff to the trunklines 
c. Trunklines - Convey collected lateral flows to the outfalls 
d. Manholes - Provide access to the trunklines and laterals and  provide turning 

points for  the trunklines 
e. Outfalls - Provide discharge points for  collected roadway runoff into off-site 

channels 

Runoff flow calculations and inlet spacing calculations are  presented in  this chapter. 
Pipe and outfall design are presented in Chapter V. 

The  four  cross-roads contributing runoff to the on-site drainage system are  Power 
Road, Sossaman Road, 72nd Street and Ellsworth Road. All four  streets cross over the 
freeway and are  a t  or above grade in the vicinity of the freeway right-of-way. There 

. .  is no overland flow (unpaved) component to the runoff in these areas. There are 
interchanges a t  Power Road, Sossaman Road and Ellsworth Road. The ramps from 
these interchanges are  partially in  cut and partially in fill. Where they are in cut the 
on-site runoff is comprised of a paved component and an  unpaved (top of cut 
to pavement) component. In all areas of roadway cut, a berm is provided, on the 
north side of the roadway, a t  the top of the cut to prevent off-site flows from 
entering the roadway. The  freeway is in cut for  the entire length of the Power Road 
to Ellsworth Road segment except where i t  crosses over the Sossaman Channel. In fi l l  
areas there is one component to the runoff (paved). 

Inlets were provided on the cross-roads within the freeway right-of-way. 1nleG placed 
a t  low points along the north right-of-way line a t  Ellsworth Road have outfalls into 
the off-site drainage system. Determination of specific runoff contributions to these 
inlets from the north (i.e. outside the right-of-way) is not within the scope of this 
project. However, all runoff from the north side of the freeway is encompassed in the 
off-site hydrology analysis, therefore the off-site system design does include 
contributions from these inlets. Similarly, any storm sewers installed north of the 
freeway have or  will have the off-site system as their outfall. Runoff contributions 
from these storm sewers have been included in  the off-site system. 

Specific explanations fo r  the inlet design a t  these locations are  provided below: 

Ellsworth Road - The inlets a t  ' the  north right-of-way are  located a t  the low 
point of the sag vertical curve of the roadway profile. The 
existing roadway section north of the right-of-way has no curb 
and gutter, so no concentrated flows will enter the inlets from 
the north. If the roadway is improved, with the addition of 
curb and gutter, i t  will be the responsibility of the agency 
initiating the improvements to provide a separate storm sewer 
fo r  conveyance of flows in Ellsworth Road. It is currently 
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, , ' ,  

anticipated t h a t  ' t h e  future  storm sewer will have an  outlet in 
the proposed detention 'pond (by Coe and  Van Loo) in the 
northeast quadrant of the Superstition Freeway/Ellsworth Road 
interchange. I t  will b e ' t he  responsibility of the designer of the 
future  storm sewer to design the inlets along Ellsworth Road 
such that  the flows received from the north, by the sump inlets 
a t  the north right-of-way line, do  not exceed the permissable 
width '  of spread a t  the sump inlets nor the capacity of the 
storm sewer installed in this project. 

Sossaman - The inlet installed a t  the north right-of-way line will intercept 
flows from the south as well as from the north. This inlet ties 
into the 48-inch storm sewer in  Sossaman Road (constructed by 
the Maricopa County Highway Department). It is the 
responsibility of the 'designer fo r  this storm sewer to ensure 
that  the gutter flows north of the right-of-way line do  not 
exceed design criteria. The reader is referred to the Maricopa 
County Highway Department for  details of the design of the 48- 
inch storm sewer in Sossaman Road. 

72nd Street  - The inlets provided a t  the north side of the 72nd Street bridge 
are  designed to intercept only the runoff generated within the 
freeway right-,of-way limits. Since i t  is standard practice to 
provide 100-percent interception of runoff (for the design storm) 
a t  the project limits i t  is assumed that  the storm sewer system 
in  the future  72nd Street roadway will be so designed and that 
there will be no bypass flows from inlets north of the right-of- 
way. 

2. Procedures 

a. General Discussion 

A comprehensive procedure fo r  designing a storm sewer system is available in  the 
"HydroJogic and Hydraulic Training Session" (H & HTS) from A D S  Sample calculation 
t a b s s  follow the t e x t  o f  t r e - ~ z ~ ~ ~ ~ i i i d ~  are  orfered as a n  aid to design. The 
procedures and  the calculation tables in  the H&HTS are based on the use of standard 
ADOT curb and gutter sections and standard catch basins. Due to the use of the 
special curb and  gutter and  the special catch basin on the ramps and freeway of this 
project i t  was necessary to make selective use of the procedure and tables. Since the 
grate for  the special inlet is available in one size only, slotted drains were employed 
to increase the interception capability of an  inlet (thereby increasing spacing between 
inlets). The procedures and calculation tables in the H & HTS do  not include slotted 
drain design. Those were modified accordingly to include the design for slotted drains 
as presented in  "Drainage of Highway Pavements" (HEC-12). The reader is referred to 
H & HTS, Section F, and  HEC-12, Section 7.3, for  a detailed discussion of the 
procedures outlined below. 

b. Freeway and Ramps 

The general procedure used for  determining inlet locations along the ramps and the 
freeway was as follows: 

Page 31 



The first  inlet location was determjned by locating the point a t  which gutter flow 
capacity for  the 50 yr.-1 hr. storm is reached. The inlet interception capacity was 
then determined. If the amount of bypass flow (i.e. gutter flow minus intercepted 
flow) was high in  proportion to the total gutter flow, a slotted drain was placed 
upstream of the inlet. The reduced flow (Qrsd) arriving aT?he grated inlet is the 
gutter flow minus flow intercepted by the slotted drain. The flows intercepted by the 
grated inlet and bypassing (Q,) the inlet were recalculated. This procedure was 
repeated d o w n ~ t r t t ~ m ,  with the addition of fhe  by-pass flow to the local runoff at  the 
next inlet. This lengthy procedure was shortened in  the following manner. It was 
observed that  a t  the maximum permissable width of spread the ratio of Q, to the total 
flow at  the inlet (Q,,,) for  an  inlet without a slotted drain was in  the range of 0.40 
to 0.60. High carryover flows resulted in  a close spacing of inlets. T o  reduce the 
number of catch basins, a slotted drain was automatically added to each inlet. The 
length of the slotted drain  was then adjusted so that  little or no flow bypassed the 

I grated inlet. 

The required length of slotted drain was computed (using the appropriate clogging 
factor) based on the total Q. For the case in  which the required length exceeded the 
design length the slotted drain  efficiency (E) was calculated as described in  HEC-12, 
Section 7.3. Qi and  Qred were then determined. A cross-sectional area corresponding 
to Qred was calculated and flows intercepted by the grated inlet (i.e., all those flows 
directly above the grade) were determined. Flows bypassing the grated inlet (Q,) were 
added to locally generated runoff (Q) a t  the next slotted drain downstream resulting in 
the total Q (Q,) a t  that  slotted drain. 

c. Cross-Roads 

The general procedure for  determining inlet locations on the cross-roads is the same as 
that  used fo r  the ramp and freeway inlets. Inlets were also placed a t  the upstream 
points of curb return (PCR's) on the ramps to prevent runoff from crossing over the 
ramps. The design storm for  these cross-road inlets was the 10-yr., 1-hr. storm, as 
previously discussed in Chapter 111. 

d. Design Procedure 

The ADOT Catch Basin Type 1 (C-15.10) with a Type 1 grate (curb and  grate opening) 
is used on the cross-roads in  conjunction with the Type A curb and gutter. ADOT 

-. 
Catch Basin Type 4 (C-15.30) is used in  conjunction with barriers a t  PCRs on 
approaches to Sossaman and Ellsworth Road bridges. The Special curb and gutter 
section and the Special Catch Basin are  used on the freeway mainline and ramps. The 
Type A curb and gutter has a conventional vertical curb a t  the flowline of the gutter 
whereas the Special curb and gutter has a 3 (vertical) : 1 (horizontal) curb a t  the 
gutter flow line. The curb types and catch basin types a rc  illustrated in Appendix B. 
Slotted drains were employed a t  all inlets to maximize the interception rates at  each 
inlet, thereby permitting maximum spacing of inlets. 

i 
Two "LOTUS" spreadsheets, the Slotted Drain Interception Sheet and the Grate 
~nderception Sheet, were utilized to calculate the runoff interception rates a t  the 
slotted drains and a t  the grated inlets. Interception a t  the slotted drains is first 
calculated in  the Slotted Drain Interception Sheet, assuming no carryover (Q,) from the 
upstream inlets. The reduced flow (Qrsd), which bypasses the slotted drain and goes 
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to the grated inlet, is an  input value to the Grate Interception Sheet. The flow 
interception a t  the grate is calculated based on Qrad Any carryover flow from the 
grate (Q,), is then re-entered into the Slotted Drain Interception Sheet and added to 
the initial Q a t  the downstream slotted drain. This iterative procedure between the 
Slotted Drain Interception Sheet and the Grate Interception Sheet is continued until 
there is agreement between the calculated values of one sheet and the corresponding 
input values of the other sheet. In the process of the iterations the depth of flow at  
the curb (dl) and the width of spread (T) a t  the slotted drain  were checked for 
conformance with limiting criteria. Slotted drain  lengths were adjusted (by 10-foot 
increments) to achieve maximum efficiency of design. 

The design data  and interception rates a t  the slotted drains and grate inlets are 
combined in the Inlet Summary Sheet. 

The steps of the design procedure are explained below: 
I 

-. 
- Determine the PCR station (cross-roads only), sag vertical curve location, 

or choose a trial location for  the inlet (based on the maximum allowable width of 
spread or d l  in the gutter) and calculate the peak flow (Q) for  that point: 

Q - CiA 

Freeway kmL?s Cross-Road$ 

C(unpaved) 0.60 0.60 NA 

Precipitation depth (in) 

I-hr., 50-yr. storm 2.15 2.15 NA 
I-hr., 10-yr. storm NA NA 1.58 

t, (min.) (See Appendix A) 10 10 10 

i (in./hr.) 5.8 5.8 4.3 

A - area contributing runoff to inlet (Ac) : Drainage areas on the cross-roads are 
irregular. These were determined by planimetering. Paved drainage areas for  the 
ramps and  freeway were computed by multiplying the width of the roadway times the 
distance between the upstream inlet and the trial location. Unpaved drainage areas 
were computed by multiplying the width between the top of the berm (at the top of 
cut) and the edge of pavement by the distance between the upstream inlet and the 
trial location. Irregular areas on the freeway were determined by scaling distances and 
widths on the plans. 

Q = Peak run-off (cfs) 
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Steo 2: - Add the bypass flow from the previous inlet (Qc) to the runoff at  the 
current inlet (Q) to obtain the total runoff (Q,) at  the current inlet. 

Stev 3; - Calculate the depth of flow in  the gutter using the cross-slopes of the 
: roadway, curb (special curb and gutter section only), gutter and the longitudinal 

roadway slope. The basic equation for  determining flow in  the gutter is the modified 
Manning's equatign (H&HTS): 

continuous  grad^ 

The above formula was expanded to include the gutter and curb cross-slopes (see 
derivation in  Appendix B): $ 

where: So = Longitudinal roadway slope 
d l  = Depth of flow a t  the curb 
d, = Depth of flow a t  the edge of the gutter - d l  - 0.14 (Freeway and Ramps) 

= d l  - 0.10 (Cross-Roads) 
S = Gutter cross-slope 
sxg = Pavement cross-slope 
sxP = Curb cross-slope (special curb and gutter section only 

XC 
term goes to zero for  the Type A curb and gutter section). 

this 

In the "LOTUS" spreadsheets, d l  is iterated until the flow calculated from the above 
formula is equal to Q,. 

The value of d l  for  inlets located a t  sag vertical curves is calculated by a different 
method. The formula presented above is valid for  flows in gutters having a continuous 
grade and does not apply to sag locations. The depth a t  the curb in a sump is 
dependent upon the head required, over the drain or inlet opening, to discharge Qt or 
Qred into the receiving structure. At depths less than approximately 0.40 foot these 
structures operate under weir control. The appropriate formulas are: 

Slotted Drains: (HEC- 12) 

Q = C, u1 $12  

C! 
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i where: C, 5 1.25 
Cf = Clogging factor = 2 
L = Actual length of slotted dra in  ( f t )  . , 
d l  = Depth of f?ow a t  curb (ft)  
Q = Flow a t  the slotted dra in  - Q, (cfs) 

or; 

Grate Inlets (H&HTS) 

where: P = 
= 
- - 

Cf - - 

or; 

Perimeter of grate (not including the side against the curb) ( f t )  
8.354 (Special) 
6.062 (Type I and Type 4) 
Clogging factor 
2 (Special & Type 4) 
1 (Type 1) 
Flow in the gutter (Q,) (cfs) 
Depth of flow a t  the curb ( f t )  

Stev 4: - The  width of spread (T) is checked a t  the inlet location using Q, or Qred 

and dl: 

T = p l  + d l  = (glLtter width) (S,,); 
x sxp SXP 

gutter width (Type A) = 2.0 ft. 
(Special) = 2.5 ft.  

NOTE: When 9, => gutter width; dl = gutter width 

sx, sx, 
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- The calculated width of spread is compared to the allowable width of spread 
a t  the inlet location. If the allowable width is exceeded, the inlet location is moved 
upstream or the upstream inlet/slotted drain is adjusted to reduce Q, to the current 
inlet. 

s t e ~  6 - For slotted drains or inlets located on a continuous grade, the length of 
drain or grate required to intercept 100 percent of Q, or Qred is computed (including 
the appropriate clogging factor) based on the following formulas: 

Slotted Drain: (HEC-12) 

K Qt 0.42 S, 0.3~ ) x (c3 
Lrcq'd =( 

(n s,,)'.' 

where: 

Lreq'd = Required length ( f t )  
K = 0.6 
n = .016 
Cf = 1.25 

Grate  Inlets: 

where: 
db  = Depth of bar in the grate (ft)  

= 0.29 (All types) 
V = Velocity of flow in the gutter (fps) 
Lb = Required length of opening before the first  cross-bar 
Cf (C-15.30) = 2.00 
Cf (Special) = 2.00 
Cf(C-15.10) = 1.00 

Step 7: - The efficiency or interception capacity of the slotted drain or inlet is 
computed in the following manner: 

Slotted Drain - efficiency (HEC-12) 

E = I-(]- L 
L req'd 

Grate  Inlet - interception capacity (H&HTS) 

Grate inlets are  assumed to intercept that  flow which is situated directly above the 
grate. The intercepted flow (Qi) is directly proportional to the ratio of the cross- 
sectional flow area directly over the grate to the total cross-sectional flow area in the 
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This equation is valid only if Lb req'd is less than or equal to Lb actual. If Lb req'd 
is greater than Lb actual, the slotted drain length is adjusted to reduce Qrsd. 

Steo - The reduced flows (Qrrd) or carryover flows (Q,) are  computed. 

Slotted Drain: 

Grate Inlet: 

3. Calculation Records 

Construction of cross-street inlets will occur in Phase I. The remaining inlets will be 
constructed in Phase 111. Inlet runoff calculations are presented in two tables 
corresponding to these two phases. Runoff calculations for the Phase I inlets and 
Phase 111 inlets are presented in Table 3 and Table 4, respectively. Slotted drain 
calculations, grate inlet calculations and the Inlet Summary Sheet for  Phase I are 
presented in Table 5, Table 6, and Table 7, respectively. Slotted drain calculations, 
grate inlet calculations and the Inlet Summary Sheet for Phase 111 are presented in 
Table 8, Table 9 and Table 10, respectively. Inlet numbers and locations for ramps and 
the freeway are  presented in Figure 11. Inlet numbers and locations for  the cross- 
roads are  presented in  Figure 12. 
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r a i i o a i  o w a a r e u r  OF r a ~ s m a r r ~ ~ k *  

LJiATlOk GJTPi: Oij16i l  GAIA: 
Hi!h.ar: S ~ o e r s t l t l 3 ~  keewav:  Phase I Frlouenrr: 1; rear 
Loraticn: P m t r  Rd. t o  E i l i n o r t h  Rd. Pb = 1.99 13. P21 = 2.30 1". P i  = 1.58 in. 
Pre9e:t No. F-~25- ! - j l l  t oared = 0.95 

TABLE 3. W S E  1: RUNOFF CALLULPTIJNS - GI-SITE O R i l R I E  -- ---- -- -- -- - -- ----- -- --- - .-- - .- .................... -- - --- --- -- -- - - 
6rainr1e area : ii : 1 : i : Q = C i A  : 

s 

: No. : Stat ion-Stat ion : lac re r i  : I.95tAKiAI : Ir in.1 : lin.Jhr.1 : l c f s l  : 
:__...______:__________.________-__:____X_____;_________I 

S~5.l.n Read 
----. --- -- - -- - - -- .- -- ---- -. - 

- 1  :3J*75 LT - 37 t i 9  LT : 0.107: . 0.101: 10.0 ! 4.3 ! 0.44 : ------------ 
:P-2 : ~ + i s  ~i - 44128 k i  : 0.23 I o.za : i d . ~  : 4-30 : 1.02 : 

: * 8 

- 3  : ( W E  RT - 42+65 RT : 0.210 : 0.179 1 10.0 : 4.30 : 0.86 : 
8 x 

:A-1 :40*36 L l  - 42+65 LT : 0.210 : 0.1'77 : 10.0 ! 4.30 : 0.86 : 
% * -  , _ - 

11-5 :i3+52 RT - ( l i b 5  RT : 0.060 : 0.076 : 10.0 : 4.24 : 0.;: I 

:A-6 :13+59 LT - 12i65 L l  I 8.066 : 0.062 : 10.0 ! 4 . 0  : 0.35 : 
3 t 

:8-7* :47+53 LT - %+35 LT : 0.121 : 0.115 :, 10.0 : 4 .3  : 0.47 : 
8 , - 

:A-8 : I t20 LT - 44+11 LT : 0.121 ! 0.123 : 10.0 : 4.0 : 0.53 : 

11-12 :46+35 LT - 4 4 + 3  LT : 0 .24  1 0.235 : 10.0 : 4.24 1 1.01 : 
: < 

2 :46+E R i  - 44+;0 R1 : 0.231 : 0.227 : 1.3.0 : 4.30 : 0.98 : 

Oralnalle Area : CA : IL : i : Q = C i a  : 
-----; 

: No. : Station-Statton : lacres l  : 1.95*&R€al : w n . 1  : 1im.lhr.l : l c f s l  : 

72nd Street I : :a-21 :4i+02 RT - l i t 1 0  RT I 0.251 : 0.236 : 10.0 : 4.30 : 1.03 : --- -- -- -- - .. --- -... ! . 
ti-; :12+50 L i  - 14+70 LT : 0.1Ei : 0.178 : 10.0 : 4 .  ! 0.76 : 

< ------------; m Cmauted bv: J.H. kEaa.on Bde: Si8i k k e d  by: 4%' 
!&I0 :12+50 fi1 - 14+7O RT : 0.167 : 0.1iS : 10.0 : 4.30 : 6.76 ! 

oat.: 9188 
: ---------: ------------: ..-..-------: --.---------' ------------: i 



LOCAilON OAlrl 
illp?var: j u ~ e r ~ t i t l m  i r e ~ n v :  F b a ~ s  Ill 
Lcratton: Po~cr Road to Ellrr~rth Road 
F I O , ~ C ~  )a. i-028-i-r~r 

OEjl6N DATA 
Freouan:r 50 rear 
Pb = 2.3 in .  P21 = i.26 in. PI = 2.15 kn. 
C Dare0 = 0.75 C unoared = 0.00 

Oralnd!e &re* : 8 .  i d !  I .  : k e a  lac) : Prea : C t A : 
, LmOth : , * rotll : . C x R : h :  i : 8 :  

: YO. : Statien-Statton : 1ft.l : Pared : Unoavrd : Paved : Unoarcd : I k i  : Pax* : Unoaved : Total : Isnai : linihri : lcfsl : 

Co~nutrd br: J.N. udlr .an  Oate: 8/87 Check* bv: IRREiULAR asEA5: 
Pe*tslonr br: 0.6. dareiron Oat*: 2/86 Checked bu:..-.- . . .- -- --- -. - Ohte:. .&B Ill 128~1e~+l2l~lO11 

[?I 1 5 0 ~ 1 0 O ~ + L 5 0 ~ 1 0 0 ~ 1 2  
[31 1~5x98i+12&xl701 



LOCXl1ON OPiA 
Hrohwav: ;YDP~S?L~LOD Freerrr: Phase Ill 
L o r r t ~ o n :  ? o w  Road t o  ELL rmr th  11016 
PIOIPC~ 110. f - 028 - I - i l l  

TiaLE 4 PBXSE Ill: RUNOFF CfiLCULXTl0NS - 0s-SITE Wl IWGE 

OE~IGN oara 
irwumrr 50 "ear 
P6 = 2.70 in. PZl  = 3.29 i n .  P I  = 2.15 in. 
C mved = 0.95 E nntaved = 0.60 

Urainace Xrea : Xv!. Y id th  i i t . 1  : k e a  lkl : a : C x X : 
:__________________ 7 , Lrn7th : , lota! : . C X X  : Tc : r : P ! 

: No. : Sta t i on -S ta t im  : 1ft.l : Paved : Untarad : i l v c d  : Unoared : 1%) : P a u d  : Unolvcd : Tota l  : b i n 1  : I i n l h r l  : I c i r l  : 

::-20 !666+62 t i  - 887167 ~i : L35.0: 66.5:  8Z.5: 0.160: 0.281: 0.362: 0.152: 0.121: 0.273: 1 0 1  5.8: 1 .6 :  ----------- 2 

:A-27 :987+67 RT - 868+i7 X i  : 110.0: 65.0: 78.5: 0.1641 0.198: 0.362: 0.156: 0.115: 0.275: 1 0 :  5.8: 1 . 6 :  
,- 

!A-50 :668+30 ~i - ~ ? ~ + f a  li ! 413.0: 53.5: l 0 6 . 5 l  0.571: 1.0221 1.5i;! 0 . 2 2 :  0.61;: 1.156: 1 0 :  5.8: 6.7: 
:__._.:__.__.______ ---------...--.-.--; ,_ 8 - 
:C~I :3aa* i i  a i  - a89i87 2 i  : 110.0: 6 . :  75.5:  0.159: 0.191: 0.393: 0 . I j l :  0.114: 0 . Y 6 :  1 0 :  5.8; 1 .5 :  
:_____:___________________ ----------.-; .----.-. 
:I-32 :88ir87 RT - 81:~; TT ! I .  6i.O:  78.5: 0.162: 0.209: 0.371: 0 .154 ;  0.125: 0.220: 1 6 :  5.5: 1.6: 

.--------.-: ---------; ---.-. 
:A-;; ::7l+G3 R i  - 8?3+73 k i  : 7 2 . 0  5 1 . 0 :  i 6 . 0 :  0.568: 0 .48 i :  0.635: 0 . i 50 :  0.292: 0.642: 1 0 :  5.8: 3.7: 
:_____:____________ ---------....-.....; .-------. . ). - I 

:&-:a :892i58 17 - 813t48 ii : 90.0: 62 .0 :  106.0: 0.178: 0.219: 0.547: 0.122: 0.151: 0.25:: 1 0 :  5.8: 1.5: 
. _ _ _ _ _ I _ _ _ _ _ _ _ _ _ _ _ _  --------.--.......-: ---------: .----..--; ---------: -----.---; --------- * --.-.----: 2 ---.----- 8 . . 
:4-;5 : 59 i i 48  LT - 8lli;a ~i : 90.G: 3 . 5  105.5: 0. l ; i :  0.216; 0.349! 0.125: 0.13:: 0.255: 1 0 :  5.8: 1.5: 
I --.--. .... _ _ I  . . 
:a-i6 :314+5B L i  - E15+22 LT : €4.0:  65.0:  105.0: 0.125: 5.202: 0.528: 0.113: 0.121 : 0.241: LO: 5.8: 1.4: --------. -.-.-....: ..------.: .--.--... , .. _ .-.--..: ----- ----..-: ..... _... t 

:C;i :875+22 LT - 016107 L i  : 85.0:  6 . 0  105.0: 0.l;l: 0.205: 0.3;6: 0.124: 0.125: 0.247: LO: 5.8: 1.4: 
: -----: ---------- _-___.___ -------.--.. :.._ ..... _________I _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ 1 _ _ _ _ _ _ _ _ _ 1 _ _ _ _ _ _ _ _ _ : _ _ _ _ _ _ _ _ _ .  

:a-38 :896M7 11 - 616*32 li : 65.0:  61 .0 :  105.0: 0.l;S: 0.205: 0.540! 0.178: 0.12;: 0.251: 0 5 .8 :  1.5: . .----., . ----------------. ,_________._________: ---..----: --------.; ..--.-... > ,.____.._-:_ -------- 
!P-;1 :896+?2 LT - 8F i r7 i  LT : 65.D: i 0 . 5 :  105.5: 0.1;~: 3 . 3 6 :  0.34:: 0.l;l: 0.124: 0.254: L O :  5 .6 :  1.5: 
------ 
CO*DI!P~ bv: J . N .  LCaaaom L t e :  5ra7 ihecked Dr:...... Date: + 35 it. vndrr b r l d+e  a t  72.6 Street 
R e v t i ~ u t s  br: 6.8. l ia re l ran  oat^: 2/83 Ch~ckeC Er:- - - - . -~~: : : : : : I I II~:  Date:9%& 



LCiliiOW M i a  
Hl!hn7: $dnwr t i t l nn  fre+.ar: ihase Ill 
Loca:lon: k r e r  R o d  t c  E i i s ra r tL  hcad 
?reject  h. F-'l2i-I-311 

OESISN ohla 
Fre~ue=cr 54 rear 
P6 = 2.13 1". i 24  = 3.20 i n .  PI i 2.15 tn, 
C Dare5 = 6.95 C unaared = 0.M 

----.--------- ~ - ~ ~ ~ ~ ~ ~ - ~ ~  ~ ~ ~ ~ - - ~ ~ ~ ~ ~  ~ ~ 

Drnna$z Area : . 5 I : area 1kr : a : c i : 
, To:*! ' , helEtb : -.-----------.-....: : C I ~  : Tc : i : D : 

: .No. : Staticn-;tat:>> : i f t . 1  : Par* : Unnaauei : Pared : Uncired : !Id : Paved : iinoared : Total : !mini : iiaihr) : I r f r l  1 --------- : I----- / . . 
:a-40 :a9;ii5 a r  - a i i + s s  ~i : . :  5a.o: 81.5: ~ . s l i :  u . i i i i  i .r! j :  0.519; c ~ o :  0 . ~ 9 :  1 0 :  5.8:  5.;: .- ,- :_-._a ..-...-- * ------- _: _--------: 
IN: : 8 7 i t i l  U - 898+5i ii : 80.0:  12.0: 0 6 . 0  0 . 3  0 . 1 5 5  0 . 3  0 . 1 2 6  0 . 7  0 . 2 4  I 5.8: 1.4: 

---------: ,- 
:a-42 :s~a+s: ii - a~;+4j LT : 80.0: i 4 . 0 1  10 i .0 :  0 . ~ 3 6 :  0.195: 0 . 3 i i :  0.129: ~ . L I T :  0.216: 1 0 :  5.81 1.4: ----- ___:___-_____: ----- _--: ---------: ----- ---: 
:CIJ :69?+43 LT - 900123 LT ! 8 . 0  75.5:  107.0! O.l;?: 0.197: 0.3;5: 0.132: 0.110: 0.250: 1 0 :  5.8: 1.4: 

_-_I_-: -I------: 
:A-44 : q W + i i  LT - 9i l t0 :  L i  : 80.0:  77.0: 108.5: 0.141: 0.199: 0.341: 0.134: 0.120: 0.254: LO: 5.8: 1.5: 

:a-57 :6+20 - 8i65 : 245.0: lil : 79.0: 0.191: 3.444:  0.6;5: 0.181: 0.267: 0.44a: LO: 5 . 8 :  2.6: 

Coquted br: J. N. Ilriaanon Oak: ::a7 Cheried br:--_. Oatr:. IRaE6"LPR aiEai: 
Revired bv: 9. 8. iiarelsan Oat*: 2IE3 Clerked br:..-.cgI::I::::::::::: Oate:i;r%E:B C l i  !17~lu1I+i2ix2451 



LOCiii0H OUA 
~lph.av: S u o n l t i t m n  Frpelar: Pnase lil 
Lo~atiom: Paler had to Eilrwrth Elad 
$ro:~t No. F-026-I-;!: 

OES16N QAiP 
Grwuentr 5.j war 
Pi = 2.70 in. P21 = 1.X in. Pl = 2.15 in. 
C saved = 0.95 C unoared = 0.d 

0ra:aa~e Area : k?. iildth 1it.i 1 k e a  lac1 : a t i b I 
:__________________ ---.---------------: , Lenoth : : ;otIl : . c ~ a  : ic 1 i : O : 
:no. I jtstion-Statim : Ift.! : Pared 1 Unorved : P a d  : Un~arcd : Inti : Pared : Unoaved : kt*: : lain1 : linlbrl : Iris! : 
I__-_.___ --.------: . , , - 
:A-61 :14+70 - 15425 : 55.0: 87.5: 115.0: 0.110: 0.146: 0.257: 0.105: 0.686: 0.195: 10: 5.8: 1.1: 
:____.I_____ ---- _ _---. ---------: ------- _--_: 
:a42 :15125 - 15-75 : 70.0: 89.5: 115.5: 0.14l: 0.186: 0.329: 0.137: 0.111 1 0.248: 101 5.8: 1.4: 

. . 
:a-65 :Ii+W - 19t85 : 245.0: ill : 113.5: 0.170: 0.638: 0.808: O.Lb2i 0.383: 0.515 1 10: 5.8: 3.2: 

Coaou!~d bv: J.H. IlrCa.an Gate: 5is7 Checked bv:.----- --------.-- Date: ----- -. ifiRE6ULM aRSS: 
a ~ r i r l o n s  br: 0.3. Hareiron Oite: 2ii8 Checked bv: .---. cg::: -----.-.--- Oate:.9&@ 111 114rl0:i+126r2;il I581 10~90 

I2hl I32::7:i+15bi82112*46ili+52rl2 



LOCiilON EiA 
Hlph.au: Supeistlt ioa Freemar: Phase Ill 
Location: Forer Rord t o  E l l r -o r th  Rmd 
P r s w t  No. F-S?3-I-:l: 

OiS16N OPT& 
Freouentr 58 war 
P6 = 2.73 ~ n .  PI4 = 3.20 rn .  PI  = 2.15 i n .  
C oared = 0.95 C unnared = 5.60 

IQSLE 4 Pffi6E ill: RUNGFF CULCCLATlGHS - i l i - S i i i  DPXINUE PABE 5 O i  9 
----- ---- 

krznage Area : Arp. Width l i t . )  : C e a  18ci : r e  : C I A : 
, Total : , LP"!th : .--.--....---.-.---: : L x A  : i c  : i : B : 

: No. : Station-Station : 1 i t . l  ! P a r d  : Unerrrd : Paved : btrred : (kc1 : Paved : Unnaued : io ta1  : lain1 : i i n i b r )  : l c i l i  : 
---___: 

:&-a0 : ? l i t 5  AT - Fi010t RT t : 179.0 : 58.0 : [I1 : 0.238 : 0.500 : 0.G8 : 0.226 : 0.300 ! 0.52b I LO : 5.8 : 3.1 : 
I I ---_. ---------: ---------: ------- -: ,- . ,- > -  

11-81 :9:0*10 LT - 925+00 LT : 590.0: 58.0: 72.0: 0.6bb: 0.6261 1.472: 0 . 6 2 :  6.496: 1.128: 1 0 :  5.8: b . 5 :  
s 1 ---------; 

:A-82 :920*% R i  - 925100 P i  : 3 l0 .0 :  58.0: 01.0: o.bb6: 0.930: 1.596: 0.632: 0.558: 1.I-?0: 1 0 :  5.8: b . 9 ;  
-------: :-----: 

Cmmuted by: I .H .  8cCannn Gate: 5187 therid bu:----.-- Gate:- IRREBiLAR AREAS: 
Revkrzonr br: 0.6. Hare!ron Gate: 2168 Chrried bv:.----.-g::::::::- O a t e : - g Z m  111 1122xI&71*(12r118i (41 5x78 

(21 45x45 (51 101200 
1591 ! ~ 8 . 5 ~ 1 W ~ + l 2 1 r 2 ~ i i t l 2 7 . 5 ~ 1 2 ? i  ill 5 l r l i 0  
Cj6I 43.5~250 (11 20x55 
t W' under bridoe at  Sorsa.an Road 





LGCLilON GiiL 
H!!hmav: Su~errt~t~on Freemav: Phase Ill 
Location: Parer Paal to ilir.c?th Road 
?roleit no. i-023-l-;ll 

iijii 4 FiiAiE Ill: RtiMii CilCtiLAiltHS - OH-5iiE GRAIHG6E 

0EEISN YiA 
Freauenrr 50 rear 
Pa = 2.70 in. P24 = 3.20 ~ n .  PI = 2.15 ~ n .  
L oavd = 6.55 F vnaared = 6.611 

PAGE 7 OF 9 

0ra$na$e Grea : L,,!. Yidtb Ift.1 I Area (&ti : a : L i A . Lenoth : -------------.-..--: , iPtrl : : C x i  : Ir : i : P : 
: Wo. : Station-Etation : ift.1 : Pavd : haawed : Pard : Unoaved : lid : Paved : heaved : Total : lain! : Iidhri : icfsi : 

. . 
:L-I21:IOOl+i5 Li - lQQ2riO U : 95.0: 69.0: 79.0: 0.150: 0.172: 0.823: 0.143: 0.103: 0.246: 10: 5.8: 1.1: 

s . . :---: :--_:-__'---_----: 
:A-122:lO02+A LT - 1W;+33 Li : 96.6: 71.0: 77.5: 0.147: O.lb0: 0.87: 0.139: 0.096: O.2;S: LO: 5.8: 1.1: 
; < ---- 2 > -  

:A-l2;:LWS+M Li - IOWi50 Li : 90.0: 73.0: 76.5: 0.151: 0.158: 0.JW: 0.143: 0.015: 0.238: I 5.8: I.+: 

. . 
:rl-~:::*+as - be00 : 115.0: so: 44.5 : 0 . 2 1  0 . 7  : 0 7  0.21: 0 . 7  : o . :  10: 5.8: 1.8: . .----, --------. s --.....-- - . . .. I_________. 

:a-l36:6+00 - 9150 : 350.: I : 42.0: 0.3O7: 0.3;7: 0.644: 0.292: 0.202: 0.494: 10: 5.8: 2.9: 
: -----: - - - -  ,- -------- s ,- ---_____ 1_________1---..-..-:...-.--..:..-...-..:..-----.-:-.---.---:--_.--.-:----..---:.------.-~ 

:A-I:~:IOI:+?S ~i - 1616ti5 RT : 230.1: 5a.a: o.5: 0.33: 0.177: 0.550: 0.354: 0.106: 0.460: 10: 5.8: 2.7: 
---- .... :.___.____I_ , ________:_________: 

:A-138:100a165 Li - 1001ii0 LT : 85.0: 8J.5: 06.0: 8.16;: 0.163: O.:;i: 0.15:: 0.191: 0.255: 10: 5.8: 1.5: 

Conout~d a": 3.3. kCamon Date: 5/87 Ch?cked b?: .--...GIs......------- Date: lRRE&UaR ARELS: 
Rertaoor br: D.3. Hardson Dstc: 2/88 Checked br:.--.-- . -- --. . ..--. . oat.:HTB Ill Il;xl0~I+;dii26tUii2 



LOCiTiOH ORiC 
Hlllhrar: Suoerst~taon Frec~ar: Pharr Ill 
Loratton: Fn-er iosd to Ellsworth Read 
Project Ne. F-028-1-311 

DEil6N DATA 
Frmuenrr % Year 
P6 = 2.70 in. P24 = j.20 in. PI = 2.15 i n ,  
C oared = 0.95 C vnparel = 0.60 

i;iLE 4 FHASi Ill: PUHGii ELCiiLAilONS - Wi-Slii bRAIY6E P A ~ E  a 6i 9 
-. .- -- - -.------ - -- ---- -.-- -- -- --- --- -------------..--- ------ -- - -- - -- -..---- ... --- ---- - -- - ----- ---- - - - - ... ------ -- 

Bcaina!s Rrea ; Arp. Yidth 1ft.l : Yvea ikl : k.r I C r R : I 
iatd , Leqth . c : 7 : i : 0 : 

: Ho. : Station-Stat300 : 1ft.l : Paved : Unmared : Pared : Unoared : Iki : Paved : Ihnared : Tatal : llinl : linlhrl : lci51 : 
:_____:____________------------:______---:---.____)----_---:------_:_______-:-I_- -------_-: ___: --------- : _ _ _ _ _ _ j 4  .- 
:R-L39:lP09+70 LT - 1010+5G Li : 80.0: 35.0: 88.5: 0.156: O.lb31 0.3Li: 0.148: 0.098: 0.246: lo: 5.8: 1.4: 
I ___._:____________ * -  . - --------- : ---------; . _  - t _ _ _ _ _ _ _ _ I  . - ,- 
:A-IIO:lOLJiW L i  - l4+55 : 60.0: 86.5.: 90.0: 0.159: 0.165: 0.324: 0.151: 0.099: 0.250: 101 5.8: 1.5: 

----.---: : : _ :  - :  - -  r - : _ ;  - _  t ,- 
:8-l41:14+55 - IJ+iS : 80.01 86.5: q3.0: 0.163: 0.171: 0.333: 0.1%: 0.102: 0.257: lo: 5.8: 1.5: 

-_--_--: 8 

:Cl42!15+35 - IbteO : 65.0: 91.5: 95.0: 0.l;i: 0.142: 0.278: 0.130: 0.085: 0.215: I 5.8: 1.2: 
:.I-: :--:--- :L :___-_- 

11111111 I _ .  - _  _ 2 ,- ,- 
:CISI:IOIP+JO ki - 102;ri0 ~i : :GO.~: 5a.o: 87.0: o.;i?: o.sii: o.iss: 0.39: 0.30: o.r;r: lo: 5.8: 4.3: 
:_____:____________ ,- 
::-152:102:+a ilr - 1~28r50 Li * : 524.0 : 5a.o : 151 : o.aia : 1.239 : i.%i : ~.bas : o.n3 : 1.406 : lo : 5.a : 8.2 : -------------- ---------: . -  ,- 
,A-lc m r -7 - , J~.XOL.*& RT - lO28tS0 RT * : 524.0 ; 58.0 : Ibl I 0.698 : l.:84 : 1.982 : 0.MI : 0.770 : 1.433 : 10 : 5.8 1 8.3 : 
:..___:.__________ ..... ___ .-------- --.- A 

:A-l54:93ltli LT - 934ij5 Li : 278.0: 65.3: 0.0: 0.417: 0.000: O.4li: 0.39b: 0.000: 0.396: I :  5.8: 2.:: 

Cosputed bv: J.N. nrialmn Oate: 5887 Checked k: .----------- -.....----- Lte: -PG-a IRRESULAR ARE&% 
Rensinns k: 0.8. Harelron Oate: 2 9 8  Checked kx: ------- Oatp: ----. -- [I1 l11x91.5lr~2b~l3L~ 

171 :ox'* 



LGCfiICl [+if 
Hlahwav: Zu~err t r thon Freewar: Fhare Ill 
Locat~cn: Pmer Pcad t~ Elis~nrt:. Rcad 
Pro l l c t  No. F-$2$-I-;l: 

.-.,? uc>.rn O i i f  
irmerncr 53 "rat 
P i  = 2.70 ln. P21 = Xi0 in. PI  = 2.15 in. 
C d = 0.7 C U~DWFI = 0.a.) 

Til l :  4 Fii i jE 111: RtiHjii C;iCQLfiiCSS - OH-I l i i  i 4 i I Y f B i  PCE 7 OF 9 

Orain+r C?a : fq. Y ~ d t h  (it.) : area l i r i  : f : 2 x f : 
, ienqth : --------..--.--.--- : iotli : f c 3 : a ,: 

: YE. : Station-Station : 16t.i : Pared : U n ~ a r t d  : Pared : Linoaved : if<!  : Pa~ed : BnolvtO Total : I m n i  : l i n i h r l  : lriri : 

Co~vuted br: J.N. IlrCaaann Date: 5/87 Checked by:---- Bate:----- 
Revtr~ons b+: O.S. X&rel:an Oate: 1/83 Checked h r : - - - - ~ ~ : : : ~ : : : : ~  oae:-G-aB 



L O O N  0 Hl!hnr: S u ~ e r r t l t r m  F~PLXAV:  ?hlse I OE51Gn 0~111: Frc~uenrr 1" ~ e 8 r 5  
Lmcdtlon: P o r n  Rwd 18 E l l r ~ o r t h  Road Pa = 1.99 tn. ?24 = I.:$ in. l: = I.% in. 
k o i e c t  no. f42a-1-;11 1 a l l o n b l e  = 7 it.: n = 0.~16 

iiiU 5. % i S i  i: SLOilEO ORilS INIE%CEPIIOS SREiI - 
:?let : BC : s,l;tl;ti : : l if1.i : L t  lit.: : 

, d l  : 62 : : .--------' -.-.---- ' , Qt ; SO : -..-..-..' , o ; :  0 : ----.--------.-.-- ' . .--.----.--.-..., , E : l r e d  : 
: xo. : Station : No. : !if4 : i r o ~  : l r f s j  : i c f r i  : ! i t i f t i  : Gutter :?ar?aent : I;:., : ( i t . )  : i c f i i  : all... : actual : actual : reo'd. : : l c f s i  : . .- .- ,. : ( _ _ _ _ _ I  __._..___l_______l_________._________: : --..-----: ..-------: --------: ---------: - 
: : a  I : s.44: l l i a  : 0.06: 0.44: 0.0261; 0 . 0 a 9 :  0.0250: 0.12: 0.02: 0.41: 7.0: 3.15: 2 0 :  :;.Oi::.*: 0.00b: 

,_________:__.._..__:_____.___:________.I ,- ____.___* > -  --------: 
: i -2  :33*75 iii :J-2 : 1.02 : - : 0.00 : 1.02 I 0.0254 : 0.0488 : 0.0200 1 0.17; 0.07 : 1 7.0 : 5.40: 2 0 :  18.61 ! 1.04 : 0.040 : 

,- , ,- -----. ._____:__________> I ,- 
i : i : : 0.8b : XI$ : 0 . c ~  : . 0.86 : o.eiio : 0.Maa : 0.0200 : 0 . 7  : 0.07 : +.a6 : 7.0 : 5.25 : 20 : :j. i8 : 1.60 : 0.00b : 

, ._..____:_________I * ---------. - - .  . : - _______:_________:_ -------- G ---------. I --.-----: :_____:_.________. , - 
1 1 8 5  1 A -  : 0.86 : : 0.00 : 0.86 ! 0.016: : 0.0488 : 0.0200 : 0 .  : 0.0i : 0.86 : 7.0 : I 20 : 11.99 : 1.00 : 0 . W  : 

,_________:________-; --.-.--.- m * ----*----: ---------: --------: ._____:____._____:_ ------ J .- 
t i -S :aj+52 R7 : k 5  : 0 : A : 0.04 : 0.53 : 0.0031 : 0.0486 : 0.0200 : 0 . 1  : 0.06 : 0 . 3  7.0 : 4.85 : 20 ! 6.26 : 1.00 : 0.000 : 
I____ ,_  ------ .- 8 .-.---..-: 1 ---I-: ----.- :-- -----: , - , - 
:I+ :c:+s? LI :a-6 : 0 .  : M i  : 0.00 : ' 0.55 : 0.0031 : 0.0488 : 0.0200 : $.:a : 0.06 : 0,;s : i.0 : 5.04 : 20 : b.42 : 1.00 : 0.000 : 

-_--_:-__.___:--------:-------.:---I----: ------ -: :-----: ,- , - 
:I-7 :4;+5; t i  :A-i : 0.13 I 6-22 : 0.00 : 0.49 : SUMP : 0 . ~ 8 6  : o.ozbo : 0.12 : 0.92 : nia : 7.0 : 2.77 : 20 : 20.00 : 1.00 : o.000 : i t :  

, . 
:I- 5 1 I : I .  : 2 : 0.00 : 1.71 : 0.028 : 0.048a : 0.0200 : 0 .  : 0.09 : I.70 : 7.0 : 6.65 : 20 : 22.96 : 0.96 : 0.06 : 
I_____:_______-__I ---------: -------.-; - -  I I-----: : I ,- 
: I  i 1 1 2  : 1.40 : R-13 : 0.03 : 1.40 : 0.0j i4 ! 0.0488 : 0.0200 : 0 : 0.07 : 1.40 1 7.0 1 5.70 : 20 : 22.60 : 0.78 : 0.029 : ---------. -..---.-.; -..----. : - -  - :  - -  3 > -  ---.----: j ----: 
;i-:; :;A127 :#-I: : 0.9: : HIC : 0.00 : 0.9: : 0.0337 : 0.0488 : 0.02W : 0.15 1 0.05 : 0.92 : 7.0 1 4.55 1 20 ! 17.08 I 1.W 1 0.000 : 

_-: --------- :--___I 1 , , 
1 4  : a  R - 4  : 0.74 I N i i  : 0.04 : 0.74 : 0.00:: : 0.0438 : 0.0214 : 0.2" 0.10 : 0.71 : 7.0 : 7.00 : 20 : 9.04 : 1.00 : 0.000 : 

--_-.: .-.-----: .-----: 
:;-IS :;i+i~ 11 :a-15 : 0 . 7  : ; A  : 0.00 : 0.76 : o.e:u ! 0.0486 : o.o?oo : 0 . 1  : 0.06 : 0.76 : 7.0 : 5.15 : 20 : 13.71 : 1.00 : 0.000 : 
:...._;__________._______._________I _________I__._.._._:______._./__ .......: ._._____. I .......: .---.----: .--------: --------.: : ------.-:------:--------: 
- 6  4 1 3-16 : 7 : C : 0.00 : 0.l7 : 0.0066 : 0.0466 : 0.0200 : 0.15 : 0.05 : 0.47 : 7.0 : 4.60 20 : 7.60 : 1.00 : @.On0 : 
, ..................................................................................................................................................................... . 
1 7  : 2  f i  : a -  : 0.41 : Wi4 : 0.06 : 0.44 : 0.0063 I 0.0188 : 0.0200 : 0 . 5  : 0.05 : 0.14 : 7.9 : 4.45 : 20 : 9.24 : 1.06 : 0.000 : 

,.... --------- :_ ---- _..: .-----: 
a : 3  1 : - I  : 0.76 : Mia : 0.00 : 0.96 : 0.0221 : 0.0488 : 0.0;00 : 0.18 I 0.0a : 0.97 : 7.0 : 5.20 : 20 : 17.26 I 1.00 : 0.000 : 

, . 
- 3  6 ;  f i  2 ;  : 0.78 : ~ i i  : 0.0" : 0,;s : G.+I;B i u.ma : o.~;jo : 0.15 : 0 . c  : G.?S ; 7.0 : 6.9, : i a  : 14.79 : 1.00 : b.oa : 
........................................................................... ---------------- - -------- 
ioaoutad bv: S. 1. Forri::r Date: ;,a7 Checked by: --.-=I----------- Date:-. !:i Sioi ted Oran: d l =  i 20 t /Ca i l i ' L2 i i l  : L* = 1.25 
Xerksianr bu: 0. 8. Harel:sn )ate: Checked br: ...- . . . . . . . . - -. Oat~ :  .-9lBg; ill 51ot:ed d r a ~ n  arts*de6 uprtrra. t o  potnt  a t  mhxrh 1: 7 it. 



GEjIij* 'u i i i :  iresupacr II rears 
PS = 1.93 tm. ~:4 = 2.~6 1 9 .  PI : i.58 10. 

T alIl.35la = i f t .  : n :,).v!5 

*.. . ,*CL. 0. F ' i L l i  I: GiiiiE I Y i i i C i i i i O t i  l h i i i  

i n i e l  : Sx l f t . i f t .>  : : I %ctual; : Ca!e ; : Lb l i t . 1  lii : #c 
: ti : ^a,d : So : ---------: at : dz : a : E ~ U ~ I  : : P :  : kt : @i : .-.------. ,_________:_________._ , - -------: 

: . : l a t l c c  : Nil.  i c i s  : ;!,it : S u t t a  :Part.ent : it. : it. : . i : c : i f ! .  : 4 : T : . f. : r f 5  i actual : rm 'd .  : t o  area : c i s  : . - ....... _ .... 
:!-I :32+75 L i  :A-I : O.M ' . u.0ia4: ' " 0.0188: 0.0200: 0.00: 0.00: 0.W0: 0.000: 0 . W :  0.00: l5.LO : 0.010: 0.00: 0.50: 0 . 1  a : 0.0,); -------. -------.. .- , ---- _--- :_________: ---------: ---..-..-! - .  _ :  : . .-----...: .- 
ii-2 -- . m a  :i-2 : 0.00 : 0.0264 : 0.0488 : 0.0l00 : 0.00 : 0.W : 0.0C0 : 0.000 : 0.00 : 0.00 : 15.15 i 0.036 : 0.00 : 0.5 ! 0.00 : M i  : 5.60 I 

:I-: :10+28 27 (8-3 ! 0.00: 0.3170: 0.8188: 0.0200: 0.00: 0.00: 0.000: 6.0'1'11 0.00: 0.06: 15.30 : 0.030: 0.00: 0.53: 0.00: - 2  : 0.3G:iZi . . -------: m ---.... ; - -  - :  : - -  : : - i . :  - -  --------: .- 
:I-5 :I~+J(; ~i : i -4 : 0.00 1 0.0165 : 0.0MB : 0.0203 : 0.00 : 0.00 : 0.204 : 0.006 : 0.00 : G O  : 5 .  : 0.000 : 0.04 : 0.50 : 0.03 : ?H.-lil : O.M ! i 2 l  ---- --------- :-__ ------___: ----- --:------: --------- I -  ( - , - ,_ 
: : 5  16.5 : 0 , 3 0 : 0 . 0 0 j + : o . o n a : a . a z w :  o.eo: o . o ~ :  s.oso: o.oac: : o .ou : : s . r s :  0.c-n: 0.30: 6.50: 0.00: &a : o.w:i?i 

--I---: --.- __--: s -  4 -----: , - 
I -  4 5 ;  $1 :a-6 : 0.00 : 0 . 0 ~ j i  : 0.0488 : 0.JidG : 0.00 ! 0.00 : 0.000 : 0.0~6 : 0.00 : 0.00 : 15.50 : 0.0M : 0 .  : 0.a : 0.00 : Pii.- i i l  : LOO :I2) 
. . 

,,a: - 7  4 ;  i Ia-i : 0.90 : i i i v ~  : 0.0568 : 0.ni00 : 0.04 : 0.00 : 0 . ~ 0  : ~ii : 0.00 : ti ia : 15.10 I 0.000 : 0.0 : 0.53 : n i i  : suw : 0.w 

. . 
2 0  4 7 3 2  t i  2 : 0.03 : S'ilnP 1 0.0366 : 0.OZO0 : 0 . 1  ! 0.00 : 0.600 : #,A : 0 : i : I .  : 0.90j : 0.0 : 0.50 : t i ia  : 5tiHP ; O.W : l i r  

. . 
- 2  1 5  L :A-22 : 3.30 : 3.3i;O : 5.d188 : u.020O : 0.00 : 0.0.) : 0.003 : 0.062 ! 0.33 : 0.06 ! 15.10 : 0.600 : 0.M : 0.50 : 0.30 : U - i  : 0.00 : 
I ---- , _ _ _ _ _ _ I  . . ,...... ___;___._____ -----: --------- :. ..__..__:__________: --------- : ---- --.------: 
:I-?: : a 0 1 3  iii - 2  : 4.63 : 0 .0 tP  : 0.0186 : .3.02d3 : 0.CW : 0.06 : 0.W3 : 0.0~2 : 9.0" : 0.90 : 15.ld : 0.000 : 0 0.54 : 5.03 : HI$ ! 3.W : ------ ------- 

I11 C i ~ l r  length belcre 1st. crossbar o i  grate. I31 h m  i n l e t  : dl " l i i j . 0  r PI, ero l? i$ l  
(2: No curb merlnc. < i c q l n o  f i c to r  moliea. i i o r  d: ,.: :.l It . ]  : ; = b,3&2 f t .  <C-!5.:0> 



LOCiii0H 0 J i k  i i iohw: Suowr t i t im Freesav 
L c o i ~ o n :  F n v a  koad to E i l l ~ o r t h  Road 
Prsject no. F-028-1-;11 

GiSLSN GITJ: Fc~qcenc9: I0 Yews 
~6 = 1.99 L@. P24 = 2.10 in. P I  = 1.5a tn. 

i l l  = 7 ft.: n = 0.016 

Inlet : : Oc Fro. U D ~ ~ P ~ I  Brat* : Pt at Sl. : : Lrors-Siooe l i i  : Deotn at : i : Slotted 0r im Lenotm : Bred : 6 n t e  i a o t h  l i t . )  : k l o  Oamstreu Grate I 
, : so : ------------------. , I : O F .  : 0 : ["let : , C",b : =tual  : :ltIl(,ltel: - ------- -: 

: no. ; 5tatl.n : HI. : i c i r i  : iroe : f ra r  : l r f r i  : l c f i l  : 121 : Butter :Pavement : Ift.1 I (ft.1 : actual : Rea'd. : icigi : ~ ~ t u a l l l i :  Rn'd. : l o  : lcfsl : 

. . 
:i-5 :43+52 R i  :A-5 : 0.33 : C-15.50 : Ni4 : 0.00 : 0 . c  : 0.0034 : 0.0466 : 0.0200 : 0.16 : 5.85 : 20 : 6 . 2  : 0.00 : 0.50 : 0.00 : b-8 -B 0.W : 

-----: a -I---: ----; ___:-__----: ---------: ----: :- ------: ,- 
:I-b :4S+Si Li :P-6 : 0.55 : C-1S.B : ti/$ I 0.00 : 0 . S  : 0.0034 : 0.0484 : 0.02W : 0.16 i 5.00 : 20 : 6.12 I 0.00 I 0.50 : 0.00 : PH-111: R-69 : 0.00 : 

----: 1 1 -----.I; 1 ----: ----- -:------: --: -: 
:I-7 :47+5I ii :a-7 : 0.49 : C-15.10 : 3-21 : 0.00 : 0.47 : SUMP : 0.0186 : 0.0204 1 0 2  : 2.77 : 40 : 18.86 : 0.00 : 3.40 : I YJR : 0.00 I141 

__--I-: ----: __I_ ---I :-----:----I .- , - - :I-8 :l+2O Li :a-8 : 0.53 : Sotriri : 4-5 : 0.00 I 0 . S  : 0.0040 : 0.0488 : 0.0200 : 3.19 : 6.55 : 20 : 6.02 : 0.00 : 0.50 1 0.00 : PH-111: R-84 : 0.00 : 
: 

:I-? :tZ+SO ti la-? 1 0.76 : C-15.10 1 4 : 0.10 : O.ib : 0.0025 : 0.0484 : b.0210 : Q.22 : 1.15 : 55 I 8.11 : 0.00 1 0.50 : 6.00 :NM PERRiiiiG \ 6.W :illlP 
8 _ _  : - -  1 - -  - -  - :  - -  : - ,- 

:[-LO :I2450 R i  :A-LO I 0.76 I C-15.10 : HIP I 0.04 : 0.76 I 3.W25 : 0.0484 : 0.0200 : 0.22 : 7.75 : 55 : I : 0.00 : 0.50 : 0.00 :NOT PfRI)ITTEO : 0.W :121(3) 

. . 
!I-14 :58*98 61 :I-I4 : 0.74 I C-15.3 I NIP : 0.0UI 0.14:  0.0037: 0.6488: 0 .bO3I  0.20: 1.00:  

. . 
I I r a -  : 0.44 : C I S  : ~ i a  : 0.00 : 0.44 i 0.6083 : t.oraa : o.oioo : 0.15 : 4.45 : 20 : 2 : 0.00 : 0.51 : 0.00 :NOT P ~ R ~ I I T E J  : 0.00 :121 
:____.;______._..:..---_;--..---:...-------;------s----: .I_II.I-I: ---------: --------..: ----.----: ----: ---- ----: 
:I-I8 : l l rS ti :A-18 : U.96 : C-15.l0 : NiP I 0.00 : 0.96 : O.02i4 : 0.0184 : 0.0200 0.16 : 5.20 : 20 : 17.26 : 0.00 : 0.50 : 0.00 : R-20 ! 0.00 : 

----- ----------- ------- _-----: 
:i-17 :44+40 fir :A-19 : 0.67 : C-15.10 : ti14 : 0 . 0 ~  : 0.69 : 0.0221 : 0.0488 : 0.0233 : 0.1: : 4.55 : 20 : 15.03 : 0.00 : 0.50 : 0.W : 0-21 : 0.W : 

----...: : ..-...-.---. ------------, --.------: --------. 8 -  , ---------: 
:i-zs :47+02 11 :a-20 : 1.35 : C-15.10 : 4-18 : 0.09 : 1.05 :  sun^ : o.oraa : 0 . 0 2 ~  : 0.19 : 6.59 : 40 : 20.~9 : 0.00 : 0.50 : XI& : SUMP : 0.00 :14t 
:..___;_________--:_______/_______:___________:_______....I ,.___________:__.._ --.... < __._... . ,........ ----.-.--.- : - -  8 _.-_.-.-: -----: . - .- 
:I-21 :47.02 ~r :a-21 : 1.0: : t - ~ ~ . l o  : 1-17 : 0 . ~ 6  : 1.0; : SUM? : d.ora8 : o.u;aa : 5.17 : 6.4: : 40 : 1 9 . i ~  : 0.04 : 0.50 : x i ~  : sua : 0.04 :111 

Cmouted br: 1. Y. k Caanon Oate: 5i87 Checked bv: 0. re110n Oat.: 4 i B  i l i  C l n r  lencth beiore 1st. rrnrsbar of orate l j i  5 l o t t ~ d  dram extended uostrsa. t o  min t  a t  rhirh i = 7 f t .  
Rerlrsd br: 0. 8. Hareiron Bate: 1i68 t h ~ i e l  bv:.-&!... O a t e 9 ( 8 3  121 Inlet at oroltr t  l ~ z l t i :  no rdrruorer oeraitted 141 Addrtsonal 20 +t. lenpth ormldd  a t  RDY Ixne ia future 

(br others1 @if-ri!e floss. 



LOCi1iaN QPiP 
H i ~ b n v :  5uoerrt:tioo Frrewrr: Phase 111 
Location: Porw Road t o  i i i r r o r t b  Road 
Project b. F->;a-1311 

-..8? - ,*s.c =. ~ ' a i i ~  ill: ; ' i a i T i l  3Riin 1' i i i t t i ; i iP %EET 

M i l i n  o a i i  
keeuencr 50 rrarr 
P j  = 2.70 in. F24 = 3.20 in. PI = 2.15 tn.  
I l l l o r :  Rainline = 16.0' Rams = 8.5' 

PLE I OF a 

I n l e t  I c  5, I i i i f t !  : l I f t . i  : L t 1 f t . i  : 
; 06 : C : .-..-..------------' , p: : : ,..-...... : d l  : : Qtrill : ' : E : Bled : 

: No. : S t a t ~ o n  : N .  : I : f : l i f r l  : l c f r l  : i f t i i t i  : Butter :Parenmi : Curb : 1ft.i : 1ft.I : l c f s l  : allon. : actnal : actual : cm'd : : l c f r l  : 

. ~ 

1 7 :16t5i :a-7 : 1.8: - 8  1 0.0: ,1.8: 0.0058-: 0.0512: 0.0200: 0.3333: 0.26: 0.12: 1.8:  8.5: 8.3: 10.00: 11.07: 0.893: 0.2: 
1 

: 8 :11+45 - 8  : 1.8; - 9  : 3.0: 1.8: 0.0058: 0.0542: 0.0200: 0 . m 3 :  0.2b: 0.12: I .  8 . 5  8.3: 10.W: 11.07: 0.8931 0.2: --------- 1 ---------: I---: 

: ' I  :8?7+22Ll A -  : 1 7 - 1 0  ! 0.0: 1.7: 0.0058: 0.0542: 0.0200: 0.3j33: 0.25: 0 . 1  1.7; 8.5: 8.0: 1O.W: 13.74: 0.904: 0 . 2 :  
-.-__I: I---: ----; I-------: 

: 1 0  :87a+12U :a-10 : 1.8:  a-11 : 0.0: 1.8: 0.0058: 0.0542: 0.0200: 0.3333: 0.16: 0.12: 1.8: 8.5: 8.3: 10.00: 14.61: 0.893: 0.2: 
:-_--I I ..-..-...; I l._.--._: 7 ,- 1 , 
: I : +  i :a-11 : 1.8 : 1-11 I 0.0 : 1.8 : o.o&sa : 0.0542 : 0.0:oo : o.:j3i : 0.26 : 0.12 : 1.8 : 8.5 1 - 8.3 : 10.00 : 14.07 : 0.8% : 0.2 : 

,- ,- :__--:______:______I __-------: 
: 1 I L :A-12 : 1.8 : 1-15 : 0.0 : 1.0 : 0.0058 : 0.0542 : 0.0200 i 0.333; : 0.26 ! - 0.12 : 1.a : 8.5 : 8.3 : 10.w : 14.07 : 0.89; : 0.2 : 
; -----. ---------: ---- :- ,- _-_------: 
: 13 :88l+27 L l  1 : 4.6 : 0-25 : 1.1 : 5.1 : 0.0045 : 0.0512 : 0.0200 I 0.5333 : 0.37 0 . 2  5.1 i 16.0 : 11.0 : 20.00 : 20.20 : 1.000 : 0.0 : 
:_____:____*______.._:_.-._..:-..__.___* 
: 14 :5NO I : 1 N : 0.0: 1.4: 0.02;3! 0.0512I 0.0200: 0.3;33: 0.19: 0.05: 1.4: 8.5: 5.0: 10.00: 19.22: 0.733: 0.4: 

:_--_-: : , - 
: 15 :8*iP :P-15 I 2.8:  A-14 : 0.0: 2.8: 0.0241: 0.0542: 0.0210: 0.;;;;: 0.24: 0.10: 2.8: 8.5: 7.1: 10.04: 26.07: 0.581: 1 . 2 :  
;..-.. * I ).__..____/ ----: --.-----.I 

: Ibi :1bG5 P i  : 2.0 : - 5  : 0.3 : 2.: : 0.0073 ; 0.0512 : 0.0520 : 0.3333 : 3 1 0 .  YR : 8.5 1 8.1 : 20.00 : 20.00 I 1.WO : 0.0 : 
-*-- _-__._: 

: IbE :lO+;S : $ - M i :  I .  - 1 7  0 .0 :  1.8: 0.0039: 0.0512: 0.0320: 0.33;;: 0.271 0.U:  N i l :  8.5: 6.6: 20.00: 20.00: 1.W0: 0.0:  
> -  :.._._I ----- _-: ---------: . .  -------- _. 

: I1 : l l *45 I : I .  I 0.0: 1 . 6 :  0.0048: 0.0542: 0.0520: 0.33;31 O.Zb: 0.12: I .  8.5 :  6.5: 10.00: 12.66: 0.310: 0.1:  

Coa~ut rd  br: S.L. F n r i l l r  b t e :  3/87 Chctked br: ..-.-.m-:::_.--.-... Date: .-.. 
RCVIII~S b.: 6.3. dareison n a r c  2/98 Cherke4 br:.----- - -. - ---- -- o a t e : d - % 3  



LOCAII0H O A i i  
Hi~hmv: h o e r r t l t i o n  ireexax: Phase I l l  
Lsri t im: P o w  Road t o  Ells.ortr Road 
??o:at  no. F-028-1-31! 

iia:.E i i @ l  I l l :  SLSiiiii Oikll ii(iEiCE?TlON SllEEi 

GEilGH OAI1 
Fresurcv 50 rears 
Pb = 2.10 I". Pi4 = ;.23 i n .  F1 = 2.15 10. 

ial lcr:  Ilatnlxnc = 16.0' saocr = 8.5' 
PAL 2 5: a 

inlet  PC 51 li:/fti : T 1ft.l : L t i i t . 1  I 
I _ _ _ _  .....----------- : t f i :  8 : .------------------ : ot : So : ---------: --------- '- dl : *: :*rial  : -.----------------- : F : Ore6 : 
: Ho. : i t a t loo  : 0 .  : I : f r o  : l r f r l  : Icisl i i f t i f t l  : Gutter :faremmt : Curb : 1ft.i : tft.1 : i c f d  : allow. : actual : actuai : we'd : : lei% : . . 
: 21 :8$31;4 %I  - 2  : I : A -  : 0.0 : 1.6 : 0,0443 : 0.0542 : 0.02oo : 3.33;: : 0.25 : 0.11 : I .  : 8.5 : 8.2 : 1 0 .  : li.hb : 0.949 : 0.1 : 

:_____;____________--.: --------. > -.-- ---------: - - - -  --.----.. I .- . .- , - 
: 36 8 4 3 8  i : A - 9  ; 1.4 : - 3 7  : 0.0 : 1.4 : 0.0040 i, 0.0542 : 0.0290 : il.;:;i I 0.25 : 0 .  : 1.4 : 8.5 : 7.9 : 10.00 : l l . l j  : 0.979 : 0.0 : 
I _ _ _ _ _ : _ _ _  ------- _____:___ --.. ;..._.____1-_-s , , ,---.--: i ---------: ..-..-.--; ---------: .-.------: --.---.--: ---------: 
, -- 
. I  : L  8 : I . :  a : 0 . 0 :  1 . 4 :  0.0040: 0.0542: 0.0200: 0.;;;;: 0.25:  0.11:  1 .4 :  8 . 5 :  7 .9 :  10.00: 11.;;: 0.919: 0 . 0 :  
:____.:.._ >---- _______:__ .-..- __...____ a _________:________.: r 

: ;a : s i 6 ~ 7  LI :A-3a : I .  I - 9  : 0.0 : 1.5 : 0.0040 : 0.051: : 0.0i00 1 0.33;: : 0.26 : 0.12 : 1.5 : 8.5 : 8.3 : 10.00 : 11.0 1 0 . ~ 0  : 0.0 : 
:_____:____-------..__:___---.;...._____I____.._..: ,__._..-__:_________I .- __...___:_______--: ---------: --.--..-.: ------.--: ---------, , ---. _____:_________; 
: 9 : i A -  : 1.5 : C41 : 0.0 : 1.5 : 0.0043 : 0.0542 : 0.0200 : 0.;:;3 : 0.26 : I : 1.5 : 8.5 : 8.3 : 1O.OG 1 11.66 : 0.970 : 0.0 : 

......I.II IIII.I.II: ---------, 8 1111111: .--------; --_---_-: -------- _: 2 ---------: * m ,- 
: 4 8 5  i 0 : 5.7 : 8-49 : 1.0 : 6.7 : 0.0044 : 0.0542 : 0.0:00 : 0.3535 I 0.41 1 0.27 : 6.7 : 16.0 : 15.8 : 10.00 1 22.50 : 0.6: : 2.3 : 
:.._..:___ _----------- :_______. ...---- ----- :-.._.____.____..._.:.__._ ---- : .--------: --------- :-_ --------- :.________: ----.---. .- 
: I 7 I I : I .  : A -  : 0.0 : 1.4 : 0.0040 I 0.054: : 0.3230 : 0.;3;3 : 0.25 : 0.11 : 1.4 ! 8.5 : 7.9 : 10.s;d : 11.33 i G.973 : 0.0 : 
;_____:..._..______...I_______I____..___. ,---------: -.-..---. t ---------' ---------; .----..--. 4 ---------' -.------.: -..-..---' -.--.----, .-------. , ' --------- ' 

42 3 5  1 - 4  ; 1.4 : - 4 3  : 0 0  : 1.4 : 0.0040 ! 0.0512 : 0.0200 : 0 .3 i3  : 0.25 i 0 . 1  1.4 : 8.5 : 7.9 : 10.00 : 11.33 : 0.519 : 0.0 : 
I ------ 

Coa~ut?J bv: S.L. Fiiirlllr Date: 9/67 Checked br: -..-- eg -......--..-.. 
Rerli icnr 3,: 0.0. Hareisan Oak: 2;;: Checked bv: --.---.--.....-.---------- Sate: ..... . 



. . 
: 43 :aw++j LT a : 1.4 : a -  : 0.0 : 1.1 : 0.0040 : 0.0512 : 0.oi00 : 0.3;; : 0.25 : I : 1.4 : 8.5 : 7.9 : 10.00 : II.;~ : b.979 : 6.0 : 

--------- : I 

: 44 : +  1 1 : 1.5 : a-B : 0;O : 1.5 : 0.0040 1 0.05n : 0.0200 : 0.5;;: : 0.26 : 0.2 : 1.5 : 8.5 : 0.3 : 10.00 : 11.0 : 0.970 : 0.0 : . . ,_ _____----: 
: 15 :7Ol+Oi Li :A-45 : 1.5 : A-46 : 0.0 : 1.5 : 0.0040 : 0.0542 : 0.0200 : 0.33;i ! 0.2a 1 0.12 : 1.5 : 8.5 : 8.3 ! U.00 : I1.M : 0.970 : 0.0 I 

-_--: ---------: --------- 1 ---------; : 
: 16 :9Ol~83 L: :C46 : 1.4 : 4 7  : 0.0 : 1.4 : 0.0040 : 0.0542 1 0.0200 I O.:3= : 0.25 : 0.11 : 1.4 : 8.5 : 7.9 : 10.00 : 11.33 l 0.979 : 0.0 : 

----; -------.- ------- ____: -_--: /---------: 
: 47 :?02+58 Li a : 1.4 : b 4 0  : 0.0 : 1.4 I 0.0010 : 0.0542 : 0.0200 : 0.3;3 : 0.25 : 0.11 : 1.4 : 8.5 : 7.q : 10.00 : 11.33 : 0.979 : 0.0 : 

--------: - :  :--_: , - 
: 48 :903+33 ~i a : 1.1 : a-si : 0.0 : 1.5 i o.ooto : o.054~ : 0.0~00 : 0.3~3 : 0.26 : 0.2 : 1.5 : 8.5 : 8.3 : 10.00 : 11.u : 0.970 : 0.0 : 

: 9 

I 19 1897+05 Ri :a-43 : 6.0 : 1-50 : 0.0 : 6.0 I 0.0041 : O.054i : 0.0200 I 0.3% I 0.39 : 0.25 : 0 16.0 : 15.1 : 10.00 : 21.48 : 0.6A : I.? 1 
-_--: * 1 1 -_--: :---:------: - 1- ,- 

: $I :102+00 Ri : A  : I .  : I : 0.0 : 1.3 : 0.0030 I 0.0542 1 0.0205 : 0.3;;; i 0.26 : 0.12 : I .  : 8.5 : 8.3 I 10.00 : 1U.07 I 1.000 : 0.0 : 
, 11111111: : _ :  _ :  - : : - -  j :_____._ ,- 

: 51 :P02+05 ai a : I : - 2  : 0.0 : I.: : 0.0030 : 0.0542 : 0.0200 : 0.3S3 : 0.26 : 0.12 : 1.3 : 8.5 : 8.3 : 18.00 : 10.07 : 1.000 : 0.0 : 
8 -------; .-------- 1 2 .- 

? c- , ar :903+6P R: IR-52 : I I - 5  1 0.0 : 1.3 : 0.0030 : 0.0542 : 0.0200 : 0.3525 : 0.26 : 0 .  1.3 : 8.5 : 8.3 : 10.00 : 10.0i : 1.000 : b.0 : ------ --I_: 2 0- :---- ----: 
: a  :704+49Ri - 5  : 1.5: a-$4 : 0.0: 1.3: o.oo30: 0.0512: o.moo: 0.m;: 0.26: 0.12: 1.3: 0.5: 8.3: 10.00: 10.07: t.000: 0.0: 

,- ,- : _ _ _ _ I  I ,- 
: 54 :9C5+21 RI :A-54 : 1.2 : 1-55 : 0.0 : 1.2 I 0.0C:X : 0.0542 : 0.02$0 i 0.33;3 I 0.25 : I : 1.2 : 8.5 : 7.7 : lO.00 I 7.71 : 1.000 : 0.0 : 

---_: j 

: :5 :905+?4 R i  :C55 : 1.3 : - 5 6  : 0.0 : 1.3 ! 0.OO;b : 0.6512 : 0.0;00 : 0.3333 : 0.26 : I : 1.3 : 8.5 : 8.3 : 10.00 1 10.01 : 1.000 : 0.0 ! 
I---- : .- -----: ---------: 

: 5.j :Silo :A-56 I 1.8 I C57t58 I 0.21 2.0: O.rrli61 0.0542: 0.0230: 0.;333: 0.25: 0 2.0: 8.5: 8.21 10.00: 15.95: 0.830: 0.3: 

co.putcd br: 5.1. FWV,IIV oate: +,a; c h ~ ~  b ~ :  ----.ce..---------.-- $ate:- 
Rerlstans br: 0.8. Harelion Oate: 2~08 Checked bv: .-...---...-.----.....---- Bate: Pjf&B 





LOCLTlOti 031& 
Hichuar: Suoetr t i t ion Freewar: ;has. Ill 
Loratioz: Parer Road t o  E l l r r o r t h  Road 
Fro!ert :lo. F-126-1-;I: 

i ia i :  a ~l;i;; r i r :  i i o i i $ $  oi;;ti 1tiiixi?;10ti ~ i i i i i  

Dii lGti O i l :  
Frs~ulerv 50 rears 
$6 = 2.70 in.  P:4 = 5.20 in.  P: = 2.15 in. 
Ta1lc~: Ha in i~ne  = 16.0' Plror = 8.5' 

P ~ E  I OF a 

l n i e t  k 51 1it: l t i  : l i f t . )  : L t I 1 t . i  : 
.... _ _  .... ___ : DL : : , fit : SO d, : 62 : g:r,ll : . E : fired : 

: Ho. : Station : No. : I :  : a : I c f r i  : I c f r l  : I f t i l t )  : Butter :Pavelent : Curb : 1Ct.l : : i t . ]  : 1~151 : a110#. : x t u a l  : actua; ! reo'd : : l r i s i  : 

: 86 :?25+JO U - 6  : . : H i  : 0.0 : 3.1 : 0.0240 : 0.0542 : 0.0200 : 0.33;: : 0.21 : 0.10 : :.I : 16.0 : i.6 : 1'8.00 : 2i.08 : 0.564 : 1.4 : 
:________:_____.___:_______:______:_______: --------- ----: 

: 8 i  lPiSi00 P i  :Mi : 2.9 : N : 0.0 : 2.9 : 0.G240 : 0.0512 : 0.0200 : 0.333: : 0.24 : 0.1b : 2.9 : 16.0 : i .4  : 10.00 : 26.3; : 0.573 : 1.2 : 

Cmouttd bv: 5.1. F o r v l i l r  Date: 9 i 8 i  Checked br: ----.-$ @ ------------ Oak9. - - Rerts lonl  br: 8.8. hareiron h t e :  ',08 Checked bv: .---------..------.------- W e :  . . t~8 





LOCAiiJl 6GiP DEILGY O i i l  
ili!hmar: jmser i t t t i on  Freela?: Phasr Ill irequeniv 50 years 
bcatmn: Qorer Read t o  E L l s ~ ~ r t h  Road Pb = 2.70 la. 2 = 3 .2  in. P1 = 1.15 in. 

P r l l e r t  No. F-028-1-311 iallm: I a i n l i n e  = lb.O' Ram% = 8.5' 
i i 8 L i  8 ?%lE 111: 9LGTiG DRAir INTisCEPiION Sh'iT P I E  7 OF 8 -- --. - -- ----. . --. - -- - ------ - 

Lnler Qr Sr l i t i f t l  : i 1ft.l : L t 1 f t . l  : 
, @t : : ;:- ; : Q : , 41 : 62 : s t r i a ~  ' : E : Q r ~ d  : 

: : Slatinn : Mu. : l r f s l  : i r o a  : lriri : l r f r l  : l f t i f t l  : Gutter :Pavesent : Cwo : 1st.: : l f t .1  : k f s l  : a 1 l ~ u .  : z t u a l  :actual  : w n ' d  : 3 I c f i l  : 
;.__ ..;... __ .........: ...----; ---------: - -  . .  . ;  _ .  ,- * ,- _----_: 8 < 

: 129 :IWB+OP u i  : i - t ? ~  : 1.4 : CIS~ : 0.0 : 1.4 : 0 . 0 0 ~  : 0.0542 : 0 . 6 ~ 0  : o. j i i 3  : 0.26 : 0.12 : 1.4 : 8.5 : 8.3 : 10.00 : 10.~8 : 0.~87 : 0.0 : 
.---.: : ....-..--; -------.. - .  . ;.___--_. 0 ______:______(_I--_-: < , - .- ,- 

: 1;0 :1008*04 R i  :J-130 : I : I : 0.8 : 1.2 : 0.0026 : 0.0542 : 0.02~B : 0.;;33 I 0.2b : 0.12 : 1.2 : 8.5 : 8.3 : 10.00 : 9.33 : 1.040 : 0.0 : 
----1 :--___:__ ------: __:__ -------: ---------: --------- i .- ------: _:______) 

: 1: 1 5  a :&G1 : I. : - 2  : 0 : 1.: : 0.011zi : 0.0542 : 0.o299 : 0.3;33 : 0.25 : I : I : 8.5 : 0.0 : 10.W : T.0G : 1.M : 0.9 ; 
I--- f -----: I 11111111: 1 

: 132 :1Wr64  R i  14-I32 : 1.2 : 1 - 1 3  : 0.0 I 1.2 : 0.0026 : 0.0542 i 0.O200 I O.ij33 : 0.2 : 0.12 : 1.2 : 8.5 : 8.; 1 10.00 : 9.33 I 1.000 : 0.0 : 

Conouted bu: 9.L. f a r t l i v  Oats 9187 Checked br:----- 
RPIISLO~LI  by: O.B. Harelion Oat% 2/80 Checied 09:  .--------...-----.-------- 



LDCP~!I min 
Hiohrar: Suoerst>t im iremar: ?Dan I11 
Location: P ~ r w  Road to  Ellsworth Road 
Proiect No. F-028-!-$I1 

12aiE a ?ti4sE 111: sL0ri iG D h r u  m i s c e i r o u  SHEn 

0EjIi:N DhTI 
Frepupnrv 50 years 
Pb = 2.70 in. P24 = 3.20 in. P I  = 2.15 I". 

Irlio.: k i n l i n e  = 16.6' itanor = 8.5' 
PAX 8 O i  8 

l n i a t  Qc Sr i i t i i t l  : 1 i i t .1 : L t  l i t . )  ! 
:.___.____ : G * :  8 :  : at : So ' ,- --------: , d l  : 62 : # t r ia l  : : E : fired : 
: a .  : S t a t l m  : 0 .  : i : 0 : !cis! : icirl : lit i it i : Gutter :Pavmmt :  Cvrb : 1 i t . l  : i f t .1 : I c i 4  : a!lom. !ac tua l  :ac tua l  : reg'd : : lriri : 

. . 
: 165 :'lli+25 RT :I-165 : I : A : 0.4 : 1.8 : 0.0025 : 0.0512 : 0.0200 I 0.5335 I 0.29 : 0.15 : 1.8 : 16.0 : 10.0 : 10.00 1 10.93 : 0.588 ! 0.0 : -- --- ---- ---- ---- -- - -- -- .- -- ------ - --- -- -. . -.--- --- - - - --- - --- ----- -- 
Cowuted br: S.L. F a r r i l l v  Gats: 7i81 Chocked bv: .....- Gate: 
keviiionr b: G.6. Huelian Gat% U88 Cbzrked t d h s : - - . - . & ~ : ~ : : ~ ~  G%te:2r&$ 



L0L>ilG* Oai4: 
H i ? h r r :  Suorr i t ! t ion Freewar: Phase Ill 
Location: Pwer PWrd t o  E i i r r o r t n  Road 
t t i .  F-O:B-L-;I: - . . . - - . . . -- . . . , t w n ~ k  r. F r a t  111. B i A i i  INiEiiEPii ' iH SHEEi 

GEiiBN J I l k  
Freauencv 55 rears 
Pb 3 2.70 in. PZ4 = 3.20 in. PI = 2.15 in. 
l a l i o ~ :  Fa in l i ne  = lb.0' Rams = 8.5' 

?86E I OF B 

I n l e t  ! 3, I f t i i t !  : Lb 1f t . i  111 : PC 
: : E* : ored : jo : ..-------' : d l  : *2 : 4 ; : P : ErltL: h i  : Pi  : -----.-.-: . ----' - 
: uo. : Sta t i on  : No. : l c f r i  : l i ? i f t i  : 6xt ter  :iare.ent : Curb : l i t . )  : I f t . 1  : :s. i.i : : c f 4  ! I f051 : i ~ e  : Is. f . i  : l c i 5 i  : &ctuai : r w ' d  : t o  area : lcfsb : 
. . 
: 1 la70M0 L i  :I-! I 0.0 : O.OW4 ! 0.0542 : 0.0200 : O.;C3 ! 0.00 : 0.00 : O.PlU : 0.0 : 0.00 : SPECIAL lL 0.WO : 0.0 : 3.40 : 0.00 ! U / I  : 0.0 : 

. . 
: 4 :6t50 - 4  : 0.6 1 0.0281 : 0.0542 ! 0.0240 : 0.33;3 ! 0.15 : 0.01 : 0.232 : 0.6 1 3.44 : SFECIAL : 0.211 : 0.7 : 3.40 : 2.28 : b-5 : 0.1 : --------- 7 -------.., 2 ,- ,- 
: 5 :9+00 :I-5 : 1.1 : 0.0196 I 0.0542 : 0.0240 : 0.;3;3 : 0.18 : 0.04 1 0.352 : 1.1 1 3.13 : SPECIAL : 0.291 : 0.9 : 3.40 : 2.4 : I -  : 0.2 : 
: ----: -..----: ---------: ---------; *- ----: -_--: ----: ----: 
I 6 :9+38 h b  : 0.0 : O.00;? : 0.05IZ : 0.0220 : 0.3533 : 0.00 : 0.00 : O.MO : NIX : NiA : SPECIAL : 0.WO : 0.0 : 3.40 : NiA : SUW : 0.0 : 

:--_____: :---___: :________-: :_-______: :____--1 

1 6 :9+a8 A -  : 0.0 : 0.001s : 0.0582 : 0.0220 : 0 . 3 i i j  : 0.00 : 0.00 : o.wo : ~ii : UII : YECIAL : O.WO : 0.0 : 3.w : Mia : ssnv : 0.0 : 
* ---------: :_______-. ,- ____-:___-_-:_-____1-____:___:1____:___--~____:______:_______; 

: 7 1 1 M 5 5  !I-1 : 0.2 : 0.0058 : 0.0542 : 0.0200 : O.;Url 0 .  : 0.6) 1 0.130 : 0.2 : 1.54 : SPECIAL : 0.129 : 0.2 : 3.40 I 0.97 : C6E i 0.0 : 
,- ) *---.-: 

: 8:11+45 1 6 6  : 0.21 0.0058: 0.0542: 0 . 0 2 0 :  0.3333: 0.111 0.001 0.130: 0.21 1.51: IPECl i l l :  0.119: 0 .  5 . W :  0 . 9  7 ; 0.0: 
:----:-------I ---------: :--2 -.--: :___--:---:-__-: 
: 9 :B i i i 22  L i  :I-9 1 0.2 : 0.0058 : 0.0542 : 0.0200 : 0.5533 : 0.11 ! 0.00 : 0.115 I . 0.2 : 1.54 : SVECIK : 0.129 1 0.2 : 3.40 : 0.77 : h-8 : 0.0 : ~. 

:______--: ------ __.:____-/ :_____--:-__:----:-------:____:_____;__-I__: . - 

: 10 : ~ a + t z  L i  t o  : 0.2 i 0.0058 : 0 . 0 ~ 2  : 0.0~00 : 0.3337 : I : 0.00 : 0.1i0 ! 0.2 : 1.54 : aEc ldL  : 0.129 : 0.2 I 3.40 : 0.97 : R-9 : 0.0 : 
_: :______: I_-...___: 

: 1 8 7 9 2  L i  I -  : 0.2 : 0.0058 : 0.0512 : 0.0200 : 0.3T33 : 0.11 1 0.00 i 0.130 : 0.2 : 1.54 1 SPEilIL : 0.12V : 0.2 : 3.40 : 0.97 I k-LO : 0.0 : 
: -----: -.-------: 1 ---------: ----: --_-: ----; -_----: ------: 
: I 2  :863+17 L7 :&I2 1 0.2 : 0.0058 1 0.0542 : 0.0200 1 0.3553 : 0 .  ! 0.00 : 0.1;0 : 0.2 : 1.54 : SPECIAL : 0.1n : 0.2 : 3.40 : 0.91 : A : 0.0 I 
: ---.- :____________--jjjjjjjj:________: --------- :-_______: ----I-- :_______-: :_..____--: 
: 15 :881*27LT 3 1 0.0 : 0.0045 : 0,0542 : 0.0200 : 0.333i 1 0.00 1 0.00 : 0.000 : 0.0 : 0.00 : SPECIAL : 0.000 : 0.0 : 3.40 : 0.W : I - I 2  : 0.0 : 
. . 
: I 4  :5MO I -  : 0.4 l 0.0233 : 0.0512 1 0.0200 : O.iG3 : 0.12 : 0.00 1 0.154 : 0.4 : 2.59 : SPECIK : 0.151 : 0.4 : 3.40 : l .b i  : C I S  : 0.0 : 

, , ---------: --------- 3 -  , -----.---: --------- 8 * 8 ,- 
: IS : ~ G O  A : 1.2 : 0.0244 : 0.0542 : 0.0210 : 0.5jjs : 0.18 : 0 . 0  : 0 . 7  : 1.2 : 3.21 : SPECIAL : 0.2aa : 0.9 : . 3.0 : 2.22 : a-LU : 0.3 : 

:.______-: :._____-: 
: lh'd :1P35 :A-IbC : 0.0 : O.OO7i : 0.0542 : 0.0i20 : O.;533 : 0.00 : 0.00 : 0.000 : NIA : N l I  : SPECIAL : 0.000 : 0.0 : 3.40 : U i I  : SUIIP : 0.0 : 
/ ----- --------- /..__._---: :--____-: -_:______: _:____--: 
: 1% :LO+S I : 0.0 : 0.003; : 0.0542 : 0.0320 : 0.;3;3 : 0.00 : 0.05 : 0.005 : H i i  : YiR : SPECIRL : 0.OW : 0.0 : 3.40 : HIR : SUM : 0.0 : 
: ----- --...--: --.--.-..: ---------: ----....-: .--------: ---------: -..------: ---------: - :  - :  . ,- ,._.____( 
: 11 :II+(S I : 0.1 I 0.0048 : o.osrz : o.orzo : 0.:~;; : 0.08 : r.oo : 0.56; : 0.1 i 1.46 : SPECIK : 0.669 : 0.1 : 3.40 : 0.89 : II-I~E : 0.0 : 

: 18 :I2445 I -  : 0.1 : 0.0018 : 0.6512 : 0.0290 : O.;Uj : 0.0D : 0.00 : 0.069 : 9.1 : 1.46 : SPECIRL I 0.069 : 0.1 : 4 0  : 0 .6  : 8-11 : 0.6 : 

Cornouted bv: S.L. F a r r 8 l l r  Date: 9i67 Checked br: 3_:_--.-. Date: 
Revlnonr bx: D.R. Harr l ron Date: 2iB6 Checked bv: .......---.. .-.--- Oate:g+j3 





LOCAii3L OAlk 
Ei !hrr~:  Suowst!t&n hee.ar: P'laze 111 
Loratlon: Poser Read to  E l l r x ~ r t h  toad 
F r a i e t t  Ro. F-023-L-;II 

,&. . - - . . . . -- . . . 3t.-- . . ."--*.Ol ,"EE, 
,Lt 7 r o w  i t , :  "LL tN,Evutr>, : ." -- 

OEjlSti Oiik 
ireaumrv 53 reirs 
Fb = 2.70 In. P24 = j.20 in. PI = 2.15 10.  

l r l i o r :  P.alniine = 16.0 h a 0 5  = 6.5' 
i;&i i G i  8 

!nil.: 5. I i t i i t i  : Lb !ft.i (11 : QC 
:.__._..__ ....... _ .-... , 05 : Cre& : jo : --------- : d l  : 62 1 & , " , A, : c i  : ..-.---..: .-------- 1 I .--------, 
: NO. : s t i i ~ o n  : no. : l c f r ;  : I f t i i t )  : Gutter :Paverent : Curb I !it.) : 1 i t . i  : is. f . i  : l c f s i  : I i o % l  : : is. i.i : :cis! : actual I r w ' d  : t o  area : :cf%1 : 

,....... ----: ---------: ---------: ----.----: 
: 3 ; 1 4 4 5  : 0.0 : 0.0040 i 0.3542 : 0.0200 : 0.3355 1 3.00 ; 0.03 : 0.000 ; 0.0 : 0.30 : s ? E i l j i  ; 0.OW : 0.0 : 4 : 0.00 : A-42 : 0.0 : . . ---- ---.-----: ------- -:-- ---- -: -----.---: ---- __---: 
: U :7dO+Zi ii - 4  : O.G : J.3040 i 0.0542 : U.OXi )il: 0.33;: : O.W : 0.M : 0;000 : 0.0 : D.W : SPECIAL : I D W  : 0.0 : . : 0.00 : il-4; : 0.0 ! 
. . 
: 45 :701+03 L l  :A-45 : 0.0 : 0.0040 : 0.0542 : 0.0200 : 0.333 : 0.00 : 0.00 :' 0.006 : 0.0 : 0.00 : S B I I L  : 0 . W  : 0.0 : 3.40 1 0.00 : C41 : 0.0 : 

,- ------- 3 :-_______: ,- 
: 46 :7O1%3 U :4-46 : 0.0 : 0.0040 : O.0M2 : 0.0:00 : 0.33; : 0.00 : 0.00 : 0.000 :. 0.0 : 0.00 : SPECIAL : 0.0W : 0.0 : 1.10 : 0.00 : C 4 5  : 0.0 : 

: 47 :702+:8 L i  A : 0.0 : U.h?40 I 0.0542 8 0.0200 : 0.535 : 0.00 : 0.00 : 0.G00 : 0.0 : 0.00 : 5FECIAL : 0.0m : 0 0  : 5.40 : 0.00 : A-+6 : 0.0 : --------- :---: -----.---, 
: ra : i03+S ii 4 4  : 0.0 : o.sn3 : 0.0542 : 0.0200 : 0.;~: : 0.80 : 0.00 : 0.000 : 0.0 : 0.00 : SPECIJL : o.ow : 0.0 : 3110 : 0.00 : 6-47 : 0.0 : 

, 
: 47 :Si7.85 P i  1 : 1.9 : 0.0044 : 0.0542 : 0.0200 : 0.335 : 0.27 : 0.15 : 1.052 : I.? : 1.30 : S?EClAl : 6.518 : 0.7 ! 3.40 : 1.54 : A-40 : 1.0 : 

----: ------ _-_: ---------: 
: 50 :S02+04 R i  -- :A-50 1 0.0 1 0.0011 : 0.0542 : 0.32.30 : 0.3333 : 0.00 : O.W i 0.000 : 0.0 : LOO : SPECIlX I 0.W : 0 I 3.40 : 0.00 : A-47 : 0.0 : 

. . 
: 5 5 :  1 :a-55 : 0.6 : 0.0030 : O.USPZ : O.OEOO : ~.:jss : 0.00 : 0.00 : 0.300 : 0.0 : o.110 : SPECIAL : 0.000 : 0.0 : 8.40 : 0.00 : A-54 : 0.0 : 

,- 
: 56 :St20 A : 3.; ! 0.$076 : 0.3542 : 0.0200 ! 0.3533 : 0.13 1 0.00 : ' 0.181 : 0.: : . I .  : P E L  ! 0 .  : 0.3 ! 1.40 : 0 : A : 0.0 : 

, .....___;______.._:_________ 3 

% 57 ,.~,. 
1 .o+A+ 5 : 1.0 : 0.0188 : 0.0512 1 0.0200 : 0.5355 : 0.17 : 0.05 1 0.353 : 1.0 I 3.00 I SPECIAL : 0.257 : 0.8 I 3.40 I 2.04 : A-56 : 0.2 i 

._.-_.____: ---------: --------- % > -  

: 58 :+0itPS t i  ~a-sr : 0.3 i o.0044 : 0.05s : o.o:o~ : 0.5s;; i 0.00 : 0.90 : 0.008 : 0.0 : 3.03 : s p i c i a i  : a.;;no : 0.0 : . 2.0 i 6.m : e-ia : o . ~  : 
..... .... __:_________: ------- .-;________-: ---_-- 

: 59 :?04+08 ii A : B.0 I 0.0040 : 0.0542 : 0.0103 I O.;j33 : 0.00 : 0.00 : 3.030 I 0.0 : 0.30 : SPECICi : i1.000 : 0.0 : 3.40 : 0.00 : 8-48 : 0.0 : 

: 60 ; I 4 4 5  A : 0.0 : 0.0340 ! 0,'I542 : 0.0203 i 0.55;3 ; 0.00 : 0.00 : 0.Od0 : 0.G I 0.00 : SPECiAL : 0.000 : 0.0 : 3.40 : 0.00 I A-51 : 0.0 : 
:...__:__________._...: ...----: ......---; -----..-.: ......-.-: ---------; ...------: ---------: ------.-. 1 ------, -.-------, --------- s ---..-.--: --------- m 

: b l  :14+i.I A : 0.0 : 0.O043 : 0.11542 I 0.GZBd : 0.53i3 : 0.00 : 0.00 : 0.0PO 1 3.3 : 0.03 I SPECIAL I 0.000 : 0 : 3.40 : 0.00 : A d 0  I 0.0 : 

: b: : l 5 - ~  :A-b2 : 0.0 : 6.0040 : 0.0542 : 0.?440 : 0.;Z33 : 0.00 : 0.00 : 0.00~1 : 3 .  0.00 : SPECIAL : 0 . 0 1 ~  : 0 : 3.40 : 0.00 : 1-61 : 0.0 : 

: 6 1  :i2*i :a-64 : 0.5 i G.0343 : d.0542 : 0.0460 : O.;Z;3 : 0.14 : 0.03 : 0.2:0 : 0.5 : 4 : S P E C  : 0 . 5  : 3 : 3.40 : 0 . 4  : A : 0.0 : 







LOCATION oaia: oijia OAT;: 
Hxghnr: I v p n r t l t i v l  Freema": Phase I11 Freouenrr 50 rears 
Lir rat lm:  P n r i  Rard t o  E l l r r w t h  Road P6 = 2.70 in. ?24 = 3.20 in. 71 = 2.15 in. 
Pro j - t  L. F-028-1-311 la!lor: h in l lae = 16.0 nasi = 8.5' 

~ A B L ~  9 ~ u a s i  111: s a a i i  I N ~ ~ ~ C ~ P T I O N  SHEET PAS i OF a ---- - 
I n l e t  51 i f t l f t l  : ! I : Lb (ft.1 lli : Qc 

A .- , a$ : L e d  : so : , d l  : $2 : 8 ; : " : bate : A i  : I : --.------' '- , _.._____: 
:no. : Station : b. : <cis! : I f t i i t l  : 6u t t s r  :Pavement : Curb : :ft,l : t f t . i  : Is. f.1 ! lc f5 i  ; l f n s i  : Iyae : Is. f.1 : :cf%l : a c t d  : r m ' d  : t o  a r e a !  l c f s l  : 

,- ,- 
: 107 :975*55 R i  A -  : 0.6 ! 0.0025 : 0.0542 : 0.0200 : 0.35;: : 0.23 : 0.01 : 0.695 : 0.8 : I .  : E L  : 0 . 4  : 0.5 : 0 : 0.83 : A-105 : 0.3 : 

.-.-.. < ---------: ---------: --------- - -  , - , 
: 168 i? i6+ i0  LT :I-108 : 0.0 ! 0.GO25 : 0.0512, 1 0.0200 : 0.3333 1 0.00 : 0.00 I 0.000 : 0.0 i 0.M : SFECIK : 0.000 ! 0.0 : 3.40 : 0.00 : 8-106 I 0.0 : 

,- ,- , - 
: I09 :178+9i R i  - 0  : 1.0 : 0.0425 : 0.0542 : 0.0200 : O . i X  : 0.24 : 0.10 : O.nb : 1.0 : 1.2 1 : 0 . 7  : 0 .  : 3.30 : 0.14 I A-107 I 0.4 : 

--__: __:_-___. 
I 110 :961.;5 ~i A - o  : 0.5 : o . m b  : 0.032 : 6.0200 : o.ja; : o.tr : 0.0: : o.;a : 0.5 : 1.54 : SPECIAL : . '0.26s.: 0.4 : 3 . 0  : 1.05 : a-108 : 0.1 : 

. . 
: 114 :969tOO L i  A -  : 4.2 : 0.MPi I 0.0542 I O.OMO : 0.3335 : 0.31 : 0.1  : 4 7  : 2 : 2.83 ! SPECIAL ! 0.424 I 1.8 I 3.M I q.19 l A-112 4 2.4 : 
. . , ~~~ ~ ~~, 
: 115 :ia1+00 k i  - 5  : 5.1 : 0.0094 : 0.0542 : 0.0200 : 0.333 ! 0.35 : 0.19 I 7 1 0  ! 5.3 ! 2.96 : SPECIRL : 0.491 1 2.0 : 3.40 1 2.34 : R-113 : 3.3 1 
:___:_-_-____:_____: __-_-: -__--_! 5 , __ :___ :__ -___1  * ,- 
I 115 !993+30 L i  :A-115 : 3.5 : 0.0065 : 0.0512 : 0.0200 : 0.3Ji3 I I 0.17 1 1 . W  : 5.5 : 2.35 : S P E I k  : O.U4 : 1.5 : 3.40 I 1.82 I 8-111 : 2.0 I 

:---I n t 

: 117 :PPir45 R i  :A-117 : 0.1 : 0.0014 : 0.0512 1 0.0200 : 0.3333 : 0.08 : 0.00 : 0.069 : 0.1 : 1.46 : SPECIRC I 0.061 I 0.1 1 3.40 : 0.89 : A-115 : 0.0 : 
: -_-__: ---------: 0 ,-__;______:_____:_ > + 

: 118 1998+75 L I  !A-116 : 0.1 I 0.0044 ! 0.0542 : 0.0200 I 0.3Ji3 1 0.10 I 0.00 I 0.107 1 0.1 : 0.93 : SPECIk : 0.107 : 0.1 1 3.40 : 0.58 : I-114 : 0.0 I . . ,_._______:________-; .- 2 8 ? -  , 
: 119 :199+80 LT A 1 0.0 : O.M3i : 0,0542 1 0.0200 : 0.3333 : 0.04 : 0.00 : 0.000 : 0.0 : 0.00 I SPEEIBL I 0.WO : 0.0 : 3.40 : 0.00 i 4-118 : 0.0 : 
I ,- _-:.._ 8 

: 120 :LMOt8O L i  I - I  : 0.0 : 0.0036 : 0.0542 : 0.0200 I 0.33ij 1 0.00 ! 0.00 : 0.000 : , 0.0 : 0.00 : SPECIAL I 0.004 I 0.0 I 3.40 : 0.00 : 4-119 I 0.0 : 
---.----- I 

: 121 :IOOI+~ ~i A : 0.0 I o.oo;i : 0.0542 : 0.0200 : 0 . 3 j j  : 0.00 : 0.00 : 0.otio : , .o.o : 0.80 : sPs inL  : 0 . w  : 0.0 : 3 . 4  : 0.00 : a-120 : 0.0 : 

: 122 : lW2 l iO  LT 2 : 0.0 I O.0O;b : 0.0542 : 0.0200 : 0.333 : 0.04 : 0.00 : 0.000 : 0.0 : 0.00 I SPECIAL : O.WO ! 0.0 : 3.40 0.04 : A-121 : 0.0 : 

: 125 :I045140 L i  :A-I25 : 0.0 ! 0.0O;b : 0.dSiZ : 0.0200 ! 0.3533 1 0.03 : 0.00 : 0.033 1 3.0 : 0.90 : SPECIbl : 0.040 : 0.0 : 3.40 : 0 . 0  : 2 : 0.0 : 
: ----- -----.---: : - -  .- 
: I25 :1002+85 a i  - 2  : 0.0 : 0.0040 : 0.9542 : 0.0200 : 0.3:;: : 0.00 : 0.00 : 0.crG : 0.0 : 0.00 : SPECIRC : 0.MO : 0.0 : 3.40 : 0.00 : a - l l i  : 0.0 : 

____: ---------: :--.-_._: ----.----: ---------: ---------: --------- : ---------: 
: 127 :IOO~+$ LI I : 0.0 ! O.OG;~ : 0.0542 : 0.02d0 : 0.;3;; : 0.00 : 0.00 : 0.000 : I : 0.00 : EPEZI~L : o.mo : 0.0 : :.to.: 0.00 : a-!n : 0.0 : 

,.__._____1 ________I_._______:_________: --------- :-_ ---- _._1 ,- 
: 1 8  0 4 7 1 5  L :A-12: : 0.0 : O.O"i4 : 0.0542 : b.OW0 : 0.33;; : 0.00 : 0.30 : 0.000 : 0.0 : 0.00 ! SPECIAL : 0.WO : 0.0 : 0 : 0.00 : 9-12; : 0.0 : -- -- - -- --- -. ------ - - -. -- -- --. . -- .--- - - -- - - - -- - - - - - --- - ---- -- ------ ---- ---- -- - -- - - - -- -- - --- -- -- -- -- -- - - - --- - -- - - - -- -- -- -- -- - --- - - -------- ----- ---- -------- - --- --- - - --- ----- - ---- --- 
Comuted by: I.L. F a r r i l l r  Oat~:  9j;T Checked bv: .-.--.ggII---.--.... Date:9h- 
~ e . ~ s t o n s  br: 0.8. Hareiron  ate: 2iaa thecked br:.------ --- -- - ---- - oat*: .-....- @ 



i o c i i l a s  O i i I ) :  

ai!hdar: Su!eritltlon Friexar: Phase l i t  
Leration: F3.er Piiad i a  El l rmartn Road 
Proi rc t  Ho. F-023-:-;1: -.. - I * ~ L ~  P FHA;: I::: s ~ i i i  inii;ieiian jii~ii 

M;l6N G8IX: 
Fresuencu 50 rears 
Pa = 2.X ~ n .  P?4 = 3.20 ie. P1 = 2.15 in. 
Ial law: I l a t n l ~ n e  = l j .0' Rams = 6.5' 

PA% 7 OF B 

i n l e t  5, i i i i i t l  : Lb !ft.i ill : k . ------------------- -- ; g ;  ; k e d  : Sc : ---------: : d l  : d2 : A g , ,  : " : 6 :  A : Pi  ---------: 
: 0 .  : S t a t ~ a n  : No. : irirl : i i t i f t i  : ktts :?&ve.ent : Curb : ! i t . )  : i+t.l : Is. f . i  : i c i s j  : if051 : h o e  : 15. f .1 : I c f 4  : aciuai : m 0 . d  : to  area:  k f s i  : 

. . 
; ,.- , ,rvo7+a4 . - a i  :A-132 : 0.0 : 0.002b : 0.0512 : 0.0290 : 0.33j3 : 0.00 : 0.00 1 0.0110 : 0.0 : 0.00 : SPECIAL : 0 . ~ 0  : 0.0 : 3.40 1 0.00 i A-131 I 0.0 : 

: IIIIIII~ 

: I ! I  I . - 1  : 0.0 : 0.0026 : 9.0542: 0.0260 : 0.u;: : 0.00 : 0.00 : 0 . w  : 0.0 ! 0.00 : s?EcraL : o.ooo : 0.0 : s.40 : 0.00 : 4-132 0.0 : 
, ______:_______:______:------:-----_-:I__-_ _ ( _  , :-_____: 

: 4 : I 0 1 1 5  i 4 : 0.0 : 0.0026 : 0.0542 ! 0.0290 :- 0.333 : 0.00 : 0.00 : 0.000 : 0.0 : 0.00 : SPECIQ I 0.000 : 0.0 : 3.40 : 0.00 : 1-133 : 0.0 : 
8 ---------: * ----; :---, % 

: x i 5  :4+a5 :A-15 i 0.2 : 0.0067 : 0.0542 : 0.0200 I 0.333 : O.1i : 0.00 I 0.15; : 0.2 i 1.2; : QECIAL : 0.151 : 0.2 : 3.40 : 0.83 : A-131 : 0.0 : 
---------: -----: ---------; ----: I IIIIIIIII: ---------: : ----: 9 ,- 

: 136 16-90 I : 0.2 : 0.0209 : 0.642 : 0.0200 : 0.K:  : 0.10 : 0.00 : 0.107 : 0.2 I l.8b : SPECIAL : 0.107 : 0.2 : 3.10 : I .  : A -  : 0.0 : . .__-I_-_______:__--: , : _ _ _ _ _ _ _ _ _ z  ,- 1 I_---_: _;______: I :__ -----: 
: 3 7  : + P 5  P i  : A  : 0.6 : 0.0040 ! 0.0542 : 0.0200 : 0.33; : O.:? : 0.05 : 0.427 i 0 .  : I .  : E L  : 0.3:  : 0.4 : 3.40 : 0.97 : A -  : 0.2 : --------- :-- .--------: 

. . , , .  . 
: 142 :15t;3 :A-142 : 0.0 : 0.0936 : 0.0542 : 0.0460 1 0.13; : 0.00 : 0.00 I 0.060 i 0.0 : 0.W : SPECIIK : O.WO I 0.0 : 4 0  : 0.00 : 8-111 : 0.0 : 
:_____:____________---*- . - ----- -----: 1 ---..--..: .------.- jjjjjjjjjj: ---------: --------- 3 -------- :.-_---_-:: --.------: ---------; ---------; .---..---: ---------: 1 .- 
: 143 :Lb+OO I : 0.8 i G.0049 i 0.0542 1 0.04b3 : 0.333 : 0.21 : 0 . 0  : I : 0.8 : 1.66 : SPECIAL : 0.3b1 : 0.6 : 3.40 : 1.16 : A-142 : 0.2 : 
:____.:-_______._____I _______l________l__ * ---.--..-: ---------, ,- 
: 144 :LUl3+l5 L i  :a-141 1 1.2 : 0.0010 i 0.0542 1 0.0200 : 0.33; : 0.24 : 0.10 : 0.776 : 1.2 : I .  : 5.30 : 0 . 2  : 4 : 3.25 : I .  : A -  : 0.8 : 

.... _. , , ,.._._____2________-2 ---------. ,..----- __:.________; ---------: ---------: .--------: ---- _ --..: ---------: :_._____._: 
: 145 : l i + i 5  LA-145 : 1.6 : 0.0250 ! 0.0542 ! J.0460 : 0.33;3 : 0.21 : 0.07 : O.4b2 : 1.6 3.46 : SPECIAL : 0.351 : 2 : 3.40 : 2.44 : 4-14 0.1 : 
:_____:____________--:-.--.--:-----.-.-;-------.-:I...._-- m I_____---: ---------; ----- ------: I ----- 
: 4 ? I 7  1 A : 1.3 : 0.0042 : 0.054; : 0.0200 : 0.333: : 0.25 I 0 . 1  : 0.26 : 1.3 : 1.57 : S P & I I  I 0.BZ : 0.7 : 3.40 : 1.15 : C l 4 1  : 0.6 : ---------. ________I_______..I_-______I________:___-____:_______I______I________I 

: 7 I 0 7  1 7 : 1.; : 0.004: 0.0542 : 0.0200 i 0.;;;3 : 0.25 : 0.1: : 0.62b : 1.3 1.57 : SPEClaL : 0.452 ! 0.7 3.40 : 1.15 : *-I31 : 0.6 : 
------. > ---------: ---- _.___:_________: ------ 

Cosoutei br: i.L. Forri!:. Gatr: l i 8 i  Chxked br: ----.-- Gate: 
Rc r i i i ans  br: j .3 .  Narrlson bate: ?;a6 Checked br:...---.@:::::::::::: G a t r : & ~  



LSiiiIOll Uii: 
iil?hwr: Sunwrtl trm freerav: Phase I l l  
Lordlon: Power R o d  tm Ells80rth Eard 
?ioject  No. f-623-l-ill 

iaa'u 9 ?:*=A 11:: mi; i n i ~ i ~ i i i o ~  WE 

oisa ox&: 
Freauenrr 50 rears 
P6 = 2.70 in. P24 = 3.21 1". Fl = 2.15 8 . .  

l a l lm;  Ramline = 16.0' Sam$ = 6.5' 
FRM 8 Oi B 

Inlet 51 l f t i f t l  : Lb lf t .1 I l l  : QL ----- : G,, : G,@d : L I --------.: *I : 12 ; 8 : Qt,il1 I " : &atz : hi : 0, : ---------; m 

: . : E t a t i a  : go. : I c h I  : I f t i i t 1  : 6mtter :Fave+mt : Curb : Ift.1 : lft.3 : is. f.1 : l c k l  : lfosl : 1 " ~ e  : 15. f.1 : l c f s i  : actual : r?o'd : to area : lclsl : 
.---; ---------; _ _  ,- _____:_____;_____:_-_--:-----;--_---:---_--:IIII-; ---------: -<------: I I----..: 

: I : I  a I : :.i : o.ocai : 0.0542 : 0.0206 : ~ . a i  : 0.27 : 6.15 : 1 . m  : s.2 : 2 . 5  : x ; 8 .  : 1.r : 3.w : I .  : I : 1.6 : 

: 15; :102?-;ir a i  I : 1.8 : 3.0181 : 6.0542 : 0 . 0 2 ~  : o.:ns : 0.29 : I : I : 1.: : z.72 : sFEiiai : @.a7 : 2.1 : 3.40 : 2.94 : 8-151 : ' 2.7 : 
;_____I__________/_____;_________:________;_______:_____-:_______:_I____:________: _-_I_-: :___-_-: 1 _ $  

: 154 lFjlr7i  11 : I 4  : 0.6 : 0.01~0 : 0.0512 : 0.0200 ! 0.5335 : 0.15 : 0 0  : 0 . 2 3  : 0.5 : 2.47 : SPECIAL : 0.218 1 0.5 : 0 : 1.64 : 3-71 : 0.1 : 

iraiisted br: 5.1. Ferri i lv Oate: 7/87 Checked b*: ------ fg 
> t ~ : - ~ &  %rvisions br: L O .  %rreIicn 3 % : ~  2i38 Checked bv: -..-.---- .-.---....---.- u~:K--. . 



i 6 i i i i g  0 X i i  
Hiohx??: l i l o e : r t ~ t i r n  ir~rwar: Phase Ill 
LKzt lan:  F~rer Road t o  El iswor th h o l d  
Pro l r c t  Kc. i-0iB-I-:11 

ilL5161 D t i k  
i rei lvnrv Y rrwr 
i d  = 2.70 in. 121 = 3.20 in. P I  = 2.15 in. 
I :  Mainline = 16.0' Pz.05 = 6.5' 

I n l e t  : :PC from i l o l t r e u  F n t e  :Pt s t  $1.: : ~ ~ O L S - S I D D L  i l l  :0eoth i t  : 1 :Slotted Drain Ler!th: I L t  l i t . 1  : Br 
1 :  # : s r a t e .  ' I_.__.________ ----- _I , Gain : j* : -.-..----, , Curb : : :,to prrtpj:__--.__:-__---:-______ _I 

: YO. : S t l t l D n  : UD. : k i s l  : hoe : ' 7 0 .  : 11f51 : ! t f 5 i  : : I )  : But ter  :Pa"-ent : l i t .1  : l i t 1  : x t n a l  : 7s.3 : (<%I : sctual : rm.6 : t~ area : lc+si : 

. . 
: AY :7+3i :6-6# : 1.0 : SFECiAL : 1-5 : 0.2 : !.I : 0.0037 : 0.0542 : 0.0220 : 0.21 : 5.1 I 20.00 ! 20.00 : 0.0 i 3.40 : 1 : S : 0.0 : 

.---- _:____: _:__ :_-__ _:._____-___:-__I___:____.____:-_I___:__ ----- 
i 6i :;la8 :P~M ! I. : P i  : -I : 0.0 : I.$ : 0.~:; i 0.054i : 0.0120 I 0 . ~ 7  : 4.a : 20.00 : m.00 : 0.0 i $.to : ~ l a  : sun? : 0.0 : 
: -----: ----..: I------ :______-: --_I _--: / :_ 
: 1 :lo155 1 : 1.8 I SPEC:& : L-8 : 0.0 : 1.8 : 0.0058 : 0.0542 : 0.0100 : 0.26 : 8.3 : 10.00 I 14.07 I 0.2 : 3.46 : 0.77 I A-M : 0.0 r 
: ----- : ------: ---------: : ----- 2-.; .--------; ---------: ---- 2 > 

: a :!1+45 :&a : 1 . 8 : S P i i l 1 L :  ? : , 0.0: L.5: 0.0053: 0.0542: 0.8200: 0.26: E.3: 10.W: l4 .07:  a .  3 . :  0.97: 8-7 I 0.0: 
:---: * ---.' -----------: ,._______:_______:_________;______-:______:.___---:___----:-_----:______-:--____._I___~ 
: 7 :817+22 L i  :A-9 : 1.i : Y E i l A L  : A-10 : 0.0 : 1.i ! 0.0058 I 0.0542 I 0.0100 : 0.25 : 6.0 : 10.00 1 13.74 1 0.2 : 3.40 : 0.97 : 1-8 : 0.0 : 

------: ; - IIIIIIIII; : * .------- : - - - - - -  I. ___:_______:_______:____1-___1 > - 
i 10 :878* i i  LT : t i 0  ! 1.8 : SPECIAL : 1-11 I 0.0 : 1.3 : 0.0058 : 0.642 : 0.0200 : 0 .X  : 8.5 : 10.00 I 14.07 : 0.2 I 3.40 : 0.97 : a-9 : 0.0 : 
: -_--; _---: I I I > 

: 11 :619+Ii L i  - 1  : 1.8 : SPEi IP : i - I 2  : 0.0 : 1.8 : 0.0053 : O.IK12 : 0.0200 : 0.26 1 8.3 I 10.00 : 14.01 : 0.2 : 3.40 : 0.77 : C I O  : 0.0 : 
: ----- :_______ ------ : __:__ .------ :___ ---- __:__________:._______:_._______:_________:___-__:____--_:__-_jj.j: ----------: -.---- III~_~- :______.____. 
: 12 ;3BO+ll LT 1 - 1 2  : 1.8 : SPECIIL : A-I3 : 0.0 : 1.6 : 0.0058 1 0.0542 : 0.0200 ! 0.26 I 8.3 : 10.00 : i4.0i : 0.1 : 3.40 : 0.71 : 8-11 0.0 : 

i i s$ ; i j r $ 5  i i - i 6 (  i 2.0 : E L  : 5 : 0.; : 2.; : 0.0077 : 0.0542 : 0.0;20 : 0.32 : 8.1 : 20.00 : 20.06 : 0.0 : 3.40 : N i A  : SUMP : 0.0 : 
:---: ----- _._ _----: ------: --------- ;__ _----- _:___ -------- __: :___ :-____ .--- ------ I 
: 16; :!0+:5 : 1.a ' --- C ' : I : 0.6 : 1.3 : B.MZ9 : 1.0512 : 0.020 : 0.27 : d.; : 20.00 : 20.00 : 0.0 : i.40 : N i 1  : Suw : 0.0 : 
. ~ 

: i 7  i11.45 :A-I7 I 6 : C I  : - 6  : i .  : 1.d : O.Ob46 : 0.0542 : 0.GZ20 : 0.26 : 6.3 :, 10.00 : 11.66 : 0.1 : 3.40 : 0.89 : C-16E : C.0 : . - : -----: -------...---: ------ ..-------: ...-...-. -..------..: .-.-.-.---- - -- - - . :  ------.--: -----.---: ---.---.. : 
: .l, .. 

1.7, :1-l6 : 1.5 : SiECifiL : 1-13 : 0.0 : 1.5 : 0.0046 : 0.642 : 0.0130 : 0.25 : 6.4 10.01 : 12.i2 : 0.1 : 3.10 : 0.09 : LC17 : 0.8 : 
:-....t - .IIII....II: --...----: .-.-...--; ------.. _ ---- ___: 
: 1; ;::+4s : - I  : I .  ; S L  : 2 6  : 0.0 : 1.5 : 0.3046 : 0.0541 : O.$:OB : 0 . 5  : 7 .  : 0.80 : I .  : 0.1 ; . : 0 .a~  : &-la : . 6.0 : 
/._---:..----...___~:~.~~..~.._______:.._..____:___.__--_.:___..___I..; ..----.-.: ..--.-- ___..____._..._____:___..____;________-~ ...---..-: ....----..; -.-------: ----.---. s ________: ,- 
: :U :67?+23 k i  :k-20 : I.; : 51ECIkL : A-21 : 0.P: 1 . b :  0.6066: G.ii542: 0 . 0 2 0 ~ :  0.25: 8 . 2  0 2 6  I 3 . 4 0  0 .67 :  1-17 : 0.0: 
:-.---:----.----....:._.___,.---...__:___-I--- ;-_ -------- :._____._.._:_____.._.:_______..._______._:.__ ----- _;______---:--_-_-_.-: --------. _: .------ 
: :l :660+14 h i  A 2  : 1.0 : SPELIQL I i-Ii : 0.0 : 1.6 : 0.0348 : 0.6542 : 0.0i60 : 0.25 : 6.2 : 10.0k : I2.a6 : 0.1 : 3.40 : 0.R; : A-20 : 0.0 : 







Lnikii3N PLTI DESi6N l i i :  
liiohxar: iuoerrt i t ion F r ~ m a r :  Phrre I11 Freouenrr 50 years 
i m l t i ~ n :  Fndpr Koad t~ E l l ~ w m i h  Goad I6 = 2.70 in. Fib = 3.20 2". ? l  = i.15 in. 
Project lio. i-Cis-1-311 iaiiam: ilrinlinc = 16.0' Rams = 8.5' 

TkaL: :c. ? ~ k j ~  11;: :NLET sdnn4:~ s i ~ i  -- -- .- ----- - .- - -- - --- -- --- - -- --- ----- -------- -- ---- -- -- --- - -------- -- - -- - .-.-- 
inlet  , t . . ;PC ;roo 3~,tres.  6rate :St a t  Si.: : i r ~ s ~ - S i n o e  i i l  ;beoth s t  : i :Slotted Gram Leqth:  Bred : Lt iit.1 : Bc 

..... _-____ _: GC. : 8 ; Grate : ..-.---.--------...----: firno : j. : ...---..- : --.-.--.- : curb : &<t"&I : :,to patn,: 
: g o .  : Station :L. ; 1:;~) : i v o e  : i r n l  : icisl  : i s ;  : i i i  : L i t w  :Part.mt : lit.; : l i t 1  : aitual : reo'd : lcfr l  : actsai  : r m ' d  : t o a r e a :  lcl5i : 
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V. HYDRAULICS 

A. Qn-Site 

The hydraulic design for  the on-site drainage system consists of the storm scwcr 
design and calculation of the hydraulic gradeline for the storm sewer system under 
peak flow conditions. The procedure employed for storm sewer design is given below. 
This procedure was used for  the entire storm sewer system, regardless of phasing. 
Inlets were designed for the current freeway cross-section. The trunklines were sizcd 
to accommodate flows from the proposed future  expansion of the Superstition Freeway. 
Design flows (Q) are  derived from the inlet design tables and multiplied by the factor 
1.03 (Appendix B). 

Storm sewers were initially sized to flow full  (or almost full). After the system was 
Laid out with initial pipe sizes and slopes, the hydraulic gradeline was checked by 
starting with the tailwater elevation a t  the storm sewer outfall and calculating the 
head losses up throughout the storm sewer system. The hydraulic gradelines werc 
checked against the maximum permissible water surface elevations (6-in. below the inlet 
grate elevation or manhole rim elevation) and adjustments were made to pipe sizes or 
slopes as required. Surcharging is permissible as long as the hydraulic gradelines 
remain below the maximum permissible elevations. 

1. Storm Sewer Design 

Size the pipe coming out of the uppermost inlet for  any given storm sewer run. 

a. Values for CA, T,, and Q are those calculated for  the first inlet 

b. Assume that  the inlet intercepts 100 percent of the flow (conservativc 
assumption) 

c. Size the outlet pipe so that  a t  the desired slope the calculated full  pipe flow 
(Q,,,) is greater than or equal to Q: 

(Manning's Equation, Design of Small 
Dams, Table B-3) (Ref. 12) 

Where: Q = Q design (cfs) 

D = Pipe diameter (ft)  

n = Manning's coefficient (.013) 

S = Pipe slope (f t/f t) 

Sm2 
Size all subsequent pipes in the storm sewer run. 

a. CA a t  the next inlet is equal to the sum of all contributing upstream CA 
values. 
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b. T, is equal to the initial t, plus travel time (1, ) in the upstream storm sewer: 

V = Q/A where, V = Velocity (fps) 

Q = Q design (cfs) 

A = Cross-sectional area of Q (sf) 

t, = L/(60V) where, tt = Travel time in pipe (min) 

V = ' Velocity (fps) 

c. Compute T, for  downstream inlets: If t, + the sum of t, in the upstream pipes 
is less than 10 minutes (minimum T,), use a T, total of 10 minutes. This is a 
more conservative approach than using an  initial T, of 10 minutes and adding 
subsequent t, values to it. Therefore, the value of T, is equal to 10 minutes 
until t, + sum t,,, reaches a value greater than 10 minutes. 

d. Find a new Q for  the pipe run: 

Q = CiA 

I 3 Rainfall  intensity (in./hr.) a t  time = T, 

e. At locations of pipe size changes, maintain common crown elevations and lower 
the invert of the larger diameter pipe. 

There are three trunklines providing conveyance for  the on-site flows from the 
Superstition Freeway between Power Road and Ellsworth Road. The first two, 

.Tru_nklines No. 1 and 2, discharge into the existing lined channel west of Power Road. 
Trunkline No. 3 discharges into the Sossaman Channel. 

The sizing and locating of Trunkline No. 1 was largely dependent upon the capacity of 
Trunkline No. 2. Trunkline No. 2 is the extension of an  existing 42 inch storm sewer 
at  Power Road which has an  outfall into the existing lined channel a t  S t a t i o n N 4 : -  
When the roadway segment for t h e V a l  .- -~-- V w t o ~ P o w e r  -~ Road Section was constructed 
the design concept plan for the Freeway extension east of Power Road included a crest 
vertical curve in  the roadway profile approximately 2540 feet east of Power Road. The 
trunkline was sized using the contributing drainage-aiea '  between the crest of the 

k ~ - a r r d - p o w e r  Road. During final  roadway design the crest vertical curve was 
eliminated from the roadway profile. One consequence of this was the increase in 
drainage area contributing runoff to the existing trunkline. The capacity of the 
existing trunkline was determined. The upper limits of the roadway area generating 
that  quanti ty of runoff then defined the maximum extension (Trunkline No. 2) of the 
existing trunkline. The existing trunkline is extended, as Trunkline No. 2, to Sta. 
881+27. The upstream end of Trunkline No. 1 lies just west of the Sossaman Channel 
at  Sta. 927+10. Trunkline No. 1 discharges into the existing concrete lined channel, 
east of Power Road, a t  Sta. 849+30. 

Trunkline No. 1 was sized in  the usual manner, starting a t  the upstream end and 
proceeding downstream. Since the roadway is in cut, the profile of the storm sewer 
follows that of the roadway. Between Sta. 849+30 and 883+70, Trunkline No. 1 receives 
no additional on-site flows. At Sta. 883+70 the roadway is in  approximately 22 feet of 
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cut. The invert of the storm sewer is approximately 12 feet  below the roadway profile 
grade (at  the center line). The invert of the north right-of-way channel in that  area 
(Channel No. 1) is approximately 22 feet higher than that of the storm sewer. In 
order to match inverts in the shortest distance possible between the channel and the 
storm sewer, Trunkline No. I was turned to the north and then to the west at  a 
f lat ter  grade than that of the roadway profile. The flattest grade permissible, without 
violation of the design criteria, was used in order to daylight the trunkline as fa r  east 
as possible. Using this alignment, Trunkline No. 1 daylights into the existing lined 
channel a t  Station 849t30, approximately 850 feet  far ther  east than the daylight point 
would be if the vertical and horizontal alignments of the storm sewer were to follow 
those of the roadway. 

Trunkline No. 3 is sized to convey all on-site flows from Station 1028t50 to Station 
953t20, plus additional on-site flows from the next section of roadway east of 
Ellsworth Road, to an  outfall into Channel No. 2. Peak flows in Trunkline No. 3 at  
the upstream end were determined by Coe and Van Loo a s  a part of their design for  
the segment of the Superstition Freeway east of Ellsworth Road. The roadway slopes 
down to the west between Stations 1028+50 and 865t00 and is above grade between 
Stations 953+50 and 926t20. At all other points, between Power Road and Ellsworth 
Road, the freeway is in cut. On the east side of the Sossaman Channel, the profile of 
the roadway grade is f lat ter  than the slope of the existing ground, with the result that 
the roadway, while maintaining a downward slope to the west, is in cut from Ellsworth 
Road to approximate Station 954+00 and is a t  o r  above grade in the vicinity of the 
Sossaman Channel. The invert  of Trunkline No. 3, while maintaining a downward slope 
to the west, is likewise rising relative to the existing ground. The pipe ends and 
opens into a channel a t  the point a t  which i t  is no longer feasible to maintain 
minimum cover over the too of the oioe. This "subsidiarv channel" has an  outfall into . . 

a Channel No. 2 a t  Sta. 943t36. 

2. Hydraulic Grade Line Determination 

The hydraulic grade line in each storm sewer was checked to ascertain that the water 
surface elevations remain 0.5 foot below the inlet grate elevations and the manhole rim 
elevations under peak flow conditions. The starting water surface elevations a t  the 
outfalls of Trunkline No. 1 and No. 3 were obtained from water surface profiles in the 
respective channels previously computed using the HEC-2, Water Surface Profiles 
Computer program. The hydraulic grade line a t  any inlet or manhole was determined 
by two methods; (1) surcharged pipe conditions and (2) non-surcharged pipe 
conditions. The resulting water surface elevations were compared and  the higher 

-. elevation was taken to be the hydraulic gradeline elevation. The  specific procedures 
are designed below: 

Obtain the downstream water surface elevation (WSEL) for  initial conditions (HEC-2 
output) or obtain the energy gradeline (EGL) from calculations for  the downstream line. 

Assuming full  pipe flow, calculate the pipe velocity and velocity head (V2/2g) based on 
the design flow (design Q) and the current pipe diameter. 
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st.eLL2 
The "friction slope" (S3 is calculated according to the following formula: 

Sf ( nW2 where n = .013 
( 2 . 2 1 ) ( ~ * / ~ )  

V = Velocity (full flow)(fps) 

R = Hydraulic radius 

= D - 
4 

w 
Calculate the friction loss (hL) in the pipe: 

w 
Calculate all relevant form losses for  the current pipe. Form losses include losses a t  
the following locations: 

- inlets - manholes 
"tee" connections - bends - pipe outfalls 

Inlet, manhole and  "tee" connection losses a r e  all types of junction losses. The 
general formula used fo r  computing junction losses is (Ref. No. 19): 

where; H j  = Change in  elevation across the manhole due to junction 
losses (ft.) 

Discharge i n  the current pipe (downstream of junction) 
(cfs) 

Discharge' in  lateral pipe No. 1 (cfs) 

Discharge in lateral pipe No. 2 (if applicable)(cfs) 

Discharge in  the upstream pipe (cfs) 

Velocity in  the current pipe (downstream of junction) (fps) 

Velocity in  lateral pipe No. 1 (fps) 

Velocity in  lateral pipe No. 2 (if applicable)(fps) 

Velocity in  the upstream pipe (fps) 
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Bend losses are  computed by (Ref. No. 20): 
& ' 1 2  

H,, = kb (L2) where kb = .25 ) .. 

6 = Most severe angle found in the 
storm sewer system 
(conservative value) P 90° 

Expansion losses a t  the outfall points of Trunkline No. 1 and Trunkline No. 3 are 
calculated by (Ref. No. 20): 

H, = k, (L~)  ; k, = 0.6 

I 2, 

SERA 
Calculate the upstream EGL: 

EGL (upstream) = EGL (downstream) t hL t sum of form losses 

w 
Calculate the water surface elevation (WSEL) a t  the upstream end of the current pipe: 

WSEL (upstream) = EGL (upstream) - L2 
2g 

&J& 

Determine the normal depth of flow (d,) in  the pipe, by Manning's equation, for the 
design flow. 

Ste_lLP; 
Determine the velocity of the design flow a t  normal depth (V,). 

Steo 10: 
Determine the entrance loss into the upstream end of the pipe using the velocity at 
normal depth (Ref. No. 18): 

WII: 
Determine the WSEL a t  the upstream end of the current pipe: 

WSEL = d, t Hen, t pipe invert (upstream end) 

Steo 12; 
Calculate the associated EGL: 

EGL = WSEL t L2 
2g 
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.RlIGNA GE?~RTREYT OF T8LN~?ORl~II%N I LOWlIOU D41i: Hldrar: S u ~ c r r t i t r o n  Freewar: Phare I 
Loratloo: P0.w fioa6 t o  Ellsrorth Road 
Proflct  No. F-028-I-;ll 

L m l t ~ ~ .  . . Cont i ibu t iq  Gra~nape I :  l i ne  01 Concentration 1ltin.l : t l l i .  121 :  I21 : : T ~ d v ~ 1  I 
------. .(_________.______ m ------. . , . i .: Q= O h  : Slme : 0irn. : F w u l a  : ClV'Z :Valoritv I Lm:th : l i e  I l t i :  Dwnrtrral : 

:Line No. : h o r l o  ::hi. No. : Inc. CJ :: Su. ilortrea. En :: Total La :: Inlet  :Srxer llt): Oesi.o ::in.lhr:l: i c l r )  : l f t . l f t .> :  1in.i : I I ! 1 liorl i f t .  : l rn .1  : Liae no. . , 
: 1 !I-; t o  i-i : A -  : 0.195:: 0.000 :: 0 .99  : 0.43 : ,~ : i0.00:  5.80: l . 1 5 :  0.00501 2 4 :  0.0;34:0.0576: 2.96: 78.0: 0.44:  2 : 

-...--: 8 '  ---------: : . --....--:-.------., ,. . - .- .- 
: 2 : 1 - 4 t o % +  :! 9-1 ! 0 . l 9 9 : :  0.199 :: 0.378 :: 0 . 3  : 0.44 : 10.00 : 5.80 : 2.51 : 0.1022 : 21 : 0.0148 : 0.0550 i, 10.54 : 37.0 : 0.06 : PHIII: 170 : 

----.-... , s_____._-_:___________I I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I I _  ..- ,. ------ ____::________. ---..----; , - ________:_________/  t --.---.-- < --------- 7 

: ; :IF1 to M-i : I : 0.102:: 0.258 :: 0 .31  : 0.40 : 0.31 : l0.M : 5.80 : 1.97 : O.OLlO 1 21 : 0.0335 : O.1G77 : 4.58 : 159.0 : 0.58 : PHIII: LA : 
; _ _ _ _ _ _ _ _ _ I  ------.--; : : - .- ---_: ---------: ,- . , . . . - 
: I :I-: t o  1-1 :: A-: : . 0.2i8:: 3.000 :: 0.238 :: 0.40 : : 10.00: 5.80:  1 . 3 8 : 0 . 0 1 9 0 :  2 4 : 0 . 0 2 0 5 I O . Q 6 9 I :  4.95: 92.0: I :  3 ; 

----.-; -.-.-. , _ _  - :  - . , . , - 
: 5 :I-& to W-3 :: 4-6 : 0.002 :: 0.199 :: 0 . 2 ,  1: 0.57 : I .  : lO.00 : 5.60 : 1.63 : 0.0267 : 24 : 0.0203 0.0688 I 5.93 : 36.0 : 0.10 : PHIII: 172 : 

----- / -------- _.:: 8 .- . , , . --------- j jjjjjjj: ---------; 
: b :I-5 tm 1-6 I :  A-5 : 0.076 :: 0.12;!: 0 . 9 9 ; :  0.57: 0.66:  10 .W:  5 . 8 1  1.15: 0.0010: 2 4 1 0 . 0 3 7 1 :  0.1356: 2 . E :  78.0: 0 . :  5 1 . . , , ,- 
: i :I-8 to  1-5 :: a-8 : 0.123:: 0.000 1: 0.123 :: 0.57 : : 0 . 0 :  5.80:  0.71: 0.0050: 2 1 :  0.0207: 0.0695: 2.57: 102.0: 0.6b:  b : 
: :: . , . . ::--; :-_: :_----_-: ____-: 
: 6 I -  t I : I : 0.3i8 i :  0.000 :: 0.398 1: 1.04 : I 10 .W:  5.80: 2 .31 :0 .0058:  2 1 : 0 . 0 6 2 l : 0 . 1 5 1 1 :  3.81: 212.0: 0.93: 12 : . . - -  I ,- 
: 9 I to I -  :: CI: : 0.212 :: 0.000 :: 0.212 :: 0.29 1 : 10.00: 5.801 1.23: 0.0712: 2 4 :  O.W?4: O.MO2: 7.65: U . 0 :  I 12 : 

: LO 11-16 t~ RH-E :: &-I6 : 0.110 :: 0.103 :: 0 . 2  : 0.42 1 0.39 1 10.04 : 5.80 : 1.21 : 0.09G : 24 : 0.0081 : 0.0364 : 8.A : 38.0 1 0.07 : PHIII: 385 1 
-'---------' ,- , , , # 

: 11 I -  t 1-16 !: I : 0.103 :: 0.000 :: 0.103 :: 0.42 : : 10.00: 5.801 0 . 6 0 : 0 . 0 l 1 7 :  2 4 : 0 . 0 l l 3 : 0 . 0 4 % ~  3.281 77.0: 0.39: I0 : 
: ' --------. # :: '0 --_-.: ---_: . , . , ,- 
: 12 : t  i :I CIZ : ~.:is 1: t .610::  0 .93 : :  1.04: 0 .93 :  IG.OJ: 5.80: 5 .42 :  o.ooz5: 2 4 :  0 .n21:  0.380:: 3.57:  n.o: I :  13 : 

I ----: _: *--- 1 . , . , ., 
: I; Inn-i t o  R i t G  : 3 : 0.000 :: 0.5;5 :: 0.935 :: 1.w : 1.07 : IO.W : 5.60 : 5.42 : 0 . ~ 2 5  : 24 : 0.n21 : 0.3801 : 3.57 : 306.0 : 1.43 : P H ~ I I :  381 : . . . . 
: I4 :I-15 to RH-0 :: R-15 : 0.176 :: 0 .12  : 0.315 :: 0.4 : 0.37 : 10.00 : 5.80 : 2.02 : 0.1200 : 24 : 0.0119 : 0.04ii : 10.65 1 S . 0  : 0.06 : PHIII: 381 : 

------ _::___ ---- :: ---- _ ----- 
: 15 :i-14 tn 1-15 : - 1  : 0.172 : I  0.000 :: 0.17; :: 0.41 : : L0.WI 5.80:  I.OO:O.O09l: 2 4 : 0 . 0 2 1 4 : 0 . 0 7 1 3 :  5.a: 16.0:  0.37:  14 : 

consuted br: i. X. PZ casmrin Gate: 5187 checked b y  Gate: --.-....-.... 9/89 



TAilE I t .  PHASE I: Sl iRn SEER SIZING TABLE 

& l i O Y I  0 i i f i i l l l i l T  OF TRLNSi0RIAIIGN ill- FLISUI~ II ' VnliO'G:;ii5'lll! 
LGCXTIO~ oils: ~ t . h n r :  ~ ~ ~ ~ ~ ~ t ~ t ~ ~ ~  freemar: ~ h a n  I 13- a*+. no. 12: l a l l e  s-; 

L x a t i o n :  Fww Road t o  E l l r r o r t h  Road 
f r o i t c t  No. F+23-i-;ll 

LoCatio" . . . . C ~ n t r i b u t i n ?  G r a ~ n r g r  :: 1x.c 01 Co~cen t ra t i on  Ihn.1 : ::I). !2i : I21 : : Tra re i  : 
.... ----.....- 8 . . . . . I : G= CiR : Sloor : D l i l .  : k r a c l a  : Xi0'2 :Ve10rltu : Lent th  :lie ! I t ) :  Gorn$tre&. : 

:LineNo. : Fro.-lo ::Ire. No. : Int. CX :: L. Uortrra. CP :: Tot21 CA :: I n l e t  :Sewer LTt l :  L r i g n  : i in . Ihr . i :  l r f r i  ! l+ t . i+ t . ) :  ( in.) : l I : : Ifas) : f t .  : (.in.: : L ine  No. : 
. . . . 

: 25 inti-i 10 Kti-6 :: OUIFW LINE FOR iFUTUREi GilENIiGN PONO lJV C I  6 VIN LOO1 - P i S E  1 i  COHSTRUETION : 0.0022 : 42 : : 226.0 : 
. . . . . . 

: 21 :UNOG~ ELLS~ORTH a0 5 ~ 1 0 6 ~  l ~ i ~ i ( i i  CONVEYXN~E i l ( k ~ i t i ~ 5  EIISTI~~ PIFEsI - TO BE REROVED WIER ~061. OF PMO ICGLI : 0.0056 : 3-84:L CHWEL I 2 IURL): PHASE 11: 290.0 :COHETIUCTI0N 
. . . . . . . . 

: Z ~ R  : I - iO t o  1-3 :: R-10 : 0.179 :: 0.000 :: 0.179 :: 1.92 : : 1o.08: 5.80: 1.0:: 0 . ~ 5 5 :  2 1 :  0.0235: 0.ta72: 2.96: 6.0:  0.87: 415 : . , ------ . , 
: 22l :I(H-5 t o  CiiN 2 : I  BiTFAiL LINE FOR IFOiiiREi OETENTIOU POND IBi COE 6 VUN L m )  - PHISE 11 CONSTRUCTION : 0 . ~ 1 1  : t a  : : 1P.U : I LM : 
:-.-.---.-I >*-.----_-: :I ----- -- '" - ,* ,,_ 
: 23 : W 5  t o  RH-4 :I OUTFALL LINE FOR IFirTXiEI DETENTION Pol5 lB1 Cilf 6 VAN LOOi - PHSE 11 CONSTRUCTION : O.t(l22 : 48 : : 316.0 : 228 : 

------.-- ..____-___:________. I , . ,, . . , -  _____:_____-_:___*_____:_______/_ , - 
I 21 :RH-1 t o  118-5 :I OUIFXLL LINE F02 IFUlUREl DETENTION POND IBI COE & VAN Lon) - PHPSE 11 CONSTRUCTIM : 0.0022 : 45 : : 3a.O 1 23 : 
:______--: _ . . ~---------: _. . . ___I: :_________:___ 
: 25 - 5  t o  - 6  :: OUTFRLL LINE FOR iFUIWE) OEIERTION PONO (81 COE I VW LC41 - PHASE 11 CONSiRKTIOM I 0.W22 : 4J : : 32.0 : 24 : 

I * I  ::___ / . , ,, 
i 26 :IIH-T t o  CHH 2 I A NIR I! 0.361 :: 0.961 I: : 2.171 10.W: 5.50: 1 . 9 F : O . J L W :  2 i I O . M 7 ? : 1 ) . 2 0 9 4 :  5.96: 10.0: O.O8:QH1l thm.  : 

Coa~utad bv: J. I. k Camon Gate: 5r27 Checked br: 



LOCATION DATA: Hi?h.ar: Suoerrtttmn i reerir:  Phase I bijl8U OWL: Frmumrv: :O reair 
L~catlon: Pwcr Rald to Elirrcrth ioad P6 = I.;? ~ n .  124 = 2.30 in. PI = 1.58 i n .  
Prorert No. F-023-1-3:l ?ID* m = 0.013 

iAaE 12. PMZ I: WLLULIC 6RioE~iuE OLCu~nll~lcS 
--------. . -- -- -. . . -. -- --- .- -. - --- - - ------ -.-- -- ----- --- -- - -- -- - ---- -- - -- --- -. -- -- --- - --. .-----. --- - - ------ -- -- ---- ----- -- --- -- - 
: Line: i r e d o  :: Oeri~n : : TYSEl. : j ewr  Proftle ,, H r d n e l ~ c  6rade Line :: H6L C ::Rimiinlrt:Frerboard: ,, 
: No. I :: Y :O>a=.: : Cromn Elevation I L : Slosr :: U iuil : Sf : hL : YSEL. :: Norad : lnr. : USEL. :: Uart.. :: Eler. ::El.-HGLI: 
, , . . :: lc isi  : t in . )  : : Uar'... : Onrtn. : l i t . ;  : I f t i i t 1  :: l isr , l  : :it/f!1 : l i t . )  : Uostt. I: Oeoth : U~rt%. : Umt*. : I  End :: lit.1 : lit.1 : 
: ..... , 4: ....----: ------: ---..------; ------ 4 -...-----:-----.--::--.---'--:---------.I ,, ..-------: :I 

: 2 I -  to :: 2.55 : 24 : 1376.39 : 1400.98 I l;?7.20 : 37.0 : O.lO22 :: 0.75 : O.MO1 : 0.00 : l376.39 :: 0.25 : ii58.98 : 1397.2; :: 1599.2; :: 1404.02 : 4.79 : 
, . , ,...________ ________. I ' ---_' :: 8 ------' ._____.___( __::_________,._ ------- _ I  I___ _------ ::__-____:____-: 
: I :I-3 to 1-4 :: 1.19 : 21 : 1395.2: : ~401.74 : IIOI.;~ : 73.0 : o.oos0 :: 0.33 : o.ww : 0.00 : 1399.2; :: 0.37 : 13s.rc : 14oo.11 I: 1ct0.11 :: 140s.aa : 8.77 : 

:___ ----: ------ ,, I _  _ . , ,- ,,.________./_______I______: ._ ------ ----: - _  - -  I * /____ I  j -_____%I______: .___:  . , , ,- . . . . ,- . . 
: 5 l -  t o  :: G.53 : 24 : 1376.39 : lj96.4.5 : I394.73 : 159.0 : O.OII0 :: 0.10 : 0.WM : 0.00 : 1376.39 :: 0.29 : 134.45 : 1334.55 :: l391.65 :: 1400.3: : 5.5b : 

::.-___:-_._.__._ .....--; % , -___.-_.__:;______:___-_I_.____1______11 . . ,- . ,,_____:__ ---_: ::___ ::pi---: 
: 4 :1-2 to 1-1 :: 0.28 : 24 : 1394.65 : 1398.20 : 1396.45 : 72.0 : 0.0190 I: 0.09 : 0.0000 : 0.00 : L3i1.65 :: 0.13 : 1376.20 : 1316.33 :: I39b.S :: 1450.07 : 3.71 : 
:____.I >---- :___--: :________: :-_____I ,- ,- ------:---_::___----::-___:___: 

I___-.: :_______-: ----..-.-: - -  . . :: --_---: -..-.-.--; . ?  :: 
: 5 :id ti, U - S  :I 1.19 \ lk : I:71.14 : lIJL.27 : I4W.30 : 36.0 : 0.0267 :: 0.7 : I : 0 : 7 2 7  I 0.3; : tZ99.27 : :i??.bt :: 1399.60 !: 1405.59 : 5.99 I 

. . :___(___________.I-_---: ------ _-::_____-_:____: , . . - . . ~ ~ 

: 6 11-5 t e  1-6 I :  1.60 : 24 : 1399.60 : l431.5a 1 1101.27 : 79.0 10.0040 : 1  0.55 : O.WOI 1 0.00 : 1399.64 !I 0.46 : 1399.58 : 1400.04 11 -l40O.M I: 1k05.69 : 5.65 : --------- h -  . . , - . . ,- ., 
: 7 :[-a t o  13 :: 1.21 ! 21 : li00.04 I lk02.09 : 1401.58 ! L02.0 : 0.0050 :! 0.39 : 0.WW : 0.00 : 1450.04 :: 0.37 i 1400.09 : 1400.46 :: li00.46 :: 1404.;9 I 3.93 : 

-----: --------- I . , , - _____:_______::.______II__-__:_-_: , . 
__.._11 s --_:-_____:/_____-: :____---; 4 1  1 _::_---::___1 --: 

. .  . . . , ,- 5- , .- ,- 
: 10 :~'-ti to W E  I: 0.92 : 24 : 1447.51 1 1473.82 : 1170.20 I 38.0 : 0.09C :I 0.2'1 : 0 . M  i 0.00 1 lU7.51 :I 0.16 : 1471.02 I 1411.98 1: l47l.98 :: 1iTb.88 1 4.90 : 

s r  ----: __--; :-----.: :: % . t !  . A ,- -_--: ;; 1; ;-_-: 
: I 7 t I-! :: 0.6 : 24 : 1471.;a : 1474.82 : 1in.n : 77.0 : o.o!l: :: 0.15 : ~.woo : 0.00 : 1471.78 :: 0.19 : 1472.82 : 1473.Ol :: 1473.01 :: 1476.95 : 3.94 : 

?---I - -  I t  . . (,_____:____:_____::___-___::____~_____: 
:___: _::____ ----: ----------- : . , ::_______:__ -_--: --------- ::___ II_____:___-: , , 
: 13 :B-C ta 5 0  :: 5.69 : 24 : 1449.LI : 1455.89 : 1155.14 : 306.0 : 0.W25 1: 1.81 : 0.0007 : 0.20 : l44F.II :: 1.00 : lW3.99 : 1454.89 I: lD4.89 :: l46;.00 : 8.11 : 

.------- I________, __: ,- 
: I I to P C  :: 5.69 : 24 : 1454.89 : 1455.56 : 1455.39 : 29.0 : 0.0025 :: 1.81 : O.WO7 : 0.02 : 145~.FI :: 1.00 ! 14;.9b : 1454.96 1: 1154.95 :: libblb I 11.20 1 
: -----' :: 0 1________1 . . , , 
: 9 - 1  t 2 :: 1.10 : 21 : 1451.96 : 140.55 : 14b2.92 : 65.0 : 0.07L2 :: 0.35 : @.WOO : 0.00 I 1454.9b i :  0.9 : 5 . 5  : 1455.74 : 5 : 470.75 : 5.01 : 
: -..-- 8 "-----...: ------ ' . . IIIIIII.I I , .______:________I / _  ._______:_ ---- . >  - . . 

.... _: ,.... I _: _--_-: ~I__.-__I______:_____:: C I _ _ _ _ _ /  ____: ,. , . ,- 
: 0 I t I -  :: 1.50 : 24 : 1454.9i : irsi.19 : lin.36 : 212.0 : o.ocse :: 0.59 : o.0~1 : 0.01 : 145i.?7 :: 0.74 : : . I  : I .  : I .  : 0 .  : 4.50 : . . I ,,_.-_____::______:______: 

:..__.___I ______.___ ---------- :: :: ' 8  ,.------ :_____: 
: 14 :I-I5 t o W 0  :: 1.44 : 24 : l445.:I : l4ii.00 : iU8.68 : 36.0 : Q.t!bu :: 0.4b : O.Ma i 0.00 : I14i.ll : i  0 .  : 147l.O : : 9  : 4 . 1 9  : 4 6 0 3  : 4.84 : 
:_____I ______.I____ ---- : ----- _:__ -------.-: -------.-: - .  -.-----. 1 .--.----. . . , . 
: 15 :[-It to 1-18 : 0.7 : 24 : 147l.l : 47.50 : 473.9 : 78.0 : 00091 : 0.2: ! @.WOO : 0.00 : llil.19 :: 0.25 : 1472.50 : 1472.75 :: 1472.75 :: 1476.72 : 3.97 : 
:____ ._---- . . /__._-___:______: .... _______: ,_________:__ _.-- _: .------- ::________-: ----- ____; s -----....-I :_________I__ _-----I: -----.--- b r _ _ _ _  ------ 11-  ,, .---: 

8 . . _:_______::__-____II___-_:_____-: ,, 



LGCATIOL ORiA: Hi?hnr: S u ~ e r r t i t ~ o n  i r e e a v :  Phne 1 0BI;U OAIB: kcouentr :  1" rnm 
Lmatton: Porcr Road t o  El l rwor th Road vb = 1.99 in. PZ+ = 2.30 ir. PI : 1.5a i n .  

Fro,crt no. 6-928-1-311 PLDL n : O.":3 
TABLE 12. P W i i  I: K;!i'jiXCLlC 8aiGEiINE LiLCULAIIGNi 

Line: Frcs-io :: Besion : : iEiEi .  1 SP.C~ P r ~ f i l e  :: Hvdraullr Brade Line :: B L  P : :P i~ i I n l r t :F r~eboard :  
NO. : :: P :Oia..: ! Cram E l e n t i e n  : L : S l m r  :: V f u l l  : S+ : hL : YSEL. : I : I : YSEL. :: Upst*. :: Elev. :IEi.-HSLl: 

:: l c f s l  :i;n.; : : UDS~.. : t n s t ~ .  : :it.) : i f t i i t >  :: 1fos.l : l f t i f t i  : fft.1 : Uuitm. :: 0 ~ 3 t h  : Lbrtn. ! brt.. :: End :: 1ft. l  : Ut.1 : . . . -  , , . . - . . . .-..-: ...-....-...--.... 8 .  3'----- x..: ,- .--..-: ....-.---- I ,  : ......--- a . . 
: 15 :I-18 t o  OiRi : 5 . 9  : 4 : 1 4 . 5  : 156.27 ! 146.16 : 37.0 : 0 . 0 0  : 1.87 ! 0.0007 I 0.03 : 1166.La :: 0.97 : 1464.26 1 1 4 5 . 2  :: 1 4 . 1 8  : 1 4 . 6  : 6.98 : 

---. , I  _________:__._..___: -----.-, ._______I  _-.-.I -------- --:: ---------: .------.-: ,,- , - . . ,- ,- ,- ,% 

: 7 I t I :: 2.93 1 24 : 14ob.18 : 1166.56 : 116.3.2i : 26d.G : 0.0025 :: 0.93 : 0.W92 : 0.05 : 1466.23 :: 0.69 : 1 6 . 9 1  : 165.61 ! 1 6 . 2  : 1 . 5  : 3.30 : 
----. , .------..: - - - -  - .  _ _  :: ----------- :: ___:_______..: . . ,, - 

: 16 :I-if' t o  1-20 :: 1.39 : 24 : 11&.:3 : 11U.?i : 146L.92 : 65.0 : 0.0045 :: 0.0 : 0.0440 : 0.00 : 1U6.23 :: O. i i  : 1465.21 1 1165.75 :: 1486.21 :: 14Li.55 : 3.S : 
I ----- _ _ _ : _ _ _ _ _ _ I _ _ _ _ _ _ _ . I  ,... LLLLLLLL ::___ :: _:_______: 

l____(_________._.____I1___.._l_____l_____ , . -_--: # 1 _ _ _ _ _ _ 1 _ _ _ _ _ _ 1  .- _____1:__  :: jjjjjjjjj: 

: I : I  t o  a :: 1.44 : 24 : 1466.23 : 1470.81 : 1470.3i : 98.0 : 0.0043 :: 0.46 : 0.0000 : U.00 : llb6.23 :: 0.78 : 11b8.81 : 14.37.51 :: lG9.59 :: I473.13 : 3.51 : 
t _ _ _ _ _ c  _.__.__I I _ _ _ _ _ _ : _ _ _ _ _ _ : _ _ _ _ / -  I ---__: . . - -  . . .- ,- . , . . . , 

: -.... ' ' 8  .- -------' 1: --------: ,. em------: '-::-------', . , --------- :-------: 
: 2; :ELSdJRTH RO. :: : 7s : : 1465.37 : Ila3.ao : 280.0 : 0.0056 :I 0.00 : O.OG0G : HIP : Mia 1: Nip : 1 5 8 . 7  : Nip I N i l  :: : NiR : 
:__.__I______________( , . . , > .  ::_--__: 

I _ _ _ _ : _ _ _  ---- I _ _ _ _ _ : :  ::-____:__ ---_: . . , , ,, 
: 220 :I-7 t 0  1-10 :: 0.76 : 24 : 1378.91 : 1379.27 : 1578.91 : 65.0 : O . W B  :: 0.24 : O.OW : 0.30 1 1379.21 :: 0.06 1 1377.27 : 1377.33 : I  1379.21 :: 1381.53 : 2.32 : 
;_____I____________::__.____:______I_______._:_____:______:_____:____::___:_________$__ ----- :-____::______: :__---:: :: ---_I 

a__-_: * a 5 _ _ _ _ _ : _ _ _ _ _ _ _ :  ::----_-_:------:__-___I G------sa . . . , , , . , 
: 228 :CM 2 t. 6 - 3  : 1 : 4 : NIR : 1456.91 : 1456.aq : 19 : 0.0011 I: : NIR : uia :: MIA :1452.92: NIR :: ~ i a  :: 146:.oo: N I ~  : 

I_ --------- :___(I 1 1 --: ., ,. - , , ,.- , , 
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:..._.:......._________..I ,... ,._..._-_:________, ,...._._:_______..:.._____ ----- I _ _ 1  ,_______..: , - 
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: 
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j 
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:__ ............. _ : _ : 
: 186 :Si 73 nH1-23 : 5.3 : 24 :1401.75 :14UI.76 :14tii.?i : 187.0 : 0.wa : 1.68 I 0.04 : 0.0005 : 0.10 ; 0.34 :!iOl.S? :i4ul.25 :: 0.7; : 4.57 :13??.7b : 0.0b :l100.;4 :llW.52 ::140\.85 : 14M.F : 3.52 : . . ,.______-, ...... _I_______:.._..: ...... __: ...... __ ---------: ----- % I  -------- :-> ------ 1 --------: :: :-------, 
: la; :i0 TJ 8: : 2.4 : 24 :140!.€1 ::+3b.P6 :l4Oi.60 ; 227.0 : 0.0227 : 0.78 : 0.01 : 0.0P01 : 3.0; : 0.S :i401.9j :l401.it :: 0.U : 6.28 :l40l.Fb : 0.12 :1446.06 :1405.44 ::1405.44 : 1469.OP : 3.B : 

......... _.____ : 
: 188 IF: io ani-m : 2.9 24 :lioi.is iltos.61 :tica.a& : 211.0 : 0.8235 : o.11 : 0.01 : 0.0eti I 0.0; : I : I  1 1 . 7 8  : 0.5 : 6.6 : I .  I I : I  I .  I .  : 1107. : 3.61 : 
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i ~ c i i i ~ n  o i i a  GES:;S MI; 
t ~ ~ h w a * :  Suoer~ ts t ton  i r e e ~ a ~  Fregusncr 50 rears 
L x d t i c n :  ?wer Eeai t o  El ls .~r th Enad F6= 2.70 in. ?:a= 3.iG in. ? I =  2.15 in. 
i r o ! a t  a. F-$28-1-311 Outlet i* Elw.  : :411.79 

- 
tvsi; 11. i ~ i ; ?  :: iNj i r i i i i  I::: l;9EldLlt GGE LIME L P i u l i T l 0 ) l j  P&!e 8 o f  :? 

LiCltl." , , . . S e ~ c r  Pro f l i e  HEL io r  Strcbarged F;ae ,, . . HEL for  Hon-Sdrdir!sd ? b e  :: Ha. P : i t i r i l n l e t : i r e b u d  : . - - --- ---. ..- --- - . -. . :Edcsion:ha..: EEL ; i r s r a  Eieuation : L : Slcnt  : 'Wall : V11;2! : Si : hL : i c t a i  : E6i : i(XI :: Nnrsai :Yelotit,: iilv. : i n t imce i  E;L : :32 :: Unrt.. : Eler. :(El.-iiii): 

: uc. : i re* - io  : i c f d  :( in.>: 0nsia. : tinstn. : Omstn. : l f t .1  : l f t l f t l  : :fad : let.!" : l f t ! l t ~  : (it.! : ; o n  loss: Casts. : Umstn. :: Dwt3 : 1 6 0 ~ 1  : Ucsta. : 105% : Go$t*. : U~stn. :: En4 : ift.1 : lit.! : 

: 304 - 1  1 t i  : 2 : .  : 2 !141l.i0 1 4 . i  :1415.30 : b i .  : 0 . 0 1  : 7.12 : 0.79 : 0 . 0 ;  : I .  : 0.24 :1413.; : 4 : 2  : 6 : 0 : 2  : 0.:4 :14!3.29 :14:6.50 ::1416.bG : 1422.00 : 5.10 : 
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LOCBIOY OPTI 
Lqhxrv: Sumerstitloa Freeway 
Locatlrm: Porn Road to Ellrrorth Road 
Pro~rc t  Ho. F-028-1-ill 

TmLE 14 PHk8E 111: WiGRAULIC SRPOE L I E  ERLLLNLPTIONS 

Frequency 54 . i sus  
P6s 2.70 in. P24= 3.20 in. PI= 2.15 in. 
Outlet 1 Y  Elrr. = 1346.70 

I Location , , 
a a Serer Profile ffiL f w  Surcharged Fioe a ,  . , H61 for bn-Serchrrged Piw :: H6L 8 :Ri*/lnlet:Fr~ebud : 

: .Pdr3irm:Giam.: E6L : troxn O o a t i m  : L : Slnoa : YfuII : VA2/2g : Sf : hL 1 Total : EEL : YSEL :: Ilor.al 1Ytlndtr: In*. :Entnnrr: E61 1 ISEL :: Upst.. : EILY. :(El.-HMI: 

: . : From-10 : l r f s l  :(in.): Onst.. : Upst.. : Dnrt.. : Ift.1 : l f t i f t l  : I f s l  I Ift.1 : l f t l f t )  I lIt.1 :lor. I o n :  Uprtl. : Uprta. :: Oqth 1 lfprl : Upst.. I Lo15 : @st.. : Upst.. I: End : llt.1 : (ft.1 : 
:__-_-I_-__-__-__-_ . 
: 371 :45 TO sir,-lb 2.6 : 24 :1443.28 :l444.79 :l444.35 : 16.0 : 0.0275 : 0.84 : 0.01 : 0.0001 : 0.W : 0.01 :1443.29 :1443.28 0.36 I 6.89 :1442.7? : 0.15 :I444.03 :1443.30 ::l441.30 I 1446.33 : 3.03 : 

8 

1 

: 373 :I46 TO M3-17 : 10.5 : 24 11445.57 :1443.92 :1443.60 : 16.0 1 0.0200 : 3.33 : 0.17 : 0.0021 : 0.03 : 0.12 :l445.72 :l445.55 1: 0.79 : 9.12 I : 0.26 :1444.26 :1442.97 ::1445.55 : 1447.85 : 2.Z : 
:-_-:__-_- _-_:----l---l-._--:---_-: . . ---- :--: :---I - I  ___--_:---_:_----:--_._:___::_--:-__: :--_-:--_:----I. , ,--_:--____. ,--. , 
: 374 1147 TO I46 : 7.2 : 24 :1445.72 11444.84 :1443.96 : 110.0 : 0.0240 : 2.30 1 0.M 1 0.0010 1 0.11 1 0.08 :1445.91 11445.81 :: 0.81 : 5.90 11442.84 : 0.11 :1144.32 :1443.77 ::14;5.83 t 1447.85 : 2.02 : . 
: 375 :I48 10 147 : 4.2 1 24 I1445.91 11450.37 l1445.50 : 75.0 : 0.0649 : 1.32 1 0.03 : O.WO3 : 0.03 ! 0.03 i1445.96 :IU5.94 1 1  0.36 : 10.b5 11448.37 I 0.35 :1450.85 I14R.09 ::1#9.09 : 145j.40 : 4.31 : 

:- : 8 

* s - 
7 4 9  TO 3 - 1 7  1 4.9 : 24 :1445.57 :1448.20 :1444.62 : 58.0 : 0.0617 : 1.56 : 0.04 I 0.0005 1 0.03 1 0.04 :1445.64 11445.60 1: 0.N : 11.00 11446.20 : 0.38 11448.85 11446.97 ::1446.97 : 1451.29 : 4.32 : . 

0 

.. . ,.. : 378 I 1 0 3 - 8  : 9.2 : 24 1l446.48 :1445.00 l1444.84 : 17.0 : 0.0094 : 2.91 : 0.11 : O.W1b : 0.03 : 0.11 l144b.b? :l44b.49 1: 0.90 I b.b7 :1443.W I 0.14 t l414.n :I4*.04 ::l44b.49 : 1148.93 I 2.44 : 
:---: L:---l.--: . - .---: ---- . I ---- :---: ----: . . :---:- , 

: 379 :I51 TO 150 I 4.4 : 24 11446.62 :lk45.90 :141.02 : 110.0 : 0.0080 : 1.41 : 0.03 : 0.0004 : 0.04 : 0.03 :1446.69 11446.66 :: 0.63 : 5.15 :IUS.PO : 0.08 :1445.03 :1444.62 111446.66 1 1418.93 : 2.27 : 
s 

: 9 . 
1 381 1 152 10 8%-I9 : 24.6 : 24 11440.33 :1447.83 :1447.31 : 18.0 1 0.0289 : 7.84 1 0.95 : 0.0118 : 0.21 1 0.68 :1449.22 11448.27 :: 1.16 : 12.98 t1445.83 : 0.52 :1450.13 :1447.52 :11448.27 : 1451.54 : 3.27 : 

----; -.---: 9 - 7 - . -  - 8 - -  - -  . s - -  - -  - -  3 a '--'------i ----. , . .- , . 
: 382 :153 TO 152 : 16.2 : 24 :I~SO.II : 1 ~ 8 . 5 6  :IU~.PI : 110.0 : 0 . ~ 5 ~  : 5.16 : 0.41 : 0 . ~ 5 1  : 0.57 : 0.37 :rrs~.oi :~tso.as :: I.= : 6.29 :1446.56 : 0.12 :~ua.s: : t r a . z ~  ::I~N.ZI : ttst.sc : 3 . a  : 
:_--_:___ -_;-__--: ----: 1 - ;  - -  - :  - -  - -  - ;  - -  1 - -  3 --_I3 .- (,_--_:--_:_-_-_~__--:-----n ,. s *  ----: * 
: 383 :11lE-20 TO 153 1 7.7 : 24 :I448.63 :1449.67 :1449.l2 : 26.0 : 0.0212 1 2.44 1 0.W 1 0.0011 : 0.03 : 0.02 t14W.87 :1448.78 :: O.bb : 8.53 :1447.67 : 0.25 :1449.68 :141.55 ::1418.55 : 1455.30 1 6.75 ' . 

.- - : ---- ------- :---: -----: t r ----- :__-__-: _*I  -__. ., ,_-:----_:____---1- % -  , . . ----: 
! 384 :MH-0 TO )IS-20 : 7.7 1 24 :1449.68 kt454.73 :I449.15 : 105.0 O.Okl4 : 2.44 : 0.09 : 0.0011 : 0.12 : 0.W :1449.89 :1449.80 1: 0.55 3: 11.40 :1452.73 : 0.40, :l45S.b8 :lk3.67 ::1453.67 : 1472.70 : .19.03 : 

-*-- _ _  : 
. 1 - : 

: 385 :Ill-E TO TEE : 1.3 1 24 :1450.80 il4b6.12 11449.14 : 88.0 : 0.1950 I 0.41 1 0.W : 0.0000 I 0.00 : 0.00 t1450.80 :1450.80 1 :  0.16 10.9b':l4b4.12 : 0.37 :l46b.52 :l464.b5 ::1464.65 1 1473.40 : 8.75 : 
1 - _ : 
I - .------------------------------------------------------------------7-------.----.---------..--------------------------.--------------------------------------------...---.--.------ : 
I 114 :RH4-l t o w  1 : 1.4 : 23 :1318.80 i1398.26 :1396.19 1 142.0 1 0.0146 : 0.45 : 0.00 : 0.0009 : 0.01 1 0.00 :1398.81 I1398.81 :: 0.31 : 4.46 :l396.26 : 0.06 1139b.14 :l:Pb.b3 ::1398.81 I 1400.80 1 I.W : 
: -- : 

I, : : 
: 415 :I-? t o  TEE I 2.1 : 24 iI353.92 :1378.36 :1352.05 : 98.0 : 0.2685 : 0.67 : 0.01 : 0.0001 : 0.01 : 0.01 :11:3.94 :1353.93 :: 0.19 : 14.37 11376.31 : 0.64 :1300.31 :1377.19 ::1317.lP 1 1381.53 : 4.34 : 

: 

Coaouted by: J.I. IlrCae.un Date: 5/87 Checked by: 



Steo 13: 
Compare the two calculated WSEL's and choose the higher to be the Hydraulic Grade 
Line (HGL) a t  the upstream end of the current pipe. 

Steo 14: 
Compare the HGL with the rim elevation (at manholes) or grate elevation (at inlets). 

-. A 0.5 foot freeboard allowance must be maintained a t  these locations. 

Steo 15: 
T h e  EGL associated with the selected WSEL is used as the downstream EGL for the 
next pipe upstream. Steps 2 through 14 are  repeated. 

3. Calculation Records 

Calculations fo r  the Phase I storm sewer are  presented in Tables 11 and 12. The 
calculations fo r  the remaining storm sewer systems of Phases I1 and 111 are  presented 
together in Tables 13 and  14. 

1. Introduction 

The..off-site dra inage c o n v e y a n c e  system c~oQnsists  of t w ~ l i n e d  channels, running along 
the. nortli right-of-way, with associated box culverts and detention po-nds. Detention is 
required, as demonstiated i n  Chap te r  IV, to mitigate  the^ effects of th<f;eeway on the 
flooding conditions in the vicinity of the '  freeway fo r  the 100 yr. - 24 hr. storm 
runoff. No specific attempt was made to improve existing flood protection measures 
fo r  property adjacent to the freeway; however, such benefits a re  a necessary result for 
segments of the off-site system design. - -  An . objective of the design process was that 

E6,~i~ 
~~ ~ ~, ~- 

construction, ~ ~. of the channels, ~ . detention .,.. ponds, ~~ . .. ~ -~.. -. culverts and o t h e r  drainage 
-, 

appurtenanc&'b~?estr~1ted to th~~ight-~~~~a.y~~.li.limmiit~SS ~. . 

Modeling of the  combined channel and  detention pond systems required the use of the 
HEC-I: Flood Hydrograph Package and HEC-2: Water Surface Profiles computer 
programs. These programs were used to provide design data fo r  the various 
components of the off-site drainage system and to simulate the entire system upon 
completion of design. These modeling effor ts  a re  described in the  following sections. 
The  HEC-I discussion precedes the HEC-2 discussion. 

2. Design Procedure 

Design of the off-site system occurred in three stages: 

Stage 1 - Detention pond volumes and channels were approximated in several 
iterations of the HEC-I computer program to determine the  required 
locations, sizes and number of detention ponds. 

Stage 2 - Channel design was completed. The HEC-2 computer program was 
used to define the water surface profiles in the  channels for a range 
of flows. Final adiustment of the vond designs followed. - 
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Stage 3 - The  HEC-I input was modified to reflect the f inal  adjustments and 
results were tabulated as a part of the drainage report. The  HEC-2 
input was modified to reflect the additions and removal of peak flows 
along each channel a t  points of channel intersections and at 
detention ponds. The  water surface profiles fo r  the 50-yr. and 100- 
yr. storms were calculated using the f inal  HEC-2 runs. 

Simulation No. 3 included the use of the HEC-I as a design tool in 
Stage 1 and as a means of defining the completed design in Stage 3. 
A detailed description of Stages 1, 2 and 3, as related to the HEC-I 
simulations, follows. 

M 

The computer iterations run in Simulation No. 3 were based on modifications of the 
model used in.Simulation No. 2. The modeling of runoff contributions to the freeway 
corridor from the sub-basins north of the north right-of-way line is constant 
throughout Simulation Nos. 1, 2 and  3. Of the four  channels entering the right-of-way 
(Hawes, Sossaman, ~~. Sossaman -. Road ~ -.~. ~~ and ~~~~ 72nd ~ St.), ~~ i t  is anticipated that only the 72nd 

. S t i e e t  Channel will be relocated a t  some point in the  future.  The  information 
available a t  the time of the Simulation No. 3 analysis indicated that 72nd Street will be 
relocated to the west (to the current bridge location). A 72 in. storm sewer is planned 
as a part of the fu tu re  72nd St. roadway improvements. Relocation of the existing 
channel to the west along the proposed relocated roadway is under consideration; 
however plans fo r  relocation of the channel and location of the storm sewer had not 
been finalized a t  the time of the analysis. It was not anticipated that  any of these 

a improvements would be in place in the near future. Uncertainties regarding the timing 
of the 72nd Street improvements and the acceptance and implementation of the MDP 
resulted in  the  decision to use the current location of the 72nd Street drainageway as 
a basis for design of the off-site drainage conveyance system. 

The  initial concept fo r  attenuation of peak flows included the use of on-line detention ' * 

ponds. . .On-line ponds a re  reservoirs on the lined channels. Each one contains a low 
flow channel throu&?he detention structure and a restricted outlet. Routing through 
a structure of this type is accomplished in  HEC-I by inserting a storage volume vs. 
discharge table in  the input data. S e v e r a l p o n d  configurations were investigated on 
Channels No. 1 and No. 2. The  results of this analysis indicated that  the required 
peak discharges and ponding elevations a t  the critical areas could not be met with on- 
line detention. Further investigation revealed that the inflow hydrographs to each on- , 

line ponds contained sufficient  volume that the ponds were filling up before the desired 1 
peak flow attenuation was achieved. Two solutions were proposed to solve this 

-. problem. The  first  was to acquire additional right-of-way and construct large i 
"regional" detention ponds north of the, freeway. This was considered undesirable in 
light of high land acquisition cost : The  second solution was to provide off-line / 

u e t e n t i o n  ponds that  would serve to A, e ove only the peak of the hydrograph, thereby / 
attenuating the peak flood flows with minimal volume requirements. An off-line pond I 
design involves the use of a side weir in the lined channel into a deteiition a r e a ~ i h a i  
is parallel to, but not a part of, the lined channel. The  latter option was investigated 
and found to be a viable solution fo r  detention of 50-yr. and 100-yr. storm runoff. 

Page 44 



. , 
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Approximate detention pond locations were chosen based on the right-of-way space 
available and on the areas of point discharge of off-site flows to the freeway corridor. 
For each trial pond location a flow division was introduced into the HEC-I model. In 
a series of HEC-l ' iterations these flow divisions were modified such that the desired 
ponding elevations and outfall discharges were met. Each flow division in the HEC-I 
program results in  a hydrograph for the diverted flow as well as a hydrograph for the 
non-diverted flow. The  hydrograph fo r  the diverted flow was used to obtain the 
required volume fo r  the pond associated with that  division. T h e  initial channel 
parameters and  the available area between the top of the roadway berm and the 
channel defined the limits of each pond. If the volume required fo r  the pond exceeded 
the available volume i t  was then necessary to proceed through another iteration using 
new division locations while maintaining the same criteria regarding ponding elevations 
and outfall discharges. Do_e-tojhe~h.~h~~nd.hg.requirements -. and  the-pa.uci t_yofspace 

twelve ponds.('-'') __i... ~ ~ I p of low flowsL__J, 
- .  . .  . 

the higher flows.. 
'~ . . 

Flow diversion to a n  off-l ine pond f rom a channel is accomplished in the following 
manner. A f low constrictor is provided in the form of a concrete beam spanning the 
channel just downstream of each side weir. The  flow constrictors vary in height above 
the channel invert. Each constrictor is designed to permit passage of the low flows in 
the channel. T h e  bottom of the beam is placed such that a t  flows exceeding the 

-- maximum desired low flow, ponding occurs upstream of the constrictor. A side flow 
weir is located in the channel bank just upstream of the flow constrictor. An increase 
in the ponding depth a t  the constrictor thus increases the head over the weir crest. 
The constrictor thus has the effect  of restricting higher pass-through flows and 
facilitating weir flow into the off-line ponds. The off-l ine ponds discharge back into 
the channels via constricted outlet pipes. T h e  discharge of each outlet pipe is 
relatively low, compared to the rate of inflow over the weir. Outlet pipes are  sized to 
dra in  the detention ponds within 24 hours f rom the end of the storm event. 

The two remaining ponds (on-line ponds) function as reservoirs. Routing through these 
ponds was handled using normal reservoir routing with storage discharge tables. The 
purpose of these ponds is to delay and attenuate hydrograph peaks. The  volume of 
flows entering these ponds is small enough that i t  is feasible to provide on-line 
detention in  those areas, within the right-of-way. 

Having determined the maximum available volume a t  each pond location and the channel 
configuration, the  HEC-2 program was used to model the hydraulic functioning of each 
flow constrictor throughout a range of flow rates. A graph of headwater vs. 
constrictor flow was plotted fo r  each constrictor. This information was then used to 
set the height and length of each siede Flow weir to meet the  maximum pond inflow 
(Q,,,) a t  the maximum desired headwater fo r  the constrictor. Final diversion tables 
for the HEC-I input were obtained as a result of this operation (see Appendix C). At 
the completion of Stage 2, detention pond locations and volumes, channel geometry, 
flow constrictor heights and weir locations and configurations were finalized. Final 
pond volumes and flow diversions were obtained f rom the HEC-I output. 
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The channel geometries and channel flows for Channels No. 1 and 2 were defined a t  
the completion of Stage 2. This information was then used to make f inal  adjustments 
to the HEC-2 model in the areas of the f low constrictors. Final HEC-2 runs were 
obtained to determine the 50-yr. and 100-yr. water surface profiles in  Channels No. 1 
and 2. Headwater elevations obtained a t  each constrictor were back-checked lor  
consistency with those used in the HEC-I runs. At the end of Stage 3 the computer 
modeling effor t  and the hydraulic design for  the off-site drainage conveyance system 
were complete. 

The  routing models (HEC-I and HEC-2) that  describe the design of the off-site 
drainage conveyance system are  the final  product of Simulation No. 3. These are 
described below with references to the procedures used fo r  determining weir flow and 
capacities of f low constrictors. 

HEC-I: Flood Hydrograph Package 

The routing model fo r  Simulation No. 2 was used as the basis of the routing model for 
Simulation No. 3. Simulation No. 2 was altered to include on-line and off-line 
detention ponds along the north side of the freeway. As with Simulation No. 2, the 
routing north of the north right-of-way line is taken from Simulation No. 1. The 
channel parameters of Simulation No. 2 were altered as required f o r  Simulation No. 3 
to accommodate revised channel flows! 

As discussed in  Chapter IV, the need fo r  detention along the freeway was determined 
a t  the concluhion of Simulation No. 2. Following a careful  analysis of the results of 
Simulations No. 1 and No. 2 the following objectives were formulated fo r  the design of 
channels and detention ponds: 

Channel No. 2: Ellsworth Road to the Sossaman Channel: Design Objectives 

- Channel design will accommodate the 50-yr. and 100-yr. peak flows to eliminate 
existing overtopping conditions (for the 100-yr. flows) along the East-West 
Channel. Overland flows and concentrated flows from Hawes Channel, the 
detention pond east of Ellsworth Road (by others), and the on-site storm sewer 
system will be conveyed by Channel No. 2 to the Sossaman Channel. 

- The Sossaman Channel will be improved to increase the channel capacity 
through the right-of-way. The  existing capacity through the right-of-way is 
exceeded a t  the point where the East-West Channel discharges into it. The 
capacity through the right-of-way will be increased to convey the 100-year 
storm flows without channel overtopping (within the right-of-way) on the north 
side of the freeway. 

- Detention ponding will be provided upstream of the Sossaman Channel to limit 
discharges from Channel No. 2 such that  the combination of flows from the 
north and flows from the east, in the Sossaman Channel, will not exceed the 
channel capacity (within the right-of-way) during the 100-yr. storm event and 
such that  the same combination of flows fo r  the 50-yr. storm event are 
conveyed with the appropriate freeboard. 
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- The net peak discharges for  the 50-yr. and 100-yr. storms from the Superstition 
Freeway right-of-way between the Sossaman Channel and Ellsworth Road will 
not d i f fe r  substantially from the existing conditions discharges. 

- Detention ponds locations will be chosen to maximize their effectiveness in peak 
flow reduction. 

Channel No. 1: The Sossaman Channel to Power Road: Design Objectives 

- Channel design will accommodate the 50-yr. and 100-yr. peak flows to eliminate 
existing channel overtopping along the north channel bank. Overland flows, and 
the concentrated flows a t  Sossaman Road, the Sossaman Road Channel, and the 
72nd Street channel will be intercepted by Channel No. 1 and conveyed to the 
box culvert a t  Power Road. 

- Detention ponding will be provided to restrict the 50-yr. and 100-yr. peak flows 
at  Power Road such that the channel banks at  Power Road are not overtopped 
during the 100-yr. flood event. 

- Culvert design a t  72nd Street and Sossaman Road will permit passage of the 50- 
yr. and 100-yr. storm peak flows with no channel overtopping. 

- Detention pond locations will be chosen to maximize their effectiveness in peak 
flow reduction. 

- The net peak discharges into the RWCD Floodway for  the 50-yr. and 100-yr. 
storms, from the Superstition Freeway right-of-way between Power Road and 
the Sossaman Channel, will not d i f fe r  substantially from the existing conditions 
discharges. 

Simulation No. 1 was described in terms of three minor watersheds. In Simulation No. 
2 the discharge from Watershed No. 3 was added to that of Watershed No. 1. This 
situation is maintained in Simulation No. 3. Channel No. 1 conveys discharges from 
Watersheds No. 1 and No. 3. Channel No. 2 conveys discharges from Watershed No. 2. 
Routing for  Simulation No. 3 is described in terms of Channels No. 1 and No. 2. The 
reader is referred to Figs. 9 and 13 as an  aid in the following discussion. 

Channel No. 2 Routing Description 
fi 

-- A regional detention pond with an  approximate volume o f s 0 ~ c . - f t .  is 'planned (by 
others) for  t h e .  northeast quadrant of the Ellsworth Road - ~upers t i t idn  Freeway 
Interchange as a part of the Ellsworth Road to Ironwood Road segmei t of the 
Superstition Freeway extension. The inflow to this pond is represented by UB224 in 
Fig. 13. Thepondd i s cha rges  to the west through., a ,48:.in: ,concrqte p i p e  w ich.w.ill 
be consiricted to an  open area. equ&alenf to a 24 inChpi .p .e .  .- . _... .._._ - .  _ . <  ~-. T#"e)aximum ) 
anticipated cf~scharge from the pond, during -flooding conditions, is 61 cfs. 
Discharges from the regional pond are routed west (R0224) to Sta. 992+00. The 48 
i n . . p j p - e ~ o n n g s  ~ .-.~. to . -.- a manholeeast  . . of Ellsworth Road ~ ~ .- a t  approximate St . 10i4t90: 
Another 48-in. pipe carries pond discharges from the manhole west, under Ellsworth R5ga . .  2 , to an  outfall into Channel N o .  2 af ~~&.~:'1015+75. Hydrograph routing i n  this 
application of the HEC-I model does not result in  significant peak flow attenuation 
(less than one percent). Therefore the routing of the pond discharges through the 
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48-in. RCP and  lined channel to Sta. 992t00 was accomplished in one step. At Sta. 
992+00  the channel flows are combined ( ~ b 1 8 )  with flows from Sub-Basin 18. The 
combined flows enter Detention Pond No. 12. This is a n  on-line detention pond. 
Low flows pass directly ~..- t h r ~ u ~ ~ ~ @ e ~ ~ p o n d & ~ ~ ~ f i o w ~ ~ c h a n n e I ,  ~- t o  ihe  pond outlet 
structure.  --- . .. . ~~ ..- T h e ~ o u t l e t  ---- structure consists . - . - _ I - _  of four  24-in. concrete pipes under a Zit / p 
.trapezoidal . - --. . -. weir . .  L o w  C lows~pas s  . through the pipes without pending; K t  -higher 
flows the o u t l e t  structure serves  to r e s t ~ c i ~ i E h ~ f ~ e s ~ ~ f ~ o m ~ ~ t h e ~ ~ d ~ ~ t e n t i o ~ ~ o n d  with' -. ~ .. _ _~.,r;=-~ ~ ~~ ~~ ~ . .  . -. ~, 

, a  cor respondingStorage~f  - ~ . .. ~ flood ~. flows in the,pond._The trapezoidal weir is provided 
to preLent pond bank overtopping a i  t h e ' ~ . g h e ~ d e s i g n ~ f l o w s .  The ro"ting thfoGh'  . ~," ~. ,.. --.----~ ~ ~ 

the outlet . s t rui iure  _ _ -  foi Pond . - 12 (HDETI2) _ is represented by a table eguating storage ---~ ~~ ~ ~ - -  ~.~ - ~ . ~ . .  
volume in the ~. pond ~ with pond .~ elevation ~ and=harge through ~ the outlet - str_u_cture. .... 

, . , , .  

The resulting hydrograph is routed (R018) along t he l i ned  channel from Sta. 992t00 
to Sta. 997+00. 

A hydrograph is computed for  Sub-Basin 19 (SUB19) and combined (C019A) with the 
hydrograph routed from Sta. 992t00. 

-. The combined flows enter Detention P o ~ e . ~ ~ l 2 - , w h i c h  is situated just east of the - -  , 
Hawis  Channel. Detention 'Pond NO.- 11 is an  on-line pond and has four,  24-in. 
concrete pipes under a trapezoidal weir as an  outlet structure. This pond functions 
in the same manner as does Pond No. 12. Both ponds reduce the peak flows 
the channel and delay the hydrograph peaks. This peak-delaying results in  an offset 
o f t h e s e  peak flows from peak flows of other inflow hydrographs along the channel 
and assists in t h e  reduction of peak flows a t .  the Sossaman Channel. The routing 
through the outlet structure for Pond No. 11 (HDET11) is represented by a table 
equating storage volume in the pond with pond elevation and  with discharge 
the outlet structure. 

The resulting hydrograph is combined (C019) with the flows routed from the north 
(ROD17) along the Hawes Channel. The combined flows are  routed (R019A) from the 
Hawes Channel (Sta. 972t00) to  Pond No. 10 (Sta. 966t24). 

The remaining detention ponds on Channel No. 2 (i.e., Ponds No. 8, No. 9 and No. 
10) are  off-line ponds. ,.The , off-line ---/---OH- ponds attenuate peak ~ ..-- f lood  flows but do not 
delay the attenuated peak. . .- The  following is a general description of how t h e o f f -  
line ponds function; 

<-' ,, 

The proposed channel and the off-line pond are  parallel to one another but are 
separate. The  channel is connected to the pond by a rectangular weir in the south 
side of the channel. A flow constrictor, in the form of a 2.5 ft .  to 3.0 ft. deep pe~; I, 

concrete beam, is provided just downstream of the side flow weir. -The crest of the 
weir is placed a t  or slightly above the elevation of the low chord of the flow 
constrictor. At flows corresponding to flow depths a t  or lower than the height of I 

the constrictor opening, flow through the constrictor is computed by open channel 
flow and no flow occurs over the weir. As flow depths in the channel increase, the 
flow through the constrictor transitions to pressure flow and ponding occurs on the / 
upstream side of the constrictor. This ponding creates a head over the weir and 
results in discharge into the detention pond. As the storm hydrograph recedes, flow 
depths in the channel decrease below the weir crest and flow into the ponds ceases. 
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The  inflow hydrograph to any off-line pond is determined by the inflow hydrograph j 
to the weir-constrictor system, the height of the constrictor beam above the channel i, 
invert, the length of the weir and the elevation of the weir, crest. Rating curves I 
(discharge vs. headwater) were obtained from multiple HEC-2 runs a t  'each constrictor 

i 
I 

-. 
af te r  constrictor heights were chosen. Weir lengths and crest elevations were 1 
determined by a trial and error method, A length and a crest elevation were chosen. ) l!7f:7,.i,jq 

A rating curve was then established to equate the headwater a t  the constrictor (h,) 
with headwater over the weir (H,): The constrictor headwater was equated 
flow through the constrictor (Q,) and the weir headwater was equated with a flow 
over the weir (Q,). The sum of Q, + Q, is equal to the inflow to the constrictor- 1 
weir system (QI)  From this f inal  step a table of inflow (QI) vs. diverted flow (Q,) 8: 

was determined for the HEC-I input. Diverted flows fo r  the off-line ponds were n o t (  
returned to the channel in the model. Pond flows will be released slowly back into 
the channel through small diameter outfall pipes (within 24 hours af ter  t h e e n d  of 
the storm) af ter  the peak flows have passed by. 

At each detention 'pond a n  initial HEC-I run was obtained using the detention pond 
diversion table fo r  the f irst  iteration of the weir height and length. The  required 
pond volume for the pond inflow hydrograph was compared with the available 
volume. Adjustments were made, as required, to the weir length and height 
procedure described above was repeated until a satisfactory inflow hydrograph was 
obtained. The  flow diversions described below represent the f inal  iteration of the 
above described procedure. 

A flow division is introduced a t  Detention Pond No. 10 (DETIO). The 
channel hydrograph is routed (R019B) from Constrictor No. 10 to Constrictor No. 
(Sta. 966t24 to Sta. 961t21). A flow division is introduced a t  Detention 
(DET9). The  resulting channel hydrograph is routed to Constrictor No. 8 (R019C) 
(Sta. 955t21) where a third flow division (DET8) is introduced. The 
hydrograph is routed west (R019D) to the Sossaman Channel. 

A hydrograph is computed for local Sub-Basin 21 (SUBZI). A separate hydrograph is 
computed f o r  the on-site runoff between Ellsworth Road the Sossaman Channel 
(SUBFY2). These two hydrographs a re  combined with the routed hydrograph 
(COFY2). This represents the total flow from the east into the Sossaman Channel a t  
the freeway. The inflow hydrograph from the east is combined (C021) with the 
previously computed inflow hydrograph from the north. The  hydrograph a t  CO2l 
represents the total f low in the Sossaman Channel on the north side of the freeway. 

channe l  No, 1; 

The routing description a t  the east end of Channel No. 1, including the flow split a t  
the Sossaman Channel and Southern Avenue and through C032, is the same as in 
Simulation No. 1. The  peak flows a t  C032A were used to size the Sossaman Road box 
culvert. The  point C 0 3 2  is on the west side of Sossaman Road where the flows from 
the Sossaman Road enter Channel No. 1. This combined hydrograph is routed (R032A) 
west to off-line Detention Pond No. 7 (Sta. 916t96 to Sta. 913t24). A flow division is 
introduced a t  Constrictor No. 7 (DET7) and the resulting channel hydrograph is routed 
(R032B) west to off-line Detention Pond No. 6 (Sta. 913t24 to Sta. 907t24). A flow 
division is introduced a t  Constrictor No. 6 (DET6) and the resulting channel hydrograph 
is routed (R032C) west to the Sossaman Road Channel. 
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The routing upstream on the Sossaman Road Channel is described in Simulation No. 1. 
The Sossaman Road Channel flows and local sub-basin flows are combined at  C033. 
These flows are  then combined (C033A) with the routed hydrograph from Constrictor 
No. 6. Constrictor No. 5 and  off-line Detention Pond No. 5 are located immediately 
downstream of the%=ae_Road Channel. A flow division is introduced at 
Constrictor No. 5 (DET5) and theGSiiTting hydrograph is routed west (R033A) to off-  
line Detenti<n~Pond No. 4 (Sta. 890t24 -~ to Sta. 884t00). ~-~~ ~ - . ~  -~ A flow division is introduced 
a t  Constrictor No. 4 (DET4) and the qesulting channel hydrograph is routed (R033B) to 
the 72nd Street Channel (Sta. 897t24 to Sta. 890t24). . - ----? 

. . 

The routing for  the 72nd Street Channel is described in  Simulation No. 1. At point 
C035  flows routed from the north are combined with the routed hydrograph from 
Constrictor No. 4. Detention Pond No. 3 is located immediately downstream of the 
72nd Street Channel. A flow division is introduced (DET3) a t  Constrictor No. 3 and 
the resulting channel hydrograph is routed (RQ3>A) to the 72nd Street box culvert 
(Sta. 890+24 to S t a .S4+_0 , ) .  A second routing (R035B) takes the hydrograph to off-  
line Detention Pond o. 2 (Sta,829220). A flow division is introduced a t  Constrictor 
No. 2 (DET2). The r e s u l t i c c h a n n e l  hydrograph is routed west (R035C) to off-line 
Detention' Pond No. I (Sta. 879t20). A flow division is introduced (DETI) at 
Constrictor N& 1 and ihe resulting channel hydrograph is routed (R035D) t o  Power 
Road. The local flows for  Sub-Basin- added-in a t  this point (C036) and the 
combined hydrograph is routed (ROPOW) through the Power Road box culvert. 

The resulting hydrograph is routed along the existing lined channel 2500 i t .  west of 
Power Road (R036A and R036B, two routings for  slope change) to the point where on- 
site Tru-nkline No.1-discharges into the channel. The hydrograph for  on-site flows is 
comp>ted (SUBFYI) and added to the main channel hydrograph (COFYI). The combined 
hydrograph is routed (R036C) to the RWCD Floodway and combined (C037) with local 
flows (as described in Simulation No. 1). The flows at  C037  represknt the total 
contribution to the RWCD Floodway from the east along the Superstition Freeway 
corridor. 

Design parameters describing the constrictor geometry, weir geometry and flow 
characteristics through the constrictor - weir system are included in Appendix C. -- 
HEC-2: Water Surface Profiles 

The HEC-2 program was used to establish 50- and 100 year water surface profiles in 
Channels No. 1 and 2 and to determine the existing 50- and 100- year headwater 
depths a t  the Power Road box culvert. Water surface profiles were established by 
inserting flow rates, determined with the HEC-I program, at  appropriate locations in 
HEC-2 data files. Channel No. 1 is modeled from the RWCD Floodway to its upstream 
end. Channel No. 2 is modeled in three segments. The first  segment of Channel No. 2 
extends from the confluence of Channel No. 2 with the Sossaman Channel to the outlet 

-. 
of Pond 11. The second extends from the downstream end of Pond 11 to the outlet of 
Pond 12. The third segment extends from the downstream end of Pond 12 to the 
upstream end of Channel No. 2. In addition, the Sossaman Channel was modeled from 
the grade control weirs downstream of Baseline Road to the intersection with the north 
R.O.W. line of the Superstition Freeway. The outfall channel for  Storm Sewer 
Trunkline No. 3 (subsidiary channel) was modeled from its intersection with Channel 
No. 2 to the storm sewer outfall. Headwater depths a t  the Power Road box culvert 
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were established by simulating the existing channel from the RWCD Floodway to the 
upstream end of the gunite lining just east of Power Road. 

The channels were modeled assuming sub-critical flow initially. Channel segments in 
which super-critical flow occurs were identified from the initial simulations and were 
subsequently modeled assuming super-critical flow. These segments include the box 
culverts under Power Road, 72nd Street and  Sossaman Road, as well as a section of 
Channel No. 2 from the grade break below the diversion structure for  Pond 8 (STA 
947t40) to the grade break above the confluence with the Sossaman Channel (STA 
935+00). Although flow in the existing channel downstream from Power Road is super- 
critical, this segment of channel was simulated super-critically for  proposed flows only. 
The segment downstream from Power Road was simulated super-critically to evaluate 
the tailwater at  the outfall for  Storm Sewer Trunkline No. 1. The precise location of 
the water surface profile in this section of channel was not determined fo r  the 
existing 50- and  100-year flows. 

Water surface elevations were determined a t  appropriate control locations to initiate 
the water surface profile simulations. For the sub-critical flow simulation of Channel 
No. 1 and the simulation of the existing channel from the RWCD Floodway to the end 
of the gunite lining, i t  was assumed that the existing channel will be bank full a t  the 
RWCD Floodway. This assumption is considered to be conservative since it is presumed 
that the water surface elevation in the RWCD Floodway would be lower than the bank 
elevation during the 100-year flood. Using this starting assumption, the sub-critical 

-. simulations indicate that flow becomes super-critical between the RWCD Floodway and 
Power Road and that the assumed starting depth has no effect  on water surface 
elevations upstream from Power Road. 

The initial f low depth condition for  the first segment of Channel No. 2 was determined 
by simulating a section of the Sossaman Channel from the grade control weirs 
downstream of Baseline Road to its confluence with Channel No. 2. Flow is critical at  
the weirs, thereby providing the model with a known starting depth for  the first 
segment of Channel No. 2. Starting depths for the second and third segments of 
Channel No. 2 were obtained from the peak stage values calculated for  Ponds 11 and 
12 from the HEC-1 model. 

Initial conditions for the super-critical simulations were established based on the 
results of the sub-critical simulations. Stations where flow becomes critical can be 
identified from these simulations. These are  used as starting points fo r  the segments 
modeled super-critically. Since flow is critical at  these locations, an  initial depth is 
known. These sections are  then modeled super-critically to a downstream point where 
the sub-critical model is valid. 

Channel geometry is represented in the HEC-2 program using cross-sections, the 
lengths between cross-sections and loss coefficients. Cross-sections are placed a t  the 
upstream and downstream ends of transition sections, a t  grade breaks and on the 
upstream and downstream sides of diversion beams. Although flow over diversion weirs 
is not modeled directly using HEC-2, cross-sections are also placed a t  the downstream 
end of each diversion weir. A description of each cross-section location and station 
can be found in Table 15. Cross-section offsets are referenced to the channel 
centerline, which has a value of 500. Typical cross-sections with standard depths, 
bottom widths and side slopes are used to represent some cross-sections. However, 
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1mLE 15: SUMLRI '6 HEC-2 REStiLiS FOR MhNRELS YGS. I tlHO 2 ~ a q e  3 _- - -- - ---- ----- -- - --- -- --------- -- 
:Drstriptlun of rrosr-s~ction l o r i t l m  : SlitTiOH : lrpe of : HEC-1 : Invert : 50 sr :I00 vr : 50 vr : 50 vr :SO w :SO 71 : 50 ~r : 100 yr : 100 vr :S. Bmk :Y. Sink : Free- : 

: Flov : illLE : elev. : FIo. : Flo. : r r i t .  : r.5. :Upnth : Ye]. : F. 8. : r r i t .  : v.5. : rlpv : r l t r .  : board I 
.---: --------: ------..: --------: .-------: --------: 2 m 8 

:Usstrein end o i  transition section above Pond 4 diversion structure : 897t67 : Sub-critical : GETS : 1379.2 : 1219 : 1276 : 1384.3 :1385.3 : 6.1 : 8.2 : 1386.7 : 1364.1 : 1385.4 : 1388.5 : l3Z.4 : res : 
I_: 

:SImr break u~r t rea .  iron Pond 4 diversion r t ru r tu r l  : 898+03 : Sub-critical : E l 5  : 1379.2 1219 : I276 ! 184.3 I135.3 : 6.1 ! 8.2 : 1386.8 : 1384.5 : 1385.1 : 138.6 : 1389.4 : re5 ! 
- ;  - -  ,______:_____: 

:Grade break b r l ~ m  diversion structure i w  Pond 5 : 902t44 : Critical : E l 5  : 1382.6 : I219 : 1276 : 1567.7 !1387.7 : 5.1 : 10.7 : 1389.1 1387.8 : 1387.8 ! 1391.7 : 1390.6 : v a  : 
, 

(Daartrr*.  md oi  transition section beiol Fmnd 5 d i v e r r i ~  r t rv i tu rc  : 992-62 : Sub-critical : E i 5  : 1382.6 : I219 : 1276 1 1387.7 IU88.1 : 5.5 : 9.7 : 1;89.5 1 1387.9 : 1386.2 : 1391.9 : 1390.7 I rcs : 
----: - .  

:Uostrra. end of transition section belou Pond 5 d i r n s i a  strorture : 9Oi+72 : Sub-critical I Mi5 : 1382.6 : I219 : 1276 : 1386.9 :l389.0 : 6.4 : 6.3 : 1390.4 I 1587.1 : 1389.2 : 1392.0 : 1390.7 : rn  : 
;_...______________ --------- j -  , - - 
:Donnstream side of f l m  conl t r i c tw i w  Fmd 5 diversion structure 1 9Oi*82 : Sub-critical I E l 5  ! 1382.6 : 1219 : 1276 : 1386.9 :1389.0 I 6.4 : 6.3 : 1390.4 1 1387.1 : 1389.2 I 1392.0 : 1390.8 : r a  : ---- ;-_: __--: 
iuostrean side of ;lor cocrtr ir tor  f w  Pmd 5 dturrsion structure : 902+86 I Sub-critical : Mi5 : 1382.6 1 1219 : 1276 : 0.0 :1339.7 : 7.1 : 5.5 : 1391.2 : 0.0 : 1390.0 : 1392.1 : 1390.8 : no : 

: _ _ _ _ - : _ - _ _ _ . _ z  

:Lmst rea .  end of Pmd 5 diversion r e v  : 9Oi+91 : Sub-critical : W3fl : 1382.6 : 1359 : 1495 : 1387.2 i l39 .6  : 6.9 : 6.3 : 1391.1 : 1587.5 : 1389.9 : 1392.1 : 1390.8 : no : 
> s_-- 1 .--_. , . , : _ _ I _ _ _ _ ?  

:Do.nrtrta. md of t r m s i t i ~ n  rrrtima above ?end 5 diversion structure 1 903tSO : Sub-cri t i rd : C D S A  : 1382.8 : 1 3 9  : 1495 : 1387.4 :IP9.6 : 6.8 : 6.5 : 1391.1 : 1387.7 : 1389.9 : 1392.6 : 13P1.5 : n a  I 
: 8 )_____.:__..._.:____-_:______I_____:___:____I_____:______:_____s ,___:____:___: 

:Uustrea. end of traorition section above Pond 5 diversion r t rv r tv re  : 90440 : Sub-critical : C@33k : 1382.9 : i359 : 1495 : 1387.9 :139.5 : 6.7 : 7.3 : 1391.0 : 1388.1 : 1389.8 : 1392.6 : 1391.6 : p r  : ~. 
*..--- __.____I ------; s ,- ,- ,- ,- 

:Sosn.an Road Channel : 904+0l : Sub-critical : Mi6 : 1382.9 : 761 1 876 : 136.8 :1590.2 1 7.3 : 3.9 : 1391.7 : 1387.2 : 1390.5 : 1392.6 : 13.0 : ver : ~ .~ 
----I I )___: : 2 . . 

:Sl~mc Break above transition section for Pwd 5 : 904+04 : Sub-critical : Mi6 : 1582.9 : 761 : t i 6  : 186.9 :l390.2 : 7.3 : 3.9 : 1391.7 : 1387.2 : 1390.5 : 1392.6 1 1591.6 : n r  : 
, . . ,___-: - :  - -  

:Grade break b e l a  diversion structure i w  Pond 6 : 0 6 4 4  : i t i 1  : E l 6  : 1386.2 : 761 l 876 : 1590.1 :1390.1 1 4.0 : 9.6 : 1391.2 : 1390.5 : 1390.5 : 1594.3 : 1395.2 : r a  : 
A :________:-I__:_______:______:__ _---: : _ _ _ _ a  ,- 

:Domstrein end D; transition section belor P~nd  6 divers~on structure I i6&+56 I S.b-critical : E l 6  : 1386.2 1 i b l  : 876 : 1390.1 :1590.5 : 4.3 : 8.6 1 lR1.6 1 1390.5 : 1590.9 I 1594.4 1 1393.2 : ver : 
, j -  ----: 

ilimstrean n d  d t rmsit ion s ~ i t i m  belo. Pond 6 diversion r t r u d c r r  : FOh+bb : Sab-critical : E l 6  : 1386.2 : i b l  : 876 : 1389.4 :1391.3 : 5.1 : 5.1 : 1392.1 : 1389.7 I 1391.7 : 1391.5 : 113.2 : rer : 
, 1 _ _  ----- jjjjjjjj: _-_l- 

:Domstriaa r ide  of flow coostrictor i w  Pmd 6 diversion strurture : 906+76 : Sub-criticzl : E i 6  : 138b.2 : 761 : 876 : 1389.5 :1391.3 : 5.0 : 5.4 : 1392.4 : 1389.8 : 1391.7 : 134.5 1 1393.2 1 yes : 
:_.____.____________ ,- ,- 
:Uostrean r ide of f l m  ronztr ictw for Pond 6 diversion structure : i06+80 : Sub-critical I El& : 1386.2 : 761 : 876 : 0.0 :1591.7 : 5.5 : 4.8 : 1392.9 : 0.0 : 1392.4 : 1394.6 : 1373.2 : re5 : 

, - ,- , - ------: - ------- ---.--: 8 -  -___:_.______. 
iDovnstrea. end oi  Prnd 6 diversion reir : FM+85 : Sub-critical : E i 7  : 1366.2 : 810 : 1057 : 15S9.6 :I3i1.7 : 5.4 : 5.2 : 1392.8: 1390.2 : 1392.3 : l394.b I 1393.2 ! r a  : 

:Domstr~a. end 04 transition section rbore Pond 6 diversion structure : i07+15 : Sub-critical : Mi7 : 1;66.4 : 810 : 1U57 : 1389.6 :l391.7 : 5.3 : 5.3 : 132.8 : 1390.3 : 1392.3 : 1395.0 1 1593.7 : yes : 
,~~~ 
:tiostrea. md ~4 t r t c r i t i en  s r i t lon  ibove Pond b diuerslon structure : 907155 : Sub-critical I E i 7  : 1;86.4 : 810 : 1057 : I396.S :1391.4 : 5.1 : 7.2 : 1392.6 : 1391.1 : 1392.0 : 15?5.l : 133.8 : rcr : 
,-------- ~~~~~-~~~~~ ~ 

:5looe break uostrsa. i ror  Pond 6 dlrerrion rtru<!urr : 908+04 : $ u ~ - c ~ ~ ~ ~ c ~ I  : ~ i 7  : 1366.5 : 810 : la57 : 1;90.7 :1391.4 : 4.9 : 7.q : 1392.6 : 15~1.3 : 1391.9 : 1395.4 : 1394.4 : : 
- . ---. .- . . .- . .- . .---- : ----___I I ------ ~-_-----: -----_-_ I _------: . . .- 

: 6 n d r  break beio* d i r t r l i ~ n  s t r r r t i l r r  f w  Pmd 7 : 4 : C t i  : Eii : 1589.6 : 810 : 1057 : 1593.8 :1393.8 : 4.2 : 9.9 : 134.9 : 1594.4 : I;94.4 : lR7.I : l3i6.7 : ver : 
) ....... 

:Go.nstrn. end c i  t rmsit ion section belor Pond 7 d luos ion  structure : 912+7l : S u b s r i t i r a l  : Eii : 139.6 : 818 : 1057 : l3i3.8 :13i4.4 : 4.8 : 7.8 : 13iS.b : I:i4.4 : 1595.2 : 1397.2 : 1396.9 : rtr : 
--.. . . . . - ... .. -------- -. .-. - .. .. .. . . -.-. -----. - -- -. . - - -- -. - - -. --- .-. .. . . .. .. . - .. .. . - -- - - .. . - -. --- -. --- - -- --.- --. -. . . . . . . -- - -- --. -- ---- ---- --. ---- -----. - -- ----- -- -- -- --- --- - --- -- - -- - ----- --- -- -- ---- - - 



TXBiE 15: SUIIMPRY OF HEC-2 RESULTS i0R C~~NNELS XJS. 1 $NO 2 pap* 4 -- - - - ..- -. -- - --. . -- -- ---- -... -- ---- -- ... . .- - .... -.. ..-.. - ..-. ------ - --- - --- ----- - -- -- ----- - ------ -- 
:Oelrriotion of rrorl-section loiatlon : STATION : Tmr of : HEC-1 : Invert : 50 rr :I00 rr : 50 rr I M vr :SO rr :50 rr : 50 vr I IW vr : I00 n :I. Em1 :W. Bani : Free- : 

: Flow : TITLE : t l e r .  : F1.r : Flsr  : r n t .  : ..I. :Droth I Ve1. : F. 8. : cr i t .  : x.s. : der. : r l r r .  : board : 

:Upgtrean end of transi t ion section belor iond 7 dirprrion structure I 912t81 : Sub-critical : DET7 : 1389.7 : 810 1 1057 : 1393.1 :1395.0 ! 5.4 : 5.3 : 1376.2 : 1393.6 : 1395.8 : 1397.2 : 137.0 : Yn : 
----: ----: ---_: ----: :---:---: :---:---: 

:Dwnstrei. s ide of f l m  rons t r i r tw iw h n d  7 diversion structure : 912+51 : Sub-critical : MI7 : 1389.1 : 810 : 1057 : 1393.1 :I395.5 : 5.8 I 5.3 : 1396.7 : 1393.6 : 1395.8 1 1397.3 : 1397.1 : .yes : . - .  _ :--:___: :___--: -_--: :--:____: , - 
:Gustrean side of $10. rons t r idor  fnr ?vld 7 diverlien s t r u r t a r l  : 9l i t75  : Sub-u i t i ra l  : GET7 : 1389.7 : 810 1 1057 : 0.0 !1395.4 : 5.8 : 4.8 : 1396.7 : 0.0 : 1;Pb.B : 1397.3 : 1397.1 : rtr : 

:Gexnr:rai. end of Prnd 7 diversion *Ur : PlSiOO : Sub-critical : 1032 : 139.7 : 631 : 1375 : 1393.2 :1355.5 : 5.8 : 4.9 I lS96.7 1 1311.3 : 13PL7 : 1357.3 : lSi7.2 : vrs : ,__: ----: :--I 1 I_III; ----: ----: a 

:Oo*nstrea. md rrf t ransi t ion sertinn above iond 7 diversion l t rv r tv re  : ?13+60 : Sub-critical : C032 : 139.8 : U l  1. 1375 : 1393.3 :1395.3 : 5.1 : 5.1 1 1Wb.4 1 1394.4 : 1396.7 : 1391.6 : :397.4 : rer : 
, - 

:Uvstreae and of tranri t iob section i b a e  Fond 7 d i r e r s i m  structure : 913+70 : Crit ical  I 1032 : 1389.8 : 831 : 1375 : 134.1 :1394.1 : 4.3 : 6.7 : 1395.1 : 1395.3 : 1375.3 : 1397.b 1 lJF7.5 : rer : 

;Dunstrta. m d  of transi t ion belo" S0ara.m Road Box : ?lb+bl :Super-critical : ffi32 : 1390.5 : 831 : 1375 : 1394.8 :1:93.4 : 2.8 : 7.6 I 1391.1 I 1396.0 : 1394.2 : 1398.5 : 1398.5 : yes I 
1 - -  - ;  - -  - -  ____:____;__I_____:_____:____;____:____:____:____;-_;____I 

:bwnstrra. end of 505111.0 Road bm cuivert : 916tPb : Crit ical  I ED31 : 1393.0 : I016 : 763 1 1395.1 :1396.8 : 3.8 : 11.1 : 1397.9 : 1397.6 : 1378.1 : 1400.5 : 1400.5 : ra : 
,__:___:__:_____:___: 

:Ustrea. end of Soiillan Road bw culvert : 918t64 :Su~er-cri t ical  : CO31 : 1394.1 : 1016 : 763 : 0.0 :1395.4 : 1.1 : 13.3 : 1396.1 : 0.0 : 1377.3 : lW1.5 : 1401.5 : ra  : 
,--._:-_.-:---: ---- :I_-:_--# ---- * 1 ----a ,___:__:____1 ,__:__:____: 

:Upstre,. md of transi t ion zertion above Sorsalan Roid Pol  culvert : 919t05 :Sneer-rriticd : C031 : 1391.4 : 1016 : 763 : 1397.0 :1396.2 : 1.8 : 12.1 : 1397.0 : 1599.4 : 1398.0 : 139.1 : 1400.3 : r a  : 
:.___.____.._ .... _ 1 :---I____I_____:_____:___:____I ,____-:___:____:__: 
:Sljpe b re i i  a t  beqinihp of acres5 ram : 27+01 : C t l  : m j l  : 1399.7 : 1016 : 763 : 1402.3 :1402.3 : 2.6 : 8.1 : 1403.1 : 1404.8 : 1404.8 : 115.1 i 1406.2 : v a  : 

:____: -__ :_____:_____I  .- -x:____:_____:____: 
: b s t r ~ a a  md of Channel No. 1 : 928+0b : Sub-critiral : LO31 1 1400.0 : 1016 : 763 : 1402.6 :1402.9 1 2.9 : 9.6 : 1403.1 : 1405.0 1 14M.2 : 14.0 : 14.0 : -re5 : 
:__________________~-~~~~~~_~~_-~-__-___.~___~~__~;~~-~. . .______.~__.~_:_._-~~~~;--~_-~:III~IIII  - :  - :  - :  - - :  - -  ,- ---:---:----I- . - ----: 

I : : :  : "a : 
---_: -------: , ~---1-----_: , _---I--: ----: ----: 

:Ownstrean m d  of traari t ion t o  Sosrasan Chlnnzl r u l r r r t  under frsemr:  l+W : Sub-rntical  : Coil : 1401.0 : 1981 : 2011 : 1405.7 :140b.b 1 5.6 : 8.9 : 1407.9 : 1406.5 : 140b.5 : 1WV.5 : 1408.5 : v s .  : 
# _ _ _ _ _ ; _ _ _ _ _ r  --_.: 

:Gownstrean rod of Sosiaem Channel box culvert under freexrr : 7SOi49 : Sub-rrltiral : (021 : 1401.2 1 1981 : 2011 : 1403.9 :1407.7 : b.5 : 3.9 : ;1409.0 : 1407.7 I 1407.1 : 1408.5 : 1408.5 : m : 
,- ,_____:_____:____:_ 8 -  _--I - - - 3 ___-_:--.---:------:-----:------:I--: 3 , - 

:U~strra.  md of Sos5ahan Channel Pot r u l v n t  undn (re~rav  : ?3+50  : Sub-intical  : Coil : 1401.6 i 1981 : 2011 : O,O :1I7.P 1 6.3 1 4.1 : 1409.2 : 1408.0 I 1408.0 : lWP.6 : 1410.0 : rer : 
..--.-: (---. , , I_--: 

:On*a.trea. md of t r ins i t ion  fro, So..a.an Channel t o  ihsnnel Ho. 2 : 530+51 : Sub-critical : CO21 : 1401.b : 1961 : 2011 : 1404.4 :1m7.9 : 6.3 : 4.1 : 1407.2 : 1404.4 : 1408.0 : 1409.6 : 1410.0 : v?s : 
,- ,- -A_-- _:______: --------: ------.. - --___.-I , - 

:Un.trri. end of tranri t lon fro. Sesiaarn Chlnrtl to Chai,nrl Ho. 2 : 930t52 : L b - r r i t l r a i  : CDFI2 : 1401.7 : 816 : 8k6 : 1405.7 :1401.9 : 6.1 : 4.3 : 1409.2 : 1405.8 : 1401.9 : 1409.7 : 1409.7 : vrs : 
I----; ,- > , _ _ ; _ _ _ _ _ _ _ I  ,- 1 

: % a d ~  hrrik t o  ifiture that f io r r  are sub-riitKa1 at box rvlrert  : 935+00 :Sunet-critical : CGX2 1 1402.1 : 8 1  : 6 : 1406.  : 1 0 7  : 5.2 : I : 1 0 . b  : 1407.0 ! 1405.7 : 1 1 2 0  : 1 4 2 .  : ves : 
, - ,._..__.:.___._____~-----;IIIIIII I IIIII; : h % ------- : * 

:Charnel for $tor& S r r n  3 nu t f i l l  : 943+36 : S u n e r - ~ ~ i l i c a l  : BET8 : 1400.2 : 606 : 618 : 1411.7 :1412.0 : 3.8 : 11.0 : 1413.1 : 1411.8 : 1412.1 : 1416.0 : 1416.1 : ves : 
:_.__.__ ........ _ _ _ _  

?. 
: 

:Brad@ break : 947+00 :Suner-craticaI : OE18 : 1410.9 : 606 : bl8 : 1414.4 :1413.4 : 2.5 : 14.2 : 1414.5 : 1414.4 : 1413.4 : 1420.8 : 1419.4 : ye5 : 
: ...... __.._ .... ___ > ---.-. ....--; ..--.--. 8 % -------: - -  ------: .- ,- 
:Erade brrat b l l i . ~  d iver lnn  s t ru r tu r r  for Pond 8 : 9 4 4 0  : C i t 1  : SET8 : 1416.0 1 606 : 616 : 1419.5 :l419.5 : 1.5 : 9.1 : 1420.5 I I419.b : 1419.6 : 1423.1 : 1423.5 : rtr : 
:___________ .- _____._:_______:_ ..----: ------: ---...: -----___I 

: G ~ ~ n s t i ~ r .  md of transition : ~ ~ l i o n  belo* Pond 8 divernon structure : ?54+61 : L b - r n t t r a l  : PEi8 : 14I6.1 : 606 : 618 : 1419.6 :1II9.9 : 5.8 : 8.1 : 1420.9 : 1419.6 : 1419.9 : 1423.5 : 1423.6 : rrs : - - ---... . . . - .- --- -. --- -. --. ----- --.----. -- ----. - ---- -- -- -- ---. -- -- ----... - .. - .-- -. -- -- -- - ----- --. .. . ---- -------- ----- --- -- -- -- ------ - ------ - 



IPBLE 15: SUNRlRI DT HEC-2 RESULTS fDR CHfifIKELS LDS. 1 RM 2 D a p l  5 

:Gtsrriot>un of cross-rertion loration , - y  , .diIGE : I D  I : HEC-1 : Invert :50 rn r :100  ver:  50 rr : 50 n :50 n :50 *r : 50 rr : IW ~r : 100 rr :S. Bank :W. b n k  : Few- : 
I : Flor : TITLE : pie". : Flow : Flo. : cr i t .  : ..I. :Omth : Vel. : F. 8. : cr i t .  : ".I. : rlev : @lev. : board : 

:Uortrea. md uf transition scrt lan belo* Pond a Lirtrsion structure : 954til I Sub-critiral : Mi8 : 1416.1 : 606 : 618 : l4lB.i :1420.b 1 4.5 : 4.9 : 1421.6 : 1419.0 : 1420.7 : 1423.5 : 1423.7 : vrs  : 

:Dlmstrea. r ide  of l l m  rnnstr ir tnr  fmr i m d  8 diversion structure : 954t61 I Sub-critical : JET0 1 1416.1 1 606 : 618 I 1418.9 :1420.6 : 1.5 1 5.0 I 1421.6 I 1419.0 1 1420.7 : 1423.6 I 1423.8 I vrr : 

:tinstream side of f i a  constricts f w  Pond 8 diversion s t ru t tu i r  : 954ia5 : Sub-critical : GET8 1 1416.1 1 606 ! 618 : 0.0 11421.5 : 5.3 : 4.0 : 1422.6 : 0.0 : 1421.6 : 1423.6 1 1423.8 : rw ! 

:)o*nrtrea. end of iond 8 diversion weir ' : 954*90 : Sub-cntiral  : Oil9 : 1416.1 : i70 : 805 : 1411.4 :l421.3 : 5.2 : 5.2 : 1422.5 : 1419.5 : 1421.4 : 1423.6 : 1423.8 : rrr : 
1 - -  - - - ;  - ------; > -_-_1_--_1 ,- # -  

:Pnwnstrea. end of transition section abovr Pond 8 d i v e r s i a  stracture : 955+50 : Lb-cr i t i ca l  : GET? 1 1416.3 1 i i 0  : 805 : 1411.5 11421.4 : 5.1 1 5.3 : 1422.5 : 1415.6 : 1121.4 : 1424.0 1 1124.2 : rrs : 

: U ~ s t i ~ a .  ~ n d  d t rresi t ion ~ e r t i i i n  above Pond 8 dircrsion structure : 955r60 : S u b i r i t i c a i  : Mi9 1 1416.3 : 770 : ' 605 : 1420.3 :1421.l : 4.8 1 1.4 : 1422.2 : 1420.4 : 1421.2 1 $424.2 : 1421.2 1 715 : 
: ----: : ..---.-- % --..---.; ......., : :---: : ----'-----I----'-----,-------, . . 

: 956IPO : Sub-critical : OETP : l4:6.4 : 770 : 635 : 1420.4 :1421.1 : 4.8 : 7.5 : 1122.2 : 1420.5 : 1421.2 : 1424.9 i 1424.2 : r n  : :Slwe break snstrean iroa Pmd 8 diversion structure 

:Grade break b r i m  dlvrrslm st iucture for Pond 9 : 4 0  : C t  : KT9 : l4:P.l : i70 : 805 : 14Ii.l :1423.1 : 4.0 : 9.6 : 1424.2 : 1423.2 : 1423.2 1 1426.9 : 1431.0 1 re5 : . . 
:Damstrca. end of t ransi t ion section belor Pond 5 d i r s i i o n  rtrurtvre ! ihO*bI : Sub-critical : DET? : 3439.2 : 7i0 : 805 1 1423.2 IM23.5 : 4.3 : 8.9 1 1424.6 1 1423.3 : 1423.5 1 1427.0 : 1431.1 1 n r  : ------- :_-____;_-__-;__-__II_~ , .- - 
:Uostrea* end of transi t ion section below Pand 9 d i r a r s i m  structure : Fbbtil : Sub-critical : Mi9 : 1419.2 : i70 : 605 1 1422.5 il424.3 : 5.1 : 5.4 : 1425.4 : 1422.6 : 1424.4 : 1427.0 : 1431.2 : rrs 1 
:______..__________ ----.----; # -__-: :--I--: :---: -----: 7 ,- -____:I---: 
:h.artrea. ~ i d ~  ~f f l m  c o n ~ t r i c t r n  inr Pmd 9 d i r w s i ~ n  r t ru r tu r l  : 96b+8: : Sub-critical : DETi : 1419.2 : 770 : 605 : 1422.5 ::424.3 : 5.: : 5.4 : 1425.4 : 1422.6 : 1424.4 : 1427.1 : 1431.3 : r e ~  : - -  
:U~strea. s ide of f l a  cons t r i r tw ik Pmd 9 diversion r t r u r t w e  : Pb0+85 : Sub-critical : UEI9 : 1419.2 I 770 I 805 : 0.0 :1425.3 : 6.1 : 4.3 : 1426.6 : 0.0 : 1425.5 : 1427.1 : 1431.4 : yer : 

: B ~ l n s t r ~ 1  end of Pond 9 diversion weir I 960+90 I S ~ b ~ r i t i r a l  : DETlO : 1419.2 : i l 3  : 1W2 : 1422.9 ::425.2 : 6.0 : 5.2 : 1426.5 1 l423.l : 1425.4 : 1427.1 : 1431.4 : ye5 : 
8 ----: 8 ,__-__.:__ -.--; :---; 

:bmnstrta* end of t n n i i t l o n  section above Pond F dirrrsion structure I ib!+SO I Sub-critical : GETlO : l4l3.4 1 913 1 1002 : LQ3.0 :1425.2 : 5.9 : 5.4 : 1426.5 i 1423.2 : 1425.4 : 1427.5 1 1431.5 : rrs : 

: b i t r e a n  end of t rms i t ioa  5ect100 ibow Pond 9 diversion i t i u d u r c  : 96l+bO : Sub-critical : PET10 : 1419.1 : 913 : lo02 : 1423.8 11425.0 : 5.6 : 7.1 : 1426.3 : 1424.0 : 1425.2 : 1427.6 : 1431.5 : res : 
2 -------.; --------: -------, --------. { , , 

: S l o ~ r  break usstrea. iron P a d  i diversion structure : ih2rOO : Sub-critical ! DEilO : l4:S.S : 913 : 1002 : i42S.8 i1425.0 : 5.6 : 7.2 : 1426.3 : 1424.1 : 1425.2 : 1427.9 : 1431.8 : n r  : 

m a d e  break belo" d ~ r w s l a  structure ior fond 10 I 965145 ! Crit ical  : Dill0 : 1421.7 : 913 i 1002 I 1426.1 :1426.l : 4.4 : 10.0 : 1427.3 1 1426.3 : I42b.S : lB0.O : 1432.3 : rer : 
r < < ----: ----: :---I: ----: 

iDo.rstr~am end of t r a n n t l o n  sed ion  beior iomd 10 diversion strurturr:  ibS+b4 : Sub-critical ! GET10 : 1421.8 1 913 : I002 : ll26.2 11426.2 : 4.4 : 10.0 : 1427.1 : 1426.4 : 1426.4 : 1430.1 : 1132.1 I rn : 

iuortreim end o i  transition sectioo belor food LO diversion structure : PbS+i4 : Sub-critical : DETIO : 1421.8 : 913 : 1002 : 1425.4 :l4i7.4 : 5.5 ! 5.7 : 142a.6 1 1125.6 : 1427.6 : 1430.2 1 1452.4 I rrr : 

:Bmn~trea.  side of flu" (Omlttictm ;or Fond I0 direrrion structure : 9b5+04 : Sub-critical ! GEIlO I 1421.6 : 913 : 1002 : 1425.4 ilii7.4 : 5.5 : 5.7 : 1428.6 : 1125.6 : 1427.6 1 1430.2 1 1452.5 : ver : 

:i;nstreat side of f l w  constrictor for Pond I0 d i r n r i o n  structure : 965-88 I Sub-critical : 0ET:O : 142L.a : 913 : I002 : 0.0 11428.4 : 6.5 : 4.6 : 1429.7 : 0.0 : 1428.9 : 1430.3 : 1432.5 : vrs : 
,_______:.______:__ ------: ------..; > ----- * ,- 

:Donnstrnn end of fond I0 d>ver%ion .nr : 9a5.13 : Sub-intical  : C019 : l421.8 : Si l  : 1116 : 1425.7 11428.3 : 6.5 : 0.0 : 1421.6 : 1426.1 : 1428.8 : I130.3 ! 1432.5 : "1% : 
:___ ----------- ~ .~~~~~~~~~~.~~~~~.~~~~~~.- - - - - - - - - - - - - - -~. - - . .~~.  , --.------. .---------.-..-; .-..-...; ....--.. 3 ___.__:_____._: * -------; ------ _: ,- ,- 
: P o m s t r ~ a l  end of transltioo rert ian above Fond ib direrrion structure: ibbi53 : Sub-critical : CDlP : 1422.0 : Fit : I l i a  : 1425.8 :1428.3 : 6.4 : 5.2 : 1429.7 : t42i.2 : 1428.6 : 160.5 : l4j3.6 : vrs : - - - -- - - -- -- -- .-- .-.... . -- .. . . -- -. - -. - - .. . -. .- ----. -. - -. -- - --- -. -- ----. -. --. . . . . - -. --. .- .---. - -.- --. - --. --- - - -- -- --- -- - --. .. . ..- -- - -. -----. ----- -- - ..-..--..-. -.- ..-.-.. . --. - - -- . .--- --- - ------ 



:Lscr;at ion of do%s-section i o c a t i o ~  : S11ON : i v ~ r  04 : Hit-I : Invert : 50 n :I00 rr : 50 rr : 50 rr :I0 rr 150 rr : 50 rr : lb0 rr : 100 rr :S. Bani :N. Bani : Free- : 
: Flow : i l T i i  : rie?. : Fioa : Flm : cri t .  : r.5. :Death : Vd. : F. 8. : c r i t .  : ..r. : elrv : rirv. : board : 

.... I _  

:Oilrtrei. end oi i n n s l t i o n  rertlon above Fond 10 61rersi.n structure : 96b+b3 : S b - i t l  : 3 1 9  : 422.0 : i i l  : 1118 : :I%.& ::I18.2 : 6.2 : 6.1 : 4 2 . 5  : 1 4 . 1  : 1 : 1450.5 : 4 . 7  : rrs : 
:__ ---- c . , 
LSlDDI t f ~ l k  ~ ~ 5 t r e l .  i ron Phnd 10 d i ~ w s i b n  5trs~t.r. : 9bi+U5 : b b - r r i t i r z l  : 3 1 9  : 1422.1 : I : 9 8  : 14267 1 8 . 2  : 6 ! 6.8 : 429.5 : 1427.1 : 4 2 . 7  : 1 . 6  : I .  : m : 

:iia*e5 ioid : 970.11 : Sub-critical : fi3Eil: : 1425.6 : 124 : 138 : 1426.9 i1429.0 : 5.4 I 1.1 : 1429.7 : 1421.0 : 1429.6 : 1455.7 : 1435.4 : yes  : 

: 971.53 : Sub-critical ! E3E:ll : 14T7.4 : 124 : I38 : i428.8 :l428.8 : 1.4 : 6.1 : 1429.2 : 1428.9 : 143.5 : lI:6.9 : 1436.9 : vrs  : 
, 
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cross-sections from the downstream end of the transition section below each diversion 
weir to the upstream end of the transition section above each weir are modeled 
precisely. Lengths between cross-sections are based on freeway stationing except 
where the channels curve, a t  which locations true lengths are  used. Frictional effects 
are represented by Manning's "n" values of 0.016 for  the channels and 0.035 for 
overbank areas. Expansion coefficients of 0.30 and contraction coefficients of 0.10 are 
used for  both channels. 

Diversion beams and box culverts are represented by the HEC-2 special bridge method 
which computes losses through a structure. The special bridge method determines if 
the flow is classified as low flow, pressure flow, weir flow or a combination of these. 
Low flow is treated as open channel flow, pressure flow is evaluated as orifice flow 
and weir flow is evaluated based on the standard weir equation. Further discussion of 
this method can be found in the HEC-2 User's Manual (Army Corps of Engineers, 
1982). In addition to cross-section data, this method requires values for  the bottom 
width of the bridge opening, the width of any obstructions, the cross-sectional area 
and side slopes of the opening, as well as the elevation of the bridge top and bottom 
a t  a number of locations on the cross-section. Pier shape, total energy loss and weir 
discharge coefficients are also required. Values fo r  these coefficients were determined 
f rom the HEC-2 users manual (Army Corps of Engineers, 1982). Parameter values used 
to model the box culverts and diversion beams using the special bridge method can be 
found in Table 16. 

Since flows are  diverted a t  the off-line ponds and  added a t  other locations, the flow 
rate being simulated changes a t  several locations along the channels. The removal of 
flow a t  the off-line ponds was represented by inserting a new flow rate at  the 
downstream end of each diversion weir. These flow rates were determined from HEC-I 
simulations and are  shown in  Table 15. For sub-critical simulations, the new flow a t  
the downstream end of each weir corresponds to the flow rate in the channel upstream 
of the diversion structure. The new flow rate a t  the downstream end of each weir 
corresponds to the flow rate in  the channel downstream from the diversion structure 
for  super-critical runs. The addition of flow a t  the 72nd Street Channel and other 
locations was also represented by changes in the flow rate being simulated. The flow 
rates associated with the addition or removal of flow, and the corresponding HEC-I 
designations are  shown in Table 15. 

Results of the 50- and 100-yr simulations are presented graphically in Figure 14. The 
following HEC-2 output files documenting the simulations described can be found in 
Appendix C. 

CHNL1100.OUT- Sub-critical simulation of 100-yr flows in  Channel No. I from the 
RWCD Floodway to the upstream end of the channel. 

CHNLI5O.OUT- Sub-critical simulation of 50-yr flows in  Channel No. 1 from the RWCD 
Floodway to the upstream end of the channel. 

CHNL2100.OUT- Sub-critical simulations of 100-yr flows in; a) Channel No. 2 from the 
grade control weirs in the Sossaman Channel downstream of Baseline Road to the 
outlet from Pond 11; b) the Sossaman Channel to the right-of- way and c) the outfall 
channel from Storm Sewer No. 3. 
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CHNL250.0UT- Sub-critical simulations of 50- yr flows in; a)  Channel No. 2 from the 
grade control weirs in the Sossaman Channel downstream from Baseline Road to the 
outlet from Pond 11; b) the Sossaman channel to the right-of-way and c) the outfall 
channel from Storm Sewer No. 3. 

CH211100.OUT- Sub-critical simulation of 100-yr flows in Channel No. 2 from the 
downstream end of Pond 11 to the outlet of Pond 12. 

CH21150.OUT- Sub-critical simulation of 50-yr flows in  Channel No. 2 from the 
downstream end of Pond 11 to the outlet of Pond 12. 

CH212100.OUT- Sub-critical simulation of 100-yr flows from the downstream end of 
Pond 12 to the upstream end of Channel No. 2. 

CH21250.OUT- Sub-critical simulation of 50-yr flows from the downstream end of Pond 
I 12 to the upstream end of Channel No. 2. 

SPOW100.OUT- Super-critical simulation of 100-yr flows in Channel No. 1 from the 
grade break below the diversion structure for  Pond 2 (Sta 878+39) to the RWCD 
Floodway (STA 816+16). 

SPOW5O.OUT- Super-critical simulation of 50- yr flows in  Channel No. I from the 
grade break below the diversion structure for  Pond 2 (Sta 878t39) to the RWCD 
Floodway (Sta 816+16). 

-. 

S72ND100.OUT- Super-critical simulation of 100-yr flows in  Channel No. I from the 
grade break below the diversion structure for  Pond 3 (Sta 889+45) to the grade break 
above the diversion structure for  Pond 2 (Sta 879+99). 

S72NDSO.OUT- Super-critical simulation of 50- yr flows in Channel No. I from the 
grade break below the diversion structure for  Pond 3 (Sta 889+45) to the grade break 
above the diversion structure for  Pond 2 (Sta 879+99). 

SSOSS100.OUT- Super-critical simulation of 100-yr flows in Channel No. I from the 
grade break above the Sossaman Road box culvert (Sta 919t05) to the upstream end of 
the transition section above the Pond 7 diversion structure (Sta 913+70). 

SSOSS5O.OUT- Super-critical simulation of 50-yr flows in Channel No. 1 from the grade 
break above the Sossaman Road box culvert (Sta 919+05) to the upstream end of the 
transition section above the Pond 7 diversion structure (Sta 913+70). 

SCHN2100.OUT- Super-critical simulation of Channel No. 2 from the grade break a t  Sta 
947+00 to the grade break above the transition to the Sossaman Channel (Sta 935+00). 

SCHN25O.OUT- Super-critical simulation of Channel No. 2 from the grade break at  STA 
947t00 to the grade break above the transition to the Sossaman Channel (Sta 935+00). 

The  super-critical simulations confirm that  the flow in those segments identified as 
having critical depth (from the results of the sub-critical simulations) is super-critical 
except for  that  segment which includes the Power Road box culvert. The HEC-2 
special note "Hydraulic Jump Downstream", obtained at  the Power Road box culvert, 
prompted the modeling of the culvert super-critically. However, the HEC-2 special 
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note "Bridge Drowns Upstream Profile", obtained when the culvert is simulated super- 
critically, indicates that flow is sub-critical on the upstream side of the culvert and 
super-critical downstream. 

-- 
In addition to indicating the governing flow regime a t  each cross-section. Table 15 
provides values for  the-50- and 100-6  water surface elevations, the channel invert 
elevation, the 50-yr depth of flow, the 50-yr velocity of flow and the north and south 
channel bank elevations. Also shown is the minimum allowable bank elevation at  each 
cross-section. This elevation, the required freeboard (FB), was calculated using the 
following equation: 

V2 
FB = 0.2 x (- + D) 

2g 
where V = Velocity (fps) 

G = Gravitational acceleration 
(32.2 ft/s2) 

D = ' Depth of flow (ft)  

In the vicinity of the diversion structure for  Pond 5, the minimum allowable bank 
elevation required, to meet freeboard requirements is higher than the existing bank 
elevation. The required freeboard will be achieved by adding a curbing to effectively 
raise the channel bank elevation; local drainage to the north of the curbing will be 
allowed to flow to the west and then around the curbing and into the channel. 

The other location in the off-site ,drainage system where minimum allowable bank 
elevation (i.e.: freeboard) requirements are not met is along the north side of Channel 
No. 1 to the east of Power Road. This occurs under proposed flow conditions; these 
flows are higher than existing condition flows due to the interception of cross-freeway 
flows. This problem has its origins in the limited capacity of the Power Road box 
culvert, specifically in the backwater (head) created in order to pass proposed flows, 
and in the need to allow flows to enter the channel from the north on the east side 
of Power Road. Flows from the 50- and 100-yr storm events will, however, be 
confined within the channel and flooding from these events will not be greater than 
flooding under existing conditions. The system of detention ponds along Channel No. 1 
within the right-of-way is designed to effect  maximum reductions in peak flows and 
there is no additional capacity within the present system to achieve freeboard 
requirements. The development which is currently occurring to the north of the 
freeway between Power Road and  Sossaman Road will have on-site stormwater 
detention facilities that  will, when constructed, reduce peak flows into Channel No. I, 
relative to the proposed flows of this analysis. This should serve to reduce storm 
flows at  the Power Road box culvert, although details are unavailable a t  the present 
time. 

The flow division tables representing the off-line ponds in the HEC-I model were 
derived using the HEC-2 program. Division tables were obtained a t  each weir by 
determining the flow rates that occur over a weir for  a given flow rate arriving at  the 
weir from upstream. The weir flow rate and the corresponding upstream channel 
(inflow) rate were determined by first  assuming a flow rate downstream of the 
diversion structure and simulating the structure with HEC-2 using that flow rate. The 
depth of water at  the upstream face of the diversion beam was determined from this 
simulation and  was used in conjunction with the height of the weir crest to calculate 
the flow rate over the weir. The corresponding flow rate arriving a t  the weir from 
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the upstream channel was determined by adding the flow over the weir t o  the assumed 
flow rate downstream. This procedure was used fo r  a range of flow rates a t  each 
diversion structure to arrive a t  the f low division tables presented in Appendix C. A 

e more detailed description of this prdcedure can be found in  Appendix C along with the 
HEC-2 output files CHIROUTA.OUT, CHIROUTB.OUT and CH2ROUTA.OUT which were 
used to derive the flow division tables presented. 

Changes in flow rates along the channels due  to the addition or removal of flow were 
not modeled in the HEC-2 simulations that were used to derive the flow division tables. 
This  simplification was later  evaluated to insure that backwater effects on upstream 
diversion structures due to downstream structures did not invalidate the division 
tables. The division tables were inserted in  the HEC-1 model and a 100-yr. simulation 
was performed. Flow rate values along Channels No. 1 and 2 obtained from this 
simulation were placed a t  appropriate locations in the HEC-2 data files and the system 
was simulated. Depths a t  the upstream face of each diversion beam determined from 
these simulations were compared to depths determined by interpolating between the 

I depths corresponding to f low rates in the  f low division tables just greater and just less 
than the 100-yr. flow rate under consideration. Backwater effects were not a factor in 
the division tables except a t  the diversion structure fo r  Pond No. 1. 

The backwater ef fect  a t  the diversion structure fo r  Pond No. 1 was evaluated through 
a n  iterative procedure using the HEC-I and HEC-2 programs. An initial diversion table 
was derived using the  procedure described above and a 100-yr. HEC-I simulation was 
then performed. T h e  hydrographs a t  the  RWCD Floodway, the outfall  of Storm Sewer 
No. 1, the Power Road box culvert, and the upstream and downstream ends of the 
diversion weir fo r  Pond No. I were obtained. For a selected time increment, values 
from these hydrographs were inserted into a HEC-2 data  f i le fo r  Channel No. 1 and 
the system was simulated. 

A water surface elevation a t  the upstream face  of the beam was determined and the 
flow over the diversion weir was calculated using the standard weir formula. When the 
flow over the weir fo r  the selected time increment was calculated this value was 
subtracted f rom the corresponding flow reaching the weir to obtain a new estimate of 
the flow passing the diversion structure. The  average of this value and the value used 
in the previous HEC-2 simulation was substituted into the HEC-2 data  f i le and the 
system was simulated again. This process was repeated until the flow rates passing the 
diversion structure and over the diversion weir did not change between consecutive 
HEC-2 simulations. The  entire procedure was repeated for a number of time 
increments so that  the  HEC-2 flow division table representing Pond No. 1 could be 
revised for a range of f low rates. 

-. 

The revised HEC-I f low division table was used in a second 100-yr. HEC-I simulation 
and revised hydrographs were obtained. Values f rom these hydrographs were used i n  
the procedure described above to obtain a second revision of the HEC-I flow division 
table. The  process was repeated until values in the HEC-I flow division table for Pond 
No. 1 did not change from one iteration to the next. 

Storage discharge tables representing ponding a t  Power Road in the HEC-I model were 
developed by simulating a range of flows through the box culvert under Power Road 
with the HEC-2 program. Using the depths determined from these simulations, the 
available channel storage fo r  a given flow rate was calculated using the FORTRAN 
program CHASTO (see Appendix C). The existing gunite lined channel was simulated to 
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derive the storage discharge relationship fo r  Simulation 1, and the planned channel 
configuration was used to derive the storage verses discharge relationship for  , Simulations 2 and  3. The HEC-2 output files EPOWROUT.OUT, CH1ROUTA.OUT and 
CHIROUTB.OUT used to derive these relationships are presented in Appendix C. 

OFF-LINE PONDS: Flood Routing 

Each off-line pond was initially sized to accommodate the full  volume of the inflow 
weir hydrograph (obtained from HEC-I output) a t  the corresponding diversion beam 
structure. A subsequent flood routine was performed for  each set of connected ponds 
to: a )  confirm maximum pond Volume requirements a t  each pond; b) determine 
maximum water surface elevations in each pond and c) determine the required length 
of time (starting from the beginning of the design storm) to drain  each set of 
connected ponds. 

A "LOTUS" spreadsheet was used to model the discharge into and out of each pond. 
The description of this spreadsheet and the routine tables for each set of ponds is 
presented in Appendix C. At each time step of the routing calculations, the discharge 
flows into the receiving channels were compared to the channel flow. In those 
instances where the discharge flow had a significant effect  on the channel flow, the 
tailwater surface elevation in the channel was adjusted to reflect the additional flows. 

The pond sets, volume requirements, maximum water surface elevations and draining 
times are  listed in  Table 17. Discharge pipe sizes for  each pond were selected to 
ensure that  each pond set be drained within 24 hours after the end of the storm 
period. A 24-hour storm was used for  design therefore, the maximum permissible drain 
time is 48 hours. 

3. Discussion 

The components of the off-site drainage system modeled in Simulation No. 3 are shown 
in detail on the construction plans for  Phase 111. An overview of the system of 
channels and  ponds is presented (as existing conditions) in Figure 13 (Phase 111 - On- 
site drainage system). All channels have a trapezoidal cross-section and are concrete 
lined. Longitudinal slopes, depths and bottom widths vary to accommodate the varying 
flow rates along the channels. In the areas of the flow constrictors for  the off-line 
detention ponds, a f la t  slope (0.2 percent) is provided to ensure minimal velocities and 
f l a t  water surface profiles through the channel section containing the side flow weir. 
Channel side slopes through the flow constrictor-side weir areas are 1.5 horizontal to I 
vertical; these transition to two horizontal to one vertical in all other channel 
sections. The peak flows a t  critical areas along the freeway for  Simulation Nos. I and 
3 are  presented in Table 18. 

Following the recommendation oC the soils consultant, all detention ponds will have 
reinforced concrete slope paving on the 2 horizontal to 1 vertical side slopes and 12 
in. of soil cement on the pond bottoms. Soil cement is provided between inter- 
connected detention ponds. A depressed section along the top of each pond bank is 
provided on the off-line ponds to permit excess flows to discharge safely into 
downstream ponds or into the channel. All depressed sections are  set above the 100- 
yr. peak water-surface elevations and  are lined with soil cement. 
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TABLE 17. RESULTS OF OFF-LINE POND ROUTING 

Pond No. Maximum Volume Maximum WSEL Time to Drain "LOTUS" 
(Ac-Ft) (Ft) (Hr) Filename 

38 RouteA (1-5) 

66.78 

68.99 

31 RouteB (1-9) 

78.59 

82.3 1 

84.73 

88.80 

92.58 



TABLE 18. SIMULATIONS NO. 1 AND NO. 3: PEAK FLOWS AT CRITICAL AREAS ALONG THE SUPERSTITION 
FREEWAY 

Peak Flows ( c f s )  
50-Yr* 24-HI s t o w  100-Yrr 24-Hour Storm 

. .. 
Location 

simulation simulation Simulation Simulation 
NO. 1 NO. 3 NO. 1 NO. 3 

1. RSCD Floodway at the Superstiton 1459 1611 1681 1717 
Freeway (C037) 

2. Power Road Box Culvert (ROPOW) 1455 1583 1663 1656 

3. 72nd Street Box Culvert (proposed) 1284 
(C035) 

4. Sossaman Road (West Side) (C032) 831 

5. Sossaman Road (Box Culvert) (proposed) 570 
(C032A) 

6. Sossaman Channel at the South Right- 2982 
of-Way Line (C021) 

7. Overtopping in the East-West Channel 2037 
East of Ellsworth Road (D 224) 

8. Overtopping Along the East-West 
Channel on the West Side of 558 
Ellsworth Road. (Flows head south) 317 
(D 19) (D 225) 

9. Flows in the Existing East-West Channel 1472 
West of Ellsworth Road 1155 
( D I V  224) ( D I V  225) 

(Stored in 
Detention 
Pond - No 
Overtopping 

Eliminated 
Eliminated 

(R0224) 54 
Eliminated 

2687 (Stored in 
Detention 

Pond) 

796 Eliminated 
358 Eliminated 

1513 (R0224) 62 
1155 Eliminated 



As described previously, the low flow channel is contained within the pond for  the on- 
line detention ponds (see Fig. C-3, Appendix C). At the lower end of the pond, the 

0 low flow channel is notched into the pond bottom. Approximately 80 feet upstream of 
the pond outlet, the longitudinal slope of the pond bottom changes from the channel 
slope (greater than 0.2 percent) to 0.2 percent. Progressing upstream, the channel 
invert rises above the pond invert. A berm, two feet  higher than the channel invert, 
is provided between the channel and the pond. Low flows will pass directly through 
the channel to the pond outlet without ponding. A channel slope steeper than 0.2 
percent is maintained to prevent sediment deposition at  low flows. At higher flows the 
berm will be overtopped and ponding will occur a t  the outlet. It is anticipated that 
the heavier sediment particles will remain within the confines of the low flow channel, 
thereby facilitating periodic maintenance. 

The off-line pond configurations have been described previously. The channel bank 
overtopping of the Sossaman Channel, which affects property south of the right-of- 

I way, is not eliminated, but the magnitude of the overtopping flows is reduced. 

Channel No. 1 has a transition section leading directly into the Power Road box 
culvert. Channel No. 2 has a curved transition leading into the Sossaman Channel on 
the upstream side of the box culvert under the Superstition Freeway. Additional 
channel-to-channel transition sections are  provided a t  the Sossaman Road channel and 
the 72nd Street channel. The Sossaman Road channel enters Channel No. 1 on the 
upstream side of Constrictor No. 5. At peak design flows, ponding will occur a t  this 
location on Channel No. 1, therefore a curved transition from the Sossaman Road 
channel is not required. The 72nd Street channel enters Channel No. 1 between 
constrictors No. 3 and No. 4. A concrete lined transition is provided a t  the confluence 
of the two channels. A lined channel transition is likewise provided a t  the Hawes 
Channel junction with Channel No. 2. 

All channels and detention ponds are provided with maintenance access roads. 

The results of Simulation No. 3, a t  the critical areas previously identified, are 
presented in Table No. 10 along with the corresponding flows of Simulation No: 1. The 
50-year and 100-year discharges into the RWCD Floodway increase by 163 cfs and 55 
cfs, respectively. However, the discharges into the Sossaman Channel for  the 50-year 
and 100-year storm events decrease by 1028 cfs, and 980 cfs, respectively. The 
ultimate outfall for  flows from the Sossaman Channel is the RWCD Floodway. The net 
direct discharge from the freeway right-of-way to the RWCD is therefore reduced by 
865 cfs and 925 cfs  for  the 50-year and  100-year storm events, respectively. 

-. Overland flow across the freeway right-of-way, expressed as point C032 in Simulation 
No. 1, is eliminated in Simulation No. 2. Additional bank overtopping flows along the 
existing East-West Channel (east of the Sossaman Channel) (DIV225, and DIV19) are 
also eliminated. All of these flows ultimately discharge into the RWCD Floodway under 
existing conditions. Their elimination serves to further reduce discharges (indirect) 
from the Superstition Freeway right-of-way into the RWCD Floodway. Additional 
benefit is realized by property owners immediately south of the right-of-way in those 
areas where existing flooding (overland flows and bank overtopping) will be eliminated. 

Other benefits that will be realized upon construction of the off-site drainage system 
will be control of floodwaters through the freeway right-of-way and elimination of 
erosion potential in  the unlined channels currently traversing the freeway right-of- 
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way. The channel bank overtopping of the Sossaman Channel, which affects property 
south of the right-of-way is not eliminated but the  magnitude of the overtopping flows 
is reduced. 

Three concrete box culverts will be constructed as part of the off-site drainage system. 
These are  the 72nd Street culvert, the Sossaman Road culvert and the Sossaman 
Channel culvert under the freeway. The  flows obtained from the results of Simulation 
No. 3 a t  these three locations were used to size the box culverts. All three culverts 
were initially sized using the inlet and outlet control nomographs of HEC-5 (see 
culvert worksheets in Appendix B). Upon completion of the HEC-I Simulation No. 3 
modeling, 50-year and  100-year peak discharges were used as input to a n  HEC-2 Water 
Surface Profiles run to check the hydraulic gradeline along the  channels and through 
the box culverts. The hydraulic gradelines for the 50-year and 100-year peak 
discharges along Channels No. 1 and No. 2 a re  presented in Figure 14. 

Flows passing through the Power Road box culvert a re  represented as point ROPOW in 
all the simulations. The  previously referred-to hydraulic gradelines indicate that the 
100-year water surface profile is equal to the top of the north channel bank a t  the 
upstream end of the Power Road box culvert. However, this elevation is higher than 
the depressed return flow section (from Detention Pond No. 1) of the south channel 

-. bank. As soon as ponded water reaches the top of the depressed section, flows will 
spill into Pond No. 1 a t  the downstream end and a new equilibrium of f low through the 
box, pond storage and water surface elevation (lower than shown on the hydraulic 
gradeline) will be reached. The modeling of this situation is necessarily complex. The 
results, as shown in this report, represent a conservatively high water surface 
elevation and still meet the criterion of no bank overtopping fo r  the 100-year peak 
flows, fur ther  analysis to def ine  the exact 100-year water surface elevation a t  Power 
Road was considered to be unnecessary. 

The Sossaman Channel culvert under the Superstition Freeway serves to convey flows 
from the north (Sossaman Channel) and f rom the east (Channel No. 2) under the 
freeway to the  existing unlined channel south of the right-of-way. The  Sossaman 
Channel is currently unlined f rom Southern Avenue to past Baseline Road, south of the 
freeway. Concrete lining will be provided through the right-of-way to improve channel 
capacity and to reduce erosion potential. The previously mentioned channel transition, 
for Channel No. 2, a t  the Sossaman Channel will also be lined with concrete slope 
paving. A mild slope and broad radius of curvature (r=3 x (top width of flow in the 
channel)) will be provided to ensure that flow through the transition is sub-critical and 
smooth. The  top of the channel lining fo r  the west bank of the Sossaman Channel will 
be of sufficient  height to ensure that  the  required f ree  board is maintained fo r  the 50- 
year peak flows (See Figure 14). 

Clearance under the Superstition ~ r e e w a y  a t  the  Sossaman Channel is limited. A 
multiple box culvert, of a width greater than the existing channel bottom width, was 
required to convey flows under the freeway without excessive headwater requirements 
a t  the upstream end of the culvert. A structure will be constructed, a t  the 
downstream end of the culvert, between the culvert and the south right-of-way line, to 
provide a transition f rom the wider channel cross-section back to the narrower existing 
channel cross-section. A cutoff wall will be constructed to protect the channel lining 
from head cutting. The  east bank of the transition structure will block the existing 
unlined East-West Channel a t  its discharge point into the Sossaman Channel. Since 
segments of the East-West Channel lie outside the right-of-way, i t  is not feasible to 

Page 58 



SUPERSTITION FREEWAY 
POWER RD. TO U.S. 60 -PHASE 7I: 

- 

-1ARICOPA/PINAL CO. 

* 
Construction Offset Offset Elemtion Offset Elrvution 

c. To C To Norm ~t h t h  To South ~t h t h  Comments 
Station Chnnnel Top Bonk Top Bonk Top Bank Top Bonk 

8 6 8  t 6 3  398.1 ' 24.9 - '1368.4 -- 26.1 1369.0 P.T. Horizontal Curve 
8 6 9  t o 0  398.9 24.9 1368.4 26.1 1369.0. 
8 7 0  t o0  401 .O 24.9 1369.0 25.9 1369.5 
8 7  1 to0 402.7 26.0 1370.1 25.8 1370.0 
8 7 2  + 00 404.0 - 25.2 1370.4 25.4 1370.5 - ~ -  - ~ 

8 72  t o 2  404.0 25.2 1370.4 25.4 1370.5 
872 + 27 404.3 25.1 1370.4 25.6 1370.7 See Sht.2C-50 
873 t 00 405.0 25.7 1370.5 26.9 1371 .I 

. . . . .. . . . . .  
'1 ~ .~ I , 

LEGEND 1 

50 Yr. Hydroulic Grode Line 

- . , I=' ( '0'- 1 a -7, .a-1 . 1 -  11-0*1-1-s11 1 1 I 
P 8 M BM X p-9  Alum~num COD Set in 
Sidewalk Of Soulhcost Cormr Power Rd. 
Overposs At SR 360 Sto&. ~ ~- - -  

. . -Elev. 1371.52 

NOTE: Slopes Shwn Are BaKd On True Lengths 
Between &ode Breaks 
Stotion 8 Offsets Reflect Rodiil Stake-OrR 
Due To Superstition Freevoy Ci Being In A 
Curve segmmt. 











NOTE: Slopes Shown Are Based On True Lenpths 
Between Grade Beaks. 

SUPERSTITION FREEWAY 
POWER RD. TO U.S. GO-PHASEIT 
.MARICOPA/PINAL CO. 

. . . .  .... ~. ~ ~ ~. ~~ ... 
I 

.~ ~ 

Comtruct~on 
e 

Station 

9 2 2 t 0 0  
923tOO 
9 2 4 t o o  
9 2 5 t 0 0  
9 2 6 t 0 0  
9 2 7 t 0 0  
9 2 8 t  17 

..... .. ... . . . . . . . . . . . . . . .  .. . . .  . . . .  -. - - - 
! I For Channel Plan Vim, S n  Shmf dl-63 . -- - - - ... ... . .  . - - -  _ . . .  .b ........ . . . - . . . .  - . . -. - 1 .  2 FU Chofmel Crass Sectbn.. Sea Shsar C-71 (I C-74 

I N. R/W CHANNEL NO. I 1 i . . . . 
... ~- ---- - _- -. _ .... ... ........ 

.. . . . . . . . . . .  . -. . . .  

. . . . . . .  - -- ...... -- .. - . - .  .. . . .... . ~ -- - 
URS CORPORATION 

F I N A L  D R A I N A G E  R E P O R T  

Curv* 
SUPERSTITION FREEWAY 

.. . . .  L-th .... -. ..... -- . - - . .  
POWER ROAD TO ELLSWORTH ROAD 

. - -. . . 
0 

SCALE N FEET 
SCHEMATIC - NOT FOR CONSTRUCTION 

FIGURE 14 SHEET 6 

9 2 3  9 23 924 925 
HYDRAULIC GRADE LINES - 921. 926 927 928 OFF-SITE DRAINAGE CHANNELS 

I 

Offset 
TO c 

Channel 

263.0 
256.6 
250.2 
243.8 
237.4 
231.0 
Match Grade At Existing Cut-Oe-Sac 

Offset 
TO North 
Top Bmk-'Top 

18.1 
17.7 
18.6 
19.3 
17.7 
18.8 

I 
Elemtion 
ht Mrth 

Bonk 

1402.4 
1402.9 
1404.0 
1405.0 
1404.9 
14S.2 

Offset 
To south 
TOO Bank 

17.3 
16.9 
18.2 
18.7 
16.9 
18.0 

.-- 

Elevation 
~t h t h  
Top Bank 

1402.0 
1402.5 
1403.8 
1404.7 
1404.5 
1405.7 

Comments :E Isran] -rr ,. /= - I  mu I ... - .p -,, .I U 7  

9 LW F-oze-a-sts I ? 
Pa M B M t  P-9Aluminun Cop Seth Sidemlk 

I Of Swthecst Corner Power Rd.Dvarwss ~t 
S R 360 Stamped Elev. 137152 













LEGEND 
5 0  Yr. Hydroulic Groda Lina 

100 Yr. Hydroulic Grode Line 

. . 
. . 

-. - -. - .-- -. . . Slop* = +0.6003% .- . .  .. .. . 

i I 
Pond No. 12 8 Appvtamce.  

. . .  

. . ~lope.+o.5389-%-.-1 -. - . . 
- .- ~ 

. . . . . .  . . 
. . 

-. 

. . , - - . . . -  -~ . .- . .- - -- - so Shoat C-59 
. ~ . . ~ .  . . 998 999 

N. R/W CHANNEL NO. 2 
- 

997 
.- - ... .... .. -- . . .  - . ~ . . .  ... - . . . I 

. . 

. . 
. . . . . .  : . . . . . . . . . . . . .  L . 5  0 

S U E  IN FEET SCHEMATIC -NOT FOR CONSTRUCTION 
e. 

987 988 9139. 990 99 1 992 993 994' 995 996 

URS CORPORATION 
FINAL DRAINAGE REPORT 

S U P E R S T I T I O N  FREEWAY 
POWER ROAD TO ELLSWORTH ROAD 

FIGURE 14 SHEET 12 
HYDRAULIC GRADE LINES 
OFF-SITE DRAINAGE CHANNELS 

- 



. . . . .  -- . . . .  _. .- _ _  .. -. _.__ __ -. _ . . . . . . . .  . . 21: Yl a -. .. 

. ......... Slope = +0.5389 % . . -. _ - - ~- 

. . . . 

I i I 

. . .... . . . - . . .  ... .. -- _ _ - _ .  . . . .  . . . . . .  1010 1011 

...... . . . .  - .. . . . . . . . . . . . . . . . . . . . . . . . . . .  
N. R/W CHANNEL NO. 2 1009 

_ 
URS CORPORATION 

. . FINAL DRAINAGE R E P O R T  
SUPERSTITION FREEWAY 

POWER ROAD TO ELLSWORTH ROAD 
.- .. ....... -. - -  - . . . . .  .- 

SCALE m FEET FIGURE 14 
SHEET I3 

SCHEMATIC - NOT FOR CONSTRUCT~ON HYDRAULIC GRADE LINES 
999 1000 . 1001, 1007 1003 1004 I005 1006 1007 1008 - -. - - - - - OFF-SITE DRAINAGE CHANNE~LS 

SUPERSTITION FREEWAY 
POWER RD. TO U.S. 60-PHASE II: 
' I A  RICOPA /PINAL CO. . ~~ . .- . . . . . . . . . . . .  - . 

I I Fw Chcnnel Plon View, See Shset C- 19 8 C- 20. 

2 FaChcmnel Cross Sections. See Sheets C-71 8 C-74 ~- - . . . . .  

. ................ . . . . .  1 . . . . .  . ~ .. ~ . .~ - -. 

Comtruction 
c 

Station 
tmotoo 
1001tOO 
1002tOO 
1003f00 
1004tOO 
1005tOO 
1006t00  
1007t00  
IOOBtOO 
1009+OO 
IOiOtOO 
IO I  1 tOO 

Offset 
TO e 

Channel 
360.0 
361.0 
362.0 
361.3 
360.7 
360.0 
359.8 
359.6 
359.4 
359.2 
359.0 
358.8 

Offset 
TO North 
Top Bank 
24.2 
23.5 
22.4 
23.5 
24.1 
24.2 
23.9 
24.2 
24.3 
25.5 
25.8 
24.1 

Elevotton 
~t North 
Top Bonk 
1453.4 
1453.6 
1453.6 
1454.7 
1455.5 
1456.1 
1456.5 
1457.2 
1457.8 
1458.9 
1459.6 
1459.3 

Offset 
TO south 
Top Bank 
22.6 
22.7 
21.8 
22.9 
23.7 
23.8 
23.5 
24.2 
25.3 
24.9 
25.0 
23.9 

Elmotion 
~t ~ w t h  
Top Bonk 
1452.6 
1453.2 
1453.3 
1454.4 
1455.3 
1455.9 
1456.3 
1457.2 
1458.3 
1458.6 
1459.2 
1459.2 

Comments 

. ~- 

.- 

- 

- 
I *- ,,a(. -<i I -I1 '0'- I 
1 *i u".. 

I LUI r-01.-1-11, I 
EM137 4"BC Set in t Powmnt Ellswath Rd, -  st St022t8280(Survey Sta. 3 7 t  17 71) 
Elev 1454 33 

! 

. ~ 

NOTE8 Slopes Shown Are Bosed On True Lengths 
I Between Grade Brooks. 

. 











fill  in the channel, even though the major sources of flows into the channel will be 
eliminated a f t e r  construction of the off-site drainage system. A 36-in. pipe will be 
placed through the east bank of the concrete transition structure to provide an outlet 
fo r  flows in the East-West Channel. 

The off-site drainage system is designed to convey 50-year and 100-year peak 
discharges f rom the upstream watershed in its existing condition. The  effects of 
fu ture  development in the watershed, while increasing the amount of runoff from the 
watershed, are  expected to reduce the peak flow rates a t  the freeway right-of-way due 
to the current detention/retention requirements of the City of Mesa and Maricopa 
County. The  MDP, if implemented, will result in 4 large reduction of peak flows a t  
the freeway right-of-way. The schedule fo r  finalization, adoption and implementation 
of the MDP are  as yet undetermined. 

-. 
The  locations of the off-line detention ponds are  crucially positioned with respect to 

I the contributing point inflows a t  the 72nd Street Channel, the Sossaman Road Channel 
and the Hawes Channel. Under the current runoff conditions in the upstream 
watershed, any relocation of these channels would adversely affect  the proper 
functioning of the off-site drainage system. It is possible that with increased 
detention ponding being provided, in  conjunction with future  development upstream, the 
channels' locations may be altered without detriment to the off-site drainage system. 
A careful analysis is strongly advised before channel relocation fo r  the 72nd Street 
Channel, the Sossaman Road Channel or the Hawes Channel is undertaken. 

C. Construction Phasing 

The  following discussion pertains to the drainage improvements required for Phases I, 
I1 and 111. Each construction phase will be concurrent with similar phases of the next a two roadway segments to the east. Interim drainage provisions a re  also described, as 
are  crucial construction sequences within phases. Figures 15, 16 and 17 provide a 
schematic overview of Phase I, Phase I1 and Phase 111 drainage improvements. 

1. PHASE I 

a. Sossaman Roa& 

Manhole A is the outfall for inlets 1-1, 1-2, 1-3 and 1-4. Manhole B is the outfall for 
inlets 1-5, 1-6 and 1-8. Both of these manholes will be connected to the storm sewer 
trunkline in Phase 111. The  trunkline will be approximately 22-27 ft. below the inverts 
of the manholes, therefore and no tail water effect  is anticipated for either of the 
Phase I storm sewer runs. 

A double 10' x 6' x 168' concrete box culvert, a t  Station 44 + 90, is required for the 
off-site drainage conveyance system. The  connecting channels upstream and 
downstream of this culvert will be constructed during Phase I1 (See Figure 16). The 
culvert will be buried during the interim period between Phases I & 11. There is no 
existing east-west flow under Sossaman Road, therefore no interim drainage provisions 
are  required. Wing walls are  not provided since the future  (Phase 11) channel will be 
formed with transition sections u p  to the box inlet and outlet. 
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In conjunction with, or slightly before, Phase I construction, the Maricopa County 
Highway Department (County) will be constructing roadway improvements, including a 
48-inch storm drain, along Sossaman Road. Upon completion by the County, the pipe 
will terminate approximately 105 f t  west of the Sossaman Road centerline below grade 
with a temporary plug. During Phase I construction the plug will be removed and an 
interim inlet ditch will be constructed west to the Sossaman Road Channel. This 
interim outfall for  the storm drain is provided mainly to obviate construction of a 
sump a t  the outfall of the storm drain. During Phase 11, the 48-inch storm drain will 
be extended to a concrete lined channel which will run east-west and replace existing 
unlined ditches and channels. 

As a part of the storm sewer system in  Sossaman Road, the County will install an  18- 
inch lateral pipe (Station 47 4 53) extending to the west side of the road. This is the 
location where the Sossaman Road detour merges with the existing roadway. Upon 
completion of the curb and gutter and inlet (1-7). the 18-inch pipe will be connected 
to the inlet. 

b. 72nd Street: 

Two inlets (1-9 and 1-10) are  required just before the upstream end of the 72nd Street 
bridge to prevent excess flows from entering the bridge. The two inlets are connected 
by a 24-inch lateral pipe which in  turn has a n  outfall to the east side of the roadway 
(See Figure 12). In the interim period between Phases I and I1 this pipe will have an  
outfall into a ditch which drains north to an existing unlined channel. In Phase I1 the 
ditch will be relocated to the east to a detention pond just east of 72nd Street. (See 
Figure 15). 

A double 12 f t  x 8 f t  x 136 f t  concrete box culvert is required a t  Station 14 + 68.5 
(centerline of box). As a t  Sossaman Road, the culvert will be a part of the off-site 
drainage conveyance system but will be constructed during Phase I. Unlike Sossaman 
Road there is an  existing unlined channel in this area which runs east-west along the 
north right-of-way line of the freeway. This channel is dry except during rainstorms. 
Some provision is required to permit storm runoff to continue flowing along this 
channel af ter  72nd Street is constructed. The inverts of the box culvert and future 
(Phase 11) channel are  lower than those of the existing channel by approximately four 
feet. After construction the inside of the box culvert will be back-filled to match the 
existing channel inverts to maintain a flow path under 72nd street. Some realignment 
of the existing channel is necessary a t  the culvert inlet and outlet. During Phase I1 
the box will be cleaned out and connected, with transition sections, to a lined channel. 
Wing walls will not be constructed at  the ends of the box culvert since the future  
(Phase 11) channel will be constructed, with transition sections, up to the box inlet and 
outlet. 

c. Ellsworth Road: 

Manhole D is the outfall for inlets 1-11, 1-12, 1-13, 1-14 and  1-15. Manhole E is the 
outfall for inlets 1-16 and 1-17. Both of these manholes will be connected to the 
storm sewer trunkline in Phase 111. The trunkline will be approximately 8-19 feet 
below the inverts of the manholes, therefore no tail water effect  is anticipated for 
either of the storm sewer runs. 
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Inlets 1-18, 1-19, 1-20 and 1-21 have a common outfall in a 24-inch pipe at  Station 44 + 
35. This pipe will have an  interim outfall into a sump (below the roadway) which will 
be extended as pipe in  Phase 11. The pipe will extend, via the north right-of-way 
channel, to a discharge point a t  Sossaman Channel (See Figure 2). 

A large regional detention pond is planned (by others) in the north-east quadrant of 
the Ellsworth Road interchange. The outlet for  this pond will be a 48-inch pipe 
extending to the west and ultimately discharging into the off-site drainage conveyance 
system. Only that segment of the pipe which lies under Ellsworth Road will be 
constructed during Phase I. A manhole (MH-F) is provided a t  the east end of the pipe 
for future  connection (by others) to the pond outlet. In Phase I1 the west end of the 
pipe will be extended to the west to a point where i t  discharges into a lined channel. 

An existing unlined ditch along the east side of Ellsworth Road conveys storm runoff 
to the south right-of-way line of the freeway. This connects to an  existing unlined 
channel running from east to west along the south right-of-way line of the freeway. 
Three 81-inch pipes provide conveyance for  channel flows under Ellsworth Road. Of 
these three pipes one is almost completed silted in  and  the other is largely blocked by 
debris. The remaining pipe is partially silted up. The entire system conveys flows 
only during periods of excess rainfall (i.e., rainfall events producing runoff). 

These culverts and approximately 200 - 300 f t  of the upstream and  downstream 
channels will be obstructed and filled in by the construction associated with Phase I. 
Furthermore, the whole system will be rendered obsolete by the Phase I1 conveyance 
system of detention ponds and  lined channels (along the north right-of-way line). 
Drainage for the interim condition will be accommodated by providing an  interim 
system of unlined ditches and a culvert that will maintain existing flow patterns until 
the Phase I1 improvements have been constructed. On the east side of Ellsworth Road 
the north-south ditch and the east-west ditch will be rerouted around the east ends of 
the Ellsworth ramps (See Figure 15). These two ditches will be combined into a single 
ditch which flows west. Three temporary 84-inch RCPS will be provided under the 
Ellsworth Road detour and under the Ellsworth bridge. West of Ellsworth Road these 
pipes will discharge into an  unlined channel which will then connect back to the 
existing east-west channel west of the ramp terminus. The 81-inch pipes will be 
removed during Phase I. During Phase 11, af ter  the off-site conveyance system is in 
place, the interim ditches will be filled in  and the 84-inch pipes will be removed. 

The drainage improvements to be installed in Phase I are  isolated segments of a larger 
system which will provide conveyance for  on-site and off-site storm runoff within the 
right-of-way of the Superstition Freeway. These isolated segments must be built i n  
conjunction with cross-road construction (i.e., Phase I) but will not be fully operational 
until the drainage improvements associated with Phases I1 and  I11 are completed. 

2. PHASE I1 

Phase I1 construction includes completion of the off-site drainage system, a segment of 
Trunkline No. 1, roadway grading and  removal of the interim ditches and pipes 
constructed in Phase 1. 
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Channel No. 1 will be constructed from Power Road to the east side of Sossaman Road. 
Channel transitions will be ~ r o v i d e d ~ a t  the 72nd St, box culvert and a t  the Sossaman 
Road box culvert. I t  will be necessary to clean the 72nd St. box culvert to the 
proposed channel invert in order to connect the channel with the culvert. The 
plywood plugs a t  either end of the Sossaman Road box culvert will be removed. The 
existing 48-in. storm sewer along Sossaman Road (by others) will be extended to an 
outfall on the side of Channel No. 1. The interim outlet ditch, constructed in Phase I, 
will be filled. 

Off-line detention ponds 1 through 7 will be constructed along Channel No. 1 as shown 
on the Phase I1 construction plans. The interim outfall ditch fo r  the 72nd St. inlets 
will be filled and a new outfall will be provided into off-line Detention Pond No. 3 
Following excavation of Pond No. 1 and Pond No. 2, but prior to the placing of 
channel lining, Trunkline No. 1 will be constructed through the area of pond 
excavation. The  storm sewer crossing under Power Road will be accomplished by 

I '  means of a jacked pipe. 

Channel transitions a t  the confluences with the 72nd Street Channel and the Sossaman 
Road Channel will be included in Phase I1 construction. 

Channel No. 2 will be constructed from the Sossaman Channel to the west side of 
Ellsworth Road. The 48-in. pipe under Ellsworth Road will be extended west to an 
outfall into Channel No. 2. The outfall pipe for  the storm sewer system on the north 
end of Ellsworth Road will be extended to an  outfall into the channel. A "subsidiary 
channel" (ie - the outfall channel for Trunkline No. 3) will be constructed from 
Channel No. 2 up  to the headwall of the outfall for  Trunkline No. 3; the headwall will 
not be constructed. 

Off-site detention ponds 8-10 will be constructed. A channel transition will be 
provided a t  the confluence of Hawes Channel and  Channel No. 2. 

Improvements to the Sossaman Channel are  included in Phase 11. The box. culvert 
under the Superstition Freeway, the downstream transition section, the upstream 
transition section and the channel lining through the right-of-way will be constructed 
in Phase 11. The 24-in, pipe under the east bank of the downstream transition 
structure will be placed at  this time. 

The interim ditches east of Ellsworth, constructed in Phase I, will be filled and the 
78-in. pipe under Ellsworth Road will be removed. 

-- 

The removal of the 78411. pipe under Ellsworth Road and the filling of the associated 
interim ditches must be carefully timed with construction of elements of the off-site 
drainage system being provided (by others) east of Ellsworth Road. Runoff that, under 
existing conditions, arrives a t  Ellsworth Road and discharges into the East-West 
Channel will be intercepted by a large detention pond on the north-east quadrant of 
the Ellsworth Road - Superstition Freeway Interchange and will be directed west into 
Channel No. I through a restricted orifice. Care must be taken to provide for 
detention and conveyance of these flows before the existing conveyance is removed. 
The following construction sequence, within Phase 11, indicates how this may be 
accomplished: 
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a. Construct the Sossaman Channel box culvert under the freeway, the channel 
improvements upstream of the freeway, and the transition into Channel No. 2. 

b. Construct Channel No. 2 with all detention ponds and the transition a t  the 
Hawes Channel. 

c. Construct the downstream improvements on the Sossaman Channel on the west 
side; leave the East-West Channel discharge point open. 

d. Construct the large detention pond in the northeast quadrant of the Ellsworth 
Road - Superstition Freeway Interchange and connect to the manhole on the 
east side of Ellsworth Road that  was constructed in Phase 1 (provides a 
connection to Channel No. 2). 

e. Immediately finish the downstream transition structure on the east bank of the 
Sossaman Channel. Provide the 24-in. relief pipe a t  this time for  the East-West 
Channel. 

f. Remove the 78-in. pipe and the interim ditches under Ellsworth. 

g. Perform the necessary roadway grading under Ellsworth Road. Channel No. 2 
should be in place and fully operational before the roadway grading at  Ellsworth 
Road is initiated. 

Grading and filling of minor ditches and erosion rills will follow the major construction 
segments of Phase 11. The off-site drainage system will be completed and in place at  
the conclusion of Phase I1 construction. 

3. PHASE 111 

The remaining elements of the on-site drainage system will be constructed in Phase 111. 
Trunkline NOT 1 will be extended to its eastern ierminus; Trunklines No. 2 and No. 3 
will be constructed. All associated manholes, lateral pipes, and inlets will be provided 
at  this time. Connections to Trunklines No. 1 and No. 3 will be made to the existing 
storm sewer systems (from Phase I) a t  Sossaman Road and Ellsworth Road, respectively. 
A manhole will be provided a t  the eastern terminus of Trunkline No. 3 to permit 
extension of this trunkline (by others) to  the east. 

All elements OF the on-site and off-site drainage systems will be in  place and fully 
functional at  the conclusion of the Phase 111 construction sequence. 

-- 
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IV CONCLUSIONS AND RECOMMENDATIONS 

Conclusions of the Final Drainage Report are  as follows: 

1. The "existing condition" flows are  a n  appropriate design basis for the off-sitc 
drainage system. 

-- 2. The off-site drainage system of channels and detention ponds described in this 
report and shown on the construction plans fo r  Phases I, I1 and 111 are 
adequately designed to convey the 50- yr and the 100-yr storm flows through 
the freeway right-of-way with appropriate freeboard. The  exception to 
meeting the freeboard requirement occurs upstream of Power Road, as discussed 
in Chapter V; the requirement of not exceeding present 100-yr flooding 
elevations is met without exception. 

3. Construction of Channel No. 2 will result in the elimination of bank overtopping 
between Ellsworth Road and the Sossaman Channel, and will result in lower 
overtopping flows of the Sossaman Channel south of the freeway right-of-way. 

4. All drainage improvements are  contained within the freeway right-of-way. 

5. The proper functioning of the off-site drainage system is particularly sensitive 
to the construction sequencing within Phase 11, and care should be taken to 
ensure that Channel No. 2 is fully operational before the interim ditch and pipc 
(from Phase I) for the East-West Channel are  removed. 

6. The on-site drainage system of inlets, laterals, manholes and trunklines, as 
described in this report and as shown on the construction plans fo r  Phases I, 
11, and 111, are  adequately designed to convey the 10-yr and 50-yr storm runoff 
away fo r  the crossroads and freeway (including ramps), respectively. 

7. Relocation of the 72nd Street Channel, the Sossaman Channel, or the Hawes 
Channel should not be undertaken without prior analysis of the effects of such 
action on the proper functioning of the off-site drainage system. 

Finally, i t  is the recommendation of URS Consultants that the off-site and on-site 
drainage facilities, as described in this report and as shown on the construction plans 
for Phases I, I1 and 111 be adopted as the f inal  drainage system design. Furthermore, 
it is recommended that  the construction sequencing of drainage improvements, both 
between and within construction phases, be conducted as described in  this report. 
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APPENDIX A 

PRECIPITATION DATA AND PROCEDURES 



ADDENDUM to "HYDROLOGIC DESIGN FOR 
HIGHWAY DRAINAGE IN ARIZONA" Apr i l  1975 

Steps to be used to determine precipitation values fo r  various dura-  
tions and re turn  periods.  

S T E P  1. F r o m  the precipitation maps  in the manual "Hydrologic 
Design for  Highway Drainage in Arizona", determine the precipi-  
tation values fo r  the 6 and 24 hour duration s t o r m s  for  re turn  
periods of 2 ,  5 ,  10, 25, 50 and 100 years .  Tabulate these values 
in Table 1 in the column headed 'Map Values1 

TABLE 1 

NOTE: There  i s  a possibility of making an e r r o r  while reading the 
maps  because,  (1) a s i te  i s  not easy  to locate precisely on a s e r i e s  
of 12 maps ,  (2) there  may  be some slight registration differences 
in  printing, and (3) prec ise  interpolation between isolines i s  diffi- 
cult. In o r d e r  to minimize any e r r o r s  in reading the maps ,  these 
values should be plotted on the d iagram "Precipitation Depth versus  
Return Period" Fig.  I .  

Return Period 
(Years)  

2 

5 

10 

25 

5 0 

100 

Precipitation va lues  (inches) 

6 hour duration 2 4  hour duration 

Map 
Value 

1.20 

1.60 

1.90 

2.40 

2.70 

3.00 

Map 
Value 

1.40 

1.90 

2.30 

2.90 

3.20 

3.60 

Correc ted  
Value 

1.24 

1.68 

1.99 

2.37 

2.70 

3.06 

Correc ted  
Value 

1.40 

1.95 

2.30 

2.77 

3.20 

3.60 



S T E P  2. Plot these values on the diagram "Precipitation Depth 
versus  Return Period" Fig. 1. 

S T E P  3. Draw a line of best f i t  through the 6 hour precipitation 
values and another line through the 24 hour precipitation values. 

S T E P  4. Tabulate the values represented by the l ines of best fit,  
obtained in Step 3, in the column of Table 1 entitled "Corrected 
Value1#. 

NOTE: The 1 hour precipitation value is needed to  determine the 
2 and 3 hour values a s  well a s  the 5, 10, 15 and 30 minute values. 

S T E P  5. Using the 6 and 24 hour values for  the 2 year and 100 
year  re turn  periods,  f r o m  Table 1 (corrected values), solve the 
following equations to determine the 1 hour values: 

where Y2 = 2 year  1 hour value 
Y ~ O O  = 100 year  1 hour value 
X1 = 2 year  6 hour value f r o m  Table 1 
X2 = 2 year  24 hour value f rom Table 1 
X3 = 100 year  6 hour value f rom Table 1 
X4 = 100 year  24 hour value f rom Table 1 

S T E P  6. To determine 1 hour precipitation values for  the other 
re turn  periods, f i r s t  plot the 2 year  1 hour value and the 100 year  
1 hour value on Figure 1. Connect the two points by a straight line. 
The values on this line will give the 1 hour precipitation values for  
the various re turn  periods. 

S T E P  7. To determine the 2 and 3 hour precipitation values, use the 
following formulae with data for  the appropriate return period f rom 
Table 1 (corrected values): 

2 hour = 0. 341 (6 hour) + 0.659 (1 hour) 
3 hour = 0. 569 (6 hour) + 0.431 ( 1 hour) 

. . 

An alternate method in lieu of the above equations i s  to use Fig. 2-2 
(revised 4-75). 



STEP 8. The 12 hour precipitation value for any return period is 
dete:,mined by the following equation: 

- 
'l2 hr - '24 hr - . (P24 hr - P6 hr) 

STEP 9. To determine precipitation values for durations l e s s  than 
1 hour for any return period, the following relationships apply: 

Duration (Minutes) 5 10 15 30 
Ratio to one hour . 2 9  . 4 5  . 5 7  . 7 9  



Calculation of 1-hour, 2-year and 1-hour, 100-year Rainfall Values 



Project No. S t a t i o n  

R e t u r n  P e r i o d  I n  Y e a r s ,  P a r t l a l  - D u r a t i o n  S e r i e s  

Figure I Prec ip i ta t ion  Depth Versus Return Per iod f o r  
P a r t i a l  - Dura t ion  S e r i e s  

I I 
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APPENDIX C 

COMPUTER PROGRAMS: 

- INPUT AND OUTPUT LISTINGS - SUPPORTING DATA 



DESCRIPTION OF  HEC-1 AND HEC-2 OUTPUT FILES 

SIMULATION NO. 1 

EX5O.OUT- Pre-construction existing conditions; 50 year precipitation. 

EXLOUT- Pre-construction existing conditions; 100 year precipitation. 

SIMULATION NO. 2 

PR5O.OUT- Post-construction conditions with no detention in  place. 50 year 
precipitation. 

PRO.OUT- Post-construction conditions with no detention in place. 100 year 
precipitation. 

SIMULATION NO. 3 

PD5O.OUT- Post-construction conditions with detention in  place. 50 year 
precipitation. 

PROD.OUT- Post-construction conditions with detention in place. 100 year 
precipitation. 



HEC-2 OUTPUT FILES 

CHANNEL NO. 1 

CHNLI5O.OUT- Sub-critical simulation of 50-year flows from the RWCD Floodway to 
the upstream end of the channel. 

CHNLI 100.OUT- Sub-critical simulation of 100-year flows from the RWCD Floodway to 
the upstream end of the channel. 

SPOWR5O.OUT- Super-critical simulation of 50- year flows from the grade break below 
the diversion structure for Pond 2 (STA 878+39) to the RWCD Floodway (STA 816+16). 

SPOWR100.OUT- Super-critical simulation of 100-year flows from the grade break 
below the diversion structure for  Pond 2 (STA 878+39) to the RWCD Floodway (STA 
816+16). 

-. S72NDSO.OUT- Super-critical simulation of 50- year flows from the grade break below 
the diversion structure for Pond 3 (STA 889+45) to the grade break above the diversion 
structure for  Pond 2 (STA 879+99). 

S72ND100.OUT- Super-critical simulation of 100-year flows from the grade break below 
the diversion structure for  Pond 3 (STA 889+45) to the grade break above the diversion 
structure for  Pond 2 (STA 879+99). 

SSOSSSO.OUT- Super-critical simulation of 50- year flows from the grade break above 
the Sossaman Road box culvert (STA 919+05) to the uostream end of the transition 
section above the Pond 7 diversion'structure (STA 913+70): 

SSOSSIOO.OUT- Super-critical simulation of 100-year flows from the grade break 
above the Sossaman Road box culvert (STA 919t05) to the upstream end of the 
transition section above the Pond 7 diversion structure (STA 913t70). 

CHIROUTA.OUT- Sub-critical simulation of flows ranging from 600 to 1250 cfs. Used 
to derive flow division tables representing off-line ponds. 

CHIROUTB.OUT- Sub-critical simulation of flows ranging from 1300 to 1950 cfs. Used 
to derive flow division tables representing off-line ponds. 

EPOWROUT.OUT- Backwater curve from the RWCD Floodway to the upstream end of 
the existing lined channel above Power Road for  a range of flows. 

CHANNEL NO. 2 

CHNL250.0UT- Sub-critical simulations of 50- year flows in a) Channel No. 2 from the 
grade control weirs in the Sossaman Channel downstream from Baseline Road to the 
outlet from Pond 11; b) the Sossaman channel to the right-of-way and c) the outfall 
channel from Storm Sewer No. 3. 

CHNL2100.OUT- Sub-critical simulations of 100-year flows in a) Channel No. 2 from the 
grade control weirs in the Sossaman Channel downstream of Baseline Road to the 
outlet from Pond 11; b) the Sossaman Channel to the right-of- way and C )  the outfall 
channel from Storm Sewer No. 3. 



SCHN250.0UT- Super-critical simulation from the grade break a t  STA 947+00 to the 
grade break above the transition to the Sossaman Channel (STA 935t00). 

SCHN2100.OUT- Super-critical simulation from the grade break a t  STA 947t00 to the 
grade break above the transition to the Sossaman Channel (STA 935+00). 

CH21150.OUT- Sub-critical simulation of 50- year flows from the downstream end of 
Pond l l  to the outlet of Pond 12. 

CH211100.OUT- Sub-critical simulation of 100-year flows from the downstream end of 
Pond 11 to the outlet of Pond 12. 

CH21250.OUT- Sub-critical simulation of 50-year flows from the downstream end of 
Pond 12 to the upstream end of the channel. 

CH212100.OUT- Sub-critical simulation of 100-year flows from the downstream end of 
Pond 12 to the upstream end of the channel. 

CH2ROUTA.OUT- Sub-critical of flows ranging from 400 to 1050 cfs. Used to derive 
flow division tables for  off-line detention ponds. 



FLOW DIVISION TABLES - EXISTING CONDITIONS 

@ HEC-I Descriptor DIV16 
Flow division a t  Broadway and 90th Street caused by a box culvert under 90th 
which restricts flow in the channel along Broadway. 

Procedure 

1. Calculate the flow rate in the channel and on the north side of Broadway 
at  a water surface elevation equal to the elevation of the centerline of 
Broadway using Mannings equation. Assume that no flow travels south at  
this water surface elevation. 

2. Calculate the flow rate in  the channel and on the north side of Broadway 
a t  water surface elevations 0.5 feet  and 1.0 feet  above the centerline of 
Broadway using Mannings equation. 

3. Calculate the flow rate which would travel south over Broadway with the 
equation Q = C L H ~ / ~  with Cz2.65 and an  assumed weir length of 150 feet for 
the water surface elevations used in Number 2. 

Result 
Flow In 0 1185 1585 
Flow West 0 1045 1185 
Flow South 0 140 400 

HEC-I Descriptor DIVl5  
Flow division a t  Broadway and Glenmar Road caused by a box culvert under 
Glenmar Road which restricts flow in the channel along Broadway. 

Procedure - Same as DIV16 

Result 
Flow In 0 735 1405 2460 
Flow West 0 735 1265 2260 
Flow South 0 0 140 400 

HEC-I Descriptor DIVI7 
Flow division at  Hawes and Southern caused by a 90 degree bend in the channel 
which directs flows to the west and a box culvert under southern which allows 
flows to continue to the south. 

Procedure: 

1. Determine the depths of flow in the channel downstream from the box 
culvert for a range of flow rates. 

2. Based on these depths and flow rates, determine the headwater depth at  
the upstream end of the culvert using the nomograph for outlet control 
from HEC-5. 



3. For the headwater depths in Number 2, determine if overtopping of 
southern occurs. If overtopping occurs, calculate the flow south over the 
road using the formula for  1/2 the flow through a V notch weir (Q = C, 
8/15 tan (2g)'I2 ~ ~ 1 ~ ) .  Where Cw equals 0.59 and tan was determined 
from the slope of Southern. 

4. Determine the total flow south downstream from the box culvert by 
summing the flows found in  Number 3 with the flows that  would pass 
through the box culvert. 

5. Using the headwater depths found in two and the geometry of the 
channel continuing west along Southern, calculate a range of flow rates in 
the channel with Manning's equation (n = 0.025, S = 0.0085). 

6. Sum the flows found in  Number 5 with the total flows continuing south to 
f ind the total flow reaching the flow division. 

Result 

Flow In 0 1400 1450 2350 61 15 
Flow South 0 525 615 815 2230 
Flow West 0 875 835 1535 3885 

-. 
HEC-I Descriptor DIV20 

Flow division caused by a lack of capacity in the Sossaman Channel between 
Southern Avenue and the R.O.W. as well as the 90-degree bend in the channel 
where i t  passes below Southern. 

Procedure: 

1. Since any overtopping of the channel upstream from the box culvert or 
along the channel between Southern and the R.O.W. would cause flow to 
the west, assume that overtopping in both locations can be represented in 
the HEC-1 model by one flow division. 

2. Determine the capacity of the box culvert below Southern for  a headwater 
elevation equal to the elevation of the low point i n  the channel bank 
upstream from the box culvert. 

3. Determine the capacity of the channel between Southern and the R.O.W. 
through a HEC-2 backwater analysis from the grade control structures 
downstream from Baseline Road. 

4. Since the capacity of the channel between Southern and the R.O.W. is 
more limiting than the capacity of the box culvert, values obtained from 
the HEC-2 backwater analysis were used in the flow division table. 



5. Since significant overtopping would occur upstream from Southern at  the 
90 degree bend, the physical location of the flow division was represented 
in  the HEC-I model a t  the upstream side of the box culvert. 

!&& 
Flow In 0 1208 5000 
Flow South 0 1208 1208 
Flow West 0 0 3792 

HEC-I Descriptor DIV224 (Simulation No. 1 - Existing Conditions) 
Flow division east of Ellsworth Road caused by the 81-inch pipes which restrict flows 
under Ellsworth. 

Procedure 

I .  For a headwater depth equal to the total depth of the channel 
upstream from the pipes determine the flow through the pipes using 
the appropriate inlet control nomograph from HEC-5. 

2. Repeat Number 1 fo r  headwater depths 1.0 foot and 2.0 feet greater 
than the total depth of the channel. 

3. Calculate the capacity of the channel upstream from the pipes using 
Manning's equation wi th  n=0.045 and S=0.01. 

4. Assume that  ponding will be one foot greater than the depth of the 
channel a t  the upstream end of the pipes when the channel is flowing 
a t  capacity (2712 cfs). 

5. Assume that ponding will be two feet  greater than the depth of the 
channel a t  the upstream end of the pipes when the channel is flowing 
a t  5,000 cfs. 

6. Determine the flow to the south by subtracting the flow through the 
pipes f rom the flows reaching the flow division. 

&u!l 
Flow In 0 
Flow West 0 
Flow South 0 



HEC-I Descriptor DIV225 
Flow division caused by a lack of capacity in the existing North R.O.W. channel 
between Ellsworth and approximately Station 992t00. 

Procedure 

1. Calculate the channel capacity fo r  the north R.O.W. channel a t  a 
number of locations using data  on the channel geometry and 
Manning's equation with ns0.035 to f ind  the limiting capacity. 

2. For a flow rate greater than the anticipated maximum flow rate, 
subtract the limiting flow rate in the channel. 

Flow In 0 1155 2000 
Flow West 0 1155 1155 
Flow South 0 0 845 

HEC-I Descriptor DIV19 
Flow division caused by a lack of channel capacity in  the existing North R.O.W. 
channel between Hawes Road and the Sossaman Channel. 

Procedure 

1. Same as DIV225 

&a!!l 
Flow In 0 1600 3000 
Flow West 0 1600 1600 
Flow South 0 0 1400 

HEC-I Descriptor DIV31 
Flow division caused by a sharp bend in the Sossaman Road Channel at  the 
intersection of Sossaman Road and Euclid Avenue. 

Procedure 

1. Field investigations indicated that  the approximate capacity of the 
Sossaman Road Channel is 500 cfs. 

2. It was assumed that any flow in  excess of 500 cfs  would continue 
south along Sossaman Road from Euclid Avenue. 

Result 
Flow In 0 
Flow In Channel 0 
Flow Down Road 0 



FLOW DIVISION TABLES FOR OFF-LINE PONDS 

Procedure for deriving off-line pond flow division tables fo r  Ponds No. 2 through No. 
10: 

1) Assume a flow rate downstream from a given diversion structure (Q,) and 
simulate the structure using HEC-2. 

2) From the HEC-2 simulation, determine the water surface elevation a t  the 
upstream face of the diversion beam (hI) 

3) Using the water-surface elevation a t  the upstream face of the diversion beam 
(h,) and the elevation of the crest of the diversion weir, determine the head 
over the weir crest (Hw). 

4) Using the head over the weir crest (Hw) and the formula Qw = C L H W ~ ~ '  
(C-3.0; L = length of the weir crest), calculate the flow over the weir (Qw) for 
the assumed downstream flow rate (Q,). 

5) Determine the flow rate arriving (Q,) a t  the diversion structure by adding the 
weir flow (Qw) to the flow passing the structure (Q,). 

6) Repeat steps 1 through 5 for a range of flow rates passing the structure (Q,) 
for each structure. 

7) HoR - Depth of the opening between the bottom of the diversion beam and the 
channel invert. 

Pond No. 1 QO hl Hw Q w QI 

HoR = 5.00' 1158 1367.87 0 0 1158 
Weir Elev=1367.87' 1255 1368.4 1 0.54 30 1285 
Weir Length = 25' 1289 1368.60 0.73 
C = 3.0 1307 1368.70 0.83 

1307 1368.71 0.84 58 1365 
1293 1368.98 1.1 1 88 1381 
1322 1369.07 1.20 98 1420 

Pond No. 2 

Hop = 5.5' 1171 
Werr Elev=1370.96' 1200 
Weir Length - 50' 1250 
C = 3.0 1300 

1350 
1400 
1450 
1500 

Pond No. 3 

HOR = 6.70' 1375 
Weir Elev=1380.65' 1400 
Weir Length = 60' 1450 
C - 3.0 1500 

1550 
1600 
1650 
1700 



Pond No. 4 

HOR = 5.53' 
Weir Elev = 1384.71' 
Weir Length - 50' 
C = 3.0 

Pond No. 5 

HoR = 6.00' 
Weir Elev = 1388.74' 
Weir Length = 50 
C = 3.0 

Pond No. 6 

Hop = 4.80' 
Wetr Elev = 1391.28' 
Weir Length = 50' 
C = 3.0 

Pond No. 7 

Hop = 5.04' 
Welr Elev = 1395.24' 
Weir Length = 50' 
C = 3.0 

- - 
Pond No. 8 

Hop = 3.5' 
We~r Elev = 1420.41' 
Weir Length = 50' 
C = 3.0 

Pond No. 9 

HoR = 4.0' 
Weir Elev = 1424.34' 
Weir Length = 50' 
C = 3.0 



Pond No. 10 

i Hop = 4.5' 807 
We11 Elev = 1427.74' 850 
Weir Length = 50 900 
C = 3.0 950 

1000 
1050 



STORAGE DISCHARGE TABLES FOR PONDS 11 AND 12 

Storage was calculated a t  selected water surface elevations using the program 
"PONVOL". 

Discharge from the RCP pipes was determined from HEC-5, Chart 2 for inlet control. 
Inlet control was verified by determining flow rates for outlet control using a worst 
case tailwater found with HEC-2. 

Flow over the overflow weirs was found with the equation Q = C L H ~ ~ ~  for Pond I1 
and the tables below. 

Pond 11 

Discharee 
W.S. 
Corrected 
Elev. 
Storage 

Storage Ramp 
Pipes Weir Total 
(acre-f t) Volume 
(efs) (cfs) (cfs) 

(acre-f t )  (acre-ft) 

Pond 12  
Discharee 

W.S. Storage Ramp Corrected Pipes Weir Total 
Elev. (acre-ft) Volume Storage (cis) (cfs) (cfs) 

(acre-ft) (acre-ft) 

= 5.671 1 (b + z , l y  
for Pond 12 

(b + ZZ,)O.~ 

with C = 3.0 
L = the length of the rectangular weir = 24 ft .  
H = the height of water over the weir crest. 
b = the bottom width of the trapazoidal weir. 
z = the side slope (H/V) of the trapazoidal. 
y = the height of water over the weir crest. 



STORAGE VERSUS DISCHARGE RELATIONSHIPS AT POWER ROAD 
I - 

a Water surface elevations associated with given flow rates were determined through 
HEC-2 simulations. Water surface elevations a t  Sta 866t00 were used to calculate 
storage volumes since water surface elevations a t  this location were slightly higher 
than those a t  the box face. Storage volumes were calculated with the Fortran Program 
"CHASTO". 

The same procedure used to develop the storage versus discharge relationship for  
Simulation No. 1 was used for  Simulation Nos. 2 and 3, except water surface elevations 
at  Sta 866+07 were used to calculate volumes. 

SIMULATION NO. 1 - Existing Conditions 

W.S. Elev. Storage (acre-ft) Discharge (cfs) 

1358.2 0 
1362.2 0.582 
1362.9 0.780 
1363.3 0.897 
1363.5 0.956 
1364.0 1.108 
1364.6 1.299 
1365.4 1.570 
1366.1 1.826 

a 1366.9 2.138 
1367.3 2.3 17 

SIMULATIONS NO. 2 AND NO, 3 

W.S. Elev. Storage (acre-ft) Discharge (cfs) 



FORTRAN PROGRAM - CHASTO 
-. 

a Calculates the  volume of water stored in a channel reach a t  a given water surfacc 
elevation. 

The  program CHASTO was used to estimate the available storage volume in Channel No. 
1 a t  varying water surface elevations a t  the upstream end of the Power Road box 
culvert. The  storage volumes were used to develop a storage discharge routing table 
f o r  use in the HEC-I computer model fo r  flood hydrographs. Calculations were based 
on the simplifying assumption that the water surface would be horizontal from the box 
culvert upstream to i ts  intersection with the channel invert. Actual backwater effects 
on the water surface were simulated by the HEC-2 program. Input data  fo r  this 
program include: 

- The horizontal and vertical coordinates shown in Figure C-1 f o r  each cross- 
section. 

- The  station of each cross-section. 

- The  average ground slope perpendicular to the channel on both sides of the 
channel (average fo r  all cross-sections). 

- A water surface elevation. 

The  cross-sectional area below the water surface elevation a t  each cross-section is 
calculated along with the distances between cross-sections. The  volume stored in thc 
channel and in the adjacent overbank area is calculated using average end areas. A 
complete listing of this program along with definitions fo r  the variables used can bc 

a found following the  flow chart  shown on Figure C-2. 

1 I l l  I 



FIGURE C-I. CHANNEL CROSS-SECTION 
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~ I G U R E  C-2. FLOW CHART FOR CHASTO. 



VARIABLES USED IN 
CHASTO 

The  rectangular component of area over the channel bottom (ft2). 

The  triangular component of area over the left channel bank looking 
upstream (ft2). 

The  triangular componeht of area over the right channel bank looking 
upstream (ftZ). 

The  triangular component of area over the channel bottom (ft2). 

The  triangular component of area over the  left  overbank area looking 
upstream (ft2). 

The  triangular component of area over the right overbank area looking 
upstream (ft2). 

The  rectangular component of area over the left  channel bank when the 
water surface elevation is greater than the elevation of the top of the left  
channel bank (looking upstream). 

T h e  rectangular component of area over the right channel bank when thc 
water surface elevation is greater than the  elevation of the  top of the 
right channel bank (looking upstream). 

Total  cross-sectional area under water a t  Station I (ftZ). 

Average channel invert elevation a t  Station I. 

Average channel invert elevation a t  Station I - 1. 

Offset  f rom the construciton centerline of the bottom of the right channel 
bank (looking upstream) a t  Station I (ft). 

Offset  from the construction centerline of the bottom of the left  channel 
bank (looking upstream) a t  Station I (ft). 

Distance between Station I and Station I + 1 or the distance from Station 
I to the  intersection of the  water surface with the  channel bottom (ft). 

Elevation of the bottom of the right channel bank (looking upstream) a t  
Station 1 (ft). 

Elevation of the bottom of the left  channel bank (looking upstream) a t  
Station I (ft). 

Elevation of the  top of the right channel bank (looking upstream) at 
Station I (ft). 



0 FRAC 

I 

NFILE 

NOCS 

OBSR 

OBSL 

VOL 

VOLTOT 

VOLUME 

WSELV 

Elevation of the  top of the  left  channel bank (looking upstream) a t  Station 
I (ft). 

The  proportion of the distance between stations which will be below water 
when the water surface intersects the  channel bottom between Stations. 

Subscript fo r  the  cross section under consideration. 

Flag which indicates that input data has been stored in a data  file. IF 
NFILE = 1, data  will be read f rom a file. 

Number of cross sections considered by the program. 

Right overbank slope (looking upstream) perpendicular to the channel as a 
rat io of horizontal to vertical distance. 

Lef t  overbank slope (looking upstream) perpendicular to the channel as a 
rat io of horizontal to vertical distance. 

The  station under consideration. The program assumes 100 foot stationing. 

Offset  of the top of the right channel bank (looking upstream) f rom the 
construction center-line a t  Station I (ft). 

Offset  of the  top of the  left  channel bank (looking upstream) f rom the 
construction center-line a t  Station I (ft). 

Component of volume between station I and station I + 1 (ftS). 

Total volume in cubic feet. 

Total volume in  acre-feet. 

Water surface elevation (ft). 





C 
C PROERAM TO CALCULATE THE STORAGE V O L M E  EAST OF POWER 
C ROAD FROM THE E X I S T I N C  TOP0GRAP)IY 
c 

DIMENSION T L C B ( 2 0 ) . E T L C B ( 2 0 ) .  B L C B ( 2 0 ) .  EBLCB(20) .  BRCB(20) .  
E B H C B ( 2 0 ) ,  TRCB(20) .  ETRCB(201.  ATOTl2O).  DIST(ZC*) .  
STA (20 ) 

CHARACTER NAUE*30. 71TLES.80 
C 
C READ CROSS SECTION DATA 
C 

U R I T E ( * . * I  ' E N T E R ' I  I F  DATA I S  I N  E X I S T I N C  F I L E '  
READ(O.200) N F I L E  
I F ( N F 1 L E .  EO. 1 ) GO TO 500 
u R I T E ( r . * )  'ENTER NUllBER OF CROSS-SECTIONS' 
READ(*. 200) NOCS 

. . 

U R I T E ( * . * )  'ENTER NAME OF F I L E  FOR I N I T  2' 
U H I T E ( 2 . 9 0 0 )  W C S  

900 F O R M T ( 1 X .  13) 
C 

Y R I T E t  *. *) 'ENTER UP TO 30 CHARACTER NAUE' 
READ(+. 1 0 0 1 )  NAME 

1001 FORUAT(A30)  
U R I T E ( 2 r  1002) NAME 

1002 F O R M T I I X I N O )  
U R I T E ( Z . + J '  STA TLCB ETLCB BL.CB EBLCB BRCB EBRCD' 
W 1 1=1.NDCs 
WRITE(.. 'ENTER S T A T I O N '  
READ(*. 1 0 0 )  ST&( I ) 
U R I T E ( o . * )  'ENTER OFFSET OF TOP O F  L E F T  BANK' 
READI* I  100) TLCB(1)  
W I T E ( * . * )  'ENTER ELEV. OF TOP O F  L E F T  BANK' 
READI*. 100) E T L C B I  I )  
WRITE(* .+)  'ENTER OFFSET OF BOTTWI  O F  L E F T  BANK' 
READ(*, 1 0 0 )  B L C B ( 1 )  
YRITE(* .  'ENTER ELEV. O F  B O T T M I  OF L E F T  BANK' 
READ(.. 1 0 0 )  E B L C B C I )  
URITE(...) 'ENTER OFFSET OF BOTTOM O F  R I C H T  BANK' 
READ(*. 100) B R C B ( 1 )  
U R I  I # - (  *. 1 'ENTER €LEV. OF BOTTOM OF R I C H T  BANK' 
READ(*. 1 0 0 )  EBRCB(1)  
U R l T E ( * ,  * )  'ENTER OFFSET OF TOP OF R I C I I T  BANK'  
REAO(* .100)  T H C B I I )  
UAITE(* .  *)  'ENTER ELEV. OF TOP OF R I C H T  BANK' 
READ(*. 1 0 0 )  ETRCB(1)  
U R I T E ( Z . 9 0 1 )  S T A ( 1 ) .  T L C B ( I ) ,  E T L C B ( 1 ) .  B L C B ( 1 ) .  E B L C B ( 1 ) .  

BRCB(1) .  E B R C B ( I 1 .  TRCB(1) .  ETRCB(1)  
901 FORUAT( IX .9F IO.  1) - - 

1 CONTINUE 
C 
C READ OVERBANK CHARACTERISTICS 

WRITE( ., *)  'ENTER 
READ(.. 100) OBSL 
UR1TE( .. *)  'ENTER 
READ(*. 100) OBSR 
U R I  T E (  2.902) OBSLi 
F O R I 1 A T ( I X ~ Z F I O .  2 )  

[LEFT OVER-BANK SLOPE'  

R lOHT OVER-BANK SLOPE 

OBSR . 



c 
C READ DATA FROM F I L E  EXIPOU I F  POSSIBLE 
C 

URITE(*.  4 2 )  
42 FORMAT( 1x1 'ENTER N M  OF E X I S T I N G  F I L E  FOR U N I T  2', / l  

REAO(2 .2W)  NOCS 
URITE(+ .899 )  NOCS 

8 9 9  FORMAT1 IX.  1 3 )  
READ(2. I W I ?  N A I E  
UR1TEC.e lDO2)NAME 
READ(2. 1W31 T I T L E S  

I 0 0 3  F O R f 4 A T ( m )  
W I T € ( * .  1 W 4 1  T I T L E S  

1004  FORUATS l X r  ABOI 
DO 2 1-1.ms 
REA0(2,9501 3 T A ( I l ~ T L C B ( l ~ ~ E T L C B ~ I ~ 1 B L C B ~ I l ~ E B L C B ~ I l ~ B R C B ~ l l ,  

EBRCB(1). T R C B ( 1 I . E T R C B O  
9 5 0  FORIVIT(IX.9FIO 1) 

W I T E ( * ~ 9 ~ 5 ~ S T A l I ~ ~ T L C B ~ I l ~ E T L C B ~ I ~ ~ B L C B ~ I l ~ E B L C B ~ l ~ ~ ~ R C B ~ I l ,  
EBRCB(I1.  TRCB(11.ETRCBII)  

9 5 5  F O R M T (  1X. 9FB 2) 
2 CONTINVE 

P - 
C READ OVERBANN CHARACTERISTICS 
r 

6 0 0  CONTINUE 
C 
C READ UATER SURFACE ELEVATION .- - 

URITE( * . * )  'ENTER UATER SURFACE ELEVATION' 
READ(*. 1 0 )  WELV 

IF(USELV. EO. 0. 01 CO TO 1000 
c 
C CALCULATE DISTANCES BETWEEN CROSS SECTIONS 
C 

DO 3 I=2 .  NOCS 
DISTCI-l)=(STA(I)-STA(I-11~*100. 
IF IUSELV.  LT.  EBLCBC I I. OR. USELV LT.  EBRCIIs I I I IFLAC- I  
I F (  IFLAC. NE. 1 I CO TO 6 0 1  
A V I = ( E B L C 8 ( 1 ) + E B R C B ( I ) ) I S .  
AV2=(EBLCB(I-I)+EBRCB(1-1~1/2. 
FRAC=(YSELV-AVZI/(AVI-AV2) 
DIST(I-1)=DIST(1-l)*I:RAC 
IFLAC=O 

6 0 1  CONTINUZ 
3 CONTINUE 

C 
C CALCULATE CROSS SECTIONAL AREAS 
C 

DO 4 1=1. NOCS 
A l : o  0 
A2-0 0 
A3=0 0 



C CALCULATE RECTANGULAR AREA BETWEEN CHANNEL BANKS 
C 

IF(EBLCB(II.GT.EBRCB(II1 D-WSELV-EBLCBIII 
IF(EBLCB(Il.LE.EBRCBlIl1 DmUSELV-EBRCB(I1 
Al=(BLCB(II-BRCB(I)).b 
IF(WSELV. LT. EBLCB( I I. OR. USELV. LT. EBRCB(1)) A1=0.0 

C 
C CALCULATE TRIAHOVLAR AREA O M R  LEFT CHAWEL BANX 
c 

A2=0.5*~USELV-EBLCBII)1*~TLCB(I~-BLCB(I11 
IFCYSELV. GT. ETLCB(1 I I THEN 
A2=O.5~(ETLCB(Il-EBLCBlIl~*~TLCBlIl-BLCB~Ill 
ENDIF 
IFIUSELV. LT. EBLCB(1 I I -0.0 

C 
C CALCULATE TRIANGULAR AREA OVER RIGHT CHANNEL B W  
C . 

A3=0 5*(UStLV-EBRCB(I)l*(BRCB(I~-TRCB(IIl 
IFIUSELV. CT. ETRCB(1 I I THEN 
A3=O.5~lETRCB(Il-EBRCBlI~l*~BRCBlIl-TRCB(I~ 
ENOIF 
IF (USELV. LT. EERCBI I > )  A3-0. 0 

C 
C CALCULATE TRIANGULAR AREA OVER POND BOTTOU 
C 

A4=0 5*ABS(EBRCBlI~-EBLCB~1~~t(BLCB(I)-BRCB~Il~ 
lF(WSELV. Ll EORCB( 1 I. AND. WSELV. LT. E B L C B O  ) A4=0. 0 

C 
C CALCULATE TRIANGULAR AREA FOR LEFT OVERBANK 
C 

A5=0 S*OBSL*ABSIWSELV-ETLCB1111.*2. 
IF(UKLV. LT. ETLCBCI 1 )  AS-0.0 

C 
C CALCULATE TRIANGULAR AREA FOR R1GH1 OVERBANK 
C 

A&-0 S*OBSR*AESCUSELV-ETRCB(II~**2 
IF(USELV. LT. ETRCBII I I A6-0.0 

C 
C CALCULATE RECTANGULAR AREA OVER LEFT CHANNEL DANK 
C 

IF(USELV LT.€TICB(I>) GO TO 602 
A7=(TLCB(I)-ELCB(I>)*(USELV-ETLCB(I)) 

602 CONTINUE 
C 
C CALCULATE RECTANGULAR AREA OVER RIGHT CHANNEL DANK 
C 

IF(USELV LT.ETRCB(1)) GO TO 603 
A8=(BRCB~Il-TRCBlI~l*~USELV-ETRCBlIll 

603 CONTINUE 
C 
C CALCULATE TOTAL AREA FOR CROSS SECTION 1 
C - 

ATOT(Il=AI*A2+A3+A4+A5+A6+A7+A8 
C URITEC *. Bq81 All AZ, A3.A4. AS. A6. ATOT( T)r ST(\( I )  



C 848 FORMAT1 1X. 'AREAS', S F 8  2) 
C 

C CALCULATE VOLUMES USING AVERAGE END AREAS 
C 

VOLTOT=O 0 
DO 5 I = Z . M C S  
VOL~llATOTlI)+ATOTlI-l)~I2.~+D1STlI-I) 
v o L T o T = M C 1 o T + v o L  

C WRITEI*,B49) V M .  WLTOT.  S T A I X )  
C 6 4 9  FORMAT( I X, 'VOL. VOLTOT. STATION'. P I 0  2)  

5 CONTINW 

C WRITE WLUM FOR U M L V  

VOLUME=VOLTOT/43560. 
URITE I *. 6 5 0 )  VOLUME. USELV 
FORMATI 1x1 'VOLUME (ACRE-FT) 
CO TO 600 
CnNTrNl lF .. 
F O R W T I F I O  2) 
F O R M T I I J )  
END 

AT  WATER SURFACE ' r  F IO .  2) 



FORTRAN PROGRAM - PONVOL 

Calculates the volume of water stored in a n  on-line detention pond a t  a given water 
surface elevation. 

The  program PONVOL was used to calculate the storage volume of the on-line 
detention ponds. Each on-line pond has a trapezoidal low flow channel along one side. 
The  longitudinal slope of the pond bottom is shallower than that  of the channel bottom 
as shown in  Figure C-3. Storage volumes calculated by this program were used to 
develop storage discharge routing tables to represent Ponds 11 and 12 in  the HEC-I 
model of Simulation Number 3. Data  required by this program include: 

- Stationing of the  east and west toes of the slopes inside the ponds. 

- Offsets and elevations of the  tops of the  pond banks a t  a number of cross- 
sections. 

- The  stationing of the cross sections. 

- The  bottom width, depth and slope of the low flow channel. 

- The  longitudinal and transverse slope of the  pond bottom. 

- The station where the pond slope begins to d i f fe r  f rom the channel slope, 
which occurs a t  the downstream end of the berm separating the low flow 
channel f rom the pond bottom. 

- T h e  top width of the  berm separating the low flow channel from the pond 
bottom. 

- The  channel invert  a t  the downstream end of the  pond. 

- The bank side slopes (Horizontal run/Vertical rise). 

- The  average slope of the overbanks perpendicular to the pond. 

- The  water surface elevation (WSELV). 

The  total cross-sectional area below the given water surface elevation is  calculated a t  
each cross-section along with the distances between cross sections. From this 
information, the volume stored in  the pond between the east and west toes of slope is 
calculated using the average end area method. The  volume stored over the end slopes 
of the pond is calculated separately (Refer to Figure C-4) and added to this volume to 
f ind  the total volume. A listing of this program along with definit ions for the 
variables can be found following the flow char t  shown on Figure C-5. 



FIGURE C-3. ON-LINE POND. 



a.) Pond volume over the pond end slope 

T represented as a triangular wedge. 

Figure C-4. End Slope and Corner Volumes. 



DATA AND fCUD 
CMRACTERISTICS. 

4 

TOTALAREABBOW WATER 

CALCUTE CROSS.SECTON CALWLATE CROSSSECTION 
mORDlN4TES FORME 8% 
TION SHOWN IN FIG C- 3a. 

SECTDNUAREAFORME 
SECTDNSHOWN pll C.3b SECTIONAL AREA FORME 

SECTDNSHOWN IN FIG C.3a 

CALCULATEME OVER 
BANK AREABELOW WATER. M I W  M E  TOP OF 

'CALCWTETHE DISTANCE CALCUVITEME DISTANCE 
TO THE IWERSECTDNOF OFCRDSSsECTm TOTHE NEXT CROSSSECTlO 
M E  WATER SURFACE W m t  BASED ON STATlCtJIM). 
T H E ~ B B O T l O M  

v 

( STOP )4 CALCUUTE THETOTALVOWME * 
AS THE SLMOFMEVOLUME CALCULATEME MLUME 
BEWEENCROSSSECTIONSAND STOREDWERME W D  
T H E W E W E R M E  sVDS4OPES %OW. 



1 AL 

TRCB( 
ETRCB 

FIGURE C-6. ON-LINE POND CROSS-SECTION 
UPSTREAM OF BEGlNlNG OF 
BERM (Looking upstream). 



VARIABLES USED IN 
PONVOL 

A l  T O  A8 

AL 

ATOT(1) 

BBSTA 

BERM 

CBW 

CORCO 

CSS 

DENOM 

DEPTH 

DIST(1) 

DLF 

EBRCB(1) 

Cross-sectional area components (ft2). See Figure C-6. 

Horizontal distance between BLPB(1) and BRPB(1) (ft). 

Total  cross-sectional area below WSELVl a t  Station I(ft2). 

Downstream station of the beginning of the berm separating the pond 
bottom from the low flow channel. (100 ft. stationing). 

Top width of the  berm separating the pond bottom from the low flow 
channel. 

Offset  of the bottom of the  right channel bank (looking upstream) a t  
Station I (ft). 

Offset  of the bottom of the right pond bank (looking upstream) a t  
Station I. 

Offset  of the bottom of the left  channel bank (looking upstream) a t  
Station I (ft). 

Offset  of the  bottom of the left  pond bank (looking upstream) a t  
Station I (ft). 

Bottom width of the low flow channel (ft). 

Coefficient determined to simplify formula for calculating volumc 
stored in pond corners. It is the portion of the  formula for the 
volume of 1/4 of cone that  will remain constant fo r  al l  corners. 

Channel side slope (Horizontal/Vertical). 

Variable used to calculate the  distance f rom cross section I to the 
intersection of the water surface with the channel bottom if the 
water surface is below the invert  of cross section I+1. 

The  difference between the water surface elevation and the channel 
invert a t  Station I (ft). 

Distance between cross-section I and cross section I+1 (ft). 

Depth of the low flow channel (ft). 

Elevation of the bottom of the right channel bank a t  station I 
looking upstream (ft). 

Elevation of the bottom of the right pond bank a t  station I looking 
upstream (ft). 

Elevation of the bottom of the left  channel bank (looking upstream) 
a t  Station I (ft). 



Elevation of the bottom of the left pond bank (looking upstream) a t  
Station I (ft). 

Low flow channel invert  elevation a t  Station I (ft). 

Elevation of the  top of the right channel bank (looking upstream) a t  
Station I (ft). 

Elevation of the top of the right pond bank a t  Station I (looking 
upstream) (ft). 

Elevation of the top of the  left channel bank a t  station I (looking 
upstream) (ft). 

Elevation of the  top of the  left  pond bank a t  station I (looking 
upstream) (ft). 

HEAD 

H 

I 

IFLAG 

Alpha-numeric characters used to label data. 

The  height of the berm a t  a Station relative to the pond bottom (ft). 

Subscript f o r  cross-sectional data. 

Flag that stops the calculation of distances between cross-sections if 
the watersurface is below the  invert of upstream cross-sections. 

The  diffrence in  stationing between the current cross-section I and 
the beginning of the berm. 

LINE2 

NAME 

NFP 

Alpha-numeric characters used to label data. 

80 alpha-numeric characters naming a n  input file. 

Flag indicating data  will be read f rom a n  input f i le (=I)  or from the 
screen. 

NOCS Number of cross sections considered by the program. 

Right overbank slope looking upstream (Horizontal/Vertical). OBSR 

OBSL Left  overbank slope looking upstream (HorizontaI/Vertical). 
.. 

PBS Longitudinal pond bottom slope (Vertical/Horizontal). 

PCS 

SLOPE 

Pond cross slope (Vertical/Horizontal). 

Longitudinal  bottom slope of the  low flow channel. 
(Vertical/Horizontal). 

The  station under consideration. The program assumes 100 foot 
stationing. 

Offset  of the top of the right channel bank (looking upstream) a t  
Station I (ft). 



VCORCD 

VCORPU 

VLMCHD 

VLMPDD 

VLMPDU 

VOL(1) 

VOLTOT 

VOLUME 

WSELV 

XNVERT 

Offset of the top of the right pond bank (looking upstream) at  
Station I (ft). 

Offset  of the top of the left  channel bank (looking upstream) at  
Station I (ft). 

Offset  of the top of the left  pond bank (looking upstream) a t  Station 
I (ft). 

Volume stored over the downstream channel corner (its) (see Figure 
C-4). 

Volume stored over the upstream pond corner (fts) (see Figure C-4). 

Volume stored over the downstream end slope above the channel 
bottom (see Figure C-4). 

Volume stored over the downstream end slope above the pond bottom 
(ft3) (see Figure C-4). 

Volume stored over the upstream end slope above the pond bottom 
(fts) (see Figure C-4). 

Volume of water between station I and  141 (fts). 

Total volume stored for  program fts). 

Total volume stored in  the pond in  acre feet. 

Water surface elevation considered for  program run. 

Low flow channel invert a t  the downstream end of the pond. 





PROCRAH PONVOL 
C 
C PROCRAM TO CALCULATE THE VOLUME O F  A T R A P A Z O I W L  
C DETENTION B A S I N  W I T H  A TRAPAZUIDAL LOU F L U U  CHANNEL 
C RUNNING ALONC ONE EDGE. THE B A S I N  )#AS A SLOPED BOTTOM 
C AND SLOPED SIDES. 
C 
C 

REAL L 
COMUON/CONTROL/NFP~ NOCS. I. NAHE 

C 
COMMON/INPUT/STA(251, T L C B ( 2 5 ) .  E T L C W 5 ) .  T R P B < 2 5 > . E T R P R ( 2 5 ) ,  

E L I N V ( 2 5 ) r  D I S T ( 2 5 I r  CBU. DLF. CSS. PCS, OBSCn OUSR. 
PBS. BERM. BBSTA. SLOPE 

C 
COMMON/AREA/ ATOT (25). U S E L V I .  VUL. VOLTUT 

NOR=O 
CON1 I N U E  
I F ( N 0 R .  M. 0) CO TO 999 

READ INPUT DATA 

C A L L  INDATA 

CALCULATE AREAS FOR EACH CROSS SECTION 

CON1 INUE 
NIlH= I 
U H l T E l * .  1 0 )  
FORMAT<lX.  'ENTER UATER SURFACE ELEVATION OR REFURN TO O U I 1  ' I  

CALCULATE CROSS SECTIONAL AREA FOR T t l I S  UATER SURFACE . 
READ(*. 1 0 )  U S E L V I  
l F ( U S E L V 1 .  €0 .  0. 0) CO TO 2000 
DO I 1=1.Nocs  
CA1 I D O T l l l H  
CALI. XSECT 
CON1 INUE 

CALCULATE VOLUMES BETUEEN EACH CROSS SECTION 
AND F I N D  THE TOTAL BY SUHMING T H t H  TOGEll iER 

C A I L  VOLUME 
U R l  TE( *. 1 0 2 )  VOLTOT. U S E L V I  
G(I 1 0  998 

CND 
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C 
C SUBROOTI?€ TO READ l N P U T  DATA AND CA1.CULATE THE 
C COORDINATES OF THE B o T T O n  OF THE DETENTION POND 
C AT THE BANK 
C 

CWnON/CONTROL/NFP. NOCS, I. NAME 
C 

C I W n O N / I h P U T / S T A ( I S ) .  T L C B ( 2 5 ) .  E T L C B ( 2 5 ) .  TRPB(25) .ETRPB(251 .  
E L I W ( 2 5 I ~ D 1 S T ( 2 5 ) , C B U . D L F . C S S . P C S ~ O B S L ~ O l ) ( r R ~  
PBS. BERn. BBSTA. SLOPE - 

C 
CHARACTER HEAD.80. LINE2.80. NAHE.80 

C 
C READ T Y P I C A L  CROSS S E C T I O N  DATA 
C 

WITEC.. n~ 
23 F O R M T ( l X . ' E N T E R  1 IF CROSS SECTION DATA I S  I N  A DATA F I L E ' )  

READ(*.2ODI M P  
I F ( N P  € 0  11 60 TO 903 
U R I T E l .  1 0 )  

10 FORflAT(IX. 'ENTER NAUE TO I D E N T I F Y  POND') 
READ(.. 1 0 0 4 )  NAUE 
WHITE (a. 1 1 )  

11 FORI(AT(IX.'ENTER INVERT E L E V A T I O N  A T  DO(P(S1REAM X-SECTION') 
READ(*. 100) XNVERT 
WITE(.. 12) 

1 2  F W M T (  I X .  'ENTER CHANNEL S L W E ' )  
READ( .. 1 0 0 )  SLWE 
WRITE(.. 13) 

13 F W M T ( 1 X .  'ENTER T H E  BOTTOM WIDTH O F  THE LOU FLOU CHANNEL ' )  
READ(*. 100) CBU 
U A I T E ( * .  1 4 1  

1 4  FORIUT(1X.  'ENTER DEPTH OF LOU FLOW CHANNEL') 
READ(.. 100) DLF 
WRITE(.. I S )  

I S  F D l M T ( l X . ' E N T E R  S I D E  SLOPE VALUE (HORlZ . IVERT.  1 ' )  
READ(.. 1 0 0 )  CSS 
WRITE(.. 16) - I 6  F W n A T O X . ' E N T E R  POND CROSS SLOPE VALUE (VERT I H O R I Z .  1 ' )  
READ(*, 1 0 0 )  PCS 
WRITE(* .  171 

1 7  FORMAT(1X. 'ENTER S T A T I O N  FOR BERM B E O I N l N 6  
RETURN FOR NU BERH' I  

READ( *. 100) BBSTA 
UUlTE(* .  18) 

18 I I I R M T (  LXr 'ENTER B E R n  TOP U I D T H  
RETURN kDR HO BERM') 

READ(+, I 0 0 1  BERM 
WRITE(.. 19) 

19 FORUATl lX .  'ENTER POND BOTTOM SLOPE 
RETURN I F  SAME AS CHANNEL') 

READ(*. 1 0 0 )  P B S  
WRITE(..201 



FORMAT( IX,  'ENTER 
READ(*. I D 0 1  08% 
URITE( * .211  
FORMAT( IX .  'ENTER 
READ(*. 100) OBSR 
URITE(* .221 
FORMAT ( 1x1 'ENTER 
READ( .. m0) NDCS 
U R I T F ( t . 3 0 1  

W T S I D E  OVERBANK SLOPE ( H I V ) ' )  

I N S I D E  OVERBANK SLOPE ( H I V ) ' )  

THE NUMBER OF CROSS SECTIONS CONSIDERED') 

. - -. 
3 0  FORIiAT(IX.'ENTER NAME FOR DATA STORACE FILE FOR V N I T  2 ' 1  

URlTE(2 .1D05)  NAME 
URITE(2 .1W6)NDCS 
URITE(2 .10071 XNVERT. SLOPE, CBU. DLF. CSS. PCS - - 

UR I TE (2.100E) BBSTA. BERM, PBS. OBSL. OBSR 
URITE(2 .241 

21 FORMT(7X. 'STATION'.6X, 'BANK', EX. 'BANK', EX. ' B W ' .  
7X. 'BANK'. /I 19x1 'OFFSET', 4X. 'ELEVAT1ONer 
5X. 'OFFSET'. 4X. 'ELEVATION') 

C 
C I F  CROSS SECTION DATA I S  NUT I N  F I L E  POND. READ I T  FROM 
C THE SCREEN 
C 

OD 1 1 - 1 . m s  
W I T E ( * . 2 5 )  

2 5  FORMAT( IX. 'ENTER CROSS SECTION STATION (PROORAM ASS-5 100'. 1 0  

IX. ' F W T  STATIDNINO) ' )  

READ(*. I 0 0 1  S T A ( I )  
URITE(* .261 - - 

26 FORMATCIX. 'ENTER THE HORIZONTAL COORDINATE OF THE TOP'III - - 

1X. 'OF T M  W T S l D E  B W ' )  
READ<*. 1001  T L C B ( I 1  
URITE(*.27) 
FORMAT(1X. *ENTER THE ELEVATION OF T M  TOP OF THE',/, 
1X. *OUTSIDE B W '  I 
READ(*. 1W) E T L C B ( I 1  
YRITE(* .26)  
FORMT(1X. 'ENTER THE HORIZONTAL CMRDINATE O F  T M  TOP', I ,  
1x1 'OF THE l N S 1 M  B M ' )  
READ(*. 1001 TRPB(1) 
W I T E ( * . 2 9 )  
FORMAT(1X. 'ENTER THE ELEVATION OF THE TOP W THE Iff i IDE'r/, 
IX,  'POND BAt&') 
READ(*. I D 0 1  ETRPB(1) 
E L I N V ( I 1 -  XNVERT + SLcPE+(STA(II-STA(I)).1W. 

W I T E  VNUES READ F R M l  THE SCREEN TO A DATA F I L E  

READ CROSS SECTION DATA FROH F I L E  I F  THAT F I L E  EXISTS 

URITE(*.~I) 
FORMAT(lX.'ENTER NAME OF DATA F I L E  FOR V N I T  5 ' . / )  
READ ( 5 ,500)  NAME 
READIS. ZW) NOCS 
READ(5. I 0 1  )XNVERTI SLOPEI CBY. DLF, CSS. PCS 



READlS. IOZIBBSTA. DERU, PBS. 08SL. OBSR 
WRITE1 *. 103)NAM€, X M R T .  SLWEICBU. DLF. CSS. PC9 
WRITE1 .. 1041PBS. OBSL. OBSR, BERU. BBSTA 

103 FORMAT(/. 1%. 'POND CHARACTERISTICS '.A3O. I. I X .  'OUTLET INVERT-', 
F 1 0  2. 10%. 'CHANNEL SLwEc'.F11. 4.9X. 'CHANML UIUTH-', 

F15 .  2. I. 1%. 'CHANNEL DEPTH-', F I O .  2. 10x1 'SIDE '. 
'SLOPES (H/Vl='.F7.2,9X. 'POND CROSS SLOPE ( V I H I - ' ,  F 6 . 4 1  

1 0 4  FORHAT(1X. 'POND SLOPE (VIH>- ' .  F7.  4.10X1 
'LEFT OVERBAm (H/Vl='. F5. 1. 9X. 'RIGHT O V E R E M  ( t i /V l= ' .  
F B  1. I. 1%. 'BERM WIDTH-'.F13.2. IOX. 'BERU BEOINS AT STA'I 
F7.  2. I ,  IX .  'TW OF BANn OFFSETS AND ELEVATIONS', I )  

READ(5.500) M A D  
READ(5. HH)l L I N E 2  
URITE(., 5 0 0 1  HEAD 
U R I T E ( ~ . 5 0 0 l L 1 N 2  

CLOSE ( 5 I 
IF(PBS. EG. 0 . 0 1  PBS=SLWE - 

9 0 4  CONTIMlE 
100 F W M T ( F I 0 .  21 
101 F r n ~ ~ ( F 1 0 . 2 . F l O .  5. JFIO. 2.FIO. 5 1  
102 F W M T ~ K I O . 2 . F 1 0 . 5 . X l O .  2 1  
200 F O R ( U T ( I 2 l  
300 F W M T ( 1 X .  5 F 1 2 . 2 )  
4 0 0  FORIUT( IX .5F12 .21  
5 0 0  F O R M T ( A 8 0 l  

1 0 0 4  F O R M 1  (A301  
1005 FORIUT(1X.AJOl 
1006 FOAUAT(121 
1007 FWMAT(  I X . F I 0  2.F10. 5, 3F10. 2 9  FLO. 5) 
IOOB FORMAT(lX.2FlO. 2.FIO. 5 .2F10.11 

END 
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SUBROUTINE BOTTOU 

CALCULATE COORDINATES FOR THE BoTTon  OF T~IE WTSIDE 
CHANNEL BANK. THE BOTTOM OF TI+€ I N S I D E  CHANNEL BANK, 
THE TOP OF THE I N S I D E  CHANNEL BANK. THE TOP OF THE 
OUTSIDE POND BANK. TIE BOTTOM OF THE OUTSIDE POND BANR 
AND THE BOTTCn OF THE I N S I D E  POND B W .  

COUt3ON/INPUT/STA(23). TLCB(25) .  ETLCB(25 ) .  TRPB(25).  ETRPD(25). 
E L I N V ( 2 3 ) .  D I S T ( Z 5 ) .  CBU. DLF. CSS. PCS. OBSL. OBSR. 
PBS. BERM. BBSTA. SLOPE 

COtWJNIAREAI ATOT(25).,. USELVI, VOL, VWTOT 

I F  A BERM I S  NOT PRESENT OUTSIDE POND BANK COORDINATES EOUAL 
I N S I D E  CHANNEL BAN(. COORDINATES. 

OUTSIDE POND BANR CI)[lDINATES I F  A BEHM I S  PRESEN1 

I F ( S T A (  I ). OT BBSTA. AND. BBSTA. M. 0. 0) THkN 
TLPB( I l=TRCB( I ) -BERM 
L=STA(I)-BBSTA 
SLPDlF=SLKPE-PBS 

CALCULATE T ~ E  COORDINATES OF IIE B o T T o n  UF THE RIGHT 
CHANNEL BANK BY S M V I N C  TWO SIMULTANEOUS EOUATIONS. 

WRITE BAMR COORDINATES TO SCREEN 

U R I T E i * .  1 0 0 )  S T A f I l  
0 0  FORUAI( lX . 'BANK OFFSETS AND ELEVATIONS AT STATION'.FB 2) 

WRITE(*. 101 )TLCB11 >.ETLCB( I t t  BLCB l  I >,ERLCB( I  > ,BRCB( l  >,EDR~:ll(l>, 
TRCD(I).ETRCB(f).'TLPU(l),ETLPB(I~,DLPB(I~.€Dl8~3~1), 
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SUORUUllNE XSLCT 

SUBROUTINE XSECT 
C 

C 
C O ~ ~ O N / I N P U ~ / S T A ~ 2 5 l ~ ~ C B ( 2 5 l . E T L C B ( ~ 5 l ~ T R P B ~ 2 5 l ~ E T R P B ( 2 ~ l .  

E L I N V ( 2 5 1 .  OIST(25).CBUuDLF.CSS.PCSs0BSL~OBSR. 
PBS. BERM. BBSTA. SLOPE 

C 
COUMON/AREA/ ATOT(25 1. , USELVI.  VOL. VDLTOT 

I N I T I A L I Z E  VARIABLES 

I F  THE W T E R  LEVEL I S  BELOU THE INVERT OF T H I S  CROBS SECTION 
RETURN TO THE MAIN  PROCRM 

CALCULATE IRAPAZOIDAL AREA OVER CHANNEL BOTTOM AND LEFT S I D E  

CALCULATE TRIANGULAR AREA OVER RIGHT CHANNEL S I D E  SLOPE 

A2-0. 5*CSS.OEPTH*.2. 
IF(USELV1. CE. ETRCB( I) ) AZ=O. 5*CSS*DLF**2 

CALCUL-ATE THE RECTANGULAR AREA OVER THE BERM. THE RIGIIT 
CHANNEL S IDE  SLOPE AND THE LEFT  POND S I D E  SLOPE. 

IF (USELV1  CT .EBLPB( I11  THEN 
A3=lBRCB(Il-BLPB(Il).(USELVl-ETRCB(I)) 
ENDlF  
IF(USELV1.  LE. ETRCB( I I ) A3-0. 0 

CALCULATE TRIANGULAR AREA OVER BERM S l D E  SLOI'E (LEFT POND 
S l D E  SLOPE). 

IF(USELV1 OT EBLPB(111 THEN 
A4=0 5ICSS*(USELVI-EBLPB~Ill~t2. 
ENDlF  
IF(USELV1 L E  E B I P B ( 1 ) )  A430  0 
IF(USELV1 GT E T R C B ( I ) I  A4=0.5*CSS~(ETRCB(II-EBLPB(II~~*2 
I F (BER l l  EO 0 0 1  A4=0 0 

CALCLATE TllAPAZOIDN. AREA OVFR T I 6  PlMD ROTTOM 



C 
IF( USELVI GT ERN P R ( 1 ) .  AND. U S F L V 1  6 1  F R R P R ( I I 1  l H t N  
A 5 = ( ( U S t L V I - E R L P R ( I ~ ~ + ~ U S C L V I ~ E B R P B ~ I ) ) ~ / 2 . * ~ B L P B ~ I ~ - R R V B ~ I ~ ~  
ENDII- 
I F  (WSELV1 L T  EBRPR(1 I .  AND USELVI.  CT. E B L P B ( I 1 )  THEN 
A5=1 I(PCS.2. ).(USELVI -EQLPR( I )  l * r Z .  
EN I I IF  
I F  (USELVI.  LE. EBLPB( I ) I AS-0. 0 

C 
C CALCULATE 1RIANGUI AR AREA OVER THE RlGMT POND S I D E  SLWI- 
C 

IF(USEI.VI CT. ERRPR(I~I THEN 
A 6 = 0 . 5 * C S S * ~ U S L V I - E B R P U ( I ) ) . * 2 .  
FNUlF 
IF(USELV1 LE. EBRPU( 1 ) )  Ab=0. 0 

(: 

C CALCUI ATE OVERBANH AREAS 
C 

IF (USELVI  CT E T R P B I I ) )  THCN 
llVfRR=O 5rCSS*(USEN.Vl--ETHI'B( I ) Ps.2 
A7= 0 S*OBSn*( lUSE1V1-ETXPLI(I 1 ) + + 2  0 ) -OV tRH 
ENn lF  

c 
C CALCULATE TOTAL AREA AS THE SUM OF TIIE COMPONENT AREAS 

C 
C WRITE(.. 101  ) A I sA2 .AJ .A4 .  A5.Ab. A7 .AS8AT0T~< I ) .  S T M )  
C 101  F-URnA1 LlX.  'A l= ' .FB.  2. 1X. 'A2=',FB. 2. IX.  'A3='.FR. 2. 1X. 'A4='.FR. 2. 
C 1X. 'A3='.FR 2. 1X. 'Ae'. FB. 2, IX.  'A7=',FB. 2. IX.  'At<=', 6R. 2. 
C IX, ' IC I lAL  ANEA='.FO 2, 1X. 'AT STATION'.Fo. 2 )  
C 



c :  BRPB( I I .EBRPB( I1 .  T R P D o . E T R P B ( 1 )  
C 1 0 1  FORMAT(1X. 'TLCB=*,FB. 2. 1X. 'ETLCB='.FB 2. I X .  'BLCBL'.FB. 2,  1X. 

C :  'EBLCA='.FB. 2. 1X. 'BRcB-,.Fa. 2. 1X. 'EBRCB='.FB. 2. 1X. 

C :  'TRCD='.FB. 2, 1X, 'ElRCB='.FB. 2, I ,  I X .  'TLPB-'.Fa. 2. I X .  
C :  *ETLPB= ', FB. 2, 1 X.  'BLPB=', FB. 2. 1 ~ .  'EBLPBr '. F 8 .  2 .1X.  
C :  +BRPB=,.FB. 2. 1X. 'EBRPB-'.Fa. 2. 1X. 'TRPB='.FB. 2. 1X. 

C :  'ETRPB-'. FB. 2) 
C 

END 
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Pathnanr:  COPS1B3>PROJ>PJ6114>OATA>IlEC2>WLU~.FOR 
Fi l r  last rodif ird: 88-05-29. 11: 42: 20. Sun 

Spooled: 88-06-06 07- 48: 08. Ron 
Started: 88-06-06.07: 52: 00. Mon on: A I l l C  by:  PRI 



SUBROUTINE VOLUUE 

PBS. BERU. BBSTA. SLOPE 

COUUONIAREAI ATOT(251. USELVI.  ML, VDLTOT 

I N I T I A L I Z E  VARIABLES 

VMTOT=o 0 
VCr(CHD.=O. 0 
VLWHD-0.0  
VLMBER-0.0 
VLWDD-0.0  
m r P w = o .  0 
VCORI'UCO. 0 
VCORPD-0.0 
VCIRCD-0.0 
N S T P S - W S - 1  

CALCULATE DISTANCES BETUEEN CROSS SECTION8 

DO 1 I-1,NSTPS 
DISTlI~-(STA~I+I~-STA(1)~*100. 
IF(USELV1. CT. E L I M I (  I + I l )  00 TO 1 
IF(  IFLAO. EG. 1)  6 0  TO 1 
IFLAC- 1 
D1ST(Il=CUSELV1-€LINV(I))ISLOPE 

1 CONTINUE 
IFLAS=O 

CALCULATE VOLWE OF B A S I N  

CALCULATE THE WLUUE OVER THE D W S T R E A U  END S L W E  A L W  
T W  POND BOTTml 

1=1 
IF(USELV1. CE. EBRPB( I I ) THEN 
AVEDEP-O.S*((UMLV1-ETRCBCII1+(USELV1-EBRPB(S))1 
VLWDD-(TRCB(1)-BRPB(IlIrAVEDEP.*2. 
EN0 I F  

CALCULATE M L U U E  OVER POND END SLOPE I F  POND BDTTOU I S  NOT 
COVERED 

IFCUSELVI. L T  EBRPB( I ). AND USELVI.  OT. ETRCB( I ) I T M N  
AVEDEP-0.5* (UKLVl -ETRCB( I ) )  
PNDUID-((YSELV1-ETRCB~I~~/~EBRPB~Il-ETRCUlI~l~*~TRCBlI~-BRPB~I~~ 
VLWDD-PNDUID*AVEWP**2. 
ENDIF 

CALCULATE THE VOLUME OVER THE DOWNSTREAM END SCOPE ALONE 



THE CHANMIL BOTTOM 

CALCULATE V O L U m  I N  W U N S T R E M  POND CORNER VSINO THE FORMULA 
FOR THE MLW OF 1 1 4  OF A C O N .  

CORCO-(1.14. )Ill. 13. )*(3. 1 4 1 6 1  
IF(USELV1. CT. E B R P B I I ) )  T M N  
VCORPD -CORCO+~YSELVl-EBRPB(I~~*(CSS*~ffiELVl-EBRPBlI~)l**2. 
END I F  

CALCULATE VOLUME W E R  LOU FLW CHANNEL CORNER AT THE 
DOYYSTREM END USING T M  FORMULA FOR 114 OF A C O N .  

VCORCD =CORCO*(USELVl-ELINV(I))*(CSS*~Y9ELVl-ELIW~I~~~**2 

CALCULATE THE WLUIE OVER THE W S T R E M  END SLOPE ALONG THE 
POND BOTTOM AND I N  THE UPSTREAH CORNER OF T)E POND. 

~ ~~- 

IF (USELVI .OT  E B R P B I I I )  THEN 
MIPDU=(BLPB(I)-BRPB(I))~(USELVI-(.5*(EBLPB(1l+EBRPB~I))ll..2 
VCORPU- C ~ C O ~ I U S E L V I - E B R P B ~ I I ~ ~ ~ C S S ~ ( Y S E L V I - E B R P B ~ ~ ~ ~ ~ * * Z  
ENDIF  

C 
C SUM ML-S OVER WSTREAM AND W U N S T R E M  END SLOPES 
C 

VENDDN=KWHn+VLIPDD*VCORCD+VCIIRPD 
VENDuP-KwW+VCORPu 

C WRITE( * I  999)VENDDH. MNDUP 
C 999 FORMAT(/. $1. ' V O L U E  OVER DOUNSTREM END'aFlO. 2. I I X I  
C :  'WCUME OVER UPSTREAM END'. F lO .  2 1  
C 
C CALCULATE TOTAL V O L W  USING AVERAOE END AREAS 
C 

DO 2. I-2.NOCS 
V M - ~ ( A T O T l 1 ~ + A T O T l I - 1 l l 1 7 . ~ * D 1 S T ~ 1 - 1 l  
VOLTOT-VUTOT+VOL 

a CONTINUE 
VDLTOT-VOLTDT*VEmDH+vENDUP 
VOLTOT-VUTOTI4356D. 
END 



FLOOD ROUTING THROUGH PONDS CONNECTED IN SERIES 

"LOTUS" SPREADSHEETS ROUTE A, ROUTE B AND ROUTE C 

Problem: In general, the outlet fo r  a given off-line pond is the inlet to the next pond 
downstream. Due to the inter-connection between ponds, routing of flood 
flows through any pond in  the system must take into account upstream and 
downstream pond inflows and outflows. As run-off flows out of one pond 
and into another, the water surface elevations in the two ponds change 
relative to each other, thereby changing the discharge characteristics. 

Solution: This problem is addressed in the LOTUS spreadsheet "ROUTE"; 

(1) Assume a n  outflow, a t  time = t, fo r  each pond. 

(2) Calculate the change in reservoir volume fo r  each pond: 

AVGI - AVGO 
( 43,560 ) x 60 x t = VOL; 

AVGI = Average inflow (cfs) 
AVGO = Average outflow (cfs) 

t = Time increment (min.) 
VOL = Change in storage volumc 

(Ac-Ft) 

(3) VOL is added to the previously determined volume total sum (SUM 
VOL) to determine the current reservoir volume. 

(4) Using the water surface elevations associated with each reservoir 
volume, determine H between ponds and the total head a t  any givcn 
pond. 

( 5 )  Determine the discharges from each pond using inlet and outlet control 
nomographs; the lower value is chosen as the controlling flow. 

(6) Compare the initially assumed outflow to the calculated outflow and 
adjust until convergence is reached between the two. 

The table is set up so that only the initially assumed discharge values havc 
to be changed - all other calculations (including WSEL and interpolatcd 
nomograph values) a re  automatically performed by the spreadsheet. 
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USING LOTUS SPREADSHEET "OFFLINE.WKln FOR FLOOD ROUTING 
THROUGH PONDS CONNECTED IN SERIES 

FIRST TIME STEP 

Certain values which a re  automatically calculated in  subsequent time steps must be 
initialized in  Step No. 1: 

-. Iw(t-1) = .  Iw(t) of previous time step (initialize in  Step. No. 1) 

[for any pond [within a time stew] = Op(t-I) [from thc 
upstream pond of the same time step.] Ip(t-1) = 0 for 
uppermost pond. 

I P ( ~ )  = same as above (Op(t); Ip(t) = 0 for uppermost pond. 

IP(~-1)  = Ip(t) of previous time stev 

OP(~-1) - - Op(t) of previous time step (initialize in  Step No. 1). 

O P ( ~ )  = This is always a n  input value and is changed until 

0 conveyance is achieved (explained in more detail below). 

SUM VOL - - [for any pond within a time stev] = SUM VOL (of previous 
time step; same pond) + DELTA VOL (of same time pond and 
time step). SUM VOL (initial) = 0.0 t DELTA VOL (when 
starting with empty ponds). 

WSEL = This is always a n  input value; WSEL is read off a graph of 
WSEL vs; VOL (unique graph fo r  each pond). This is 
accomplished with interpolation tables as the graphs arc  
essentially described by 3-4 points each. 

WSEL's are  automatically adjusted for each new Op(t) valuc 
which then results in new calculated outflows. The 
calculated outflow (for each pond) must match the assumed 
outflow before the  iteration is complete. 
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ROUTING TABLES FOR THE OFF-LINE PONDS 

FORMULAS 

COLUMN 
DESCRIPTOR 

Pond No. Number of pond as described in the plans. The  upstream-most 
pond in a given series is listed first. 

INFLOW/WEIR Inflow to the pond over the weir fo r  the previous time step 
Iw(t-I) (initial value = 0.0). Table retrieves value f rom Iw(t-I) - previous 

time step. 

Inflow to the pond over the  weir fo r  the current time step 
inout value from the ooerator. 

/PIPE Ip(t-I) Inflow to the pond through the discharge pipe of the next pond 
upstream, for the previous time step. This value is equivalent to 
Op(t) of the pond immediately upstream. Table retrieves valuc 
from Op(t-1) - same time step. 

Inflow to the  pond through the discharge pipe of the  next pond 
upstream, a t  the current time step. This value is equivalent to 
Op(t-1) of the pond immediately upstream table retrieves vnluc 
f rom Op(t-I) -same time step. 

Average inflow formulil: AVGI = Iw(t-I)+Iw(t) + Io(t-I) + Io(t1 
2 

OUTFLOW/PIPE Outflow through the discharge pipe (to the downstream pond or 
OP(~-1)  to the receiving channel), fo r  the previous time step. Tablc 

retrieves value from Op(t-I) (same pond) - previous time step. 

O P ( ~ )  Outflow through the discharge pipe (to the downstream pond or to 
the receiving channel), fo r  the current time step. Inout valuc 
from the ooerator: this value is adiusted until convereence with 
a,, is achieved. 

/AVGO Average outflow formula: AVGO = Qo(t-I) + Ool t l  
2 

DELTA VOL. Change in volume (Ac-Ft) between the previous and current timc 
steps. Formula: (this will have a negative value when a pond is 
draining). 

DELTA VOL = 

(AVGI - AVGO) * (LENGTH O F  TIME INCREMENT (SEC.11 
43,560 SF/Ac. 
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SUM VOL 

WSEL 

Ha-Hb 

Cumulative volume of previous time step plus DELTA VOL of 
current time step. Formula and retrieval (table retrieves SUM 
VOL of same pond a t  previous time step) + DELTA VOL - SUM 
VOL. 

The  table determines the WSEL corresponding to the SUM VOL of thc 
current time step by interpolation. In the interpolation tablcs cnch 
column tests the  current value of SUM VOL against two volume vnlucs 
on the VOL VS WSEL table. If the value of SUM VOL lies bctwccn 
the  two given volume values a value f o r  the water surface elevation is 
calculated by interpolation. If the value of SUM VOL is outside thc 
limits described in that  column the  value of that  cell is set to zcro. 
Within a row of interpolation cells for any pond only one will h a w  a 
uon-zero value. WSEL is obtained by summing all the interpolation 
cells. Formula and retrieval: 

WSEL = sum of the  retrieved values of the interpolation table. 

Difference in  water surface elevations between that of current pond 
and next pond downstream. Formula: 

Ha - Hb = WSEL (current) - WSEL (downstream pond or channel WSEL) 

PIPE DIAM. Diameter of the discharge pipe of the current pond. Input by opcrntor; 
fixed value fo r  any given routing (in.). 

Q,,( (outlet 
control) 

Length of the  discharge pipe a t  the current pond. Input by opcrntor; 
f ixed value fo r  any given routing. 

Discharge through the outlet pipe of the current pond as determincd by 
outlet control. Formula: 

DIAM ; R - -  4x12 
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4.4 (Ha - 113 
= (1.5 + (06049 x ( L ) ~ ~ ~ A M / 4 8 ) 1 ~ s 3 s )  x 0.0055 (DIAM~)  

inv. a t  Invert elevation a t  the current pond outlet (i.e.: lowest point of current 
pond out, pond), or the invert of the receiving channel, whichever applies. Input 
or chan, value; fixed value for  anay given routing. 

H Headwater depth a t  the current pond outlet. F o r m u l ~  

H = (WSEL) - (inv. @ Pond out.); 

HW/D Headwater/diameter: for  use in  inlet control calculations. Formula: 

Qout Discharge through outlet pipe of current pond based on inlet control. 
(inlet Interpolation tables are  used as described above fo r  WSEL. Formula: 
control) 

QOut = sum of the retrieved values of the interpolation table 

Qout at  Choose the lower of Q,,, (outlet control) and  Q,,, (inlet control) as the 
time = t controlling discharge. This Q,,, is then tested against Op(t-I) for 
(lower Q) convergence (by operator) and Op(t-I) is then adjusted until convergencc is 

achieved. 
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DESCRIPTION OF HEC-1 AND HEC-2 OUTPUT FILES 

HEC-1 OUTPUT FILES 

SIMULATION NO. 1 

EX5O.OUT- Pre-construction existing conditions; 50 year precipitation. 

EXLOUT- Pre-construction existing conditions; 100 year precipitation. 

SIMULATION NO. 2 

PR5O.OUT- Post-construction conditions with no detention in  place. 50 year 
precipitation. 

PRO.OUT- Post-construction conditions with no detention in place. 100 year 
precipitation. 

SIMULATION NO. 3 

PD5O.OUT- Post-construction conditions with detention in place. 50 year 
precipitation. 

PROD.OUT- Post-construction conditions with detention in place. 100 year 
precipitation. 



HEC-2 OUTPUT FILES 

CHANNEL NO. 1 

CHNLI5O.OUT- Sub-critical simulation of 50-year flows from the RWCD Floodway to 
the upstream end of the channel. 

CHNL1100.OUT- Sub-critical simulation of 100-year flows from the RWCD Floodway to 
the upstream end of the channel. 

SPOWR5O.OUT- Super-critical simulation of 50- year flows from the grade break below 
the diversion structure for  Pond 2 (STA 878+39) to the RWCD Floodway (STA 816+16). 

SPOWR100.OUT- Super-critical simulation of 100-year flows from the grade break 
below the diversion structure for  Pond 2 (STA 878+39) to the RWCD Floodway (STA 
816+16). 

S72ND50.OUT- Super-critical simulation of 50- year flows from the grade break below 
the diversion structure for Pond 3 (STA 889+45) to the grade break above the diversion 
structure fo r  Pond 2 (STA 879t99). 

-- 
S72ND100.OUT- Super-critical simulation of 100-year flows from the grade break below 
the diversion structure for  Pond 3 (STA 889+45) to the grade break above the diversion 
structure for  Pond 2 (STA 879+99). 

SSOSS50,OUT- Super-critical simulation of 50- year flows from the grade break above 
the Sossaman Road box culvert (STA 919+05) to the upstream end of the transition 
section above the Pond 7 diversion structure (STA 913t70). 

SSOSS100.OUT- Super-critical simulation of 100-year flows from the grade break 
above the Sossaman Road box culvert (STA 919+05) to the upstream end of the 
transition section above the Pond 7 diversion structure (STA 913+70). 

CHIROUTA.OUT- Sub-critical simulation of flows ranging from 600 to 1250 cfs. Used 
to derive flow division tables representing off-line ponds. 

CHIROUTB.OUT- Sub-critical simulation of flows ranging from 1300 to 1950 cfs. Used 
to derive flow division tables representing off-line ponds. 

EPOWROUT.OUT- Backwater curve from the RWCD Floodway to the upstream end of 
the existing lined channel above Power Road for  a range of flows. 

CHANNEL NO. 2 

CHNL250.0UT- Sub-critical simulations of 50- year flows in a )  Channel No. 2 from the 
grade control weirs in the Sossaman Channel downstream from Baseline Road to the 
outlet from Pond 11; b) the Sossaman channel to the right-of-way and c) the outfall 
channel from Storm Sewer No. 3. 

CHNL2100.OUT- Sub-critical simulations of 100-year flows in a )  Channel No. 2 from the 
grade control weirs in the Sossaman Channel downstream of Baseline Road to the 
outlet from Pond 11; b) the Sossaman Channel to the right-of- way and c) the outfall 
channel from Storm Sewer No. 3. 



-- 

L SCHN25O.OUT- Super-critical simulation from the grade break at  STA 947t00 to thc 
grade break above the transition to the Sossaman Channel (STA 935t00). 

SCHN2100.OUT- Super-critical simulation from the grade break a t  STA 947t00 to the 
grade break above the transition to the Sossaman Channel (STA 935t00). 

CH21150.OUT- Sub-critical simulation of 50- year flows from the downstream end of 
Pond l l  to the outlet of Pond 12. 

CH211100.OUT- Sub-critical simulation of 100-year flows from the downstream end of 
Pond l l  to the outlet of Pond 12. 

CH21250.OUT- Sub-critical simulation of 50-year flows from the downstream end of 
Pond 12 to the upstream end of the channel. 

CH212100.OUT- Sub-critical simulation of 100-year flows from the downstream end of 
Pond 12 to the upstream end of the channel. 

CH2ROUTA.OUT- Sub-critical of flows ranging from 400 to 1050 cfs. Used to derive 
flow division tables for  off-line detention ponds. 
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I 7 : 0 :  0 :  0 :  0 :  0 0 . 4  5.1 : 8 4 0.39: 137i.27: 0 .45 :  18 I 7 1 :  5.39:  137b.00: 1 2  0 5 5 . 1 :  

: 3 : 0 :  0"- 5 2 . 7 :  2 . 5  31 .7 :  2 t . 9 :  2F.S:: -0.40: 2.20::373.%: 1 . U :  4 2 :  106 :  b9.11:137:.60: 2 .28:  0 .7 :  2.5.91: 26.9: 
:---_--: :..__ -----: ------- , ,_________ 
:CHLN. I: Mia : Nik I Nik : Hin : NIR : I  Hib  : NIk : liiR :: Hlb : Nib 11372.21: HI& : Nik : N l i  : N l i  1 l j 71 .30 :  Win : N i i  : N!R : N!k : 
: .- -----: ---- _ _--. 1 _------ -.... I______-: --------- : , - ,- 



FILE: ?OtiiEIO 

:iiiiii,i:iiiiiiiii =====:=====:== :==:======:= =====:===========: ==============S===========S======L-==~.===========<====~.======= ======== ========== =: ==z=========z==z :=: ===== ........................... 
: i l n i  Sic?: 0I:;S Ornib of i iow i n  rhannli  = 0.6 l t . 1  0 = 7i; t f i  
;iiiiiiiiiii=iiiiii ============= =: ==z==z=======: ======: ====== :: ........................ .......................... :==:: .................................................... = = ~ = ~ ~ = ~ ~ ~ ~ ~ = = = = = :  ======: 

i i i~ni i  !ci:l ., o'il:ii8i I iFZI  :: GELTR :, : PIPE : : Pout :In". at i H : H l i J  : Bout I Oaut a t  : 
, . : I : i : i w t i e t  :Pond nut.: : ( i s l e t  : t l l t =  t : 

: FJYG : *El? : F i i i  : RV6. I :: FiPE : R'IL D :: VDL : SUK VOL : YSEL : Ha- H I  : : ron t ro l l  :cr rhri.. : : : ron t ro l i  : l l u e r  61: 
: t i .  t - I  I t  : I t - I  I t  : i f  : ! i f  I t  : I : - t i  : t l :  I t .  : i : I : l f t i  : I : I t  : l f t l  : : I c f l l  : Ic i51  : ...,... _.____.__..___._______..,._ ......, ......, ,_.____liI__________,__.____.. /_..._ _.,________/__i=ii;iiii_ii I _ _ _ _ _ _ _ _ _ / _ _ _ _ _ _ _ _ _ ,  , .-. . --- , .-. .. . . , . . . .. . ... , . . -..- - ,.-------- ,........, , . . . .. .... , .- - - . - - , -- -- -- --- , - --- -- - -- 
: 7 : 0 :  0 :  0 :  0 :  0.0:: 5.1: 1.2:  I : :  -0 .2 :  0 . ~ : 1 3 7 b : 4 4 :  0.3;: l a :  P l :  5 .03: I Inb.GG: 0 .44 :  0.3: 1 . 1 7  1.2: 

l:--I.-_. . I  . > .-.......: ,- 
: b : 0 1  0 :  5 . 1 :  1.15: I : :  . P :  3.4: 6.2:: on: 0.26 :137 t .05 :  0 .75 :  1 4 :  E l :  13.91:1375.20: 0.65:  0.4: 3.39: 3.4: 

I ,__-_-/______.1I ,,...... __; _: , >, . ; jjjjjj. jjjjjjjj; A ,- ) -  , - 
m c 
I . : 0 :  0 :  9 :  3 . 4  6.2:: 15.745: 7 .  I l . 7  0 . 4 5  0 .? j :1375 .301  0.52: 3 0 1  7 3  1 9 . 4 1 7  I .  0 5  7 .  7.6: 
:__-_.I c _ _ _ _ _ i _  ----- , 8 ,  . I(_-___.:_._.__ ..-.: 
: 1 : 0 :  0 l 5 . 7 4 5  7 1 . 7 : :  2 . 7 5 :  5 . 3 :  18.5:: -0.56: 1.41!l374.76: 1.20: 3: 8 3 :  43.19:1I i3 .01:  1 .76 :  0.6: 15.16: 15.3: 

8 --------- 4 ,- ,_____:______1_-.: -.......-~ ,_______: 
: 3 : 0 :  0 : 2 1 . 7 5 :  15.25: 16.51:26.?15:  11.3: 11.1:: -0.47: 1.73:1373.58: 1.64:  1 2 :  106 :  68.51:l371.&4: 1 .78 :  0.b: 2 1 . 9 :  21.3: 

e % % :---_-__I ,,. ,_____: 
ItiRN. 1: Ni9 : UiR : NIR : NiR I WIR :: NIR : WiR : W i l  :: NlR : Wib I lEl.;4: NIA : till: : NlR : 113 : I B I . 3 0 :  YIA : WIR I RIR : MIA : 
:_____: 3 ,- . I , :--_.___:____: , . , - 

,____ ...--- 5 , -.- - - --- -- - -- ---.-.... .. . .-. -- --- -- -- -. -. -. -. .. -- -- ... . - .. .- .- -- ------ -- .-. . .. . ...-. . .. . ---- . -. . ... .. . .. ... - - -- .. .. -. .. 
: T I E  STEP: 02:45 Death d f i n  i n  r iannei = 0.5 i f t .1  8 = 50 r f s  
:iiliii=iiiiiiiiii~=~===% =:==== ====::========== :========== s =========== = ................................................. =-===: ======= =========== ===== = ===== ?-===================: 

1tiF.W ICFS!. OUiFLiil I i i S i  I: DELiR : I PIPE : : Rout :$nu. a t  : H : HYIJ : Pout : Rout a t  l 
1 m 2 -  .. - : I .  : L : l w t l e t  >Fond wt.: : : in let  : t ine= t : 

: ?:NO : YEiB : PIPE : W2. I :: FI'E : PIE. D :: VE : SUN Wi : USEL : H e  l!b i : r e r t r o l l  :w rhan. : : :~o"tr.,ll :llwer 01: 
: NO. :Inlt-11 l x ! t l  : l ~ l t - I 1  l a i t l  : l c f s i  :: C ~ l t - I 1  Oz i t l  : CFSi ::la:.-Ft.1: :kc.-Ft.1: IFt.! : IFt.1 : l i n l  : I f t l  : I f  : I f  : l f t l  : ! I c f s l  : It151 : 
8 -.......------..--------- m .-...--,- = :==:==, ----- _._,1___._ ...., __..____-, ...-..--. ,,_______=_,___ ........ , .....-.--,---s=== _ _ _  ...___, .... , - -. . . . . , - - - . - - . , -- -. ... .. , . . . .. . . , . ,........, ,... _._ ..., _---____ .,....-....,, _.._... .,__ .........,.........,.... ,____.__._ ,... ______,__Eii=iim---------,---------,------/---------/---------. , . .. . . .- -. , . -- --- -. . , --. . -. # .. . ... .. . , -. -- -.... , 

7 0 :  0 :  8 :  0 :  6 .  1.15: 0 0.9:: -0.07; 0.07:137b.21: 0.55: 1 8 :  P I :  6.20:137b.M: 0.21: O.1: 0.561 0.6: 
:...____: -__-: ----- , . ,- . 
: 6 : 0 :  0 :  1.15: 0.55: O .  :: 3 . 4 :  1 . 7 :  6 - 0 . 4  0.14: 1375.61: 0.75 1 2 4 :  8 1 :  13.90: 1375.201 0.11: 0.1: 1 .66 :  1.7: 

. . 
: 5 I 8 :  0 1 1 5 . 2 5 :  13.1: 1 2 7 2 1 3 4 :  I .  I6.7::':0.5$: 1.2:!1~73.26: 1.50: 4 2 :  I G b :  b5.51:1371.60! I .&&:  0.5: 16.11: 1 b . I :  .- ,_________:__ :__.____I I - . ~ ~ ~ ~ ~ ;  I . . ~ ~  t I I IIIIII_I: ----.---.: 
I I I I N !  : h I : N : I : N : t i  : W l i  ! 1371.76: tiiR : Ni9 : NIR : UtR ! 1371.30; NI; : NtR : I l ia  : NIA : 
:_____..1.______1 _..._.._.________.._ _ .- ,- ,, - -..-- . % *  , ---------; ------..-..; .----..-.; jjjjjjjjjj: ---..---: ---------: 



FILE: RGUIBI Sooer l t l t lon F r e ~ a v :  P n -  amad t o  i l l r ~ o r t h  Road Wlzona Gella-tsat of Trmroortat!nn Prole<? ho.: 

Routinn through Ponds 8 - 10 ROLiIlN6 Ti3LE FOR TIE 0Fi i l .C P M X  
FIIC I 
, -- -- ----- - -- --- -- - -- - - -- - -. ------- -- - -- - .- -- ----. - _ -- -- .- -- -. . .. .. . . -- .-.----- -- -- -- -- -----. -- 
:IInE STEP: :?:IS Ornth of flom i n  channel = 1.44 l f t .1  9 = 76 r f s  
:iiiii_iiii3iiiiiii =:==== = ......................... =:========:======: ===========: ================= :===: ==:======== ===:====:=========: ===:c~-=======z===========z====s=~=== =============: 

InFLOU IEFS1 ,, . , ouina ICFSI :: OUT& : : PIPE : : h t  :in". at : H : H Y ~ O  : but : uout a t  : 
1 ,- , . : DiAn. : L : l w t l e t  :Fond mi.: : l i r l e t  : t inez t : 

: PGWO : I : PIPE : A46. 1 :: PIPE : five. 0 :: VOL : SUM VOL : USEL : ~b : I r n n t r o l l  :cr chan. : : :control; :llower 91: 
: NO I t -  I a l t l  : l ~ l t - I 1  l o i t )  : l < f l i  : : @ l t - l I  Oul t l  : I f f51  ::lRr.-it.): 1k.-Ft.1: lit.) : 1Ft.l : l i n i  : l f t i  : l c f s i  : I f t i  : 1f:I 1 : Ic~s) : l c f l i  : 

--3 --------- I 3 .--------I l._.____ll._.iii=i .------ __.._,_________.._ _____,_______j.________,___C--.I ----- I ,-------,-.-----,---------,- - ----,----- - --.--------, ,..- 
: 10 : 0 : 0 : 0 : 0 : 0.0 :: 0 : 0 : 0.0 : I  0.69 : 0.00 : 11!5.80 : I : I 8  : 76 : 14.35 : 1415.80 : 0.00 1 0.G : 0.00 1 3.0 : ----- i -------: ; I - i  ----: __-_..._-.--. ,____1______1______1____.__1_____I_______8__-_-: 2 ,___:_______:___--; 
: 9 : 0 :  0 :  0 :  0 :  0.0:: 0 :  0 :  0.0 :: 0.10: 0.10: 11:2.7G I 1.80 :. 3 6 :  7 2 :  54.03: l412.79: 0.00: 0.0: i . 1 0 :  0.O: 

-------: I ,, I I _.(__-----~ .. 
: i : G: 0 :  0 :  0 0 0 ;  0 :  G O  0.00: O.PG: 1410.90: 0 . W :  3 6 :  2 0 3 :  0.00: l i lO.90:  0.04: 0.0: 0.04: 0.0: 
:__:_____:_______.__-! 3 ,.---- I , . _ _ _ _ : _ _ _ _ _ : _ _ _ _ I _ _ :  :-_-I - - ->_--__: 
c .  I a : 8 ;  : A : i : A :: n : a : n : a : nia : 1111.91: Nia : W I ~  : n1a : n ib  :1410.50: n ia  : Mia  : RIA I n ~ a  : 

I----: , I  ,..--- __:_______:__-::_______/_____;_______:______:___:____:____:__-_: _:__:___:_____: 

. . I ! IWFiG'i IEFSI - !: OUIRM It iD :: E L I 3  : I : PIPE : : Pa: :IN. at : H : HYlO : Pout : Pout a t  : 
:__ 8 < : DIP#. : L : lou t le t  :Pmd nut.: : : l i n l e t  : ti.- t ! 

: POlD : K l R  PIPE : AV6. i !: PIPE 1 W6. 0 :: MI : SUM VOL : #SF. : Ha- P : :<ontroll :or chan. : : : ion t ro l l  : I l e u n  91: 
: 0 .  t - I  I w l t l  I l n l t - l l  h l t l  : l r f s l  !:Onlt-$1 Onl t l  : I G S I  ::lAc.-Ft.1: lAc.-Ft . l :  tFt.1 : cFt.1 : l i n l  : l f t l  : l c f $ l  : lft l  : t f t i  : : l~f11 : Ic~L) I 
, , --..---, --------- 8 ------- z --.-.... # %  ---------, , . - .. . .. ,.......,. _...__._ ,_________,__._-=l ---- --,r-- -----1----------1-- ----, ------ --* --------- >- ------- b -  - a -  ---- ,---===r ,._____,,_n s ---,--- . 
: 10 : 0 :  0 :  0 :  0 :  0.0 :I 0 :  0 :  '0.0 :: 0.00: O.W: 1115.80: 2.89: I S :  7 i  I 1 4 . 0  i 1415.80: 0.00: 0.0 I 0.00: 0.0: 
: 1 , ,____:_____._ , _ _ _ : : _ _ - _ : - _ _ _ : - _ _ _ _ _ _ : _ - _ _ : _ _ _ _ : _ _ _ _ I _ _ _ _ ~ ~ ~ - :  :_I_:___:___-: 
: 9 : 0 1 4 2 :  0 :  0 :  21.011 0 9 15.5 :: 0.11 1 0.11! 1412.91 I 0.57 :  H i  7 2 :  30.93 :1411.70: 0.21:  0.1 I 1 . 5 :  1.6;  
.____I______; ,. _ _ _ I  , _ _ _ _ _ _ : _ _ _ _ _ I  8 ,  -_--- :____I__I______. :___:  

. . : 8 : 0 1 104:  0 1  N . 9 3 :  67.5 I :  0 :  0 :  0.0 :: 1.39: 1.39: 1412.32: 0.00: H 205: 0.00: 14l0.90: 1.12: 0.5: 10.13: 0.0 I 
,--_--; ---- __I: :_I_____:_____~I___._I________~_____~______~__I_.%_____:_____I____-I- , - ---_I ,___:______;___--: 

:CHON. I: I18 : HiL : Hi& : NiR : Yi I :  HI3 I l l iA : WiA :: X i *  : n i b  : 1114.25: W i i  : HIP I Llik : Oik : 1410.50: Ria : NIA : YR I NlR : 
> ,- ,- ,---: __:____:_____;___--: 

............................................................................................................................... s==------------........-.--..-_.- ,... 
:TIRE STEP: 1 2 1 5  Oeltk o f  f low i n  chmnei = 4.2 I f  P = 570 r f r  : ..___ .___ ...... _._._s__ ---_----.-----.-.......---------s-.....-...-_.------- ____..__. ..... -.-=== = ==:=== ~==~====~=======~======~==============Z=>=============~=<======~===============S============:====: 

INiiOi' ICFSI , ,  ,, OUTRM iCF$i :: E L I &  : : PiPE : : goat :inv. at : H : HYID : h u t  oost a t  : 
! * .  ,#  , s : I .  : L I l ~ u t l e t  :?old ont.: : ( i n l e t  : t iw t : 

: PONO : UEIR : PIPE : W6. I :: PIPE : iW6. 0 :: YOL ! SUM VJL : USEL : Ha- Hb : :controll :or <ha". : 1 :control) : I l o l a  0): 
. . : H0. : I n i t - I l  I t  t - I  I t  : I f  : O t - I  I t  : I :  ! . - I :  1 . - t i  I t .  : I t .  ! I : I f t l  : lc fs l  I l f t l  : lit) : I l c f ~ i  : I c f f l  I 

:iiiiiii:i==ii:i=:iiiiii:i~iiii::ii_iiii:iiii_i: :iiiiiiii=l_________.____.__ , - --- -----, ----- - ..,, .. , , --- ___,_____._.____ -- -- -, ---- ---. ----- -.. , --------- .. -. .. .. , I_._.____I________I_________I_____._._I___Fiiil .. ..... . . , . . .... ... , .---- - .--, . . , .... , --- . ---, .. -. , .. I.___.__l___.* .. , .. . . ---- ---- l , 
: 10 : O :  149: 0 :  0 :  71.5:: O :  15.05: 7.::: t.:a: I . :R : I I .~ :  3.19: 1 8 :  7 6 :  :s.o6:1414.60: 2 . 0  I . :  9.91: 9.9: 

, . 
: 9 : 1 2 :  172 :  0 1 15.05 < l15.0 :: W . 9 I :  41.29: 5 6 .  : 1.63: 1.71: 1411.58 1 1.05: 36 : i ? :  41.30: 141?.7O! 1.98: 0.7: 18.40: 18.4: 
: -------: j --------- :______:: ---- --..----I I_________:__...___.__I .---: 
: B : 101 l I75 : 30.9: : 41.2F : 175.6 :: 0 1 0.00 : 0.0 :: 3.55 : 5.02 ! I4lS.55 : 0.00 : 55 : 203 : 0.00 : 1410.90 I 2.73 : 0.9 : 8 .88  : 0.0 : 

---A ..-. 3 ., ,% e ,____:___-...: 
:CHa:l. I: nia : Nih : a;a : win : Ria 1: Ria : ~ i a  : n ia  :: a id  : n ia  ::411.70: Nia : nla : n1a : n i a  : 141o.50: n13 : Nia : RIA I n i 4  : 

--------- :_.___:.__ ------ ______:_..__.____:________:_.I__-: - 



FILE: RDUIEC: k ~ e r r k ~ t ~ c n  Freexav: P;rer Foad t o  i l ls.orth anad Ar lzma Geoartient of T r m s ~ r r t a t r o n  P rn le i t  No.: 

Routlnn t3rcu lh Pcnds 6 - :O RCUTiN6 TbSiE FOP THE OFiLI!Z FmOS 
F t i c  1 

_ ........ ___...__=_ -- ,... 
:TIRE STE?: l k 0 0  Beoth of ill* i n  channel = 4.21 l i t . 1  P = 579 c f r  
:iii=ii=iiiiiiiiiii=========~===:=z%-============:===?======s=======:~==s~==~=== ========== =~=z%=======x===================~=s===============r.============~=z==L-===========-~===: 

ICLOU ifiji ,, VJiFLOY ICFSl :: DELTa : : PIPE : I Pout :In*. a t  I H : RAID : Pout : Pout a t  : 
:: * >  , , : A : L : (out le t  :Pond out.: : ( i n l e t  : the= t : 

: PONO : UElR : PIPE : W6. I :: PIPE : AV6. 0 :: VOL : NII VOL : US% : Ha- Hb : :cmtroLI  :PT cbdn. : :contro l l  : i l o e w  01: 
: NO. :lm!t-11 l*itl :Ilit-ll I i f  I !  I t  : 1 I k t  t .  : i t .  : F t  : I : I l t l  : i f  : I t  : I f t l  : : itili : I t 1 4  : 

---..---. 8 8 ,.......,. ,_________,__...._., ,... ,_~iiiii:iiiiiiiii~:~iiiiii:iiiiiiiii:===ii=i:==iiiii:~ii==i:=iiL-i:iiiiiiiii:ii~iii:==ii~:=i=~: 

: 3 1 : 193 : 0 : 0 : 171.0 :: i 15.06 : l i .42 : 15.7 :: 3.21 1 4.59 : 1120.56 : 3.79 : 18 : 76 : 16.42 : 1415.83 : 4.76 : 3.2 : 1.33 : 16.4 : 

. . 
:MAN. I: Xi: : N i l  : Nib : Nib I N i i  1: N i k  : Nib : HIR :: H i t  I Uia  : 1414.73: N lk  : MIA Hi4 : HiR 1410.%: HIR : NIA : Rifl NIA : 
; ----: ----: "---.-__._ :_- ---_ ;____-"____-_i ---.: ----.: ---.: :---:--. , , ( _ _ _ I  

8 ------ ---- -- -- -- - --- .- .- .....-.. - , -- --- -- ---- - --- - -- -- ------ --- -. .- --...- - .. ... ... . . - -- --- -- -- ---- --. - .------ -- -----. - -- ------ - -- - .- 
: T I E  S:ii: 13:15 O e ~ t h  of flom i n  channel = 4.22 1f t . l  P = Sib r f s  

. .. 
: 

.. .. :;=='ii=='""""="'============~ ==========:====================S============Z====================~ ======= - 
1NFiVd (CfSl OUTFLOU ~CFSI :: OELlR I : PIPE : I Povt Ilnr. a t  I H : HUiD : b u t  : PDut a t  : 

7 .. : DIAn. : L : Iou t l e t  :Pmd out.: : ( i n l e t  : t i le= t : 
: POHO : YEIR I PIPE : W6. I :: PIPE : AV8. 0 :: VOL : SUN VOL : USEL : Ha- Hb : : ~ o n t r o i l  IK rhm. : : :cantrnl! :il- El :  
: 0 I t -  I t  : I t -  1 1  : I : t Obit1 : (tFS1 l : lk . -Ft . l :  (A<.-Ft.1: IFt.1 : IFt.1 : i i n l  : l f t l  : i r t s l  : ( I t 1  : I l t l  : I l c f s l  : Icf11 : 
I ------- 1 8 1 I I.-_._._, (_________I___.___._,_ .... _ .__, ----, , - , -- - ---, ----- -- - - , ------ - , ---- - ---- , -- - ----, , -- ----- ---. , , > .- .- -, --, -- ---- --- , --- ----, -- -- -, ------ - -, -- , - , -. . . .. , .-- , -- _---. 

: P : 196 :  1 7 l : l b . 4 2 :  17.55: 204.5:: 49.94: 58.66: 5 1 . 1  3.02: 7.9b:I416.74: 2.12: H: 7 2 :  58.&E:t412.70: 6.04: 2.01 80.33: 58.11 
:______:___:_______;__--: 8 -  , - ---- 7 -  -__-_:___: , - 
: 8 : I : lii : 49.94 : 58.68 : 236.5 :: 23.56 : 45.83 : 3 4 7  : 4.17 ! 13.6; : 1116.62 I 1.90 : Y i 205 : 45.E : 1110.90 : 5.12 : 1.9 : 15.71 : 45.8 : 

:LSLN. I: N i i  : N i i  : N i i  : Nib : Hi& :: Hi& : Hi8 : NIP :: NiR : N i t  :1414.72: n i b  ! Hlb : # I&  1 HI& :14IO.%: Rib : NIA : Nib : NIA 1 
:._ ------ : <  > ,_._______. , _ _ _ _ _ _ _ _ _ : : _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ - - - s  j j j j j j j j  ,. _ ,.:---.--: - -------. - > 

.................................................................................................................................................................. 

:Tin; Siw 1j:;O Ornth of f I a  i n  d u n e l  = 4.18 i f t . 1  P = 567 ill 
:i_iiii-ii=iiiiii ........................................................... =:=== :: ....................................................... ~ F ~ = = s = = = = = = ~ = ~ = ~ = ~ = = = = = ~ = = = = ~ = = = . ~ = = = = :  

IYiLOU iCFS1 . . OUiFiOY ICFSI :: DELTA : : PIPE : : Qavt :In". a t  : H : RYiD I t ou t  : Pout a t  : 
! : : I .  : L : Iomtiet :Pond out.: : { i n l e t  : t i w  t 1 

: POX0 : UElR I PIPE : W6. I :: PIPE : NS. 0 :: VDL : SU3 VOL : YSlL I Hi-  Hb : I :contro:l :K chw. ! : c o n t r ~ l l  : l l m w  91: 
i NO. I t -  i t  I t - 1  I o i t l  : l c l s l  1: Oolt-11 i t  : 1 : A - t .  t .  ! i t .  : i t .  : I : Ift l  : l c i s l  I l f t l  : If t l  : : I c l s l  : i c f s l  : 
;iiiiiii:_i:ii=l-_ --.---- > .------, .-----... , ......-- 1 ------- __>________., , , ........ _,___________I_...__.._ > ------.-- u 9 ------- 1 . , - - - - ---- - , - --. - -- , . -. --. --. , . . . .. -. . , , .. . .. . . . - , -- - -. . . .- < - ... . ... . , , .. . . .. .. . , --. -. ----- -, .. - - --- - - , . - --- - ---, . . -- -- - - - , - .---- -- , -- ---- -- -, -- ------ -- - , ---. ---, . .. - .. ... , -. ..... , 
! 0 : 1 : 5; : 0 : 0 :  9Z.O:: 17.55: 17.37: I .  1.56: 9 . l 7 1 4 2 4 . 2 2  4 . 2 4  1 8 :  6 1 7 . 4 1 5  6.42: 5.6: 26.5-5: 17.4: 
: --_----: -_--: ---- _.__.:_____-.:_ __.:_____._-:: t__-.__._:____.____: . , ,  
I 9 : I I 7 . 5  1 . 7  ! 66.5 : 6 . 6  : 60.43 : 5 . 6  : 2.25 : I0.2! : 1419.96 1 2.25 : j6 : 72 : 6O.41 : 1412.70 I 7.26 : 2.1 : 69.81 : b0.4 : 
: ------ -------- _: 
: 6 : 7 : 160 , .,a.a6: '* ' 60.43: 226.1:: I . P J :  :S.Gf: 51.9:: 6 :  1 1 . 2 7 1 4 : 7 7 3 :  3.05: 3 i :  2 0 3 :  56.05:I410.PO: 6.8;: 2 .1 :  8 6 . S :  %. I :  

,_________: m - -  - _ _ _ _ _ I  , - ,- 
t i  I: I : A : I : i : A : i : N : a : H A  : ~ i a  : 1414.66: NIA : Nia : n i b  : N ~ A  : 1410.50: H I ~  : n i a  : NIR : XIR : 
: ------ _ (  ----- _:_________;__ -----: -------- :: ---------: -.--...--; -.--..-.. , b -  ,- ,, .._.____:_____._.__-: --------- 1 * ----: 



FILE: R3UiB1 Suoerr:rtroo Freenr: Power Road t o  El lswor th Road Arl:ma Oeoartntnt o i  Trarssortatron Prolect b.: 

Routing t h r o t i ~ h  Ponds 8 - 10 ROUTINS TABLE FOR THE OFFLIliE PGNOS 
F i l e  I 

:i=ii=iii=iiiiiiiii==========:s==========:=====~=s========~~ ===> s=s=?~=~=z=z==rs===================:=== ===== =:============== . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- --c . ,fit S V - ~  1 ~ 4 5  Death of flo. i n  channel = 4.15 i f t .1  P = 558 c f r  
:iiiiiiiiiiiiiiiiii >=======: ==== :*====== ========== =============s=s==========r.============= ===:==:-====== ==== ~ = = ~ ~ = ~ : = ~ ~ = ~ s = = z = = = = = = = = = = = = ~ = = = = = ~ = ~ ~ = = = = = ~ = = = ~ = ~ ~ = = = = = = = ~ s ~ = = = = :  

:NFiOS I tFSi  ,, OUiFLC'i ICFSI :I OEiTP : : PIPE : : h u t  :In?. at ! H : HMlO : Pout : k m t  a t  : 
I . , : I : L : imtl l t  :Pond out.: : : ( i n l e t  : ti.- t : 

: P G ~ G  : E E ~ R  : PIPE : ~ 6 .  I :: PI?< : RVS. o :: VOL : NR YOL : bari : HI- nb : : r a n t r d l  :a i hm.  : : :ror t ro l :  :Ilc.w 81: 
: 0 .  : I  t i  : t i  I v i t l  : t r f s )  :: 00::-1i 021tI : lCF5l ::ikc.-Ft.l: (kc.-Ft.1 ! i i t . 1  : iFt.1 : : I f t i  : I c f d  : i f t l  : i f t l  : I ( c f s i  : icf51 : 
, I_______,_ -- --- -- , -- ..... .. .. _I_________I_______*ii:_ii_;i=iiii*: . , ----- -- -. , - -- ---- , ;iii_iiii:iiiiiii=~i_i__::_iiii_i~iiiiiiiiiii:==iiiiiijii_ii_:_=ii==:_iii:iii:i==iii_l --_= ~ ~ : = ~ ~ ~ ~ _ ~ : ~ ~ ~ ~ = = ~ - - - - - - m - - -  ,-- .,.. _sii==: 

: I 0  : 5 3 :  8 :  0 1  0 5 ' 7 . 7  6 . 1 4  16.8:: 0 .2e :  9.45:1421.42: 3 . e :  1 8 :  7 s :  l b . l 1 : l 4 l5 .8U :  8.62:  5.7: 27.05: 16.1: 
: :: ------ / , . 
: ? : 131 : 95 : 17.:7 : :&.I+ : 129.8 :: 60.43 : 58.3 : 59.4 :: I .  : 11.66 : 1i20.76 : 2.10 : 36 : 72 : 58.34 : 1412.70 : 8.06 : 2.7 1 55.80 : 58.5 : 
:___._:____:-____I_---;jjjj-jj8 -----j1 ,(__---:.____:_____I1_____1_____:--_-.: b >---; 1 ----: 8 ,, 
: 8 : LC0 : 14: : 60.13 1 58.34 : 210.9 1: 58.05 : U.61 1 62.J :: 3 . 7  : 20.33 : 1118.66 : 4.01 : M : 205 : &.&I : 14lO.% : 7.76 : 2.6 : 93.51 : M.6 ! 
:-_.--:----;---:-.---;-----:------:;----:---:---I'-----.-' . . ' ----: ----: 3 

:CHAN. 1: N i i  : HI8 : NIP : NIP : RIA : I  NIR I 11/11 : U R  :: M I 1  I NIR : 1114.65: MID : U!P : Nlb I MIA : 1110.501 XIR : 9th : UiR : YIR : 
?---I ----! ----- !! ----- !! ---.! --_-! -----.! ----! ----! -----! !--! 

:;r;;;;=:;=~;;;=;======~~,=========>=>============~-====zs~~=====s ==== %======Z~-=================~==>=============~~=======~~==~========~==============S===== 

:TINE STEP: I4:00 Death of  +:or i n  channel = 1 i t .  k = 517 rfr 3 
:i=iiiiii=i:iiiiEEi====z==e=============:======= ========= = =========x===z======= =-== ===:=====- -= ========== ============?--===== ==== =================: 

INFLOU t U 5 l  , > OUlROS (CFSI :: ELTR : : PIPE : : Pout :In.. at : H I HYID : h a t  : Pout d : 
I : : GLM. : L : Iwtlr t  :Pond on?.: I : ( in le t  : t i l e =  t ! 

: POUO : SEIR : PIPE : AV6. I I !  PIP6 I WE. 0 :: V M  : SUR W L  : YSEL : HI- HL : ! :cnntro l l  :W cbm. : : :control1 :I lo*er 81: 
: NO. : l x l t - l i  I ~ l t l  i l l i t - I 1  b i t 1  : l c i 5 1  :: Onit-11 Oo l t l  : (US) ::lic.-Ft.l: iRc.-Ft.1: IFt.1 : IFt.1 : (in1 : i f t l  i l c f 5 i  : f f t i  : (+ti : : l c f ~ l  : i c f l i  : 
:iiiiiii;i_ii_:iiiii=_;iiii==; =====: =I====== ::_iiiiii;iii_iil:iiiii_=_~:iiiiii_i;iiii=ii_i;i=ii=ii;__iiii;iiliI=I~ ===_=:=; - = s =  , -- ...--, -- -..____I--~iil~=_iii:=i3=3i) , 
:ID : 8 :  0 :  a :  0 :  0 : :  I . :  4 . 9 9 :  I . :  o .  9 . 2 ~ : 1 1 2 4 . 2 6 :  s.16: 18 :  7 6 :  14.99:141s.w: 8.46: 5.a: 26.63: 1s.o: 

: 9 : 9 5 :  1 5 :  16.14 11.99: 85.b :: 59.3 : 52.55: 55.4 :: 0.62: 12.29: 1121.10 1 1.70 I M :  72 1 52.57: 1112.70: 8.40: 2.8: 98.37: 52.6: 
;___;____:______/-_ ---. , -_--. , e 1 1 ,__-I ._ :I-_;_--: ----: : 

0 -  , 
: a : 143 : 118 : 58.29 : 52.55 : 185.9 :: u .61  : 73.54 : 75.1 :: 2.35 : 2 . 7  : 1 . 3  : 1.89 : 36 : a : 7.54 : 4 1 Q . o  : 8.49 : 2.8 : 99.10 : 75.5 : ------ 
RAN.  I NIP : A NIP : I : A : A : N : I : I : Nix  : 11t4.50: MIA : Xi& I RIA : NIA 1 l(10.50: 811 : NiR : #/A I U A  : 







FILE: XZUIEC: Rri:nna Otoarttent of iranrsoitlt!on Pr01a:t No.: 

Pond rautln? throuph Pondr 8 - IB ROUilE-5 T)IBLE FOR THE OFFLINE POHI 
F i l e  2 

,___________.._ .......-,...--------.-.-.-----....-9-----.-..--- * ................................................................................................................... > , - -- --- - - -. . ... ... - - . - ---- --- -. - -- - -- ----. . . . . --- -- - --. . .. -- - --. .. . .-- - -. ----. . - -. .-. . . ..-- -. - -... .- - .--- -----. --.. .- - - - ---- - - .. - - - -- - ---- - --- -- - -- ---- -- --- - - - -- -- - -- - - ---. - -- - -- 
:TlnE SiV: I k l 5  0 ~ 0 t h  of f l o ~  8n channel = 2.5 1ft.i P = :IS r f r  
:iiiiiiii:iiiiiiiii==s===========~~=~~s========~=:=z=:====x~7~=~:==~~==== =C=c=<=====c=ss==== ========== ==== ====c======z================================s===.===s=7-==:=========s========:===; 

lllFLB1 ICiSl , ,  OUiFLOY fCFS1 :: DELTL : : PIPE : : Bout :In*. at : H : HYlD : Beet : 6 m t  i t  : 
; 0' . % ! I .  : 1 : (outlet :Pond mt.: : I !inlet : t i l e ;  t I 

: 0 LIIR : PIPE : 6V6. I I :  PIPE : aYi. 0 I: VCL : SUR VOL : YSEL : HI- Hb : :contrllll :cr c h a .  : : !controll : ! l o w  91: 
: NO t - I  I t  t - I  I t  : I : O t -  O p t  : 1 : : ! k c . - 1  t .  F t  : t i  : i : !it1 : I f  : I f  : !it1 : : !cf51 : Icfl l  I 
:"""':'="":""""':"'."':="i'"':'"""': :""""':".""":'""ii': :3"""':"""';=;:;;;;;;s;;:"-;=.;;;:;r=;;;;;:;;;;;;r;;:;-;;;;;;;:;;~C;;:;=;;:=:; ;=== :;;r.;;;;::;;;;;;;=: 
: I t  : 0 :  0 :  0 :  O !  4 I .  1 . 2  1 8  - 0 . 6  6 .45 :1422 . l l :  3 . 0 7 :  1 8 :  7 6 :  4 8 2 ! l 4  6.11: 4 .2 :  21.23: 11.6:  
: ----- :: -----: :----"-----.: ----' . , , .  , ,_l_:ll_ ' .  ._----: 
: P : 0 :  4 . 2 :  4 . 8 :  14.8:: 3 . 7 7 :  37.54: 37.6:: G I  8.43:1419.b2: 7 $ 4 :  7 2 :  37 .50 : l1 l2 .70 :  2 2 l : 7  3 . 5 :  
:.____:___I____-__:____I .._--_-:----::-----_I # -  :____::___:-__--~ $ 

: 8 : 0 :  3 7 7 :  77.5:  37.6:: 78.;:: 15 .5 :  76.9:: -1.62: ! . 6 7 : 1 I 8 l :  5 . 6  3 6 :  203 :  75 .3 : :1 IO.DJ :  I :  2 7  96.53: 75.5:  
:_-__:_____I_ , - __.__:______:_____;__.-.II_____.._:____-_:_____: , , ,- , .___: 
: I  I a : a : i : N : a : a : a : u : a : nia : Ir!:.oo: xia : nia  : t i i ~  : uix I 1410.8:  xi6 : win : wia : nix : 
I__.__.:.___~_____.. ,.---: :: <.-------: . . -----: i .- : :--: 4 --* 

:TlnE STEP: 16:45 Depth of flou i n  channel = 2.5 lft.: P = 133 c is  I 
. .... 

IHFLCd ICF$ ,, OUIFLUY (CFSI :: DRTR : : PIPE : : Rout :In". a t  : ti : MID : Pout : Pout a t  : 
> I , -  , , : DIRII. : L : I w t l e t  :Pond out.: : !inlet I t i l e =  t : 

: POUO : YEiR I PIPE : CY6. I :: PIPE : 1146. 0 :: VOL : SUN VBL : YSEL 1 Ha- Hb : : c~n t r l r l l  :J chao. : : :controll : l l a e r  01: 
: NO. t - I  1 I t  loi t1 : l r f ~ i  ::OcIt-ll Upit: : !US1 ::IAc.-Ft.): I*.-Ft.1: !it.) : 1Ft.I : (in1 : I f t l  I l r f r l . :  l f t :  : l f t l  : : l i i r l  I l c f ~ l  : 

Ii_=iiii/______._.l______._l a______..- , - --.-. . , - , --- -- ..-- , - ------ , -. ..-- - -- , , , ,____ --.., ______ ..., ,______._:iiiiiii=i=i:=ii~iii:i-;iii==i:~ii=i:===i=lii:~ii==i:~iiii3:=iii:~:=i=iii(---------~--------* , - -- ---., -- - , 
: 10 : 0 :  0 :  @ :  0 :  0.0 :: 14.82: 1 r . n :  I : :  I : s .84 :  l42l.bd: I :  l a :  7 6 :  I :  I . :  5 , s :  3.9:  19.94: 14.9; 
:_.___...__:_..-___I :______:____-_I 

: 5 : 0 :  O : I 4 . 8 2 :  14.93: 4 5  37 .5 :  35.56:  $4.5:: -0.70: 7 5 3 1 4 . 4  0.18: 3 6 :  7 2 1  ~ 5 . 4 9 : 1 4 1 2 . 7 0 :  1 6  5 7 6 . 3 6  35.5:  
;; --------- 8 3 .  , 

: 6 : 0 :  O : S 7 . 5 :  3 . 5 8 :  56.5:: 75.5:  71.791 73.7::  -1.54: I 7 . 5 : l 4 7 . 6 9 :  4.67: 3 6 :  2 0 3 :  7l.??:i4lO.OG: 7.69: 2.6:  52.51: 12.a:  
:: :____ :._____9 > ,  

C .  1: i : U ! I ! 1 : U : U ! I : N U  : i : W i G  :14ll.SU: nib : N i l  : Wa : Ilia : l r l u . 5 $ :  HI; : Hi6 : U i i  : ilia I 
I _ _  ....... I 



FILE: RGUTEiS Suoe;rtition Freerar: Power Road t o  E l l sxo r th  Road Ilri:ona Otcar t lent  o i  T:mroorta!lon Pra ler t  Nu.: 

Routins throveh Ponds 8 - 10 ROUTINS TiELE FOR THE OFFLlkE POn$S 
F L I P  3 

.............................................................................................................................................................................. == , -. -. .- -. .. . . . . .. .. . .. . . - - - --- -- - -. - --- - - - ---. .- -- -. - - .. .. .. --. -. - -. .. . . .. . . .. .- --- ---. . -... .-- - - ---- - - ---.-- ..--. --- ------. .. ... - - - - -- - --- -- ---- -. -- ---- ---. ----- ---- -.-. .--. 
!TIRE STEE l7:15 Stnth ooi flow i n  channel = i . 5  lit.i R = I27 c f s  
,.____________I__._ ................................................................................................................................................................. s== , , . . - -- -- - --.- - -. --.. . . ...- -- - - -- -- -- -- -- -- - -- -- - -- - - ---- -.. - - - -- -. .. . . . - - -- --. .. . . -. . - --- --. ... . .. - - -- ------ - ---. . --- - - -- - .--. . -- ----- - ----- - ---- -- --- - - - ---- ---- - - --- -- .- .- , 

INFLOY ICFS) ,. . . OUTFLOU 1CFSi :: KLTR : : PIPE 1 : b u t  l Inv. at : H : HYiO : h u t  : Ow: a t  : 
:.____-._._I_______ I , I , ---. * I  ,, : P I .  : L : I o ~ t l l t  :Pold wt.: : ( i n l e t  : t i r e =  ttl: 

I PONO : YEIR : PI?E : RVE. I :: PIPE : F4S. 0 :I UOL : SUN VOL : YSF. : L- Hb : : c ~ m t r o l l  :mr char.. : : r m t r o i l  : I l m w  0:: 
: NO. : I x I t - l i  l v l t l  : I n l t - l l  l o l t i  : :cis1 :: Bolt-11 O n l t l  : (CFSI ::iAc.-Ft.1: ;*.-F!.!: 1Ft.l : CFt.1 : iid : Lftl 1 1 c f d  : l i t )  : t i t i  : : I c f ~ l  : I c f s i  : 
:iii=ii:iiiiiEi:iiiiiiiii:iiiii_:i:=====:==x=:==::iiiiiii=:iiiiiiiii:~i=iiii: :iiiiii=i;=E~ii~i:=iiii=s:iiii=iii:iiiiii=!=i=~===:===:==<:=i=~ii:l====i:~=iii:ii==i:~i--2=: 

: I G  : 6 :  G I  6 :  0 :  o : :  i s :  I . :  I . : :  o .  5.22:1411.0a: 3.15: l a :  7 :  : . : I :  I :  3.5:  I . :  15.2: 

:CINN. 1: n i l  : NIL : NIL : NIR : Nix :: NiA : Nix : NiA :: # la  : UiA : l11j .00:  N ix  : NIR : a;& : NlA : 14IO.%: UiR : N;R : NIA : NIh : 
: _ _ i - - : _ _ _ _ _ _ _ : _ _ _ _ _ I 4 _ _ _ _ _ _ _ I _ _ - - _ _ : _ _ _ _ _ _ !  ,, :____-:____I 1---_-_: :_____:--__>_____: 

:TIRE STEP: 17:15 D w t h  o f  flow i n  channel = 1.4 I f .  @ = 120 c f s  

: IWFLOU ( P S I  1: OUTFLOY IEF$~ :: DELTR : : PIPE 1 : Pout :In". a t  : H : HWiO 1 k t  : Owt  a t  : . . 
I_ I : - : D l .  : L : l m t l e t  :Pond out.: : l i n i e t  : t i e =  trl: 

: PONO : YEIR : PIPE : AVS. I :: PIPE : xV8. 0 : I  V& : SUR M L  : YSEL : Ha- Hb : :control l  :or ch~1 .  : : : c o n b ~ l I  ::IoL~R 81: 
i 0 .  t - 1  Id t l  : Ip l t -11 l p l t l  : i r l s l  ::%lt-tI Opi t )  I IES)  :: ik.-Ft. l :  iB. -Ft .1 :  1Ft.i : 1Ft.l I (in: : I f t l  : I f  : I t  : I f  : 1 Icf51 : l c l l l  : 
I _.l___rI -------- _I____--l--... _ _ _ l _ _ _ i i i i = l  .... I_______I___________I_._.____s~________I..__ii:i_iiiiii:3i ====== I _ _ _  _______ ,..... ..-., ____, , - ---- -., - , - ---- ...., -. -- - - , - --- - --- - , . -- , , -- - ---- -. # -- --. - - - , . . ..-.- , , -- .-.... . , .. .- -. . , . ... .... , - ----. -. , - .. , -. , -. ------, -. ... -. , , 
: I@ : 0 :  0 0 :  0 :  0.0:: 15.19: 14.79: 15.0:: -0.62: 4.60:1620.57! 3.08:  1 8 :  6 1 4 7 9 1 4 l 5  4.77: 3 .2 :  17.35: 14.8: 
:--__:__:___-:___---!--__:__-_-~I ,,________1_-.__:___-_--::_____1____!__._.__:______:___:____I_-___:______I____:-___:___.:_____I 

: 9 : 0 :  O : I 5 . 1 9 :  16.79: 15.0:: 25.48: 30 .22 :  27.9:: - 0 . G :  b.05:1417.49: 0.56: Ib: 7 2 :  30.23:14l2.70: 4.79: 1 .  51.48: 30.2: 
:____:_____s____.__:  1 (,______:______I .- . , ----: :---c c ----- 8 ;_--: s 

: 8 1 0 :  0125 .48  33.2i: 17.9:: 70.06: 66.74: 6 . 4  I .  l 4 5 4 1 4 6 . 9  4.63: 5 :  203 :  6 6 . 7 4 I l i l 0 . 0 0 :  6 . 9 3  2 i bh.7: 
-_--: r > -  ,, :: - -  0 _ -  - -  ---;--:--: , _--: 

I N N .  1 I : H i  Nix  N : I :: I : I : I :: I : NiR 1 1411.90 ! NIA : Nib t U l l  : #/A l1410 ,%!  Wx  : Nl& : X l i  ! Ulh : 
: :___-: :___--: __--: ?l---. ,. ,______: :__-: 

:TIRE STEF: la:l5 Dwth  ooi i l o r  i n  channel = 2.3 1f t . l  P = I13 c f r  
! = = = = = = = = = = ~ = = = = ~ = : = ~ ~ = = = ~ = , = = = = ~ : = = = = = = = ~ = ~ = ~ = = = = = = = ~ = = = = : = = = = = ~ = = = = = = = = = = = = ~ = ~ z = ~ ~ = ~ = = ~ = ~ ~ ~ = = = = ? ~ z = = = = = = = = = ~ ~ ~ = = = - e = = = = = = ~ = = = = = ~ ~ ~ ~ = = ~ = = = ~ ~ = = : = = % = = = = = = = = , ~ ~ ~ ~ ~ ~ = = = = = ~ = = = = = = = = = = = = = = = ~ = = ~  

IYFLOY iCFS1 , , , , 0U:FLEY LCFS) :: GiiTk : : P l f t  : : L c t  : Inv.at  : H I BUiG : Pout : P a r t  a t :  
I__-_ ---- _-_____._ ::...________ ---- _ _ _  -------.->- :: : DlX1. ! L : Imut le i  :Pcnd od.: : ( i n l e t  : t i be=  t+ l :  

: POHD : UEIR I PIPE : iV6. I :: PIPE : WE. 0 :: VDL : Sun VOL : USE!. : Ha- IUI : :control) :or <ban. : : ron t ro I l  : i lo#er  PI: 
! NO. : I - 1  h i t i  :1o!t-1) i ~ ; t l  : :cis1 :: bit-1: Oo!tI : ;Cij! I:iAc.-Ft.): lac.-Ft.1: IFt.1 I iFt.1 : l i a i  1 1 f t )  : l c l s l  : lit: : l f t )  : : l i f l )  I :cis> : 
1- ...___l___.._. I _ _ _ _ _ _ _  ../____i=l_...____..__ :1__ .... ___,__._ .....,. ______I.II ...... ___.__ .I....... , ======== * --_--=, , -..------ -.-------. t 8 t , - - - -- -- , --... .- , - --. -.. . . , . . . , .. . .. ... . , ... - .. .- , , -- - .. .. . . , -. ----. -. , . . ..-. . . , , -. . . . . .. -, --- - - - -.. , . ... _ -- -, , ...- , . ..... . -. , -- .--. .. . , ...- -..-- , . - -- --- - - , - ---- -., -- -- -- ., - ., 
: 10 ! 0 :  0 :  0 6 :  0 . 0  16.79: U.60 : 14.7 :1 -0.U: 3.99: 1410.0.06: 3.04: 18: I 9 I 4.25: 2 . 8 :  Ib.07 : 14.5: 

1 9 : 0 :  0 4 . 7  : 14.6: 11.7 :: 3U.2i: 3t.51 : 3 . :  - 0 .  5.10: 1417.07: 0.50: 3 b :  72 : 30.61: 1412.70: 4.37: I 4 . 9 8  3 . b :  
: ------- .,.....____ - __...__ I ,  ---.-.---: t -  I-_...:.._ ----- 1 r ------- m . . - 
: 8 0 :  : 0 2 2  b 1  1.1:: 6 6 . 7  8 7  6 . 3 :  4 :  I3 .20:14l6.49:  3.69: U :  203 :  63.87: l41O.W! b.49: 2 .1 :  BJ.76: 65.9: 
: -------: ------: ------- __:______: ------- __:_____.__II_____._..I . . .- ---- ---- :_______: :..--_-I 

N 1 M I  : I ! i I : ! :: I : i ; A : H i  : HIR :1111.%0: hih : N i l  : WA : R l i  : 11l0.50: R;h : H i &  : Nis I Wx : 
: ------- :---_._-: -...-----: -.---..; s . .  .__. ._____I __.___..I ,. .- .... _:_______..: c ,. _ 



FILE: S a U i E U  Surer r t l t i a>  F r r ? n r :  P a c r  hmd t to  E L l a w t h  Road k ? : o n  Ge~artneot oi Trw.vurtatlon Praj%ct No.: 

fioutin9 thruuc:, Panis 8 - LO RmT:!iG TiOLE FOR 1% CFiLIYE FUNDS 
F i l e  3 

:iiiiiiiiiiiiiiiii: .................... ====== ==== :==:=:===s= ...................... = ============%:========*=========% ===*=s=s=: ===== === ===== :== ====== ====-= =========== ===: =====: =====.= -======= 
:TEE SiEF: 18:45 Death a# f lax  i n  channel = 2.3 1f t . l  P = 106 r f r  
:iii?-iiii==rii:i:ii:==== ========== =====>====:== ===== ======= =:==:=======:==: ========= :=*==== .............................. ==&-=-= ========= ==== =============:=-==== = ============ ======: 

IRFLIll ICFji , , ,, OUTFLOY ItFSi :! GELTi : : PIPE : : Pout :In*. i t  : H : HYIO : toot : Q m t  a t  ! 
:________----_-_I__ :___ ____-._____I. . , : DIM. : L : lou t ie t  !Pond out.: : [ in le t  :ti-= ttl: 

: POEO : #€is : P ~ P E  I AVS. I :: PIPE : RVS. 0 :: VOL : Nn VOL : YSEL : Ha- Hb : l ron t ru i l  :or chm. : : :control1 : l l o w  Pi: 
: 0 : I t -  i t  : I t -  l o l t i  : l c l s i  :: Ooit-:I 0 : F S  : : I - F t  F : I F .  : i t .  ! I ! I f t l  : Lirl : I f t l  : i l t l  : : l t l s i  : I c i s i  : 
:'i""':"i"":"ii;;;;;:;;;;;;;:;===:===:==%==='i: :"'="":'=""..:.="==: :;;~;;~;:~;;;;;;;;;:;;r~=;:~=====:;;~;;;;,:;=;;;;;:r;~-~s=::;;~;;;=:=~;;.y;:r;;;;i:=iiii=.:~=i_iii: 

: 10 : 6 0 :  0 :  0 :  0.0 :.: 13.6: 14.12: 1 4 . 5  - 0  3 .  4 5 7 !  2.92: 1 8 :  7 6 :  I4.4? :1415.80: 3.77: 2.5: 11.Q: 14.4: 
: :-__; -__--: ----- ::-i > -  , _--__::___-_1_____ _:_____--: 8 _---: ---_: ___-: ____-! ----: c--: 

: 9 : 0 : 0 : 4 .6  : 4 2  : 11.5 ! 0 . 6  29.94 ! 30.3 :: -0.65 : 1.74 : 1 . 6  ! 0.55 : 36 t 72 : 29.94 : 4 2 7 0  : 3.4 3 : 18.15 : 29.9 1 
:_____:____I_____:_--: m ,,- I ____:_._.___.____-II ,______: :--_____:___: 
: 8 : 0 :  0:30.61 29.94: 30.3:: 63.87: bG.31: 6 2 . : :  - 1 . 3  11.08:1416.09I 3.27: 3 6 :  203 :  bd.3l : l~IG.OO: 6.09: 2.0: 80.69: 60.3: 
:_____:__.__I ,- __-:___!_____.._:____::._____:_-___:_____Is , 1 

:CHRN. 1: HIP ! NIP : RIB : Hi8 I NIk :: # l a  : RIP : RIP :: RIR : NIR :I412.8OL NIP : NIR : NIP 2 UiA : 1410.50! RIP : NIP : XIR : NIa : 
_---: c . . . . :_____s__--_:-___:____:___:_____I--__1 

................................................................................................................................................ ==== , -- - ---- ---- - -. - - -- -- -- -- -- -- -- -- - -------- -- -- -- ------ -- -- -- -- ... - - -- - ------- ... . - -- - - ---- ------- ---- -- 
:TI~: S T ~ :  :q:i5 Denth 0; l lom i o  channel = 2.2 1f t . t  P = 101 r f r  

! IHFLOY (CAI  9 CUTFLM ICFSI :: ELTP : : : PIPE : : h t  :in". at : H I HYIO I ~ m t  : awt it : ,, 
_ ::___ ______-_-___I0 , . : DIM. : L : (outlet :Pond out.: ! ! f i n l e t  :time= t + I :  

: PGHJ : E:R : PiPE : PV6. I :: PIPE : RYS. 0 I: VDL : SUb Y L  : SR : Ha- HL : :comt r~ l l  :or cham. : I : c ~ ~ t ~ ~ l l : l : ~ w 8 ~ :  
: R0. :I.lt-li lrlti ::oLt-11 I ~ f t l  : l c f s l  :: O-.lt-Il 0 ~ l t l  : ICfSl :::Rc.-Ft.1: 1Pc.-Ft.1 : 1Ft.l : 1Ft.l : lid : l f t l  : 1~15; : ( I t 1  : l f t l  I : i r f r l  I t f 5 1  : 
I-.___,_____,__ , - ----- - , - -. , --- ------- - -- -- x , ------- - ------ < , ---->---- . -. ------ > , ----- - --- --- __.I__._ - , , - - ..- ---- -- -- _ I _ _ _  , - -- - -..-, ...... .- _i_iii~t____._.._I___________,__ ..... __,________I__-_-.I..__-_1__-_._1_iiXi~===iii;i_i_;E ===:=*:=s==?2 $ , -- --.... . , .- - ..... . , -- -- , -. ... , - , 

.. I I 0  : 0 : 0 : 0 : 0 : 0 : 14.2 14.2 : 11.3 :: '-0.59 I 2.80 : !419.07 : 2.85 : I 8  ! 76 : 14.Z 1 1115.90 : 3.27 : 2.2 : 13.58 : 13.6 : 
1111~--- I ,- . . I _ _  _:___-__:_____*1_____-_1 ., ,_____-_:-______I_____:-.___:___l_____:_____:-_____I___3_____:__: 

: F : 0 :  0 : 1 1 . 4 2 :  11.23: 14.3:: 29.54: 29.81: 29.9:: - 0 . 3 :  1.10:11:6.22: 0.55: 3 6 :  7 2 9 . 8 4 2 7 0  3.52: 1.2: 42.01: 29.81 
:-__--I ---- _: > -  ., 
: S : 0 : 0 : 27.91 29.81 : 29.9 :: 60.31 : 57.25 : 58.8 :: -1.20 : 10.69 I 1115.6i : 2.97 1 36 : 203 : 57.35 : 1410.W : 5.67 : 1.9 I 75.01 : 57.: : 
: _ _ _ _ _ I _  . - __.I ,- s ,, I_ ,,-____:_ _:_ c * ,. - _____: :_____: _:______: ---- :______: 
C .  I f I : I : U P  1 I 1 I : NIP : P ! I : HI* !1112.?1: NlR : NIP : i l l 8  : NlA I l l l 0 . 5 0 !  R I A  : RIA : RIP : R/P : 
: _ _ _ _ _ _ _ : _ _ _ _ _ _ _ I _  , - _ j _ _ _ _ _ _ l _  , ___.I , ,_______: : :______: :_____:____:______. :__-__: ----: 

:iii3iiiiii=iiii%========s==~============~==========s==e==~=== ===*==?. s==== ======>== :~==================================~==========================~=,==~============~====== 
:IISE STEP: 19145 Scoth of f I o r  i n  channel = 2 .  i f .  Q = P i  c i s  
:iiiiiiiii=:iiiiii==x===============~====z= =======-= %? ====: =====: ............................ ======:==== ==== ============:= ==== c===========:==<============ ===== =:==============:=>=.-==: 

IXFLCS ItFSl 0UliLBY iiF;i :: 0Fi7R : : PIPE I : Pout :in". at  : H : H'iD : Pout : Qwt a t  : 
: 8 %  -- . , . , : 8 .  : L : l m t l e t  :Pond out.: : ( in le t  : t i e  t + l :  

: PJHG : YEIR : PIPE : kV6. I :: PIPE : RE. 0 :: VOL : SUH VGL : YSEL : L- Hb : I :controll :or <ha". : : : c m t r o I l  : I l w e r  Q l :  
: 0 .  I i t -  I t  I t -  i t  : I : 0 - I  I t  : I F  : : : a . t .  I - I :  I t  : I t .  : I I l l t l  : I ! I t  : l f t l  : : 1cf1) : It151 : 



! 
FILE: ROQTEC: 

Rvv t i n l  thrwclh ion& 6 - 11 
F i l e  3 

S l i o ~ ~ t t t i o n  Freeua,: P o w  Road t o  E11s.nrth Road Arr~on. Uemr!.ent 6 i raasuor tat ion Protect No.: 

ROUTIN6 TABLE FOB i b i  OFFLINE PONPE 

:T!FE STEP: 2[.::5 0 ~ 0 t h  oi f low i n  channel = 2 l l t . 1  P = 86 c f r  
:iiiiiii===ii=iiii=i ====== .......................... ====== ========: =====a= *= ============ ~ ~ = = = = = = = = ~ = = = = ~ = s = = = = ~ = ~ ~ = = ~ = = ~ * ~ = = = = = = = = = = = = = = s = ~ = = = ~ = = = = = = = = = ~ = = = ~ = ~ - - - = = = = = ~ = = = = ~ = ~ =  ======= ==::=: 

I l I i iOi l  I E E I  > ,  OUTFLOW ICFSi :: E U R  : I : PIPE : : Qmt :In% a t  i H : HYIQ : Bout : Bout a t  : 
,, I : 0 .  : i : (cu t le t  :Ford out.: 1 l i n l e t  : t ine* ttl: 

: POND : UEIR : PIPE : N6 .  I :: P l i i  : AYE. 0 :: VOL : W.4 YOL : YSEL : Ha- Hh : ! :control: :or rhm. : : :control1 : : l ae r  Oi: 
: . I t -  i t  t i t  i I f  t -  t : I : : I A t .  I - t .  1 I 1 I!. : i t  : : i t )  ! i : I !  : lftl : : I r f r l  : i r f r l  1 
,_______..___..., .... _,_ * -----.,. ______  _ _  ..... __,_ .... _ _ _  -,-.... ,... ::i i icii i i i:~ii=ii i i i:=ii=si/=ii i i i i i i:=ii i i i i i:====~===!%==z=====:ii=ii i if:- i i i i: i i~ii: i i==iii i=:===2===; 

: I 0  : 0 :  0 :  0 :  G :  0 . 0 : : i 1 4 . 0 6 :  13.85: 14.0:: -0.56: 1 . 6 4 1 4 1 8 .  7 0  1 6 :  7 6  1 3 S 5 1 4 5 . 0  2.31: 1 .5 :  11.:4: l l . 1 :  
,, :______;___;_.____:____:-____:______~IA_-___:_____.__~__I__:~_______l______:____-:_______:__.__;______I --I-- :-___:--_:___:__-_:_____: 

: 9 : 0 : 6 : 14.06 : 13.85 : 14.0 1: 29.21 : 23.i2 : 20.7 :: -0.61: 2 4 5 . 4  0.49 : 36 : 7 : 6 .  : 2 7  : 2 .7  : 0 .  9.54 : B.2 : 
:______:...___:____-jjjj -jj:______. ,- _---.II ,,_._____:._____:.I.___;:___..___:___11_:_1_____:____.: __: -___: :___j ..__: 
: a : 0 :  0 i 2 9 . 2 1  26.22; X.7 :! 5 4 . 5 :  51.71 i 53.1 / i  -1.01: 3.591 1114.921 2.42 : 3 6 :  2 0 3 :  51.71 : l41G.K i 4.92: 1 .6 :  63.41: 51.71 
:____~___-:______:__--:--_--_~ ,- _-_-.%I . , _: / I ----: 
I U N : A : A : A / I ! H i  I N : R ! N i l  : 1412.50: #I& : N l i  : N i i  ! I I X  : 1410.5C: HIA : Ufa : NiA I #/A : 

I ,- . . _~_.___:j______.:_-____:___I~.: 1 :-__: __--: -_-_; 

:iiiiii_iii~iiiiii=<==:====~~zs=====~s=======-- .=== ====== ========== == ======-.= :==s=======:============-==============-======s===:%-=======s=======z=z=========s=*== 

!TI= SiS: i5:6 Genih of  ihr in charnel = 2 l f t . )  0 = 6; c i s  
:ix=xii_s=iiiiiiiii ==== :=== ===*= ======= =====z===:=======s========s==========z=s=== ==== ======== ========== ====== =======-==== ===, ======= ===== ========-=======; 

INiLOY (WE1 S t  , ,  OUTFLOW ICFSt :: WiTA : 0 . I  : PIPE- : : b u t  :In". a t  : H : HUID : bit : l o u t  a t  : 
I___ ___ . I  : : blA3. : L : L w t l e t  :Pond out.: : : ( i n l e t  : t i l e =  tti: 

: t i  : %IS ! PIPE : kVj. I :: PIPE : AV6. 0 :: VOL : SU# VOL : YEfL : Ha- Hh : :contro l l  :n rhm. : : : c l i n t r d l  :ililrn PI: 
: N : I t -  i t  : I t  t i  : f : O t -  O n !  : F : - F t  R - t .  : 1 .  1 F !  : i n  : l l t t  I i r f r l  1 i f t l  : i f t l  : : ILFsI : I c f s t  : .___ .... /..__*__%__ --..... , -------,---.. ,___ ....,.. _. ._,_____ ,----.==-; ======== :~iiiiiiii=;ii_i=ii: ========: :_iiiii:sii=_ii=l_ ,....--.-- -------- 4 ' -------..A --------- m ------..-, -====== z .__ * ................................. 
: 10 I 0 :  0 :  0 :  0 :  0 .0: :  13.65: 13.42: 13.b:: -0.56: 1 .07 :1417 .Y :  2.53: 1 3 :  7 6 :  L3.42:14l5.801 1.761 1.2: 8.09: 6 .1:  
:-__I:____--:--____j___---l ,_..______:_ _. . , :-_____I 

: V : 0 : 0 : 15.85 1 4 : 13.6 1: 23.22 l 26.92 1 27.6 :: -0.56 1 2 . 8  4 1 5 . 0  1 0.45 1 36 : 72 : 26.93 : I412.iQ : 3 : 0.6 : 2 . 7  : 23.3 I 
% a ,  A e 8 ___I; 8 -.__; r --_--- > ,- . , 

: 8 : 0 :  : 2 2  26.92: 27.6: :  51.71: 46.G2: 49.9:: -0.52: 7 . 6 7 : l 4 1 . 5  2.09: .% 203 :  18.02:1110.b0: 4.59: 1.5: 58.32: 43.1: 
,- 

:CHAH. I: ti!& : Hi> 1 Nia : NiR I MI& :: ria I Hi& : Hi& :I NIR : NiA : 1412.50: RiR : Nib : NlA I $14 : 1410.501 RIA : NiR : N i i  : NIR I 
: .---- 



FILE: 87iiiECI 

1 
S u o w l t ~ t l o n  Freexar: i w e r  Eaad t o  i l :$xorth Baal fri:ota 0eoarts?nt of Transoortl:ior f ro lect  No.: 

3Gdi:B TiSLE FJF. THE EF i l iH i  PtsGj 

reim XFSI ,, ,, GUiFLbN Iaji :: xiia : : PIE : : ~ w t  :I"". a t  : H : HYIC : h u t  : 6fut  i t  : 
m 1 . . . . : Dldn. : L : l r u t l e t  :Pond out.: : l i n l r t  : tine= i : 

: WED :  MI^ : PIPE : ~ Y G .  I :: PIPE : iv;. 0 :: YOL : SIH VOL I PSEL : Ha- Hb : : c ~ f l : r ~ l I  :or chm. : : : r m t n l l l  : l l o r w  PI: 
: YO. I t -  i t  I t - I  I t  : I : O i l  Ool t l  : i F S l  ::lac.-Ft.1: 1Rr.-it.] I 1Ft.l : 1Ft.l ! l i n l  I l f t l  : 1~651 : l f t l  : l f t !  ! : I c R l  : Id4 : 
:iiiiiii;iiiiiii:iiiii=ii:ii_ii:iii==-:==::iiii=i; :i__iii=l._____._. :iiiiii*ii:~iiiiiilii:ii~~~i~iii~i~i:=iiiiiii:=i===~=~=:======:====s=::======:,====:====s=!~-~=?~~: 

: 10 : 0 : 0 :  0 : 0 : 0.0 ::, 13.42: 13.22: 1 3 . :  5 0.52: 14U.Ol : 2.46: 1 8 :  7 2 1  1 .  1.21 I 0.9: 7 4.S: 

:iiiiils~=i=~iEi=ii===~=====================s=~~=====~========~~=====~~=~=~=======~==========~=~====%-=s~~_-======z===========~====%-==s%-===~= 

:TIRE STEP: 2l:45 0 ~ 0 t h  of flow i n  channel = 1.2 1ft.l 8 = 80 dr 
,______I._.. ________ .... __=_=__ 

. . .......... ___.__ -_iie===iii_iiii=iiP======~%z~=:==-==-===================:=====~>-=======: 

. : IRFiDY ICFB: . . OUiFLOP I C i j l  :: Eiia : : PIPE : : Prmt I lnr .  at  : H : HYIU : Pout : Prmt a t  : 
: ___ __ 3 , . . s : 0 : L : loo t le t  :Fond mi.: I : ( i n l e t  : ti.- t : 

: WHD : YEiR PIPE : R 6 .  I PIPE : ~ V E .  o :: Y% : SUN YOL : YSEL : HI- HL I 2 :cnntroli :or than. : : :centra i l  : ! lorn PI: 
: 0 .  I - 1  Irltl !18 l t - l I  I n l t l  : I c f d  :I 0 ~ I t - 1 1  I : I : A - i t .  F t  : i t  ! I F .  : I : l i t 1  : l c f s l  : I f t l  : l f t l  I : i r i s )  : i r f a t  ! 

. . 
:CHRH. 1: NlA : NId : NIA : MIA : Hi8 :: TI3 : YIC : YIC :I N i l  I YIA :14)2.10: VR : MIA : HIP : X I 1  : 14l0.50: Xi$ I NI: 1 NiP : YiA I 

: i ~ = i i ~ = ~ = i i i ~ ~ i i ~ ~ = ~ = * = = = = ~ = = = z ~ = ~ = s = = ~ ~ = = = = = = = = = = = = ~ = = ~ z = = = = = =  ====== ==== ==:= ======:======================~======z==========~==s=~=====~~~s~===== 

:TINE SIff: 2 k 1 5  P e ~ t h  of f l w  i n  channel = 1.1 1 i t . l  P = 79 c f r  
:";;;.;;==~==;;;;;======~=======~s:~=:=======~=========~===~==~==~=============~=====~~=====~====~=========~=====s===================~~=====~=:====~===~~s===~===~=~=x=~====:===~~===~:===: 

I IEFLCl iCF51 ,, OUTFLVd IlCFjl :: DELiP : : PI?E : : Pout :In". a t  : H : UYiO : L u t  : Pout at : 
g I _ _ _ _  ------.--- * I  I : OION. : L : 10ut:et :Pond wit.: I : f i n l e t  1 t i a s  t : 

: POND : M I R  : PIPE : N 6 .  1 :: PI iE : W6. 0 1: YOL : SUB VCL : YSEL : Ha- HL I : c m t r o l l  :or chan. : : Icon t ro l l  :limn PI: 
: 0 .  : I t -  I x l t l  I l ~ l t - l l  l p l t l  : l c f a i  :: Oolt-11 Op l t l  : ICFSI ::lac.-Ft.1: lac.-Ft.1: 1Ft.l : 1Ft.I : l i a l  : l f t l  ! Ic fs l  : l f t l  : lf t t  : : l c f s l  I Ic fg l  : , , .-.-..--,---.., iiiiii.ii:iiiiii=:=:iiiii==: ===== c=::;;;;;;; ;;:= ;;;;;;;;'- , - -- -. . -- ., " , --- ----...--. -.. . - ., . ---. . . . -- - , r;;;;;;;;:;;;;;;:;;;;;;;;;;;;:~;;;;=;:;;s=.:=;;:r;;=;;;;:;;;=;;;;:;r::;;:;;;;;;;;;:;;;;r;x: 
: L O  : o : o : o : o : 0.0 :: ~ o . a i  : 0.00 : 5.3 :: -0.2 : -0.19 : 0.00 : 0.00 : l a  : 76 : 0.00 : 1115.8~ :-1415.80 : - w . ?  :-3775.47 : -3775.s : 
: -----.--- :.-____:_ A--- ..... 

: P : 0 :  0 : 1 0 . 6 1 :  0 :  5.::: 22.94: 1 3 . 7 :  1 . 5 : : - 0 . 5  0.57:1413.7b: 0.12: 3 :  7 2  1 3 . 9 4 1 2 . 7 0 :  0 0 . 4  7 . 7 5  7.7: 
*I____..__% ,- 

I 8 : 0 :  0 : 2 2 . 1 4 :  13.97: 18.5:: 11.32: $6.97: 59.1:: 4 . 8 5 :  5.04:1413.64: 1.14: 3 i :  20;: j b .91 : I I10 .00 :  3.64: 1.2: 13.15: Sl.0: 
:..__-c ..-------: --..-.-- *,. ,, ---- 
:c%N. :: NIP : NIC :  id : n ia  : HI; :: NIL : a ia  : o a  :: x i a  : n i a  : ~ r n . r u :  Ria : w i a  : wia : n i x  : ~r!a.so: 818 : nlr : HIA : a i l  : 



FILE: aOiiTB4 Susers t i hcn  ireewru: PDXP~ Road t o  E l l i ~ o r t h  Road L r i m n a  G e ~ a r t z m t  0 t  iranriilirtat!mn ?r@!ect no.: 

Routins throuqh Ponds 8 - 18 ROUI11S TfiSLE FaR THE OFFLINE POW05 
F i l e  4 

:=ii~=i:ii=iiiii:ii======z~-~==~~======~=:~=====~====~==================~=z========:==~==~==~===~===s~====~=====~~==========~=:~~=~~-c=========~==~~=~~======~==~=:== 

:TIME STV: 22:45 Gezth of f l on  i n  channel = I .  I f 1  P = 79 r f r  
:i=iiiiiiiii:iiii,i=:=======================~=====~=~=~s===~============s=======~~===~===~========7.===~,~========================~==~-======~====~~============~=:========: 

IwLoN ICFS: ,, . , WiFLCN OYtFjl :: M L i R  : : PIPE : : B u t  :In". a t  : H : IfiiD : Povt : E E U ~  s t  : 
:_______ ..----- _-__ '. , . I : DIM. : L : (ou t le t  :Pad mt.: : : l i p l e t  : t ine= t : 

: PoEn : YEia : PIPE : R V ~ .  I :: PIPE : RVS. o I: VUL : Sun VCL : YSEL : HI- HL : : C O ~ ~ C O I I  :or cham. : : : L O ~ ~ ~ O I I  : l iprs  PI: 
: 0 t -  l i t  1 1 - I  I : I : 0 t l  Op i t i  : i E S 1  ::I*.-Ft.1: I * . - i t . ) :  iF t .1  : 1 i t . l  : l i n l  : I f t l  ! l c f s i  : l f t l  : l f t l  : : I c f s l  : l c f s l  : -------- ,,.___ ..-., -.._.._=, > = % 9 .------. --..----- m , #____._ .,...... _ ) _ S  , --- ---- -, , --- .- .- - - , - --.-- --. , -.- - , , .-. . .. -. , , - -- , --, -- -- .. . , .. ...- .- , ---- --..-, - - ---, --- --- -- - , ---- ---, --. .- - --, -. -. , 
: I 0  : 0 :  0 :  0 :  5 . 3 :  2.7:) 0 :  0 : 0.0 :: I : -0.08 I 0.00 : 0.M : 16 : 76 : , 0.00 ; 1415.80 :-1415.80 :-94i.P 1-3775.47 1 -3175.5 : 

. . 
:CHLN. I: N i l  I NIR : WIR : N i l  : NiA :: Wik : NiA 1 NiR :: NiR : NIB ~ 1 4 1 2 . 3 0 :  Ria : Ria : Ni& : Hi4 : 1410.50: NiPl : NIR : Nih : RlPl : 

,... ) _ . _ = ~ = ~ i X i i = = i i i = ~ = = = = = ~ = ~ = ~ = ~ = = = F ~ = = = = ? = = = = ~ = = ~ = ~ - = = = = = = = = s ~ . = = = = = = = = = ~ = ~ = ~ = = = = = = = ~ = = = = = = = ~ ~ = = = = = = = = = = = = ~ = = = = = = = = = = = = = = = = ~ - = = s = ~ = = & - = = ~ = = = = = ~ = = = ~ ~ ~ = = = = ~  
:TINE STEP: G:45 Owth  of  f l a  i n  channel = I .  I f .  P = 78 c i s  , ,____.-=iiiiiiiii==i==~============================~====>=====s=~===========s===~~=====~x=~=============s==-=======s=-_==~~=====&-====~==: -- 

INROY 1CFSf 0 ,  . , OUiRDN l a 5 1  :: DELTA : : : PIPE : : Oout : lnr. at : H : WID : Povt : Pout a t  : 
,, I DIM. : L : l m t l r t  :Pmd out.: : l i n l e t  ti*- t : 

: N O  : WEIR I PIPE : PV6. I I: PIPE : RV6. 0 I: VOL : S L  VOL I YSEL : #el+% : Icoa t ro l l  :a cban. : I :contro l l  : I l i l x n  PI: 
: N0. : h i t - 1 1  Iritl :bit-I1 I u l t I  I l c f s i  :: Oplt-11 I t  I C S  i t :  1 . - F t .  I F  : I t .  : i n  : l f t l  : l c f s l  : l f t l  : l f t l  : : l ~ f s i  : 1~6s :  ! . ------- - - ----. :~====;:;;======:===~-==:====z=~=:===r===::~===;;;=:=======;:z==~~=s::=======;:;;~='=s=:=======;:====:=:~~~i~~~:~-==&- ,:iii.=...:..=~:li==:==i~:==.iiii:iiii=:ii: 

: 10 : o : o : o : o : 0.0 :: o : 0.00 : 0.0 :: 0.00 : -o.oa : 0.00 : 0.00 : 18 : 76 : 0.00 : :~I~.oo :-I~I~.Ro :-943.9 :-3n5.17 : - ~ J S . S  : 
:_____:_____. ,- ,- 
: '7 : G : 0 : 0 : 0 : 0.0 : 12.2 : 0.00 : I : -0.5: : 0 : 0.00 ! 0.00 : 16 : 12 : 0.00 : 1412.10 :-1412.10 :-470.? ! f+ t€~ t t * : - lO j59 .6  I 

l _ _ _  ,, ,. 
: 6 :  0 :  0 : 1 2 . 2 ? :  O :  6.1:: s . 3 7 :  22.39: 28.9:: -!.as: 2.ss: tc lz . r ; :  o.45: l a :  203 :  2 z . r o : 1 r i o . w ;  2.75: 0 .9:  3 o . n :  o . 4 :  
: :____._ -__--: -_--: ::_ < ,____.__: :_________I____._C_:________I____-:______.___.__:_____:______I_____I____:____--.:.______I 

:CHiii(.I: NIR : NIL : E l l  1 NlK : Nia I :  NiR : N i l  : N i l  :: UIR : WiR : 1412.30: NiR ! NiA : NiR : UiR : 1410.33: NiR ; WIK : NIR ! Nlh  : 
: --.-... s ....... _j_._______l :..___--: :______--: ---- ,..- _-___: 

:iiiii_=iiii~iiiiii=====~========s=z=>~======= ===== ======= ======== ===== =============== ,====== ========= -=-===== ==:========= r-===:==s= ======z====, ========: ==:== %====:=:======= 

:TlUE STW 00:45 Dtnth of f l w  i n  i hann t l  = 1.7 lit.) Q = 76 c f r  

IYFLOU ICFBI 8 ,  . . OUTFLOU ICFBI ! I  OELTA : : PIPE : : Qaut : lor. i t  : H : HNiD : Pout : Pout a t  : 
:__________-._-____ , I  ,, : BIRM. : L I (out le t  :Pond wt.: : ( i n l e t  : tine= t : 

POYO : YEIR I PIPE : MS. I : I  PIPE : kV6. 0 :: YOL : Sun VOL : Uii : HI- Hb : ! i o n t r ~ l l  :or rhan. : : :contro l l  :ilo.w PI: 
N .  1 1 - I  I : 1 t - 1 i  I : I f  : O t -  O l l t l  : ICiSi ::I*.-Ft.:: la<.-Ft.1 : 1Ft.t : 1Ft.l : lid : ltt l  : I k f 4  : l f t :  : l f t l  : : I c f r i  I l < f r i  : ------- 3 ------- I _ _  .------, ------- 9 m - - - - -  1_____.._.1.______.-, .-...---% ,liiiiiiii=?._._____---, ------... < .----.-s=,----.--.. , . . ,  ____-_._,.ii=i_=l_ .-.---,---- - -. -- --, . .-. ... , .-. - --. -. , - .... .. , . .- _ --- , . -. . . .. -, , ----. . . -. , . -- - --- -- , . .. . .-- - , , , .-. .-. -----, . - -- - .. . . , _ -. .. - , --- , . ..-. - - _ , - --- -- -- - , --.. -. ... , . ........, _.-,ii==:iiiiiii_: 

I 0  : 0 : 0 : 0 : 0 : 0.0 :: 0 1 0.00 : 0.0 :: 0.00 : -0.08 : 0.00 : 0 : 18 : 16 : 0.00 : 1415.80 :-L415.80 :-94z.9 :- i l75.1i : -:775.5 : 

: -------: __:__ _.--.--: ------ 
: 8 : 0 :  0 1  0 1 0 :  0.0:: 2 2 . 3 :  9 . 4  15.9 :: -1.31 : 2 1 4 2 . 2 8  0.08: 1 6 :  20;: 9.40: 1110.00: 2.W): 0.8: 22.76: 9 .4:  
: .---- __:__ : --------- ---------: -..-.--.- > -._-: 7 . . ,- 
:~HAS.::  NM : 110 : NIP : NIP~ : nia :: ~ i a  : N ~ R  : ~ i c  :: N i r  : win : 1412.20: M i a  : v a  : n i a  : N ~ R  : 1c10.a: ur : ~ i a  : Ria : Ria : 
: -------: -----.-: --------- _---: , ,_______:___-: _; 



FILE: ROUiii i  Euaz ts t~ t ion  iiee.ar: Pwe; h a d  t~ il;~.or:h Rcdd P r i i ~ n a  O r ~ i r t a e n t  af i r a n s a ~ r t i : l ~ n  Frs lzct  L.: 

ilzo!inc througb Pacdr 3 - IP RBOTIXS I S L E  FJR WE 0il i I : IE 8 x 0 5  
F i l e  4 

:iii~=ii~ii=iiiiiii====~======-==~~===============~%=========:=~======~========~~==~===~==~~=====~=========~=:==============s==~-~====================~=======~====:===~=:==~~~=====~====~== 

:I lnL $13: M:lS Deoth o i  flem i n  chainel = l.b0 1 i t . i  E = 71 c f s  
:iiiiiii=iiii=ii=ii ====:===~~===z========%-======~~=: =~==Z==~=============~==:=======~==== ==== ========= :====*== ======== sz======z< ==== =*%~~.====z=~=====s=s========= =====:= :======: 

ItiFrDi) ICFS: , . DUiRGY ICFjl :: GELia : : PIPE : : b u t  :In". 1: : H : SYiG : Pout : 6aut at  : 
3 .  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ L C  .,- . , : G .  : L : f w t l d  :Pond out.: : l i n l d  : t in-  i : 

: POIID : YEIS : PIPE : 8%. 1 :: PIPE : $3. 0 :: VOL : Sd9 VK : EEL : Ha- Eb : :controll :or rhm. : : :<o"trnil :!lo"eT 91: 
: W : I - :  I t  I t -  t i  : I f  : I t  Go!tl : ICFSI :: ik.-Ft. i :  1bc.-Ft.1: l i t . )  : iFt.1 : l i n i  : l i t 1  !. l c f s l  : : I t1 : i f t i  : : i c i i l  : Ic fs l  : 
:'ii=":"="':";~;;;;:;;==~==:;;;;;;;;;:;=;~;;j :;;:;;;;;;:;;:;;;;;=:;;;;;;;=~:;;;;;.;;;:;;;;;;=;;;:~;;;~~~~:;;~;;;;:~=~~~;;:=;;;;=;:=;~i_';:i;;~=~==:==~=~~~:~~~~~~:~~~~~~~~:s==~~=: 

: I 0  : 0 : 5 : 0 : 0 : 8.0 ::: 0 : 8.00 : 6.0 :: 0.05 : 0 ! D.M : 0.00 : 12 : 7b : 0.04 : 1+15.30 :-1115.00 :-743.9 :-3775.47 : -3775.5 : 
: _ _ _ _ : _ _ I _  _:___:_____:-____I 

: 9 ! 0 : 0 I 0 : 0 : 0.0 :: 0 : 0.00 : 0.0 :: O.M i -0.06 : 0.65 ! 0.00 : Sh L 12 : 0.04 : 1112.70 I-162.l3 :-470.7 :E*t+*t€i*:-L0359.0 : 
:___/_____I ,- ] _ _ _ _ Z t  ,.- _----: 
: 8 I 0 :  0 :  0 :  0 0.0 :: 7 1  2.11: 5.1 :: -0.11 : 0 . 7  1 4 1 2 1  0.03: 3 6 :  203 :  2.33: I4 lO.M: 2.10: 0.7: 20.26 1 2.;: 
:-__:_____I .- ,,__L:________:________II__I;______;________:_._____:______:____:___:___-; . . :______: _: 
:CHP11. 1: RIP ! YiA : Wit) : UiA : RIP :: l i b  : NIL : XiA 1: RIP ! 1111 !141Z.tO: WA I NIP : Nia ! 818 :1410.58i # la : HI& I #la : #/A : 

~ ~ 

====-_-.-.......-. _.___ --------------liiii=====-=======-=======s====%==x===========~==s=======~:=========== 

:TIME SIEP: 02:45 Oelrth n i  f l o r  i n  rhar.ne1 = 1.40 lit.! Q = 70 r f s  
.. . . 1; ;;=;;== ;==;;r;;==z=======s====== ========= :<== =====~======~================,================================ -===-===== =:========s=============s======: 

IWFiOY l F S 1  ,, . , CEFLeY i F i 1  :: BELT: : : : PIPE I : taut :In*. a t  l H : HPiG : Pout : Pout at  : _---- 8 E , a ! A L : l w t l e t  :Pond nut.: : : ( i n l e t  : t in -  t : 
: P O  : YEIR : PIPE ! PV6. 1 :: PIPE : RU6. 0 !: YDL ! EUR VlK : USEL : H r  Hh : ! !LDatl'Ji> :DI Llian. ! : : < ~ n t r b l i  : l l m w  O): 
! 0 l t -  I w i t l  ::*It-11 I ~ i t i  i l c f s i  :: Oplt-I) QltI : I:F51 ::It)<.-Ft.1: !PC.-Ft.1 : IFt.1 : IFt.1 I l i n l  : Ift i  1 I k f r l  : If11 : l f t l  : I l c l l l  1 1~151 : .------- .-------:iiii=j:iii ==-.== :=: ==== :iiiiiiiii:ii_iii::ii:iiiiii:ii==i=ii: ===-==== ::iiiii~ii:~==iiiii:i=~i,:~i~iiii:ii~iiiii:==~i=:iii~=;;: ===== ;===&=:====; <==--===: =====: 

0 0 ! 0 : 0 : 0 : 0.0 :: 6 1 0.00 : 0.0 : i  0.00 : - 0  : 0.00 : 0.00 : IS : 75 I 0.m : 14O.00 i-L115.30 :-913.9 !-3i75.17 : -3775.5 : 
:_____:___:_-.____I c 

! F ! 0 : 0 : 0 : 0 : 0.0 :: 0 : 0.05 : 0.0 :: 0.M : 6 i 0.50 : 6.00 : 35 : 72 : 0.00 1 11I2.70 :-1112.70 :-470.7 :*****ti**:-~OSS1.0 : 
:-_-:_____:__--:______:______:-_____II_--__:_____I , . ,- ,- 
: 8 : 0 :  0 :  0 :  0 :  0.0:: I .  5 3 . 5  1 0 . 1 2 . :  0.W: 36: 1833: 10.52:IIIU.GB: 2.00: 0:J: 18.b7: 19.5: 
: : -____s  ,- 0 -  , - -_._I ,- :--___::___ --.---: :: s 1111111: -.--: ___-: 9 

:cwn. I: sin : v a  : n:a : sir : Xi: I: # i n  : ua : sr :: HI: : N ~ P  : I~I!.w: EIX : H I ~  : nir : RIA : 1a18.50: XI: : ~ i n  : N ~ A  I N ~ P  : 
.-....--: -----.- > --.--... ;: -----.-.-: ...--.--- * ------...it m ....--.--; --------.: --_----- : c ,- ----.--..: 





FILE: R0ti:Ei: Sucerstit icn Frcexar: Powr C9a.4 t o  E l i l l o r t h  R o d  Artioaa Genlrt'mt o i  Traaioort l t ior  Project as.: 

Routln9 throullh Pontr 8 - IS ROUTIN5 TABLE FOG idE  0FLINE FDNOS 
h i e  5 

: T I ~ E  STW. 0 e 4 5  Owth c i  $1- i n  rhunri = I .  ! I  B = 65 CIS _ _ _  , . .... -=- -. -- ....... -- __..*iiiiiii=====s======~====s====~====-==== -- - ====== :== =.---..... -->ii=i_X=_iiiii_ii===:==z=>======~=s= ====! 

: I~FLOY ICFSI CUTFLOU ICFSI :: BELTA : : PIPE : : Qcut :In". at  : H : H~IO :  out : aout at  : 
c ._____._______.________I > ,  . . : 0 : L : i w t i r t  :Pone wt.: : ( i n l e t  : t iw t : 

: PBMG : EEIR : P I E  : AS. 1 :: PIPE : AV6. 0 :: V K  : SUN 5OL : USEL : Ba- Hh : lccntrr r l l  :sr CPLR. : kont rm\ l  :Ilomw PI: 
: 0 : I t  I t  t - I  I n i t 1  : I r f d  :: b i t - 1 1  I t  : I : : - i t . :  I - I  : i t  : I t .  : I : I t  : I f  : I f  : lit) : : I c f s i  : Ic fs l  : 
,__ .__*____?____.._I_________._ ____,___.._,.._._____._ =_--. ---..... i._.___==> _-_ .---- ---- ___, ___ ,,------ .------- ___/._..____ __._______..l___s_..ll______I___ .,... _ .__ .,,.- ..... __=liiin_==; , <======== :_ = $ _ _ _ _ _ _  , --.--- .- -, , ---... ..-, , ..- -, -. ..---, -- --, 
: I 0  : 0 : 0 : 0 : 0 : 0.0 : I  0.1 : 0.05 : 0.1 :: -0.01 : - 0 5  : O.W : 0 0  : I 8  : 76 : 0.0.3 : 1115.80 :,-1415.80 :-i1X.l :-3775.47 :-3775.47 : 
: ----: ----: ;-----:- ' 3 -  , , ---- 3 s -  . . ' -  , - -----: ir---: ----' 3 

: 9 : 0 :  0 :  0.1 \ 0.05: 1 0.1: 0.1: 0.1 :: -0.00: 0 . 3 :  1113.77 t 2.61 / ! 65.11: I .  1.07: C.1: 7.85: 7.7: 
:------:-----:------:---: :: * ,____:_____II____:_____:__-____I______I_ , - ____:-___:_____I_-_I___:-___c-____.____; 

: 8 : 0 :  0 :  0.1: 0.1 : 0.1 I :  0 :  0 0.0 : I  0.01: 0.04: 1411.16: 0.00: 3 6 :  203 :  0.00: 14lO.W: I 0.1 : 8.46: 0.0: 
:-----:---:-----: ----: ' 8  , . ------: 1%. ,, - --_-: ----: :_--: '_-:---:---'---I-_-I 

N .  I A I MA I : I ! h : X i  : I : i : WII  :UIl.S: WIR : YIR : !+I& : RIP ! i l l P . % :  VB : NlR : I i R  1 1IR : 
._---!____~------._~----!IIII~I! ---. 1 _1__-__.___11-_1-__-__1._____1--___1______1_____1_____I__li____lll__---3_I-.I 

: -3~==i===i i=i~i i~======~~====~~=~~=~--======-~~~===~=====~~==&-=~===~===~====~=~=?=======~==~~====~%-=====~=~=~=~z~====-~=======&-==~==~= 

:TmE STEP: 07:15 O ~ t h  of  f l a  i n  d m n e l  = 1.32 1st.) R = 64 c i s  : 
:3-===ii=iiiii;=s===========L~=~======2===========~= =====- -= ======= %====== ===- -==== =:== *%- >==--== ==?= --== == ===== % ==== - 

IliLOY lCiS1 ,, DUiFLJ' lCFS1 :: MLiA : : : PIPE : : Pout :In% at  : H : HYIO : Q w t  : h u t  at : . , , . : DIGII. : L : 1m;tlet :Pond out.: : l i l l e t  : t ie@= t : 
: PIIN0 : YEIR : Pi iE  I W6. I :: PIPE : Nf6. 0 :: V K  : N B  Y(IL : Y5R : Ha- Hb : :centroll Iw rbm. : :control1 : : 1 0 w  PI: 
: 0 .  t - 1  I x i t l  : lolt-11 la! t i  : !cfr! :: 0 ~ l t - 1 1  hiti : IES: ::I*.-it.1: tk.-Ft.1 : lFt.1 : lit., : t in1  ! ($0 : !cis1 : l f t l  : lft l  : I I c f ~ i  : lihl : 
,-------, ._______._ > -------.-, ___,_._ -.... 8 .,.... 8 ____: :==/=iiii:ii:iiiiii:==~~~::ii~=si:i=i==ii5:~===~==~,=~===:ii=~i==:=i=iii:iiiiiiiii:s:-==:-~:=7.~=:====~=:==~~===:===~: 

: 10 : 0 I 0 : 0 : 0 : 0.0 :: 0.05 1 0 : 0.0 :: -0.60 1 -0.57 : 0.W : 0.60 I l a  : 76 : 0.00 1 1415.80 :-1415.88 :-?4:.? :-3775.17 1 -3775.5 : 
#---!--' .- ---- :-----: :: :: ----: ---_-: -_---: x ------- ----; 8 3 ,- 
: 9 : 0 :  0 : 0.05 : 0 : 0.0 :! 0.1 1 0 1 0.1 !I -0.01 I 0.57: 1113.7) : 2.58 : % PI! 61.67: Il12.7C : 1.06: G.4 : 7.77: 7.8: 
._____:-_:---__I >,  , - 
: a : 0 : 0 :  0 . 1  0 :  0.1:: 0 :  0 :  0.0 :: 0.00: 0.05: 11:1.:3 : 0.09: : 203 :  0.60: l 0 :  1 1 :  0 . :  8 .  0.0: 

:__: :_ _---: 8 , . . , _ _ _ _ _ I  ,- .- . 1 A A : A A I :: X i  : I : A : I : N i t  : l l l l.k,: JiR : RIA : RIA I KIA : l l l C . S 0 :  NIA : RIA : NiG I Hi$ : 
._______:I._._:_.___-__:_______I_______I_-~_~~____..___~________~___..____II__-____~ . . ,__ .... .------: ...------ > ,- 

:~iiiii=i:x;;~;;=;===~~===========~=====%-~=====~==~~~=======~:==================:======================~==~==~=====~~~======~==~-=~=~===~===~=~=========~~~====z= 
::In€ STD: t k 1 5  Omth 0; ( lox  i n  chmnr l  = 1.3 I;?.) Q = M c i s  I 
;;-====== ===. ===== =======:==========s============ s= =========s=xz===== ==============: =========== =====< ===== ===== ======== == =====*=%=c== - ===== - .=========z============F->=3====s=======: 

IHiLOY IWSi , ,  ,, OUTiLOd ICFSI :: DELTA : : PIPE : : Pout :In*. at  : H : HY:O : Qovt : fmrt at : 
, , : 0 1 .  : L : lout let  :Pond out.: : ( i n l e t  : t i l e =  t : 

: PSRJ : S I R  : PIPE : RV6. I :: PIPE I GVB. 0 :: VOL : Sun VOL : YSEL : Ha- Hb : :c~ntro:i :a chan. : : : c m t r o I l  :llewer 81: 
: RO. :bit-11 I x l t l  : loit-11 I p l t l  : l r f s l  : :%It -11 Ool t l  : ICFSl ::lRc.-Ft.1: lk,-Ft.1: IFt.1 : IFt.1 : lid : 1;tI : l c f s l  : l f t l  : l f t l  ! I i i f r l  : lrirl : 

====; ======: ==.=:====. ._._ .....--< ...., ____..__,________),_._____..:ii$iiiii=;=:=:: ,-------.. % s=== ::ii==i:iii:iiiiiiiii_::=iiiiii=:iiiiiiii::iiii:==ii:=zii~==:iiiiiiiii:i~~l-------~-----s~-------8 ---- ----t , -- ------ - , - - . --- , -- -- ----, .-------. , 
: 10 : 0 :  0 :  0 :  0 :  0.0 :: 0 :  0 :  0 1: 0.60: -0.59 I 0.60:  0.00: 18 I 7 6 :  0 .W:  1415.W1 :-1415.80 :-943.9 :-5775.17 I -3775.5: 
: -_--: ,.._ ---- , , , - 
: 9 : 0 1  0 :  0 :  8 1  0.0:: 0 :  0 :  0 - 0 . 0  0.56: 1113.7l: 2.56: 3 6 :  7 2 :  h4.47: I112.70: 1.01: 0.3: 7 7.7:  
: ----: ----: .-----.: -.....-- 3 --_-I ,, ,- ,- ,- 
: 8 : 1 :  0 :  0 :  0 :  0.0:: 0 1  0 :  0.0:: 0.00: 0 . 0 5  1 4 l l . l ~  0 . W :  % :  203 :  0 . 0 0 : I l i b Q O 1  i t  0 . 1  8.b6: 0.0: 
: ----..- 4 --------. ' ,- ,- ,- 
:~PAR. I: NIA : WIG : WIR : H I ~  : WIG :: nlA : Nia : n in  :: # la  : n i a  : I+II.~:: MIA : NIF : RIG : nia : ~ + l o . % :  RIG : mi& : NIA : NIA : 

:: ---------' ,_________::__.__-_; ..-------! --.---.--. ---------; 4 8 ,- 



FILL: ROUTB: Sueerstl i iex Free.3~: ?u*rr b a d  t o  E i l i r o r t h  Road i r u o n a  Besarimmt of Transoortatlon k o l n c t  No.: 

R ~ s t i a o  through Ponds 5 - :D PCUTiUS TLBLE FW WE GFiLiH: PWDj 
F i l e  5 

:ii=ii~=iiiiiiiiiii ====== *===== ======: =======zz==e==s==: ========================== s==F-=:=============L--========s===============%-===:====---======s========= 
: i iSE jiE?: 01:45 Oeoth o i  f1om i n  channel = 1.3: l i t . 1  2 = 63 c fs  
:=i=iiiiii=iiiiil========= ======== =========== =====:=== %= =====:=======: ......................... ~ = z = = = = = = = = = = = = ~ = = = = = - ~ = = = ~ = = = = = = = ~ = = ~ = = = = = = = = = = = = = = = s = = ~ = ~ = = = = :  

I H R K  (LSSI ,, ,, Ud3FLDU ICFSI :: D i m  : : P I E  : : b u t  :In%. at : H I WIO : Pont : Q m t  at  : 
I : OikII. : L : i w t i e t  :Pmd wt.: : : l i n i d  1 tit- t : 

: PONE I 3ElR ! PIPE : AVS. 1 :: PIPE : AVB. 0 I: VUL : SUII VOL ! &EL : 3a- Hb : :cmt ro l I  1 w  cham. : : :controll : l lww 01: 
: NO. I t -  1 i t l i  I t  : i s ;  1: t -  0 : $ 1  : I - I  - F t  : 1 . 1  : I F t  : I : I f  : i f  : I f  I l i t 1  : 1 I c f l i  : l r f ~ l  : 

I 
l__-___lii_====: =a====; =-z===: =====: ========; =======: :iiii=:i:iiiii:iiii=~==::====:::=====~=:: :iii_ii~:i=iiiiii:i=ii=j=::==c=iii:i_i=iif=:ii_i_i:iiii=iii, 

: 10 : 0 :  0 :  0 :  0 : 0.0 ::': 0 : 0 0.0 :: 0.00 : -0.57 : 0.00 : 0 .  : I 0  : i 6  : 0.00 : 1115.80 :-i115.00 :-113.9 :-3775.11 : -3775.5 1 

. . 
:ViWN. I: HiA : l i R  : RIA : HIR : NIR : I  Nik : Hid : HIR I :  #!A : NiR 111!1.01: Nia Nib : 818 1 NlR ! 141U.SQ: RIA 1 MI0 1 Mlh t Nlk : 
:_____:_____:.-.___:____-_:__.--__:_______'1_:_)____.-1 . . ,____-__::__-___~_____-:_____:____:_--:__~ :_ :____:___-:-_I___: 

:~ii===iiiiiiii=i~i=======~==~~====~~======~~=~====~-==~==~>====~~x============s=~===~=====~==~~~===~~~-~=======~~==~====~~=====~_=====~~= 

:11IIE SIP. 11:G Upnth of i i o r  i o  channel = 1.29 l f t . )  P = h2 c i s  
. . : = ~ - n ; ; ~ = = = = a ~ = = = = = = ~ = = = = = = ~ = = = = ~ ~ = = = = = = = = = = = = ~ = = = = = = = = = = = = = = = s = = = ~ = = = = = ~ = = = = = = = = ~ = ~ = = = = L - = ~ ~ = = ~ s = = = L ~ = = ~ = = ~ - = = = = = ~ = ~ = ~ = = ~ = = = = = = = ~ = = = = = = = = = - ~ = :  

16FLIIY iCFS1 8 ,  ,, OUiFLGY ICFZi :: OELR : I PIPE : : Part :Inu. at : H : HYiD : h u t  : h u t  at  : 
:_--___ ___ ;: - 9  , . : : I .  : L : ( n u t l e t  lP~ndcut . :  : : ( in le t  1 tit- t : 

: POND I MIR i PIPE W6. I :: PIPE : RVB. 0 I :  VOL : SUM VOL : Y5€L : Ha- P : Icontro l l  Iw rhan. : I :cmt ro I i  I lloxer PI: 
: NO. I I * i t -11 Iritl : I o l t - l i  l o i t 1  : l r f s l  :I b i t - 1 ; '  Oai t l  : ( E j i  ::[kc.-St,;: lRc.-Ft.l 1 IFt.1 : 1Ft.l : l i n l  1 l i t 1  i Ids;  : l f t l  : l f t l  : : lrfrl : i c i r i  1 
:iii-=e:......;:;;==iiii:.= =.=..: ===== s=:IIIIIII::;;;;;;;;.:...;.;.==:;;;;;;;;;: : =;== i==(=;=;;;;;;~; =======: =<==- : ===== :==:* ?===: ====>=: =*=====: ======: ==?=: ====; 
: 10 : 0 : 0 : 0 : 0 : 0.0 :: 0 1 0 : 0.0 :: 0.00 1 -0.59 : 0.00 : 0.W : 18 1 76 : 6.10 : 1115.50 :-1415.80 :-943.9 1-3715.47 : -37lS.5 1 

:ElilN. 1: RIA : NiR : HiA : Hik : NiR :I NIA : Ni0 : Hi# I :  TIA I W i i  : 1 4 l l . i ? :  NIA : NiA 1 K i t  : NiA : l410 ,50 :  Nik : Nib : ni4 : HiR : 
------- -: -------- :: ----- ___-: -------- ..... ,.--__-:---_:I I 1 



Unable to  scan originals 

Please request t o  view originals f rom 
archives. 

This file call number: A440.305 
Name: Final Drainage Report for Superstition Freeway - 
State Route 360, Power Road to  Ellsworth Road 
Date: (1988) 


