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A. Introduction 

The McDowell Road Basin and Storm Drain design project is part of the recommended 
plan of the Spook Hill Area Drainage Master Plan Update (ADMPU). The project is 
being developed to reduce flooding potential south of McDowell Road between Hawes 
and Sossaman Roads. The ADMI?U sized the storm drain for the 100-year return 
frequency storm event. Storm drain pipe sizes will range from 54-inches (two barrels) to 
90-inches. The main inlet for the storm drain will be within the detention basin of the 
Thunder Mountain Estates subdivision. The majority of the flow conveyed by the storm 
drain will enter the system at this location. Additional storm drain inlets will be placed 
along the north side of McDowell Road. Inlets will also be constructed in sections on the 
north side of the right-of-way to direct flow to the stom drain. The outfall of the storm 
drain will be in the Las Sendas drainage channel that is parallel to McDowell Road west 
of Sossaman. The drainage channel is a regional drainage channel for the Las Sendas 
subdivision that is within a Public Facilities Utility Easement. The Las Sendas channel 
outfalls into the Spook Hill Flood Retarding Structure Reservoir. a This technical memorandum details the hydrologic and hydraulic analysis completed for 
the design project. The ADMPU, completed in 2002, indicated that 1,540 cfs was the 
maximum existing discharge the Las Sendas channel. To ensure the flow would not 
exceed the existing maximum discharge of 1,540 cfs, a detention basin on the northwest 
comer of McDowell and Sossaman was identified in the ADMPU to attenuate peak 
discharges that will be entering the storm drain from the contributing watershed. This 
site was not available for purchase by the District or the City of Mesa. Consequently, the 
detention basin site was moved to a five acre site on the southwest corner of McDowell 
and Sossaman Roads, which was purchased by the City of Mesa. . . 

The ADMPU concept for the McDowell Road storm drain included a hydraulic splitter 
structure. The structure will convey the majority of the discharge to the Las Sendas 
Channel, but higher discharges will flow through a three 42-inch diameter reinforced 
concrete pipes to the McDowell Road Detention Basin. The design of the hydraulic 
splitter structure ensures that the maximum flow in the Las Sendas channel will not 
exceed 1,540 cfs. 

A secondary purpose of the hydraulic splitter structure is to transition the storm drain size 
from a 90-inch diameter reinforced concrete pipe (RCP) to a reinforced concrete box 
culvert, which is the "by-pass culvert." The by-pass culvert is required so the storm drain 
can be placed beneath an existing City of Mesa 18-inch diameter sanitary sewer line a located in Sossaman Road and a 12-inch diameter sanitary sewer located in McDowell 
Road. The by-pass culvert is a 7-foot span by 4-foot rise concrete box culvert. 
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On the north half of McDowelI Road and west of Sossarnan Road in the westbound lane, 
the by-pass culvert will ha.nsitiow, to two 54-inch diameter RCP9s that arc 670 feet long 
and discharge into the Las Sendas charnel. The s tom drain will be placed under the 
west bound lanes of MeDowelll Road for approximately 405 feet. #HA determined that 
two 54-inch dla~neter pipes are a less expensive option over continuing the '7-foot span by 
4.-foot rise concrete box section for $70 fe'eet. At the s tom drain outfall into the Las 
Seaidas charmel, energy dissipation will be accomplished using a impact-type 'same wall 
energy dissipater. 

The t hee  42-inch diameter reinforced concrete pipe culverts are h o w  as the "detention 
basin culverts." The detention basin culverts will be placed below the Sossaman Road 
1 $-inch diameter sanitary sewer. Upstream of the splitter st-mcture, the storm drain 
consists of reinforsed concrete pipe that has a diameter ranging fi-om 5%-inches to 90- 
inches. Table B shows the size and location of the different s t om drain elements. Note 
thc station numbers are offset from She McDowell Road monument line and do not 
always identify the true pipe lengths. Figere I shows the general horizontal layout of the 
s tom drain. 

L - - 
s  Channel 
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- 

anel RCBC i 

The Spook Hill ADMPU was used as a base model for the McDowell Road Basin a11d 
S tom Drain Design hydrologic analysis. Four options were investigated for the study: 
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1. Option 1 - Assumes the Oak Street Detention Basin from the Spook Hill ADMPU 
is not installed, flows are not routed through existing Thunder Mountain 
subdivision detention basin, but are collected before they enter the subdivision. 

2. Option 2 - Assumes the Oak Street Detention Basin from the ADMPU is not 
installed, flows are routed through existing Thunder Mountain subdivision 
detention basin. 

3. Option 3 - Assumes the Oak Street Detention Basin is installed, flows are not 
routed through existing Thunder Mountain subdivision detention basin, but are 
collected before they enter the subdivision. 

4. Option 4 - Assumes the Oak Street Detention Basin is installed, flows are routed 
through existing Thunder Mountain subdivision detention basin. 

Option 4 was used for the design of the McDowell Road Basin and Storm Drain. 

The information and data included in this section was developed in conducting the tasks 
for hydrology. Data and information was collected and developed fkom following 
sources. 

1. KHA developed existing structure data inventory from field notes and 
photographs collected during three separate site visits. The field notes included 
measurements and photographs for each structure along McDowell Road. The 
three site investigations were conducted on July 6,2005, August 3,2005, and 
August 18,2005. 

2. Subbasin data for DDMSW input was gathered from several sources. The sources 
included: 

o DDMSW input data from the ADMPU; 
o Soils table by area; 

, - 
o Soil descriptions; 
o Land use - existing conditions; 
o Rating curve for diversion to Culver-Hawes storm drain. 

3. Stage-Storage-Discharge tables for detention basins were developed for several 
sites and options including: 

Thunder Mountain Basin - Options 1 and 3; 
Thunder Mountain Basin - Options 2 and 4; 
McDowell Road Basin - Options 1 and 2 -No Oak Street Basin; 
McDowell Road Basin - Options 3 and 4 - With Oak Street Basin; 
Falcon Hill Ward, LDS Church Basin A (from As-Built Plans); 
Falcon Hill Ward, LDS Church Basin B (from As-Built Plans); 
Falcon Hill Ward, LDS Church both basins combined (from As-Built 
Plans); 
Fire Station #16 - Basin A (SE comer); 
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o Fire Station #16 - Basin B (West side); 
o Fire Station #16 - Both Basins Combined; 

The Culver Hawes storm drain is a 54-inch diameter CMP that diverts flow under 
McDowell Road. There is a weir that is 2.5 feet tall that directs low flows to the culvert. 
When flow exceeds the height of the weir, flow enters the Thunder Mountain Channel 
and will ultimately flow to the McDowell Road Basin and Storm Drain system. The 
hydraulics for the culvert were developed using a nomograph. The total flow going over 
the weir was estimated using the weir equation. The rating curve developed for the 
culvert and weir along with photographs are in Appendix A. 

The stage-area information for the McDowell Road Detention Basin was developed in 
i4utoCAD based upon the preliminary grading design of the basin. A spreadsheet with 
the surface area and elevation data is in Appendix A. The storage requirements of the 
basin are also based upon the hydraulics of the splitter structure that diverts peak flows to 
the basin. Design changes to the basin may require refinement of the stage-area 
relationship of the basin and will alter the results. 

Figure 2 is the Hydrology Watershed Map that was developed for this project. Table 2 
shows the peak discharge rates for the watershed. Concentration points are identified in 
Figure 2. The peak discharge rates are also identified in Figure 2. Along McDowell 
Road, hydrologic routing was accomplished the nonnal depth method for a channel. 
Table 2 discharges were used to size the main line of the storm drain. The peak 
discharge for Option 4 at the Thunder Mountain Detention Basin is 5 19 cfs. The 
discharge increases at each downstream concentration point to a maximum of 704 cfs at 
the splitter structure. The HEC-1 Output is in the Hydrology Appendix of this report. 

Table 3 shows the peak discharges in each individual subbasin. Table 3 discharges were 
used to size the storm drain inlets and connector pipes. Storm drain inlets were placed at 
locations identified as concentration points identified in the hydrologic analysis. 
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T ~ b l e  3. Peak Discharge Rates Irra the Scb-basins for All Qpii~rns, 

In HEC-4, a diversion record was placed at the location of the splitter structure, so the 
split between discharge going through the by-pass culvert to the %as Sendas channel znd 
detention basin culvert to the McDowell Road Detention Basin would reflect the rating 
curve in the hydraulic splitter st-mchre. After the peak flow going throlagh the by-pass 
and detention basin culverts basin were identified, those peaks were used to analyze the 
splitter structure. The development sf the hydraulics ofthe splitter sti-ctmre is in Section 
C of this report. 

A rating cuwe for the by-pass culvert was developed using the orifice equation for a 
single barrel 7-hot span by 4-foot rise RCBC based upon the total estimated head in the 
splitter structurc. A rating cuwe for the detention basin culvert was developed using the 
weir equation based upon the same total head in the splitter stmcture. This uras 
confirmed with a E-IY-8 analysis. The design criteria was to convey as much flow as 
possible to the Las Sendas Cham~el without the total flow in the Las Sendas channel 
exceeding 11,540 cfs (TBLSCH). Then excess flows u~ould flow though the detention 
bauin culvert into the McBowell Road Detention Basin (MGDB). 
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The diversion lclov is the flow going into the hacBoweB1 Road Detention Basin (DQ) 
compared to the total discharge coming into the splitter sfn~cture (DI). The rating curves 
were input info HEC-1 to deternine the peak dischages in the splitter structure. The 
rating curves for both culverts me in the Hydraulics Appendix, 

Tzble 4 shows the peak discharge rates at the splitter structure for Option 4. The flows 
detailcd in Table 4 result ill a required 62 asre-feet volume of stomwater that must be 
deiaincd by the 'basin. Detailed hydraulics were then comp%eied for the splitter structure 
to confirm the accuracy oftbe rating cuwes, whish will be described in the next section. 

Table 4. Optlo3 4 PezB Discharge Rakes ab tke  Sp%%ter S2rna,~uree 

--7- 

Into By-pass 4 02 

- 

Detention Basin Culvert J - . --- -A- -- -- 
Flow in La.s Sendas - 1 -- - 1,538 

Table 5 shows the basin outlet analysis completed for the project. For the selected 
alternative, with the Oak Street Bash in-glace and Thunder Mountain flows being routed 
t'moug'n the reservois, a single 48-inch diameter RCP is required to drain the detention 
basin. A restrictor plate over the entrance to the 48-inch diameter RCP was used to keep 
the peak discharge in the Las Sendas Chamel below 1538 cfs. The summary o ~ t p u t  for 
the Basin Outlet Cu1vex-I is in %he 13ydraulics Appendix to this report. 

Tzbk s5. Basin Onelet ABternaBivea, 

[:asin Depth Varies ______I I 
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C. Hydraulics 

StormCAD by Haested Methods was used to determine the required storm drain pipe 
diameter and the hydraulic grade line for the design discharges for the main line 
including the by-pass to Las Sendas Channel and the connector pipes. As shown in 
Table 2, the design discharges in the storm drain main line range from 5 19 cfs at 
Concentration Point S390B at the Thunder Mountain Subdivision detention basin to 704 
cfs at CPSD45 near the proposed McDowell Road Detention Basin. 

The outfall of the storm drain and the detention basin is the Las Sendas Channel. A 
hydraulic splitter structure is designed to pass lower flows directly through the by-pass 
culvert directly to the Las Sendas Channel. The majority of the runoff volume will go 
directly to the Las Sendas Channel and will not enter the basin. Higher discharges rates 
in the McDowell Road Storm Drain that would exceed the 1,538 cfs that is allowed in the 
Las Sendas Channel will flow into the proposed detention basin and be slowly metered 
out to the Las Sendas Channel through a detention basin outlet pipe that is a 48-inch 
diameter RCP with a 41-inch diameter orifice restrictor plate. As shown in Table 4, the 
total discharge in the Las Sendas channel under the proposed plan is 1,538 cfs including 
flow through the 48-inch diameter detention basin outlet pipe. 

The starting condition at the downstream end of the McDowell Road Storm Drain at the 
outfall of the by-pass into the Las Sendas Channel was set at the crown of the two barrel 
54-inch diameter RCP storm drain outlet pipes. A peak discharge of 1,538 cfs in the Las 
Sendas channel results in a hydraulic depth of 3.8 feet in the channel. This was estimated 
using a normal Manning's calculation based on the existing conditions in the Las Sendas 
Channel. This would not cause backwater in the storm drain, but the energy dissipation . 
structure at the outlet into the Las Sendas channel will be an impact-type baffle wall, so 
the starting condition of the HGL for the 100-year storm event for the storm drain was 
placed at the crown. 

The starting tailwater condition in the storm drain was also set to a free flowing condition 
to see if there would be any difference in the Hydraulic Grade Line. Under this 
condition, the pipe is not flowing completely full, 

Junction Structure No. 2lSplitter Structure 

Junction Structure No. 2 (Splitter Structure) limits the flow that goes into the by-pass 
culvert so the peak discharge rate in the Las Sendas channel will not exceed 1,538 cfs. 
The initial estimate of the peak discharges flowing through the splitter structure into the 
by-pass and detention basin culverts were developed in HEC-1 and are shown in Table 4. 
These flows were used to size the by-pass culvert going directly to Las Sendas Channel 
and the detention basin culvert as a part of the storm drain system. The rating curve for 
the by-pass culvert was developed using the orifice equation. The rating curve for the 
basin culvert was developed using the weir equation and was confirmed with HY-8. 
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e 
StormCAD was then used to calculate the hydraulic grade line in the storm drain to - 

confirm the accuracy of the rating curves. 

The general layout of the splitter structure is Sheet 35 of 55 in the plan set. The overall 
approach sizing the basin and storm drain was iterative starting with estimating the sizes 
of the by-pass and basin culverts and developing the rating curves that were input into 
HEC- 1. The HEC- 1 rainfall-runoff model calculated the peak discharge at the splitter 
structure and the peak discharges in the by-pass and basin culverts and the required basin 
volume. The peak discharges were input into a StormCAD model to determine the 
hydraulic grade line for the storm drain. This HGL confirmed the validity of the depth of 
discharge in the splitter structure and the rating curves. If the results varied, new culvert 
sizes and rating curves were developed and the process was iterated. 

Some of the steps have been described, but in summary, the iteration process included: 

1. Estimating by-pass and basin culvert sizes; 

2. Developing rating curves for the by-pass and basin culverts; 

3. Input rating curves into HEC- l diversion routine; 

4. Determining peak discharges and flow split in hydraulic splitter structure 
using HEC-1 based on 1,538 maximum flow in Las Sendas; 

5. Developing a StormCAD model to calculate the HGL and using the internal 
StormCAD diversion routine at the splitter structure; 

6. Confirming rating curves based on the HGL across the splitter structure. 

7. Revising by-pass and weir culvert sizes and rating curves and iterating. 
. - 

The by-pass rating curve is in Hydraulics Appendix. StonnCAD results including the 
hydraulic grade line are also in the Hydraulics Appendix with the detailed splitter 
hydraulics and the basin culvert rating curve. 

The storm drain was designed to operate under pressure flow from the outlet at the Las 
Sendas Channel to the splitter structure and from the splitter structure upstream for 
several hundred feet. This was done to control the HGL in the splitter structure. A 
controlled HGL in the splitter structure will regulate the flow to the by-pass and the basin 
to ensure that the maximum flow in the Las Sendas channel is 1538 cfs. In StomCAD, 
the splitter structure was treated as a complex manhole with a bend. The head loss 
through a manhole with a bend is a hnction of the velocity head. A loss coefficient of 
0.35 was used to calculate the losses across the structure. Based on the loss through the 
splitter structure the HGL across the splitter structure was averaged and that HGL was 
used to confirm the rating curves developed for the HEC- 1 analysis. Table 7 shows the 
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final elevations of the splitter components. Note that a, discharge of 33 1 cfs wll! be 
flowing in the by-pass s;uPve~-t before any discharge Rows over the weir and into the 
basin. 

!I NGL at Exit to '1x4 RCBC 1 1646.0 11 
/I-- - -- 

Average H G L ~  1 646.6 11 
It - -. - -- - 

Splitter F'loo 
--- -- -- 

Total Depth in Splitter and Head on 7-F I- Span by 4 -Foot Rise RCBC ---- 

Total Mead on Basin Culvert 
-- -- 

Junction Structure No. R will be the tfansition between the 7-foot span by .%-foot rise 
RCBC and the twin 54-inch dixmekr reinforced concrete pipes. The WGBG will convey 
the s lom runoff under the existing Sossaman Road saaita-ry sewer. 

Junction Stmctures No. 3 and No. 4 are both stmctures that angle the s t om drain by 
ncarly 90 degrees. Junction stmcture No. 3 turns the flow south along Ha-wes Road. 
Junction Structuce No. 4 t m s  the flow west along XiicDowell Roa-d. 

The bypass culvert is a single banel 'I-foot span by 4-fiat rise reinforced concsete box 
culvert that will opera-te with a total head of 1% "2 feet, which is the depth of wzter in the 
splitter stluctme. The by--pass culvert transitions from a box section to a do~b l e  54-inch 
diameter RCP on the north side of McDowell Road in the west bound traffic lames of 
McDowell Road. The rating curare for the by-pass cu1veu"las developed using the 
orifice equation. 

The By-pass culvert o~rtlet will be an impa,ct wall type energy dissipater. This structure is 
being placed at the outfall orbhe s"cm &;sin to dissipate energy to prevent damage to ehe 
Las Sendas channel. This slmcture will ensure the non-scouring velocities at the outlet. 
The structure was sized according to standards developed by the US Bureau of 
Reclamation. 
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@) 
F. Detention Basin Culvert 

The detention basin culvert consists of three 42-inch diameter RCP's designed to go 
under the 18-inch diameter sewer line that runs north and south along McDowell Road. 
To ensure clearance over the sewer line, the invert of the basin culvert is 1643.5 and 
depth of flow in the culvert of 3.2 feet that is based on the HGL in the splitter structure. 
The culvert is 185 feet long (three barrels = 555 feet). The slope of the culvert is 2.65 %. 
The rating curve for the basin culvert was developed using the weir equation and was 
confirmed with HY-8 and StonnCAD. 

The basin outlet culvert is a 48-inch diameter RCP with a 41-inch diameter restrictor 
plate. The restrictor plate is necessary to limit the flow in the Las Sendas to below 1540 
cfs. This culvert will meter out flow in the basin to the Las Sendas Channel. The culvert 
will have typical headwalls with a riprap apron on the downstream end to prevent 
erosion. The culvert was designed using HY-8 and the details can be found in the 
Hydraulics Appendix. 

G. Inlets 

Thunder Mountain Inlet 

The peak discharge rate at the Thunder Mountain detention basin is 5 19 cfs. The inlet 
was size to accept this peak inflow rate. The inlet is design to flow under a weir flow 
condition with a maximum head of two feet on the sides of the structure, which act as the 
weir. The invert elevation of the inlet will be set 6-inches above the existing ground in 
the basin. This will prevent sediment in the basin from being transported into the stom 
drain system. The maximum depth of flow (two feet) over the sides of the inlet is 6- 
inches below the invert of the wall openings that are in the wall around the basin site, 
essentially giving the basin 6-inches of freeboard depth before any flow would exit the 
wall openings. 

Storm Drain Inlets and Cross Culverts 

There are 1 1 storm drain inlets excluding the Thunder Mountain Inlet. The general 
layout of the storm drain inlet and cross culvert configuration is on Plan Sheet 40 of 55. 
The concept is that the initial low flows fiom the upstream watershed will flow through 
the 18-inch diameter cross culverts to maintain the vegetation in the small finger washes 
south of McDowell Road. The invert of the inlets is designed to be set 6-inches above 
the invert of the cross culverts. Larger flows will flow up into the inlets and into the 
storm drain system. The inlets were sized assuming full head on the grate and will be 
under orifice flow. The grates were designed with a 50% clogging factor. The 18-inch 
diameter cross culverts were set a minimum slope to cross the road with at least two feet 
of cover. 
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Stage Storage Data for McDowell Road Detention Basin 
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This  rating curve was developed using the MY-8 file named rncdout. 
The structure 'as ;a 48'WRGP !with a 41'' oriface plate a& the inlet. 
This spreadsheet reflects ~ o n d i t i ~ n s  from the 90% submittal. 
The Pips Bevugtk~ has increased to 792 feet. 

d, *Values for the rating curve were developed from a fourth order polynomial best-fit curve. 
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Option 4 HEC-7 Summary Output 



November 30,2006 

Mr. Scott Vogel, P.E. 
Senior Project Manager 
Flood Control District of Maricopa County 
2801 W. Durango Street 
Phoenix, Arizona 85009 

RE: McDowell Road Basin and Storm Drain Design 
FCD 2004C052 
Change Order No. 2 

Dear Scott: 

We are submitting for your approval the tasks outlined in Change Order No. 2 
for the McDowell Road Basin and Storm Drain Project. The assignment for 
the change order was to convert the Spook Hill ADMP DDMS files prepared 
by WoodPatel to DDMSW format. The conversion was conducted on the 
entire watershed as defined in the Spook Hill ADMP Update, using the 
DDMS files provided to Kimley-Horn (KHA) by WoodPatel on July 27, 
2005. 

The completion of the tasks for Change Order No. 2 is discussed below: 

Task 1 : Import DDMS files to DDMS W version 3.2.9 (this version was 
provided to Kimley-Horn by the District in a meeting on September 
15,2005). 

This task was completed, the HEC-1 outputfile is attached. All 
DDMSWfiles are provided on the enclosed CD. 

Task 2: Delete the JD records in the ADMPU and let DDMSW populate the 
fields according to the new version's algorithm. 

This task was unnecessary because DDMSW imported all of the files 
correctly. 

Suite 300 
7878 N. 16th Street 
Phoenix, Arizona 
85020 

m 
TEL 602 944 5500 
FAX 602 944 7423 
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Task 3: Revise stage-storage records at Signal Butte FRS and Apache 
Junction FRS to match the latest provided to Kimley-Horn by Joe 
Rumann. 

Stage-storage records at Signal Butte FRS and Apache Junction FRS 
were changed to reflect current stage-storage records. See attached 
HEC-1 outputfile. 

Task 4: Review times of concentration, Joe Rumann requested this step in a 
phone conversation 9/27/05. He said that the DDMSW version 3.2.9 
may have a bug in it. He requested that KHA check the m and b 
values used to determine Kb in the time of concentration equation. 

As shown in Table I ,  the m and b values from the Spook Hill ADMP 
were used to calculate their corresponding Kb values. These values 
were then compared to those generated in DDMSW. The Kb values 
generated with DDMSW are consistent with those in the ADMP. 

Task 5: Prepare a table of flow comparisons for representative areas of the 
model. 

Flow comparisons were completed for ten representative areas. 
Table 2provides the results of this comparison. All areas match. 

Submitted: 

Table 1. Comparison of Kb Values. 
Table 2. Comparison of Flows Between DDMS and DDMSW. 
Edited subbasin map (1 1 inch x17 inch) 
Hard copy of HEC-1 output file 
Edited subbasin map (24 inch x 36 inch) 
Electronic copy of HEC-1 input and output files (on CD) 
Electronic copy of DDMSW files (on CD) 

Sincerely, 

Kimley-Horn and Associates, Inc. 

David Jensen, P.E., CFM 
Project Engineer 



Notes: (I) K, was calculated using the equation provided in Table 3.1 off the Dajnage Design Manual for Maricopa Coulty, Kb = rniogA c b. 
(2) Sub area altered for the McDowell Road Bash and Storm Dram moael. 

Kirnley-Horn and Associates, Bnc. 
1 1 /29/2006 



Table 1 .@mpariscm d Kb value. 

No'res: (1 ) K, was calculated casing the equation provided in Table 3.1 of the Drainage Design Manual for Maricopa County, K, = n?logA +- Is. 
(2) Sub area altered for the McDoweIl Road Basin and Storm Drain model. 

Kirnley-Horn and Associates, inc. 
1 1/29/2006 



Notes: (1) K(, was calculated using t he  equation provided in Table 3 1  of the Drainage Design Manual for Mancopa  County. X, = rniogA + b~ 
(2) Scb area ehered lor the McDswsll Road Basin and Storm Drain modal. 

Kirnley-Horn and Associates, inc. 
1 4/29/2006 



Table 2. Coinperison of Flows Bet~~eeea DDMS and DDkdiSW. 

DDMSW 
! 

Difference --- 
Runoff Q AREA Runoff Q 

Kirnley-Horn and Associates, Inc 
1 1130/2006 



GRAPHIC SCALE 

(IN FEET) 

; ' ' ' 2.. 

. , 

CP39OC 379 Discharge at CP east of TM driveway on McDowell Rd 
TOC-H 104 Diversion to Culver-Hawes system 

TO3908 275 Discharge west from diversion 

39OSD1 N/A Discharge to Storm Drain oollector on McDowell 
CP39OA 210 

Discharge from McDowell Rd Basln 

CPLSCH 

LEGEND 

DRAINAGE FLOWPATH 

WATERSHED BOUNDARY 

SUBBASIN ID NUMBER 

CONCENTRATION POINT 

CONCENTRATION 
POINT NUMBER 





FLOOD HYDROGRAPH PACKAGE (HEC-1) 2 
JUN 1998 

VERSION 4.1 * 
* * 
* RUN DATE 10APR06 TIME 14:28:38 * 
* * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
* 
* U.S. ARMY CORPS OF ENG 
* HYDROLOGIC ENGINEERING 
+ 609 SECOND STREE 
* DAVIS, CALIFORNIA 9 
* (916) 756-1104 
* 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  

X X XXXXXXX XXXXX X 
X X X X X XX 
X X X X X 
XXXXXXX XXXX X XXXXX X 
X X X X X 
X X X X X X 
X X XXXXXXX XXXXX XXX 

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HECl (JAN 73), HEClGS, HEClDB, AND HEClKW. 

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRU 
THE'DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSI 
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY, 
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION 
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM 

HEC-1 INPUT PAGE 1 

LINE 

ID McDowell Road Basin and storm Drain Design 
ID This model assumes that the Oak Street detention basin is installed, 
ID and all flows pass through the Thunder Mountain detention basin. 
ID 
ID The Spook Hill ADMP model was uded as a base for this model 
ID Return Period = 100 Years, Rainfall Duration = 24 Hours 
ID 
ID METHODOLOGY 
ID THE US CORPS OF ENGINEERS FLOW HYDROGRAPH PACKAGE HEC-1 DATED JUNE 1998 V4.1 
ID SCS TYPE 11 RAINFALL DISTRIBUTION 
ID CLARK UNIT HYDROGRAPH 
ID GREEN AND AMPT INFILTRATION EQUATION USED FOR CALCULATING LOSSES 
ID NORMAL DEPTH STORAGE CHANNEL ROUTING 

JD 3.787 1.00 
JD 3.677 5.80 
J D  3.574 10.66 
JD 3.539 13.70 
JD 3.467 20.00 
JD 3.315 50.00 
* 
* DDM * * * * *  Updated * * * * *  

KK 10 
KM SUB-BASIN 10 
KM 24-HOUR SCS TYPE IT RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .996 
KM L = 2.00 Kb = .044 Adj. Slope = 165.0 

* 
* DDM * * * * *  Preserved * * * * *  

1 HEC-1 INPUT PAGE 2 



LINE 

KK Rl0 
KM ROUTING OF FLOW FROM SUB-BASIN 10 TO R12 
RS 4 FLOW - 1 
RC .045 .03 .045 8700 .021 
RX 0 1 2 17 27 4 2 4 3 
RY 5 5 5 0 0 5 5 
* DDM * * * * *  Preserved * * * * *  

KK R12 
KM ROUTING OF FLOW FROM R12 TO SUB-BASIN 20 
RS 7 FLOW - 1 
RC .045 .03 .045 4500 .01 
RX 0 1 45 52.5 72.5 8 0 124 
RY 4 2.5 2.5 0 0 2.5 2.5 * DDM * * A * *  Updated * * * * A  

KK 2 0 
KM SUB-BASIN 20 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .993 
KM L = 2.50 Kb = .040 Adj. Slope = 88.0 
BA 1.167 
LG .310 .290 5.800 .220 11.000 
UC .629 .422 
U A 0 5 16 3 0 65 7 7 8 4 
U A 100 
* DDM * * * * *  Preserved * * * * *  

KK D2 0 
KM 100-YEAR 2-HOUR ONSITE RETENTION BASIN 
KM MAXIMUM VOLUME DIVERSION = 47.8 acre-feet 
DT BS20 47.8 
DI 0 10000 
DQ 0 10000 
* DDM * * * * *  Preserved * * * * *  

KK RT20 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR BS20 
* DDM * * * * *  Pseserved * * * * *  

KK S2 0 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM BLEEDOFF FLOW = 17 CFS 
RS 1 STOR 0 
SV 0 .O1 47.8 7 0 
SQ 0 0.5 17.0 50 
* DDM * * * * *  Preserved * * * * *  

HEC-1 INPUT PAGE 3 

LINE 

KK C2 0 
KM HYDROGRAPH COMBINATION 
HC 3 - - -  
* DDM * * * * *  Preserved * * * * *  

KK R2 0 
KM ROUTE FLOW THROUGH BULLDOG FLOODWAY FROM APACHE JUNCTION FRS 
RS 1 FLOW - 1 
RC .016 .016 .016 990 .004 
RX 0 5 7 14.5 34.5 4 2 4 4 5 0 
RY 4 2 2 0 0 2 2 4 
* DDM * * * * *  Updated * * * * *  

KK 4 0 
KM SUB-BASIN 40 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .987 
KM I, = 3.08 Kb = .036 Adj. Slope = 189.0 
BA 2.227 
LG .320 .300 4.900 .310 11.000 
UC .492 .262 
U A 0 3 5 8 12 
U A 100 
* DDM * * * * *  Preserved * * * * *  

KK D4 0 
KM 100-YEAR %-HOUR ONSITE RETENTION BASIN 
KM MAXIMUM VOLUME DIVERSION = 39.1 acre-feet 
DT BS40 39.1 
DI 0 10000 
DQ 0 10000 
DDM * * * " *  Preserved * * * * *  



KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR BS40 
* DDM * * * * *  Preserved * * * * *  

K I< 540 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS 
KM BLEEDOFF FLOW = 14 CFS 
RS 1 STOR 0 
SV 0 .01 39.1 60 
SQ 0 0.5 14.0 40 
* DDM * * * * *  Preserved * * * ' *  

KK C4 0 
KM HYDROGRAPH COMBINATION 
HC 3 
* DDM * * * * *  Updated * * * * *  

HEC-1 INPUT PAGE 4 

. .  . .10 LINE 

KK 60 
KM SUB-BASIN 60 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .989 
KM L = 4.19 Kb = .038 A d j .  Slope = 209.6 
BA 1.751 
LG .320 .340 5.800 -190 10.000 
UC .592 .472 
UA 0 3 5 8 12 2 0 43 
UA 100 
* 
+ DDM + * * * *  Preserved * * * * *  

KK D60 
KM 100-YEAR 2-HOUR ONSITE RETENTION BASIN 
KM MAXIMUM VOLUME DIVERSION = 4.60 acre-feet 
DT BS60 4.6 
DI 0 10000 
DQ 0 10000 
* DDM * * * * *  Preserved * * * * *  

KK RT60 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR BS60 
* DDM * * * * *  Preserved * * * * *  * 
KK SB60 
KM RETRIEVE FLOW INTO FICTlCIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM BLEEDOFF FLOW = 2 CFS 
RS 1 STOR 0 
SV 0 .01 4.6 10 
SQ 0 0.5 2.0 10 
* DDM * + * * +  Preserved * * * * *  

KK C60 
KM HYDROGRAPH COMBINATION 
HC 3 * 
* DDM *I*** Preserved 

KK S60 
KM APACHE SUNCTION FRS AS-BUILT PLANS 12/19/88 
KM OUTLET PIPE=3ONRCP; L=136.6'; LNLET INV.=1783.5; OUTLET INV.=1783 
KM EMERGENCY SPILLWAY ELEV.=1799.77'; PRINCIPAL SPILLWAY ELEV.=1793.5' 
KM STORAGE VOLUME BELOW PRINCIPAL SPILLWAY FOR SEDIMENT = 100 ACRE-FEET 

ESE = 1799.77 ft; PSE = 1793.5 E t ;  Sediment Vol. = 130 Ac-Ft. 
RS 1 STOR 0 
SV 0 46.8 106 130 161.2 170.7 230.7 322.2 543 
SV 1122 1470.1 1865 
SQ 0 0.01 0.02 26.3 74.4 91.2 96.2 102.4 113.9 
SQ 7700 15200 26200 
SE 791.4 793 794.1 794.5 795 795.1 796 797.1 799.4 
SE 804 806.3 808.6 
k DDM * * * * *  Preserved * * * * *  

HEC-J INPUT PAGE 5 

. . . . .  10 
I 

LINE 

KM ROUTE FLOW THROUGH BULLDOG FLOODWAY FROM APACHE JUNCTION FRS 
RS 2 FLOW - 1 
RC .016 .016 .016 2850 .012 
RX 0 1 2 2.1 5.6 5.7 6 7 

* DDM * * * " *  Preserved * * * * *  

ICK RR60 
KM ROUTE FLOW FROM BULLDOG FLOODWAY TO SUB-BASIN 80 



RS 3 FLOW -1 

KK 80 
KM SUB-BASIN 80 
KM 24-HOUR SCS TYPE 11 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .991 
KM L = 2.69 Kb = .039 Adj. Slope = 229:8 
BA 1.493 
LG .320 .300 5.600 .220 7.000 
UC .429  . 2 5 4  
U A 0 5 16 3 0 6 5 77 84 
UA 100 
* DDM * * * * +  Preserved * * * * *  

KK D80 
KM 100-YEAR 2-HOUR ONSITE RETENTION BASIN 
KM MAXIMUM VOLUME DIVERSION = 18.9 acre-feet 
DT BS80 18.9 
DI 0 10000 
DQ 0 10000 
* DDM * *> ' * *  Preserved * * * * *  

KK RT80 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR BS80 
* DDM * * * * *  Preserved * * * * *  

KK S80 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM BLEEDOFF FLOW = 7 CFS 
RS 1 STOR 0 
SV 0 .O1 18.9 3 0 
SO 0 1.0 7.0 2 0 
*-DDM Preserved * * * * *  

HEC-1 LNPUT 1 'AGE 6 

KK CEO 
KM HYDROGRAPH COMBINATION 
HC 2 
* DDM * * * * *  Preserved * * * * *  

KK CC80 
KM HYDROGRAPH COMBINATION FOR FLOW FROM APACHE JUNCTION FRS & SUB-BASIN 80 
HC 2 1.493 
* DDM * * * * *  Preserved * * * * *  

KK R80 
KM ROUTE FLOW FROM SUB-BASIN 80 TO SUB-BASIN 100 
RS 2 FLOW -1 
RC .025 .016 .025 1200 .003 
RX 0 2 6 6.1 41.1 41.2 56.2 58.2 
RY 5.5 4.5 4.5 0 0 4.5 4.5 5.5 
* DDM * * * * *  Updated A * * * *  

KK 100 
KM SUB-BASIN 100 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .997 
KM L = 1.94 Kb = .045 Adj. Slope = 108.0 
BA .488 

U A 100 
* DDM * * * * *  Preserved * * * * *  

KI< Dl00 
KM 100-YEAR 2-HOUR ONSITE RETENTION BASIN 
KM MAXIMUM VOLUME DIVERSION = 10.0 acre-feet 
DT BSlOO 10.0 
DL 0 10000 
DQ 0 10000 
* DDM * * * * *  Preserved * * * * *  

KK RTlOO 
KM RETRIEVE FLOW FROM OIVERSION INTO ONLINE BASIN 
DR BSlOO 
* DDM * * * * *  Preserved * * ' * A  

KK SlOO 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM BLEEDOFF FLOW = 4 CFS 
RS 1 STOR 0 



sv 0 .01 10.0 20 
SQ 0 1.0 4.0 10 
* DDM * * * * *  Preserved * * * * *  

HEC-1 INPUT PAGE 7 

.10 

KK ClOO 
KM HYDROGRAPH COMBINATION FOR FLOW FROM SUB-BASIN 80 & 100 
HC 3 
* DDM * * * * *  Preserved * * * * *  

KK RlOO 
KM ROUTE FLOW FROM SUB-BASIN 100 TO SUB-BASIN 120 
RS 1 FLOW - 1 
RC .016 .016 .016 940 .004 
RX 0 1 2 2.1 52.1 52.2 5 3 54 
RY 4.5 4.5 4.5 0 0 4.5 4.5 4.5 
* DDM * * * * *  Updated * * * * *  
KK 120 
KM SUB-BASIN 120 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .987 
KM L = 3.07 Kb = .037 Adj. Slope = 239.0 
BA 2 .I97 
LG .330 .280 6.800 .I30 12.000 
UC .429 .227 
U A 0 3 5 8 12 2 0 4 3 7 5 
U A 100 

DDM * * * * *  Preserved * * * * *  

KK Dl20 
KM 100-YEAR 2-HOUR ONSITE RETENTION BASIN 
KM MAXIMUM VOLUME DIVERSION = 5.7 acre-feet 
DT 85120 5.7 
DI 0 10000 
DQ 0 10000 
* DDM * * * * "  Preserved * * * * *  

KK RT120 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR BS120 
* DDM * * * * *  Preserved * * * " *  

KK S120 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM BLEEDOFF FLOW = 2 CFS 
RS 1 STOR 0 
SV 0 .01 5.7 15 
SQ 0 1.0 2.0 10 
* DDM ****"reserved * * * * *  

K1Z C120 
KM HYDROGRAPH COMBINATION FOR FLOW FROM SUB-BASIN 100 & 120 
HC 3 
* DDM * k * * *  Preserved * * * * *  

HEC-1 INPUT PAGE 8 

9.. . . .  .10 CINE 

KK R120 
KM ROUTE FLOW FROM SUB-BASIN 120 TO SIGNAL BUTTE FRS 
RS 2 FLOW - 1 
RC .025 .016 .025 2100 .005 
RX 0 6 10 10.1 60.1 60.2 74.2 80.2 
RY 8 5 5 0 0 5 5 8 
* DDM * * * * *  Updated * * * * *  

KK 140 
KM SUB-BASIN 140 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .996 
KM L = 1.61 Kb = .044 Adj. Slope = 149.0 
BA .598 
LG .310 ,280 4.200 .440 5.000 
UC .421 .278 
U A 0 5 16 3 0 65 
U A 100 
* 
* DDM * * * * ^  Preserved * * * * *  

KK Dl40 
KM 100-YEAR 2-HOUR ONSITE RETENTION BASIN 
KM MAXIMUM VOLUME DIVERSION = 5.9 acre-feet 
DT BS140 5.9 
DI 0 10000 
DQ 0 10000 



* DDM * * * * *  Preserved * * * * "  

KK RT140 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR BS140 
* DDM * * * * *  Preserved * * * * *  

KK 5140 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM BLEEDOFF FLOW = 2 CFS 
RS 1 STOR 0 
SV 0 .01 5.9 15 
SQ 0 1.0 2.0 10 * 
* DDM * * * * *  Preserved * * * * *  

KK C140 
KM HYDROGRAPH COMBINATION 
HC 3 
* 
* DDM Updated *"** 

HEC-1 INPUT PAGE 9 

LINE 

KK 150 
KM SUB-BASIN 150 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .998 
KM L = 1.50 Xb = .047 Adj. Slope = 314.6 
BA .407 
LG .350 .360 5.100 .260 7.000 
UC .296 .221 
UA 0 3 5 8 12 2 0 43 
U A 100 
* DDM * * * * *  Preserved * * * * *  

KK R150 
KM ROUTING OF FLOW FROM SUB-BASIN 150 TO R152 
RS 2 FLOW - 1 
RC .045 .04 .045 3100 .032 
RX 0 1 2 2 3 3 3 5 4 55 
RY 7 7 7 0 0 7 7 
* DDM * * * * *  Preserved * * * * *  

KK R152 
KM ROUTING OF FLOW FROM R152 TO SUB-BASIN 160 
RS 3 FLOW - 1 
RC .045 .03 -045 5900 .019 
RX 0 1 2 8 33 3 9 4 0 
RY 2 2 2 0 0 2 2 
* DDM * * * * *  Updated * * * * *  

KK 160 
KM SUB-BASIN 160 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .998 
KM L = 2 . 1 0  Rb=.047 Adj.Slope= 129.0 
BA .365 
LG .340 .330 4.150 .440 1.000 
UC ,587 .659 
u A o 3 5 a 12 2 o 43 
U A 100 
* 
* DDM * * * * *  Preserved * * * * *  

KK Dl60 
KM LOO-YEAR 2-HOUR ONSZTE RETENTION BASIN 
KM MAXIMUM VOLUME DIVERSION = 1.2 acre-feet 
DT BS160 1.2 
DI 0 10000 
DQ 0 10000 
* DDM * * * * *  Preserved * * * * *  

HEC-1 INPUT PAGE 10 

LINE 

KM RETRIEVE FLOW FROM DIVERSTON INTO ONLINE BASIN . - -. - - . 
DR BS160 
* DDM * * * * *  Preserved * * * * *  

KK 5160 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM BLEEDOFF FLOW = 1 CFS 
RS 1 STOR 0 
SV 0 .01 1.2 10 
SQ 0 0.5 1.0 10 
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* DDM * * * * *  Preserved * * * * *  

KK C160 
KM HYDROGRAPH COMBINATION 
HC 3 
* 
* DDM * * * * *  Updated * * * * *  

KK 180 
KM SUB-BASIN 180 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .994 
KM L = 2.42 Kb = .041 Adj. Slope = 140.0 
BA 1.014 
LG .350 .350 4.150 .430 .000 
UC .571 .400 
U A 0 3 5 8 12 2 0 4 3 
U A 100 
* DDM * * * * *  Preserved * * * * *  

KK C180 
KM HYDROGRAPH COMBINATION FOR SIGNAL BUTTE FRS 
HC 3 
* DDM * * * * *  Updated * * * * *  

KK 210 
KM SUB-BASIN 210 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .995 
KM L = 1.84 Kb = .043 Adj. Slope = 315.0 

UC .313 .I89 
U A 0 3 5 8 12 2 0 43 
U A 100 
* DDM * * * * *  Preserved * * * * *  

KIZ R210 
KM ROUTING OF FLOW FROM SUB-BASIN 210 TO SUB-BASIN 220 
RS 2 FLOW -1 
RC .045 .03 .045 5100 .022 
RX 0 1 2 14 34 4 6 4 7 4 8 
RY 4 4 4 0 0 4 4 4 
* DDM " * * *  Updated * * * * >  

HEC-1 INPUT PAGE 11 

.10 LINE 

240 
SUB-BASIN 240 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF .992 
L = 3.50 Kb = .039 Adj. Slope = 298.6 

1.408 
.350 .370 5.300 .230 2.000 
.467 .356 

U A 0 3 5 8 12 2 0 43 - 75 9 0 
UA 100 
* DDM * * * * *  Preserved * * * * *  

KK C240 
KM HYDROGRAPH COMBINATION FOR SUB-BASIN 240 & 220 
HC 2 
* DDM * * * * *  Preserved * * * * *  

KIC 5240 
KM WEIR GEOMETRY OBTAINED FROM AS-BUILT PLANS @ PASS MTN. DIVERSION. 
KM WEIR STORAGE DATA OBTAINED FROM 2' CONTOUR MAPPING. 
RS 1 STOR 0 
SA 1.38 14.2 36.5 
SE 1.7 5 11 
S S 5 4 2 3 1.5 
* DDM * * * * *  Preserved * * * * *  

KK R240 
KM ROUTE FLOW FROM SUB-BASIN 240 TO SUB-BASIN 220 
KM PASS MOUNTAIN DIVERSION 
RS 1 FLOW -1 

* DDM * * * * *  Updated * * * * *  

KK 220 
KM SUB-BASIN 220 
KM 24-HOUR SCS TYPE 11 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .997 
KM L = 1.92 ICb = .046 Adj. Slope = 315.0 
BA .473 



LINE 

LINE 

U A 0 3 5 8 12 2 0 43 7 5 90 96 
U A 100 
* DDM * * * * *  Preserved * * * * *  

KK C220 
KM HYDROGRAPH COMBINATION FOR SUB-BASIN 240 & 220 
HC 2 
* DDM * * * * *  Preserved * * * * *  

HEC-1 INPUT PAGE '1 2 

KK SW220 
KM WEIR GEOMETRY OBTAINED FROM AS-BUILT PLANS @ PASS MTN. DIVERSION. 
KM WEIR STORAGE DATA OBTAINED FROM 2' CONTOUR MAPPING. 
RS 1 STOR 0 
S A .78 4.1 13.7 
SE 1 3 10 
S S 3 65 3 1.5 
* DDM * * * * *  Preserved * * * * *  

KIi R220 
KM ROUTE FLOW FROM SUB-BASIN 220 TO SUB-BASIN 200 
KM PASS MOUNTAIN DIVERSION 
RS 1 FLOW - 1 
RC .035 .025 .035 1250 .005 
RX 0 5 0 100 109 13 9 148 178 184 
RY 5 4 3 0 0 3 3 5 
* DDM * * * * *  Updated * * * * *  

KK 190 
KM SUB-BASIN 190 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .994 
KM L = 1.91 Kb = .042 Adj. Slope = 315.0 
BA .918 
LG .350 .390 5.800 .I90 8.000 
UC .321 .185 
U A 0 3 5 8 12 2 0 4 3 7 5 
U A 100 
* DDM * * * * *  Preserved * * * * *  

KM ROUTING OF FLOW FROM SUB-BASIN 190 TO SUB-BASIN 200 
RS 2 FLOW - 1 
RC .045 .03 .045 4740 .03 
RX 0 1 2 17 37 52 53 54 
RY 5 5 5 0 0 5 5 5 
* DDM * " * * *  Preserved * * * * *  

KK R192 
XM ROUTING OF FLOW FROM SUB-BASIN 190 TO SUB-BASIN 200 
RS 3 FLOW - 1 
RC .045 .035 .045 2200 .018 
RX 0 1 50 59 7 9 88 137 138 
RY 4.5 3 3 0 0 3 3 4.5 
* DDM * * * * *  Updated * * * * *  

200 
SUB-BASIN 200 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF .997 
L = 1.58 Kb = .045 A d j .  Slope = 305.6 
.530 
.350 .390 5.700 .200 10.000 
.300 .201 

HEC-1 INPUT 

U A 0 3 5 8 12 2 0 4 3 75 ' 90 
U A 100 
* DDM * * * * *  Preserved * * * * *  

KK C200 
KM HYDROGRAPIl COMBINATION FOR SUB-BASIN 220 & 200 
HC 3 
* DDM * * * * *  Preserved * * * * *  

KK SW200 
KM WEIR GEOMETRY OBTAINED FROM AS-BUILT PLANS B PASS MTN. DIVERSION. 
KM WEIR STORAGE DATA OBTAINED FROM 2' CONTOTJR MAPPING. 
RS 1 STOR 0 
SA 2.56 3.1 9.4 
SE 0 3 10 
SS 3 112 3 1.5 
* DDM * * * * *  Preserved * * * * *  

PAGE 13 
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96 



KK R200 
KM ROUTE FLOW FROM SUB-BASIN 200 TO SIGNAL BUTTE FRS through storage 
RS 1 FLOW -1 
RC .035 .025 .035 650 .005 
RX 0 1 2 17 117 132 133 134 
RY 5 5 5 0 0 5 5 5 
* DDM * * * * *  Preserved * * * * *  

KK SS200 
KM WEIR GEOMETRY OBTAINED FROM AS-BUILT PLANS O PASS MTN. DIVERSION. 
KM WEIR STORAGE DATA OBTAINED FROM 2' CONTOUR MAPPING. 
RS 1 STOR 0 
S A 8 9.2 9.2 
SE 0 7 10 
S S 7 251 3 1.5 
* DDM * * * * *  Preserved * * * * *  

I<I< RR2 00 
KM ROUTE FLOW FROM SUB-BASIN 200 TO SIGNAL BUTTE FRS 
RS 4 FLOW -1 
KC .035 .025 ,035 3150 .005 
RX 0 1 2 17 117 132 133 134 
RY 5 5 5 0 0 5 5 5 
* DDM * * * * +  Preserved * * * * *  

KIC CC180 
KM HYDROGRAPH COMBINA'T'ION FOR SIGNAL BUTTE FRS 
HC 2 
* DDM * * * * *  Preserved * * * * *  

KK 5180 
KM SIGNAL BUTTE FRS DATED 1/28/85 
KM OUTLET PIPE=36"RCP; L= 147'; INLET INV.=1690; OUTLET INV.=1687 
KM EMERGENCY SPILLWAY ELEV.=1712.4; PRINCIPAL SPILLWAY ELEV.=1701 
KM STORAGE VOLUME BELOW PRINCIPAL SPILLWAY FOR SEDIMENT = 250 ACRE-FEET 
* ESE = 1712.4 ft; PSE = 1701.0 ft; Sediment Vol. = 247 Ac-Ft. 
RS 1 STOK 0 

PAGE 14 HEC-1 INPUT 

LINE 

@ 506 
507 

* DDM * * * * *  Preserved * * * * *  

KK R180 
KM Routing length updated using Signal Butte Floodway plans dated March 1983 
KM Routing length increased 100' from 1500' to 1600' 12/12/00 
KM CHANNEL GEOMETRY FOR SIGNAL BUTTE FRS OBTAINED FROM AS-BUILT PLANS. 
KM ROUTE FLOW FROM SIGNAL BUTTE FRS TO SUB-BASIN 260 
RS 1 FLOW - 1 
RC .035 .025 .035 1600 .003 
RX 0 1 2 22.6 38.6 59.2 6 0 6 1 
RY 9.3 9.3 9.3 0 0 9.3 9.3 9.3 
* DDM * * * A * Updated * * " * *  

K 1< 260 
KM SUB-BASIN 260 
KM 24-HOUR SCS TYPE 11 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTTON FACTOR OF .998 
KM L = .81 Kb = .046 Adj. Slope = 68.0 
BA .263 
LG .280 .210 6.600 .I60 11.000 
UC .350 .209 
U A 0 5 16 3 0 6 5 7 7 84 90 94 97 
U A 100 
* DDM * * * * *  Preserved * * * * *  

KK C260 
KM HYDROGRAPH COMBINATION FOR OUTFLOW OF SIGNAL BUTTE FRS & SUB-BASIN 260 
HC 2 .263 
* DDM * * * * *  Preserved * * * * *  

KM Routing length updated using Signal Butte Floodway plans dated March 1983 
KM Routing length unchanged 12/12/00 
KM CHANNEL GEOMETRY FOR SIGNAL BUTTE FRS OBTAINED FROM AS-BUILT PLANS. 
KM ROUTE FLOW FROM SUB-BASIN 260 TO SUB-BASIN 280 
RS 3 FLOW -1 
RC .035 .025 .035 2300 .003 
RX 0 1 2 23.4 43.4 64.8 65 
RY 9.7 9.7 9.7 0 0 9.7 9.7 
* DDM * * * * *  



LINE 

LINE 

KM SUB-BASIN 280 
KM 24-HOUR SCS TYPE I1 -INFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .998 
KM L = .77 Kb = .048 Adj. Slope = 84.0 
BA ,319 

U A 0 5 16 3 0 65 7 7 84 90 94 
U A 100 
* DDM * * * * *  Preserved * * * * *  

KK C280 
KM HYDROGRAPH COMBINATION FOR SUB-BASIN 260 & SUB-BASIN 280 
HC 2 
* DDM * * * * *  Preserved * * * * *  

PAGE 15 
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KK R280 
KM Routing length updated using Signal Butte Floodway plans dated March 1983 
KM R o u t i n g l e n g t h d e c r e a s e d 4 0 0 '  from2500t to2100' 12/12/00 
KM CHANNEL GEOMETRY FOR SIGNAL BUTTE FRS OBTAINED FROM AS-BUILT PLANS. 
KM ROUTE FLOW FROM SUB-BASIN 280 TO SUB-BASIN 300 
RS 3 FLOW -1 
RC .035 .025 .035 2100 .003 
RX 0 1 2 23.4 43.4 64.8 6 5 6 6 
RY 9.7 9.7 9.7 0 0 9.7 9.7 9.7 
* DDM * t * * *  Updated * % * * *  

KK 300 
KM SUB-BASIN 300 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .998 
KM L = .78 Kb = .049 Adj. Slope = 103.0 
BA .289 
LG .300 .250 4.200 .520 16.000 
UC .321 .I74 
U A 0 5 16 3 0 65 77 84 
UA 100 
* DDM * * * * *  Preserved * * * * *  

KK C300 
KM HYDROGRAPH COMBINATION OF SUB-BASIN 280 & 300 
HC 2 * 
* DDM Preserved * * * * *  

KK R300 
KM Routlng length updated using Signal Butte Floodway plans dated March 1983 
KM Routing Length increased 300' from 2200' to 2500' 12/12/00 
KM CHANNEL GEOMETRY FOR SIGNAL BUTTE FRS OBTAINED FROM AS-BUILT PLANS. 
KM ROUTE FLOW FROM SUB-BASIN 300 TO START OF FLOODWAY CONCRETE CHANNEL 
RS 2 FLOW - 1 
RC .035 .025 .035 2500 .003 
RX 0 1 2 23.4 55.4 76.8 77 7 8 
RY 9.7 9.7 9.7 0 0 9.7 9.7 9.7 * 
* DDM * * * * *  Updated * * * * *  

HEC-1 INPUT PAGE 16 
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KK 305A 
KM SUB-BASIN 305A 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .998 
KM L = .98 Kb = .048 Adj. Slope = 82.0 
BA .316 
LG .340 .320 4.600 .350 12.000 
UC .400 .254 
U A 0 5 16 3 0 65 77 84 
U A 100 * 
DDM * * * * *  Preserved **I** 

KK C305 
KM HYDROGRAPH COMBINATION OF SUB-BASIN 300 AND 305A 
HC 2 
* DDM " * * *  Preserved * * * * *  

KK R305 
KM Routing length updated using S~gnal Butte Floodway plans dated March 1983 
KM CHANNEL, GEOMETRY FOR SPOOK HILL FRS OBTAINED FROM AS-BUILT'S PLANS. 
KM CONTINUE TO ROUTE FLOW WITHIN CONCRETE CHANNEL TO SPOOK HILL FRS 
RS 2 FLOW - 1 



LINE 

LINE 

667 

320B1 
SUB-BASIN 320B1 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF .997 
L = 1.13 Kb = .046 Adj. Slope = 106.0 
.454 
.300 ,260 4.800 .310 17.000 
.375 .215 

0 5 16 3 0 65 7 7 84 
100 

* 
* DDM * * * * *  Preserved * * * * *  

KK D320B1 
KM DIVERT FLOW INTO ONLINE DETENTION BASIN 
KM DETENTION/RETENTION BASINS LOCATED WITHIN THREE SUBDIVISIONS 
KM SIERRA HEIGHTS FALCON RIDGE & MARBLE CREEK 
KM MAXIMUM VOLUME DIVERSION = 9.3 acre-feet 
DT B320B1 9.30 
DI 0 loo00 
DQ 0 10000 
* DDM * * * * *  Preserved * * * * *  

HEC-1 INPUT 

KK T320B1 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASJN 
DR B320B1 
* DDM * * * * *  Preserved "***  

KK S320B1 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM 9.30 ACRE-FEETx43560/36~3600=4.~fs 
RS 1 STOR 0 
SV 0 .01 9.3 15.0 
SQ 0 0.5 4.0 50.0 
* DDM * * + * *  Preserved * * * * '  

KK C320B1 
KM HYDROGRAPH COMBINATION FOR SPOOK HILL FRS 
HC 3 
* 
* DDM * * * * *  Updated * * * * *  

KK 350 
KM SUB-BASIN 350 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .994 
KM L = 2.22 Kb = .041 Adj. Slope = 315.0 
BA .997 

U A 100 
* DDM ***"*  Preserved * * * * *  

KK D350 
KM DIVERT FLOW FROM SUB-BASIN 350. FOR MODELING PURPOSES THE SPLIT FLOW WILL 
KM BE ROUTED BETWEEN SUB-BASINS 355 & 310. THE MAIN FLOW WILL ROUTED TO 310 
DT SF350 
DI 0 5000 
DQ 0 2500 
* DDM * * * * *  Preserved * * * * *  

KK R350 
KM CHANNEL GEOMETRY OBTAINED FROM 2' CONTOUR MAPPING 
KM ROUTING OF MAIN FLOW FROM DIVERSION OF SUB-BASIN 350 TO SUB-BASIN 310 
RS 7 FLOW - 1 
RC .045 .035 .045 5150 .025 
RX 0 1 4 0 4 6 5 6 6 2 102 103 
RY 3 2 2 0 0 2 2 3 
"DM * * * * *  Updated * * * * *  

KK 3 10 
KM SUB-BASIN 310 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .997 
KM L = 2.70 Kb = .045 Adj. Slope = 283.5 
BA .538 

HEC-1 INPUT 
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LINE 

UC .483 .520 
U A 0 3 5 8 12 2 0 43 7 5 90 
U A 100 
* DDM * * * * *  Preserved * * * * *  

KK C310 
KM HYDROGRAPH COMBINATION OF SUB-BASINS 350 & 310 
HC 2 1.04 
* DDM * * * * *  Preserved * * * * *  

KK R310 
KM CHANNEL GEOMETRY OBTAINED FROM 2' CONTOUR MAPPING. 
KM ROUTING OF FLOW FROM SUB-BASIN 310 TO 320B 
RS 10 FLOW - 1 
RC .045 ,035 .045 8550 .022 
RX 0 1 4 0 4 6 56 6 2 102 
RY 3 2 2 0 0 2 2 
* 
* DDM * * * * *  Updated * A * * *  

KK 305B 
KM SUB-BASIN 305B 
KM 24-HOUR SCS TYPE 11 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .998 
KM L = 1.70 Kb = .047 Adj. Slope = 124.0 
BA .386 
LG .350 .350 4.500 .350 .000 

UA 100 
X 

* DDM * * * * *  Preserved * * * * "  

KK R305B 
KM CHANNEL GEOMETRY OBTAINED FROM 2' CONTOUR MAPPING. 
KM ROUTING OF FLOW FROM SUB-BASINS 305B TO SUB-BASIN 320B2. 
RS 3 FLOW -1 
RC .045 ,035 .045 1700 .016 
RX 0 1 4 0 46 5 6 62 102 103 
RY 3 2 2 0 0 2 2 3 
* 
* DDM * * * A ' *  Updated * * * * *  

320B2 
SUB-BASIN 320B2 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF ,999 
L = 1.08 Kb = .050 Adj . Slope = 120.0 
.220 
.300 .270 4.500 .380 9.000 
.375 ,314 

0 5 16 3 0 65 77 84 
100 

* DDM * * * * *  Preserved * * * * *  
HEC-1 INPUT 

KK D320B2 
KM DIVERT FLOW INTO ONLINE DETENTION BASIN 
KM DETENTION/RETENTION BASINS LOCATED WITHIN THREE SUBDIVISIONS 
KM SIERRA HEIGHTS FALCON RIDGE & MARBLE CREEK 
KM MAXIMUM VOLUME DIVERSION = 3.32acre-feet 
DT B320B2 3.32 
DI 0 10000 
DL2 0 10000 
* DDM * * * * *  Preserved * * * " *  

KK T320B2 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR B320B2 
* DDM * * * * *  Preserved * * * * *  

KK S320B2 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS 
KM 3.32 ACRE-FEETx43560/36~3600=1.2cfs 
RS 1 STOR 0 
SV 0 .01 3.3 5.0 
SQ 0 0.5 1.2 15.0 * 
* DDM * * * * *  Preserved * * * * *  

KK C320B2 
KM Combine R305B, R310 and 320B2 
HC 4 * 
* DDM * * * * *  Preserved * * * A *  
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LINE 

LINE 

KK R320B2 
KM CHANNEL GEOMETRY OBTAINED FROM 2' CONTOUR MAPPING. 
KM ROUTING OF FLOW FROM SUB-BASINS 320B2 TO SUB-BASIN 340B. 
RS 2 FLOW -1 
RC .045 .035 .045 1000 .016 
RX 0 1 4 0 46 5 6 6 2 102 103 
RY 5 2 2 0 0 2 2 5 
* 
* DDM * * * * *  Updated * * * * "  

KK 340B 
KM SUB-BASIN 340B 
KM 24-HOUR SCS TYPE 11 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .998 
KM L = .85 Kb = ,049 Adj. Slope = 238.5 
BA ,290 
LG .280 ,250 4.000 .560 23.000 

UA 100 
* 
* DDM * * * * *  Preserved +* * * *  

HEC-1 INPUT 

KK D340B 
KM DIVERT FLOW INTO ONLINE DETENTION BASIN 
KM DETENTION/RETENTION BASINS LOCATED WITHIN THREE SUBDIVISIONS 
KM GRANDVIEW ESTATES BOULDER MOUNTAIN & 33% OF MESA HIGHLANDS 
KM MAXIMUM VOLUME DIVERSION = 15.6 acre-feet 
DT BS340B 15.6 
DI 0 10000 
DQ 0 10000 
* DDM * * * * k  Preserved " * * *  

KK RT340B 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR BS340B 
* DDM * * * * *  Preserved * * * * * "  

KK S340B 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM 15.6 ACRE-FEETx43560/36x3600= 5.2cfs 
RS 1 STOR 0 
SV 0 .01 15.6 2 0 
SQ 0 1.0 5.2 50 
* DDM * * * I *  Preserved * * * * *  

KK C340B 
KM HYDROGRAPH COMBINATION 
HC 3 
* 
* DDM * * * * *  Preserved * * * * *  

KK DD340B 
KM DIVERT FLOW INTO OFFLINE DETENTION BASIN LOCATED WITHIN SUB-BASINS 340B. 
DT BS340 
DI 0 200 1000 2000 5000 
DQ 0 0 800 1800 4800 
* DDM * * * * *  Preserved * * * * *  

KK RT340 
KM RETRIEVE FLOW FROM DIVERSION 
DR BS340 
* DDM * * * * *  Preserved * * * * *  

KK SS340B 
KM RETRIEVE FLOW INTO OFFLINE BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM 55 ACRE-FEETx43560/36~3600 = 19cfs 
RS 1 STOR 0 
SV 0 .01 5 5 6 0 
sQ 0 3.0 50 100 * 

HEC-1 INPUT 
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KM HYDROGRAPM COMBINATION 
HC 2 
* DDM *****Preserved***** 

KK RT350 
KM RETRIEVE SPLIT F'LOW FROM DIVERSION OF SUB-BASIN 350 
DR SF350 
* DDM * * * * *  Preserved * * * * *  



LINE 

KK RR350 
KM CHANNEL GEOMETRY OBTAINED FROM 2' CONTOUR MAPPING. 
KM ROUTING OF FLOW FROM SPLIT OF SUB-BASIN 350 TO 355 
RS 7 FLOW - 1 
RC .045 .035 .045 6050 .025 
RX 0 1 4 0 46 5 6 6 2 102 103 
RY 3 2 2 0 0 2 2 3 
* 
* DDM * * * * *  Updated * * * * *  

KK 355 
KM SUB-BASIN 355 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .996 
KM L = 3.00 Kb = .044 Adj. Slope = 284.0 
BA .676 
LG .340 .340 4.450 .370 4.000 
UC .488 .502 
U A 0 3 5 8 12 2 0 4 3 7 5 9 0 96 
U A 100 
* DDM * * * * *  Preserved * * * * *  

KK C355 
KM HYDROGRAPH COMBINATION OF SUB-BASIN 355 AND THE SPLIT FLOW FROM SUB-BASIN 350 
HC 2 1.1745 
* 
* DDM * * * * *  Preserved * * * * *  

KK D355 
KM DIVERT FLOW INTO OFFLINE BASIN 
KM MAXIMUM VOLUME DIVERSION = 18 acre-feet 

* DDM * * * * *  Preserved * * * * *  

KK RT355 
KM RETRIEVE FLOW FROM DIVERSION INTO OFFLINE BASIN 
DR BS355 
* 
* DDM * * * * *  Preserved * * * * *  

HEC-1 INPUT 

KK S355 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM 18.0 ACRE-FEETx43560/36~3600= 6.0CFS 
RS 1 STOR 0 
SV 0 .O1 18.0 25.0 
SQ 0 2.0 40 50 * 
* DDM * * * * *  Preserved * * * * *  

KK CC355 
KM HYDROGRAPH COMBINATION 
HC 2 
* 
* DDM * * * * *  Preserved * * * * *  

KK R355 
KM CHANNEL GEOMETRY OBTAINED FROM 2' CONTOUR MAPPING. 
KM ROUTING OF FLOW FROM SUB-BASIN 355 TO SUB-BASIN 340B 
RS 1 FLOW -1 
RC .045 .035 .045 4000 .025 
RX 0 1 4 0 46 56 62 102 
RY 3 2 2 0 0 2 2 * 
* DDM * * * * *  Preserved * * * * "  

KK CC340B 
KM HYDROGRAPH COMBINATION 
HC 2 
* DDM * * * * *  Preserved "***  

KK R340B 
KM CHANNEL GEOMETRY OBTAINED FROM 2' CONTOUR MAPPING. 
KM ROUTING OF FLOW FROM SUB-BASIN 340B TO SUB-BASIN 340A2. 
RS 2 FLOW -1 

* 
* DDM * * * * *  Updated * * * * *  

KK 340A2 
KM SUB-BASIN 340A2 
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LINE 

LINE 

KM THIS BASIN USED RAINFALL REDUCTION FACTOR O F  1 . 0 0 0  
KM L = .48 ~b = .047 Adj. Slope = 297.9 
BA .037 
LG .230 ,310 5.300 .250 55.000 
UC .I58 .I74 
U A 0 5 16 3 0 65 77 8 4 
U A 100 * 
* DDM * * * * *  Preserved * * * * *  

HEC-1 INPUT PAGE 23 

KK D340A2 
KM DIVERT FLOW INTO ONLINE DETENTION BASIN 
KM MAXIMUM VOLUME DIVERSION = 2.2 acre-feet 
DT B340A2 2.2 
DI 0 10000 
DQ 0 10000 
* DDM * * * * *  Preserved * * * * *  

KK T340A2 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR B340A2 
* DDM * * * * *  Preserved * * * * *  

KK S340A2 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS 
KM 2.20 ACRE-FEETx43560/36x3600= 1.Ocfs 
RS 1 STOR 0 

S Q  0 0.5 1.0 10.0 
* DDM * * * * *  Preserved * * * * *  

KK C340A2 
KM HYDROGRAPH COMBINATION 
HC 3 
* 
* DDM * * * * *  Preserved * * * * *  

KK R340A2 
KM CHANNEL GEOMETRY OBTAINED FROM 2' CONTOUR NAPPING. 
KM ROUTING OF FLOW FROM SUB-BASIN 340A2 TO SUB-BASIN 320B. 
RS 5 FLOW - 1 
RC .045 .035 .045 4500 .020 
RX 0 1 4 0 4 6 5 6 6 2 102 
RY 3 2 2 0 0 2 2 
* 
DDM * * * * *  Preserved * * * * *  

KIZ CC320B 
KM HYDROGRAPH COMBINATION 
HC 2 
* 
* DDM * * " " *  Preserved * * * * *  

KK R320B 
ISM Routing Flow from 320B1 to 320A 
KM Routing Length updated using Signal Butte Floodway plans dated March 1983 
KM CHANNEL GEOMETRY FOR SPOOK HILL FRS OBTAINED FROM AS-BUILTS PLANS. 
KM CONTINUE TO ROUTE FLOW WITHIN CONCRETE CHANNEL TO SPOOK HILL FRS 
R S  1 FT,OW - 1 . - - . -- - 
RC .016 .016 ,016 1500 .0146 
RX 0 1 2 2.1 16.1 16.2 17 18 
RY 7.5 7.5 7.5 0 0 7.5 7.5 7.5 * 
* DDM * * * * *  Updated * " * * *  

HEC-1 INPUT PAGE 24 

KK 320A 
KM SUB-BASIN 320R 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 
KM L = 1 . 0 7  Kb=.049 Adj.Slope= 93.0 
BA .270 
LG .280 ,250 4.300 .490 25.000 
UC .404 .301 

* DDM * * * * *  Preserved ***'* 

FOR THIS BASIN 

KK D320A 
KM DIVERT FLOW INTO ONLINE DETENTION BASTN 
KM DETENTION/RETENTION BASINS LOCATED WITHIN THREE SUBDIVISIONS 
KM GRANDVIEW ESTATES BOULDER MOUNTAIN & 33% OF MESA HIGHLWJDS 



KM MAXIMUM VOLUME DIVERSION = 11.8 acre-feet 
DT BS320A 11.8 
DI 0 10000 
DQ 0 10000 
* DDM " * * * *  Preserved * * * * *  

KK RT320A 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR BS320A 
* DDM * * * * *  Preserved * " * * *  

KK S320A 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM 11.8 ~CRE-FE~~x43560/36~3600= 4.0cfs 
RS 1 STOR 0 
SV 0 .01 11.8 2 0 
SQ 0 1.0 4.0 40.0 
* DDM * * * * *  Preserved * * * * '  

KR C320 
KM HYDROGRAPH COMBINATION 
EI C 3 
* 
* DDM * * * * *  Updated * * * * *  

KK 340A1 
KM SUB-BASIN 340A1 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .993 
KM L = 1.80 Kb = .045 Adj . Slope = 117.0 
BA 1.089 
LG .250 .250 4.150 .560 24.000 
UC .500 .261 
U A 0 5 16 3 0 65 77  84 
U A 100 * 
* DDM * * * * *  Preserved ' * * * *  

HEC-1 INPUT PAGE 25 
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KK D340A1 
KM DIVERT FLOW INTO ONLINE DETENTION BASIN 
KM DETENTION/RETENTION BASINS LOCATED WITHIN THREE SUBDIVISIONS 
KM GRANDVIEW ESTATES BOULDER MOUNTAIN & 33% OF MESA HIGHLANDS 
KM MAXIMUM VOLUME DIVERSION = 91.9 acre-feet 
DT B340A1 91.9 
DL 0 10000 
DQ 0 10000 
* DDM * * * * *  Preserved * * * * *  

KK T340A1 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR B340A1 
* DDM * * * * *  Preserved * * * * *  

KK S340A1 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM 91.9 ACRE-FEETx43560/36x3600=30.9cfs 
R S  1 STOR 0 

* 
* DDM * * * * *  Preserved * * * * *  

KK C340A1 
XM HYDROGRAPH COMBINATION FOR SPOOK HILL FRS 
HC 2 * 
* DDM * * * * *  Preserved * * * * *  

KK C340 
KM HYDROGRAPH COMBINATION FOR SPOOK HILL FRS 
HC 2 
A 

* DDM * * * * *  Updated * * * * *  

KK 360 
KM SUB-BASIN 360 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .995 
KM L = 2.10 Kb = ,044 Adj. Slope = 124.0 
BA .880 
LG .260 .250 4.100 .570 23.000 
UC .538 .362 
U A 0 5 16 3 0 6 5 77 8 4 90 94 
UA 100 
* DDM * * * * *  Preserved * * * * *  



XK D360 
KM DIVERT FLOW INTO ONLINE DETENTION BASIN 
KM DETENTION/RETENTION BASINS LOCATED WITHIN 33% OF MESA HIGHLANDS 
KM MAXIMUM VOLUME DIVERSION = 49.5 acre-feet 
DT BS360 49.5 

965 DI 0 10000 
1 HEC-1 INPUT PAGE 26 

LINE ID . . . . . . .  1 . . . . . . .  2.......3.......4.......5.......6.......7.......8.......9...... 10 

966 DQ 0 10000 
* DDM * * * * *  Preserved * * * * *  

LINE 

KK RT360 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR 05360 
* DDM Preserved * * * * *  

KK 5360 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM 49.5 ACRE-FEETx43560/36~3600=16.6 cfs 
RS 1 STOR 0 
sv 0 .01 49.5 7 0 
SQ 0 3.0 16.6 150 
* DDM * * * * *  Preserved * " * * *  

KK C360 
KM HYDROGRAPH COMBINATION FOR SPOOK HILL FRS 
HC 3 
* 
* DDM * * * * *  Updated * * * * *  

KK 380A 
KM SUB-BASIN 380A 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .998 
KM L = .66 Kb = .076 Adj. Slope = 91.0 
BA .261 

U A 100 * 
* DDM * * * * *  Preserved * * * * *  

KK C380A 
KM HYDROGRAPH COMBINATION FOR SPOOK HILL FRS 
HC 2 * 
* DDM * * * * *  Updated * * & * *  

400A 
SUB-BASIN 400A 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
L = .28 Kb = .094 Adj. Slope = 71.0 
.048 
.250 .290 4.000 .640 .OOO 
.317 .211 

* 
* DDM * * * * *  Preserved * * * * *  

HEC-1 INPUT PAGE 27 

KIZ C400A 
KM HYDROGRAPH COMBINATION FOR SPOOK HILL FRS 

1005 KK 370 
1006 KM SUB-BASIN 370 
1007 KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
1008 KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .996 
1009 KM L = 1.90 Kb = .044 Ad?. Sloae = 203.5 

KK 5370 
KM Online Detention Basin at Madrid Subdivision 
KM Basin Bottom Elevation = 1822.9 ft 
KM Route through 24" pipe for 404 low flow and 
KM Route through 72" pipe to west along M c D o w ~ ~ ~  



LINE 

KM 2-8'x3' RCBC as emergency spillway 
RS 1 STOR 0 
SV 0 1.37 3.61 5.97 8.46 11.07 13.81 16.69 19.72 
SE 0.9 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 
SQ 0.0 98 157 22 1 270 313 350 380 800 
* 

KK D370 
KM Split the out flow to pipe along McDowell Road and to Madrid subdivision 
DT B370W 
DI 0.0 98 157 221 270 313 350 380 800 
DQ 0 8 9 141 199 243 282 315 340 380 * 

KK R370S 
KM CHANNEL GEOMETRY OBTAINED FROM 2 '  CONTOUR MAPPING. 
KM ROUTING FLOW to SUB-BASINS 380B1 
RS 12 FLOW - 1 
RC .045 .035 .045 8800 .023 
RX 0 1 4 0 4 6 56 62 102 103 
RY 3 2 2 0 0 2 2 3 * 

380B1 
SUB-BASIN 380B1 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF .998 
L = 1.61 Kb = .047 Adj. Slope = 124.0 
.369 
.300 .250 4.200 .520 16.000 
.471 .414 

0 5 16 3 0 65 7 7 84 90 94 9 7 
HEC-1 INPUT PAGE 28 

KK D380B1 
KM DIVERT FLOW INTO ONLINE DETENTION BASIN 
KM DETENTION/RETENTION BASINS LOCATED WITHIN MESA HIGHLANDS 
KM MAXIMUM VOLUME DIVERSION = 10.5 ac~e-feet 
DT B380B1 10.5 
DI 0 10000 
DQ 0 10000 * 

KK T380B1 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR B380B1 
* 

KK S380B1 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM 10.5 ACRE-FEETx43560/36~3600=3.5cfs 
RS 1 STOR 0 
SV 0 .01 10.5 20.0 
SQ 0 1.0 3.5 50.0 * 

KK C380B1 
KM HYDROGRAPH COMBINATION 
IiC 3 
* 

KK R380B1 
KM CHANNEL GEOMETRY OBTAINED FROM 2' CONTOUR MAPPING. 
KM ROUTING OF FLOW FROM SUB-BASINS 380Bl TO SUB-BASIN 400B1. 
RS 7 FLOW - 1 
RC .045 .035 .045 2600 .023 

* 
* DDM * * * * *  Updated * * * * *  

KK 400B1 
KM SUB-BASIN 400B1 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .998 
KM L = .93 Kb = .057 Adj. Slope = 91.0 
BA .385 
LG ,280 .250 4.100 .590 12.000 
UC ,433 .238 
U A 0 5 16 3 0 65 7 7 84 
UA 100 

* DDM * * * * *  Preserved * * * * *  
HEC-1 INPUT PAGE 29 



LINE 

KK D400B1 
KM DIVERT FLOW INTO ONLINE DETENTION BASIN 
KM DETENTION/RETENTION BASIN LOCATED WITHIN SAGUARO VISTA SUBDIVISION 
KM MAXIMUM VOLUME DIVERSION = 5.6 ACRE-FEET 
D'T' B400B1 5.6 
DI 0 10000 
DQ 0 10000 
* DDM * * * * *  Preserved * * * * *  

KK T400B1 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR B400B1 
* DDM * * * k *  Preserved * * * * *  

KK S400B1 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM 5.6 ACRE-FEETx43560/36~3600 = 2 cfs  
RS 1 STOR 0 
SV 0 .01 5.6 10.0 
SQ 0 1 2 20.0 
* DDM * * * * *  Preserved * * * * *  

KI< C400B1 
KM HYDROGRAPH COMBINATION FOR SPOOK HILL FRS 
HC 2 
* DDM * * * * *  Preserved * * * * *  

KK CC4OOB 
KM HYDROGRAPH COMBINATION FOR SPOOK HILL FRS 
HC 3 
* 
* DDM * * * * V  Updated ***k* 

KI< 420A2 
KM SUB-BASIN 420A2 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = .26 Kb = .064 Adj. Slope = 96.0 
BA .022 
LG .350 .350 4.150 .430 .000 
UC .208 .I94 

* 
* DDM * * * * *  Preserved * * * * *  

KK C400A2 
KM HYDROGRAPH COMBINATION FOR SPOOK HILL FRS 
HC 2 * 

HEC-1 INPUT PAGE 30 

LINE 

KI< T370W 
KM RETRIEVE FLOW FROM DIVERSION of ONLINE BASIN 
DR B370W 
X 

KM ROUTING OF FLOW FROM SUB-BASINS 370W TO Hawes along McDowell. 
RS 5 FLOW - 1 

KK 395A 
KM SUB-BASIN 39511 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .999 
KM 1, = 1.48 Kb = .051 Adj. Slope = 216.6 
BA ,187 
LG .310 .270 4.800 .300 9.000 
UC ,358 .421 
U A 0 5 16 3 0 6 5 77 84 9 0 94 97 
U A 100 
* DDM * * * * *  Preserved * * * * *  

KK R390C1 
KM Route runoff from subbasin 395A through Thunder Mountain subdivision 
KM to concentration point 390C 
KM CHANNEL GEOMETRY OBTAINED FROM 2' CONTOUR MAPPING. 
RS 3 FLOW - 1 
RC 0.045 0.035 0.045 1600 0.032 
RX 0 5 10 22 40 45 6 0 9 0 
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RY 4 3 2 0 0 2 3 4 
"DM * * * * *  Updated * * * * *  

KK 395B 
KM SUB-BASIN 395B 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = .18 Kb = .075 Adj. Slope = 167.0 
BA .004 
LG .300 .250 5.100 ,270 5.000 
UC .I50 .266 
U A 0 5 16 3 0 65 7 7 84 
U A 100 
* DDM * * * * *  Preserved * * * * *  

KK R390C2 
KM Route runoff hydrograph from 395B to concentration point 390C in existing 
KM channel along McDowe11 Road 
KM CHANNEL GEOMETRY OBTAINED FROM 2' CONTOUR MAPPING. 
RS 3 FLOW - 1 
RC 0.045 0.035 0.045 1380 0.027 
RX 0 1 3 6 2 8 3 1 3 4 37 

HEC-1 INPUT PAGE 31 

LINE 

KI< 390C 
KM SUB-BASIN 390C 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .999 
KM L = .53 Kb = .054 Adj. Slope = 162.0 
BA .I21 

U A 100 
* DDM * * * * *  Preserved * * * * *  

KX CP390C 
KM Combine routed hydrographs from 395A, 395B, with runoff hydrograph from 
KM subbasiri 390C 
HC 3 
* DDM * * * * *  Preserved * * * * *  

KK TOC-H 
KM Divert into proposed storm drain for Culver-Hawes detention 
KM basin. Diversion determined by rating curve. 
DT T0390B 
DI 0 8 2 9 8 6 244 457 1000 
DQ 0 0 0 3 1 159 342 885 * 

KK C370 
KM COMBINE FLOWS IN STORMDRAIN ALONG McDOWELL FROM LaMADRID BASIN AND THUNDER 
KM Fl0,IOUNTAIN BASIN 
HC 2 1.30 * 

KK R390S 
KM Route Flow South to Subbasin 400B3. 
RS 2 PLOW - 1 
RC .045 .045 .045 1000 .020 
RX 0 1 4 0 46 5 6 62 102 103 
RY 3 2 2 0 0 ' 2  2 3 
* 

400B3 
SUB-BASIN 40OB3 
24-HOUR SCS TYPE 11 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
L = -26 Kb = ,064 Adj. Slope = 135.0 
.024 
.300 .250 4.500 .430 .OOO 
.I83 .I61 

0 5 16 3 0 65 7 7 8 4 9 0 94 9 7 
100 

HEC-1 INPUT PAGE 32 

LINE 

KK D400B3 
KM DIVERT FLOW INTO ONLINE DETENTION BASIN 
KM DETENTION/RETENTION BASIN LOCATED WITHIN SAGUARO VISTA SUBDIVISION 
KM MAXIMUM VOLUME DIVERSION = 1.6 ACRE-FEET 



KK T400B3 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 

KK S400B3 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM 1.6 AC~~-~E~~x43560/36~3600 = 1 cfs 
RS 1 STOR 0 
SV 0 .01 1.6 5.0 
SY 0 1 1 10.0 * 

KIC C400B3 
KM HYDROGRAPH COMBINATION 
HC 2 

KK C390S 
KM HYDROGRAPH COMBINATION of flow fron north of the Basin 
HC 2 
* 

KK 380B3 
KM SUB-BASIN 380B3 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL8 REDUCTION FACTOR OF ,999 
KM L = .69 Kb = .054 Adj. Slope = 138.0 
BA .I23 

KK D380B3 
KM DIVERT FLOW INTO ONLINE DETENTION BASIN 
KM MAXIMUM VOLUME DIVERSION = 4.0 acre-feet 
DT B380B3 4.0 
DI 0 10000 
DQ 0 10000 * 

HEC-1 INPUT PAGE 33 

LINE 

KK T380B3 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR B380B3 * 

KK S380B3 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM 4.0 ACRE-FEETx43560/36~3600= 2.cfs 

KK C380B3 
KM HYDROGRAPH COMBINATION 
HC 2 
i 

KK D380B3 
KM Subbasin 380B3 is Divided into 3 Smaller Areas 
KM 38% to 380B3a, 35% to 380B3b, and 27% to 380B3c 
DT 380B3c 
DI 0 1000 
DQ 0 270 * 

380B3b 
Subbasin 380B3 is Divided into 3 Smaller Areas 
38% to 380B3a, 35% to 380B3b, and 27% to 380B3c 

DT 380B3a 
DI 0 1000 

:Q 0 52 0 

I<K C380BB 
WJ Total Basin Inflows from North and East Areas 
HC 2 
* 



D380B 
DIVERT FLOW INTO OFFLINE DETENTION BASIN LOCATED WITHIN SUB-BASINS 
380B3b - culver/Hawes basin 

B38B3b 
0 70 5000 
0 0 4930 

RT380B 
RETRIEVE FLOW FROM DIVERSION 
B38B3b 

HEC-1 INPUT PAGE 34 

.10 LINE ID.. 

S380B 
RETRIEVE FLOW INTO OFFLINE BASIN AND BLEED OFF WITHIN 36 HOURS. 

1 STOR 0 
0 2.5 5.1 11.0 18.7 28.0 32.0 
0 1.0 2.0 4.0 6.0 8.0 9.0 
0 6.2 8.8 15.3 20.0 2 5 250 

CC380B 
HYDROGRAPH COMBINATION at outlet of Basin "S380BW 

2 

R3 8B3b 
ROUTING OF FLOW FROM BASIN TO SUB-BASIN 380B3c 

3 FLOW - 1 
.045 .035 .045 1300 .020 

T38B3a 
RETRIEVE FLOW FROM DIVERSION of 380B3a 
380B3a 

R3 8B3a 
ROUTING OF FLOW FROM SUB-BASINS 380B3a TO SUB-BASIN 380B3c. 

3 FLOW - 1 
.045 .035 .045 1800 .020 

T38B3c 
RETRIEVE FLOW FROM DIVERSION of 380B3c 
380B3c 

C38B3c 
HYDROGRAPH COMBINATION of 380B3c, 380B3a and flow from the Basin 

3 

ROUTING OF FLOW FROM SUB-BASINS 380B3~ TO SUB-BASIN 380B2 
4 FLOW - 1 

HEC-1 INPUT 

LINE ID.. 

300B2 
SUB-BASIN 380B2 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF .999 
L = .55 Kb = .055 Adj. Slope = 136.0 
.096 
.300 .250 3.950 .580 15.000 
.250 .I87 

C380B2 
HYDROGRAPH COMBINATION 

2 



KM CHANNEL GEOMETRY OBTAINED FROM 2' CONTOUR MAPPING. 
I(M ROUTING OF FLOW FROM SUB-BASINS 380B2 TO SUB-BASIN 400B2. 
RS 9 FLOW -1 
RC .045 .035 .045 4000 .018 

400B2 
SUB-BASIN 400B2 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF .999 
L = .93 Kb = .051 Adj. Slope = 118.0 
.I94 
.300 .250 4.150 .530 .OOO 
.363 .288 

0 5 16 3 0 65 7 7 84 
100 

KK C400B2 
KM HYDROGRAPH COMBINATION 
HC 2 
k 

KK R400B2 
KM CHANNEL GEOMETRY OBTAINED FROM 2' CONTOUR MAPPING. 
KM ROUTING OF FLOW FROM SUB-BASINS 400B2 TO SUB-BASIN 420A1 
RS 3 FLOW - 1 
RC .045 .035 .045 1800 .018 

* 
HEC-1 INPUT PAGE 36 

10 LINE 

420A1 
SUB-BASIN 420A1 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF .997 
L = 1.20 Kb = .044 Adj. Slope = 108.0 
.566 
.300 .270 4.250 .480 17.000 
.387 .207 

0 5 16 3 0 65 7 7 84 
100 

KK D420Al 
KM DIVERT FLOW INTO ONLINE DETENTION BASIN 
KM DETENTION/RETENTION BASINS LOCATED WITHIN GRAY FOX SUBDIVISION 
KM MAXIMUM VOLUME DIVERSION = 11.2 acre-feet 
DT B420A1 11.2 
DI 0 10000 

:Q 0 10000 

KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR B420A1 

KK S420Al 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM 11.2 ACRE-FEETx43560/36~3600= 4cfs 
RS 1 STOR 0 
SV 0 .01 11.2 2 0 

sQ 0 1.0 4.0 40 

KK C420A 
KM HYDROGRAPH COMBINATION FOR SPOOK HILL FRS 
HC 4 
* DDM * * * * *  Preserved * * * * *  

KK R390B 
KM Retrive Flows diverted from CP390C to existing Thunder Mountain detention 
KM basin 

KM CHANNEL GEOMETRY OBTAINED FROM 2' CONTOUR MAPPING. 
R S  3 FLOW -1 
RC 0.020 0.020 0.020 430 0.019 
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LINE 

* DDM ' k * * * *  Updated A * * * "  

HEC-1 INPUT PAGE 37 

.10 

KI< 385C 
KM SUB-BASIN 385C 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .997 
KM L = 2.16 Kb = .039 Adj. Slope = 303.2 
BA .501 
LG .280 .380 5.600 .ZOO 13.000 
UC .333 .300 
UA 0 5 16 3 0 65 77 84 
U A 100 
* DDM * * * * *  Updated * * * * *  

KK 385B 
KM SUB-BASIN 385B 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = .82 Kb = .057 Adj. Slope = 280.2 
BA .077 
LG .340 .330 5.200 .250 6.000 
UC .242 .281 
UA 0 5 16 3 0 6 5 7 7 84 
U A 100 
* DDM * * * * *  Updated * * * * *  

KK 385A 
KM SUB-BASIN 385A 
KM 24-I-IOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = .37 Kb = .065 Adj . Slope = 207.0 
BA .018 
LG .300 .250 4.150 .530 15.000 
UC .I96 .270 
UA 0 5 16 3 0 6 5 77 84 90 94 
u A 100 * DDM * * * * *  Updated * * * * *  

415B 
SUB-BASIN 415B 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF .998 
L = 1.20 Kb = .049 Adj. Slope = 303.2 
.276 
.300 .250 5.000 .330 24.000 
.262 .202 

0 5 I6 3 0 65 7 7 84 9 0 94 
100 

KK CP415B 
KM Combine hydrographs from 385C and 385B with runoff hydrographs from 385A 
KM and415B 
HC 4 * 

HEC-1 INPUT 

KK D415B 
KM DIVERT FLOW INTO OFFLINE DETENTION BASIN 
KM MAXIMUM STORAGE VOLUME FOR DIVERSION = 32 AC-FT @ 5' DEPTH. 
DT BS415B 
DI 0 150 5000 

TQ 0 0 4850 

* DDM * * * " *  Preserved * * * * *  

KK RT415B 
KM RETRIEVE FLOW FROM DIVERSION INTO OFFLINE BASIN 
DR BS415B 
* 
* DDM * * * * *  Preserved * * * * *  

KK S415B 
KM RETRIEVE FLOW INTO OFFLINE BASIN AND BLEED OFF WITHIN 36 HOURS 
KM 32 ACRE-FEETx43560/36~3600 = llcf~ 
RS 1 STOR 0 
SV 0 .01 32 4 0 
SQ 0 5 5 0 6 0 
* DDM * * * * "  Preserved * * * * *  

KK CC415B 
KM HYDROGRAPH COMBINATION OF 415 DIVERSION 
HC 2 
* DDM * * * * *  Preserved * * * * *  

PAGE 38 

.10 



LINE 

LINE 

1515 

KK R390A1 
KM Route runoff hydrograph from subbasin 385B to CP390A 
KM CHANNEL GEOMETRY OBTAINED FROM 2' CONTOUR MAPPING. 
RS 3 FLOW - 1 
RC 0.045 0.035 0.045 1700 0.033 
RX 0 14 22 2 9 3 6 44 52 109 
RY 4 2 1 0 0 1 2 4 
* DDM * * * * *  Updated * * * * *  

KK 390A 
KM SUB-BASIN 390-4 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = .36 Kb = .064 Adj. Slope = 164.0 
BA .024 
LG .300 .250 4.000 .560 15.000 
UC .204 .235 
U A 0 5 16 3 0 65 7 7 84 90 9 4 9 7 
U A 100 
* DDM * * * * *  Preserved " * * * *  

HEC-1 INPUT PAGE 39 

KK CP390A 
KM Combine routed hydrographs from the Oak Street detention basin with 
KM runoff hydrograph from subbasin 390A 
HC 2 
* DDM * * * * *  Preserved * * * * *  

KK R390B2 
KM Route combined hydrograph from CP390A to existing Thunder Mountain detention 
KM basin 
XM CHANNEL GEOMETRY OBTAINED FROM 2' CONTOUR MAPPING 
RS 3 FLOW - 1 

* DDM * * * * *  Updated * * * * *  

KK 390B 
KM SUB-BASIN 3900 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RATNFALL REDUCTION FACTOR OF .999 
KM L = .68 Kb = .055 Adj. Slope = 153.0 
BA .I01 
LG .300 .250 4.450 .450 15.000 
UC .267 .232 
U A 0 5 16 3 0 65 77 84 90 94 9 7 
U A 100 
* DDM * * * * *  Preserved * * * * *  

KK CP390B 
KM Combine routed hydrographs from CP390C and CP390A with runoff hydrograph from 
KM subbasin 390B 
HC 3 1.31 
* DDM "*** Preserved * * * * *  

KK S390B 
KM Thunder Mountain Detention Basin, with 78-inch outlet pipe, discharge from 
KM the basin can be through the pipe and out of 32-6 ft x 0.65 ft holes in 
KM the wall at the southwest corner of the basin the lowest hole is at 
KM elevation 1759.27 feet 
RS 1 STOR 0 
SV 0 0.01 0.45 1.77 4.38 8.09 12.61 18.16 24.98 
SQ 0 325 400 460 676 1450 1958 2321 2615 
SE 1753 1754 1756 1758 1760 1762 1764 1766 1768 
* DDM * * * * *  Updated * * * * *  

420B05 
SUB-BASIN 420B05 
24-HOUR SCS TYPE 11 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 

L = .41 Kb = .061 Adj. Slope = 159.0 
.040 
.300 .250 4.650 .390 15.000 
.213 .204 

0 5 16 3 0 65 7 7 84 9 0 94 97 
HEC-1 INPUT PAGE 40 

U A 100 
* DDM * * * * *  Preserved * * * * *  

KK CPSD05 
KM Combine routed flow in storm drain from Thunder Mountain Detention basin 
KM with runoff from subbasin 420B05 



HC 2 
* DDM * * * * *  Updated * * * * *  

KK 420B10 
KM SUB-BASIN 420B10 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = .49 Kb = .063 Adi. Sloae = 159.0 

UC .242 ,354 
U A 0 5 16 3 0 6 5 7 7 84 
U A 100 
* DDM * * * * *  Preserved * * * * *  

KK CPSDlO 
KM Combine routed flow in storm drain from CPSDOS with runoff from subbasin 
KM 420B10 
HC 2 
* DDM * * * * *  Updated * * * A *  

KK 420B15 
KM SUB-BASIN 420B15 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = .36 Kb = .068 Adj. Slope = 133.0 
BA .011 
LG .300 .250 3.850 ,620 15.000 
UC ,229 .416 
U A 0 5 16 3 0 6 5 77 84 
U A 100 
* DDM * * * * *  Preserved * * * * *  

KK CPSD15 
KM Combine routed flow in storm drain from CPSDlO with runoff from subbasin 
KM 420B15 
HC 2 
* DDM * * * * *  Updated * * * * *  

KK 420B20 
KM SUB-BASIN 420B20 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L - .48 Kb = .067 Adj. Slope = 144.0 
BA .a14 

U A 100 
* DDM * * * * *  Preserved * * k * *  

HEC-1 INPUT PAGE 41 

.10 LINE 

KK CPSD20 
KM Combine routed flow in storm drain from CPSD15 with runoff from subbasin 
KM 420B20 
HC 2 
* DDM * * * * *  Updated * * * * *  

KK 420B25 
KM SUB-BASIN 420B25 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .999 
KM L = 1.90 Kb = .056 Adj. Slope = 203.5 
BA .084 

KK SFIRES 
KM Detention basin at Mesa Fire Station #16 at NW corner of McDoweZl Rd. and 
KM 80th Street. Detention volumes taken from as-built plans dated 5/22/00, 
KM prepared by AGRA Infrastructure, Inc. 
RS 1 STOR 0 
SV 0 0.03 0.14 0.37 0.53 0.73 
SQ 0 7 17 2 5 27 3 1 
SE 9 2 9 3 94 9 5 96 97 
* DDM * * * * *  Preserved * * * * *  

KK CPSD25 
KM Combine routed flow in storm drain from CPSD20 with runoff from subbasin 
KM 420B25 
HC 2 
* DDM * * * * *  Updated * * * * *  

KK 420B30 
KM SUB-BASIN 420B30 



KM 24-HOUR SCS TYPE IT RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = .87 Kb = .059 Adj. Slope = 144.0 
BA .055 
LG .300 .250 4.400 .460 15.000 
UC .342 .525 
U A 0 5 16 3 0 65 77 84 90 9 4 9 7 
U A 100 
* DDM **""* Preserved * * * * *  

KK CPSD30 
KM Combine routed flow in storm drain from CPSD25 with runoff from subbasin 
KM 420B30 
HC 2 
* DDM * " * * *  Updated * * * * *  

HEC-1 INPUT PAGE 42 

LINE 

420B35 
SUB-BASIN 420x35 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
L = .40 Kb = .062 Adj. Slope = 112.0 
.035 
.300 .260 3.530 .770 15.000 
.246 -253 

0 5 16 3 0 65 77 8 4 9 0 9 4 97 
100 

KK SCHRCH 
KM Detention basin at Falcon Hill Ward Church of Jesus Christ of Latter- 
KM Day Salnts at NW corner of McDowell Rd. and 78th Street. Detention 
KM volumes taken fxom as-built plans dated 7-22-03, prepared by Rosendahl 
KM & Associates, Inc. 
RS 1 STOR 0 
SV 0 0.09 0.23 0.49 0.66 0.71 0.84 
SQ 0 1.4 2.2 5.5 6.0 6.4 157 
SE 1663 1664 1665 1666 1666.5 1667 1668 
* DDM * * " * '  Preserved " * * * *  

KK CPSD35 
KM Combine routed flow in storm drain from CPSD30 with runoff from subbasin 
KM 420B35 
KC 2 
* DDM * * * * *  Updated * * * * *  

420B40 
SUB-BASIN 420B40 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THZS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
L = .17 Kb = .073 Adj. Slope = 118.0 
.005 
.300 .260 3.700 .680 15.000 
.I71 .258 

UA 0 5 16 3 0 65 77 84 9 0 94 97 
U A 100 
* DDM * * * * '  Preserved * * * * *  

KK CPSD40 
KM Combine routed flow in storm drain from CPSD35 with runoff from subbasin 
KM 420B40 
HC 2 
* DDM * * * * *  Updated * * * * k  

420B45 
SUB-BASIN 420B45 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTLON FACTOR OF 1.000 
L = .25 Kb = .071 Adj. Slope = 120.0 

. 0 0 7  

.300 .260 3.630 .710 15.000 

.204 .354 
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LINE 

UA 0 5 16 3 0 6 5 77 84 9 0 9 4 9 7 
U A 100 
* DDM * * * * *  Preserved * k * * *  

KK CPSD45 
KM Combine routed £low in storm drain from CPSD40 with runoff Erom subbasin 
KM 420B45 
HC 2 
* DDM * * * * *  Preserved * * * * *  

KK TOLSCH 
KO 3 



KM Divert out of storm drain through splitter structure. Divert flow amount 
KM such that the flow at CP415A is less than or equal to 1540 cfs, the existing 
KM peak discharge of Lassendas channel. 
DT MCDB 
DI 0 331 419 558 658 693 728 901 1043 
DQ 0 0 61 17 6 262 292 323 473 594 
* DDM * * * * *  Updated * * * * *  

KK 440 
KM SUB-BASIN 440 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = .40 Rb = .039 Adj. Slope = 315.0 
BA .080 
LAG .I90 .380 6.400 .I40 13.000 
UC .I29 .077 
U A 0 3 5 8 12 2 0 43 
U A 100 
* DDM * * * * *  Preserved * * * * *  

K I< R7 0 
KM ROUTE FLOW FROM SUB-BASIN 440 TO C108 
RS 2 FLOW -1 
RC .05 .035 .05 2250 .08 
RX 1000 1025 1050 1070 1075 1095 1120 1145 
RY 30 22.9 15.7 10 10 15.7 22.9 3 0 
* DDM * * * * *  Updated * * * * *  

KK 441 
KM SUB-BASIN 441 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = .28 Kb = .069 Adj. Slope = 315.0 
BA .010 

U A 100 
* DDM * * * * *  Preserved * * * * *  

HEC-1 INPUT PAGE 44 I) LINE 

KK C108 
KM COMBINE HYDROGRAPHS FROM SUB-BASINS 440 & 441 
HC 2 
* DDM * * * * *  Preserved * * * * *  

KK D4 
KM SPLIT FLOW WITH TWO 42 INCH PIPES TO WEST AND SOUTH 
DT SPLIT 
DI 0 14 4 0 8 2 120 154 180 
DQ 0 7 2 0 41 60 77 9 0 
* DDM * * * * *  Preserved ****' 

KIC R108 
KM ROUTE FLOW FROM SUB-BASIN C108 TO C67 
RS 2 FLOW -1 
RC .05 .035 .05 3200 .1 
RX 1000 1025 1050 1070 1075 1095 1120 1145 

KIC 442 
KM SUB-BASIN 442 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM 'PHIS BASIN USED RAINFALL REDUCTION FACTOR OF .999 
KM L = .83 Kb = .055 Adj. Slope = 274.2 
BA .lo0 

U A 100 
* DDM * * * * *  Preserved * * * * *  

KK C67 
KM COMBINE FLOW FROM SUB-BASIN 442 & DIV4 
HC 2 
* DDM * * * * *  Preserved * * * * *  

KK D6 
KM OFFLINE BASIN WITH 25 FOOT WEIR SET AT 2.5 FEET ABOVE BOTTOM OF CHANNEL 
KM FLOW CONTINUES BEYOND BASIN THROUGH 2-30" PIPES 
DT BASIN4 3.3 
DI 0 10 32 44 79.9 132.5 198 272.9 356.8 
DQ 0 0 0 0 23.9 67.5 124 190.9 266.8 
* DDM * * * * *  Preserved * * * * -A  



K RETRIEVE FLOW FROM DIVERSION INTO OFFLINE BASIN 
DR BASIN4 
* DDM * * * * *  Preserved * * * * *  

HEC-1 INPUT PAGE 45' 

.10 LINE 

KK SD6 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM 3.3 ACRE-FEETx43560/36~3600=1.l~fS 
RS 1 STOR 0 
sv 0 .01 3.3 
SQ 0 0.2 1.1 
* DDM * * * * *  Preserved * * * * *  

KK CD6 
KM HYDROGRAPH COMBINATION FOR OFFLINE BASIN BLEEDOFF 
HC 2 
* DDM * * * * *  Updated * * * * *  

KK 443 
KM SUB-BASIN 443 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = .71 Kb = .050 Adj. Slope = 315.0 
BA .080 
LG .250 .I90 8.000 .080 10.000 
UC ,196 .I94 
U A 0 5 16 3 0 6 5 77 84 9 0 94 
U A 100 
* DDM * * * * *  Preserved * * * * *  

KK D6 6 
KM DIVERT FLOW INTO 3 NATURAL WASHES WITH ONE 24" PIPE IN EACH WASH. 
KM EACH PIPE CAPACITY BASED ON 4 FEET OF HEAD 
DT WSH66 
DI 0 7 8 100 200 
DQ 0 7 8 7 8 7 8 
* DDM *****Preserved***** 

KM ROUTE FLOW FROM C113 TO C114 
RS 1 FLOW -1 
RC .019 .019 .019 1300 .029 
RX 1000 1004 1008 1012 1018 1022 1026 1030 
RY 17 15.33 12.67 10 10 12.67 15.33 17 
* DDM * * * * *  Preserved * * * * *  

KK C114 
KM COMBINE HYDROGRAPHS FROM SUB-BASIN 67 AND C113 
HC 2 
* DDM * * * * *  Updated * * * * *  

444 
SUB-BASIN 444 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
L = .33 Kb = .034 Adj. Slope = 315.0 
.040 
.I30 .350 4.450 .320 1.000 
.I12 .084 

HEC-1 INPUT PAGE 46 

LINE ID . . . . . . .  1.......2.......3.......4.......5.......6.......7.......8.......9......10 
1761 U A 0 3 5 8 12 2 0 43 7 5 9 0 9 6 
1762 U A 100 

* DDM ****"reserved * * * * *  

KK R5 8 
KM ROUTE FLOW FROM SUB-BASIN 444 TO C107 
R S  2 FLOW -1 

* DDM * * * * *  Updated *"** 

KK 445 
KM SUB-BASIN 445 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .999 
KM L = .82 Kb = -036 Adj. Slope = 315.0 
BA .I90 
LG ,170 .320 3.470 .590 3.000 
UC .I92 ,130 
U A 0 5 16 3 0 6 5 7 7 8 4 
U A 100 
* DDM * * ' * *  Preserved * * * * *  



KK C107 
KM COMBINE HYDROGRAPHS FROM SUB-BASINS 444 & 445 
HC 2 
* DDM * * * * *  Preserved * * * * *  

KM ROUTE FLOW FROM C107 TO C109 
RS 2 FLOW -1 
RC .05 .035 .05 700 .0516 
RX 1000 1010 1020 1050 1055 1085 1095 1105 
RY 19 18 17 10 10 17 18 19 
* DDM * * * * *  Preserved * * * * *  

KK RTB2 
KM RETRIEVE DIVERTED FLOW FROM BASIN 1 
DR SPLIT 
* DDM * * * * *  Preserved * * * * *  

KK RSPLIT 
KM ROUTE FLOW FROM SPLIT TO C109 
RS 1 FLOW - 1 
RC .05 .035 .05 800 .05 
RX 1000 1025 1050 1070 1075 1095 1120 1145 
RY 30 22.9 15.7 10 10 15.7 22.9 3 0 
* DDM * * * * *  Updated * * * * *  

HEC-1 INPUT PAGE 47 

.10 LINE 

KK 446 
KM SUB-BASLN 446 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = .46 Kb = .061 Adj. Slope = 303.9 
BA .040 

UA 100 
* DDM * * * * *  Preserved * * * * *  

KM COMBINE HYDROGRAPHS FROM COMBINES C107 AND C108 
HC 3 
* DDM * * * * *  Preserved * * * * *  

KK D5 
KM DIVERT FLOW INTO WASHES TOWARDS WEST 
KM DIVERSION THROUGH 36" PIPE WITH 3 FEET OF HEAD 
DT WSH404 
DI 0 40.7 71.2 121.6 190 276 379.4 500.6 
DQ 0 3 5 3 5 3 5 3 5 3 5 35 3 5 
* DDM * * * * *  Preserved * * * * *  

KK R109 
KM ROUTE FLOW FROM C109 TO CllO 
RS 1 FLOW -1 
RC .019 .019 .019 3080 .05 
RX 1000 1005 1010 1015 1025 1030 1035 1040 
RY 13.75 12.5 11.25 10 10 11.25 12.5 13.75 
* DDM * * * * *  Updated * * * * *  

KK 447 
KM SUB-BASIN 447 
KM 24-HOUR SCS TYPE I1 MINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .999 
KM L = .49 Kb = ,056 Adj . Slope = 221.0 
BA .090 
LG .250 .270 3.350 .870 30.000 
UC .208 .I45 
U A 0 5 16 3 0 6 5 7 7 84 
U A 100 
* DDM * * * * *  Preserved * * * * *  

KK RT404 
KM RETRIEVE DIVERTED FLOW FOR WASH 109 
DR WSH404 
* DDM * * * * * *  Preserved * * * * *  

HEC-1 INPUT PAGE 48 

.I0 LINE 

KK R404 
KM ROUTE FLOW FROM CllO TO C11O 
RS 6 FLOW -1 
RC .019 .019 .019 '3540 . 0 3  



* DDM * k * * *  Preserved * * * * *  
KK CllO 
KM COMBINE HYDROGRAPHS FROM SUB-BASIN 447 AND R404 
HC 3 
* DDM * * * * *  Preserved * * * * *  

KK R110 
KM ROUTE FLOW FROM C110 TO C115 
RS 1 FLOW - 1 
RC .019 .019 .019 580 .0291 
RX 1000 1012 1016 1020 1035 1039 1043 1055 
RY 15 12 11 10 10 11 12 15 
* DDM * * * * *  Preserved * * * * *  

KK C115 
KM COMBINE HYDROGRAPHS FROM C114 AND CllO 
HC 2 
* DDM * * * * *  Preserved * * * * *  

KK R115 
KM ROUTE FLOW FROM C115 TO Sub 453 
RS 1 FLOW -1 
RC .019 .019 .019 2125 .029 
RX 1000 1012 1016 1020 1035 1039 1043 1055 
RY 15 12 11 10 10 11 12 15 
* DDM * * * * *  Updated * k * * ' k  

KK 448 
KM SUB-BASIN 448 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = .36 Kb = .042 Adj. Slope = 315.0 
BA .045 
LG ,170 .310 4.200 .390 11.000 
UC .I33 .lo2 
U A 0 5 16 3 0 65 77 84 
U A 100 
* DDM * * * * *  Updated * * * * *  

KK 449 
KM SUB-BASIN 449 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = .40 Kb = .054 Adj. Slope = 315.0 
BA .050 

PAGE 49 

.10 

97 

LINE 

U A 0 5 16 3 0 65 77 8 4 9 0 94 
UA 100 
* DDM * * * * *  Preserved " * * * "  

KK C6364 
KM COMBINE HYDROGRAPHS FROM SUB-BASINS 448 & 449 
HC 2 
* DDM * " * * *  Preserved * * * * *  

KK R6364 
KM ROUTE FLOW FROM C116 AND SUB-BASINS 448 AND 449 
RS 5 FLOW - 1 
RC .05 .035 .05 4375 .0333 
RX 1000 1027 1053 1080 1090 1117 1143 1170 
RY 15 13.33 11.67 10 10 11.67 13.33 15 
* DDM * * * * *  Updated * * * * *  

KK 450 
KM SUB-BASIN 450 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = .85 Kb = .057 Adj. Slope = 210.5 
BA .070 
LG .340 .350 3.630 .570 4.000 
UC .296 .383 
U A 0 3 5 8 12 2 0 4 3 
U A 100 
* DDM * A * * *  Updated * * * * *  

KK 4-5 1 
KM SUB-BASIN 451 
KM 24-HOUR SCS TYPE II RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = .57 Kb = .063 Adj. Slope = 175.0 



UA 100 
* DDM * * * * *  Preserved ' * * * *  

KK C451 
KM COMBINE HYDROGRAPHS FROM SUB-BASINS 450 & 451 
HC 2 
* DDM * * * * *  Preserved * * * * *  
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KK KT66 
KM RETRIEVE DIVERTED FLOW FROM SUB-BASIN 66 
DR WSH66 
* DDM * * * A *  Updated * * * * ' A  

HEC-I INPUT 

LINE 

KK 452 
KM SUB-BASIN 452 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = .43 Kb = .055 Adj. Slope = 315.0 
BA .040 
LG .260 .280 3.700 .550 9.000 
UC ,171 .I66 
U A 0 5 16 3 0 6 5 7 7 84 
U A 100 
* DDM * * * * *  Preserved * * * * *  

KK C6465 
KM COMBINE HYDROGRAPHS FROM SUB-BASINS 443 AND 452 
HC 2 
* DDM * * * * *  Preserved * * * * *  

KM ROUTE FLOW FROM DIVERSIONS 65 AND 66 TO C116 
RS 3 FLOW - 1 
RC .05 .035 .05 2435 ,0282 
RX 1000 1045 1090 1150 1160 1220 1265 1310 
RY 2 5 23 2 0 10 10 2 0 2 3 2 5 
* DDM * * * * *  Preserved * * * * *  

KK C116 
KM COMBINE HYDROGRAPHS FROM SUB-BASINS 450 & 451 AND R6364 & R6465 
HC 3 
* DDM * * * * *  Preserved * * * * *  

KK BASIN5 
KM RESERVOIR WITHIN PARCEL 31 2-48 INCH PIPES AT OUTFALL 
KM BASIN 5 FEET DEEP 
RS 1 ELEV 0 
SV 0 4.5 9.9 
SY 0 69 190 
SE 0 2.5 5 
* DDM * * * * *  Preserved * * * " +  

KM ROUTE FLOW FROM C116 TO C117 
RS 2 FLOW -1 
RC .05 .035 .05 1300 .0333 
RX 1000 1100 1200 1300 1320 1420 1520 1620 
RY 13 12 11 10 10 11 12 13 
* DDM * ' * * *  Updated * * * * *  

KK 453 
KM SUB-BASIN 453 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = .58 Kb = .058 Adj. Slope = 138.0 
BA .060 
LG .290 .300 3.290 .820 18.000 

HEC-1 INPUT PAGE 53. 

. .  .10 LINE 

UC .275 .284 
U A 0 5 16 3 0 6 5 77 8 4 9 0 94 
u A 100 
* DDM * * * * *  Preserved * * * * *  

KK C117 
KM COMBINE HYDROGRAPHS FROM SUB-BASIN 453 AND R116 
HC 2 
* DDM * * * * *  Preserved * * * * *  

KK C118 
KM COMBINE HYDROGRAPHS FROM R115 AND C117 
HC 2 
* DDM * * * * *  Preserved * * * * *  



KM ROUTE FLOW FROM C118 TO DIV7 
RS 1 FLOW -1 
RC .019 .019 .019 1500 .024 
RX 1000 1012 1016 1020 1035 1039 1043 1055 
RY 15 12 11 10 10 11 12 15 
* DDM * * * * *  Preserved * * * * *  

KK D7 
KM OFFLINE BASIN AT NORTH MOUNTAIN RIDGE FLOWS ENTER BASIN OVER 
KM 30' WEIR SET AT 5.3' ABOVE THE CHANNEL BOTTOM. Vol = 3.6 A-F 

* DDM * * * * *  Preserved * * * * *  

KK RTD7 
KM RETRIEVE FLOW FROM DIVERSION INTO OFFLINE BASIN 
DR BASIN6 
* DDM * * * * *  Preserved * * * * *  

KK SD7 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM 3.6 ACRE-FEET~43560/36~3600=1.2~f~ 
RS 1 STOR 0 
SV 0 .01 3.6 4.0 
SQ 0 0.2 1.2 1.5 
* DDM * * * " *  Preserved * * * * "  

KK CD7 
KM HYDROGRAPH COMBINATION FOR OFFLINE BASIN BLEEDOFF 
HC 2 
* DDM * * * * *  Updated * * * * *  

KK 454 
KM SUB-BASIN 454 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .999 
KM L = 1.23 Kb = .051 Adj. Slope = 163.0 
BA .I80 

HEC-1 INPUT 

LC .300 .310 3.780 .560 14.000 
UC .379 .395 
U A 0 5 16 3 0 65 77 8 4 9 0 9 4 9 7 
UA 100 
* 
* DDM * * * * *  Preserved * * * * *  

KK C454 
KM COMBINE HYDROGRAPHS FROM SUB-BASIN 454 AND CDIV7 
HC 2 
* DDM * * * * *  Preserved * * * * *  

KK R454 
KM CHANNEL GEOMETRY OBTAINED FROM 2' CONTOUR MAPPING. 
KM ROUTE FLOW FROM C454 TO 415C 
RS 3 FLOW - 1 
RC .045 .035 -045 2200 .009 
RX 0 .5 1 3 3 42 67 67.5 
RY 5 4 4 0 0 6 6 
* DDM * * * * *  Updated * * * * *  

KK 415A 
KM SUB-BASIN 415A 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .998 
KM L = 1.21 Kb = .049 Adj. SSope = 140.0 
BA .280 
LG .300 .260 3.630 .710 15.000 
UC .400 .322 
U A 0 5 16 3 0 65 7 7 84 9 0 94 9 7 
U A 100 
* DDM + * * * *  Preserved * * * * *  

KK CP415A 
KM Combine contributing hydrographs to the Las Sendas channel. This 
KM includes routed hydrographs from 415B and R454, flow diverted directly into 
KM the channel from CPSD45, and the runoff hydrograph from subbasin 415A 
HC 3 * 
* DDM * * * * *  Preserved * * * * *  

KK RMCDB 
KO 3 
KM Retrieve flow that remained in the storm drain and goes to the McDowell Road 
KM detention basin 
DR MCDB 
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* DDM * * * * *  preserved * * * * *  

KK SMCDB 
KM McDowell Road Basin - outlet is a 48-inch storm drain with restricter to the Las Sendas . 
KM channel 
RS 1 STOR 0 
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LINE 

* 
* DDM * * * * *  Preserved * * * * *  

KK CPLSCH 
KM Combine discharge from McDowell Road basin with the flows in the Las Sendas 
KM channel 
HC 2 
* 
* DDM * * * * *  Preserved * * * * *  

KK R415A 
KM CHANNEL GEOMETRY OBTAINED FROM 2' CONTOUR MAPPING. 
KM ROUTING OF FLOW FROM C415A TO 455C 
RS 2 FLOW - 1 
RC .045 .03 .045 4100 .024 

K I< 455 
KM SUB-BASIN 455 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .993 
KM L = 1.70 Kb = .041 Adj. Slope = 146.0 
BA 1.111 
LG .270 .280 3.700 .640 24.000 
UC .421 .204 
U A 0 5 16 3 0 6 5 77 84 
U A 100 
* DDM * * * * *  Preserved * * * * *  

KK D455 
KM DIVERT FLOW INTO ONLINE DETENTION BASIN 
KM DETENTION/RETENTION BASINS LOCATED WITHIN LAS SENDAS ADDENDUM 111 
KM FOR BASIN # :  30 3 4 4 3 47&58 
KM MAXIMUM VOLUME DIVERSION = 74.1 acre-feet 
DT BS455 74.1 
DI 0 10000 
DQ 0 ZOO00 
"DM * * * * *  Preserved * * * * *  

KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR BS455 
* DDM * * * * *  Preserved * * * * *  

KK S455 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITIlLN 36 HOURS 
KM 74.1 ACRE-FEETx43560/36~3600=25cfs 
RS 1 STOR 0 
SV 0 .O1 74.1 100.0 
SQ 0 3.0 25 250.0 
* DDM * * * * *  Preserved * * * * *  
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9......10 LINE 

KK C455 
KM HYDROGRAPH COMBINATION FOR SUB-BASIN 455 AND DIVERTED BASIN STORAGE OF 455 
HC 2 
* 

KIC CC455 
KM HYDROGRAPH COMBINATION OF 420A, R415A AND C455 
HC 3 
* DDM * * * * *  Preserved I ****  

KK 5440 
KM SPOOK HILL FRS PLANS DATED 6/15/77 
KM OUTLET PIPE=7'x7.5'RCBC; L=70 INLET INV.=1566; OUTLET INV.=1566 
KM EMERGENCY SPILLWAY ELEV.=1582; PRINCIPLE SPILLWAY ELEV.=1577.5 
KM STORAGE VOLUME EELOW PRINCIPT~E SPILLWAY FOR SEDIMENT = 271 ACRE-FEET 
RS 1 STOR 0 



sv 0.0 
SQ 0.0 
SE 577.0 
* DDM * * *  

81 211.0 265.72 692.96 896.16 1120.0 1630.34 2230.9 3311.68 
1.0 3.0 8.0 515.00 780.00 825.00 3184.7 7426.0 16007.3 

578.00 579.00 579.36 581.86 582.86 583.86 585.86 587.86 590.86 
* *  Preserved "*** 

KM ROUTE FLOW FROM SPOOK HILL FRS TO SUB-BASIN 480 

KK 480 
KM SUB-BASIN 480 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF . 9 9 6  
KM L = 1.21 Kb = .042 Adj. Slope = 165.0 
BA .731 
LG .270 .270 3.580 .730 27.000 
UC .325 .I48 
U A 0 5 16 3 0 6 5 77 84 
U A 100 
* DDM * * * * *  Preserved * * * * *  

KI< D480 
KM DIVERT FLOW INTO ONLINE DETENTION BASIN 
KM DETENTION/RETENTION BASINS LOCATED WITHIN LAS SENDAS ADDENDUM 111 
KM FOR BASIN # :  18 & 26 
KM MAXIMUM VOLUME DIVERSION = 16.5 acre-feet 

DQ 0 10000 
* DDM * * * * *  Preserved * * * * *  
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LINE 

KK RT480 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR BS480 
* DDM * * * * *  Preserved " * * * *  

KK S480 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM 16.5 ACRE-FEETx43560/36~3600=5.5cfs 
RS 1 STOR 0 
SV 0 .01 16.5 30.0 
sQ 0 3.0 5.6 50.0 
* DDM * * * * *  Preserved * * * * *  

KK C480 
KM HYDROGRAPH COMBINATION FOR SPOOK HILL FRS 

KM HYDROGRAPH COMBINATION AT SUBBASIN 480 
HC 2 0.731 
* DDM * * * * *  Preserved * * * * *  

KK R480 
KM ROUTE FLOW FROM SUB-BASIN 480 TO SUBBASIN 462 
RS 7 FLOW - 1 
RC .035 .025 .035 2800 .0002 
RX 0 1 2 2 8 5 8 84 8 5 8 6 
RY 13.5 13.5 13.5 0 0 13.5 13.5 13.5 
* DDM * " * * *  Updated * * * * *  

KK 456 
KM SUB-BASIN 456 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .998 
KM L = .94 Kb = .045 Adj. Slope = 315.0 
BA .260 
LG .300 .380 5.600 .200 12.000 
UC .217 .I39 
U A 0 5 16 3 0 65 77 84 9  0 9  4 9 7 
U A 100 
* DDM * * * * *  Preserved * * * * *  

KK D 1 
KM DIVERT FLOW INTO OFFLINE DETENTION BASIN 
KM WEIR FOR BASIN SET AT 4 FEET ABOVE CHANNEL BOTTOM 
DT BASIN1 4.0 
DL 0 11.1 127.9 234.4 577.7 789.9 1025.5 1280.9 1555.7 
DQ 0 0 0 47.7 248 381.8 533.6 701.5 884 
* DDM * * * * *  Preserved * * * * *  
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LINE 

KK CD2 
KM SPLIT OUT FLOW FOR WASHES THAT FLOW TO THE SOUTH FROM 
KM WASHES THAT DRAIN TO THE WES, SOUTHERN WASHES FED BY 30" & 24" PIPE 
DT WA3 0 
DI 0 11.1 127.9 189.6 329.7 408 491.9 579.4 671.7 
DO 0 11.1 38.4 48.2 63 69.5 7 6 8 1 86 
* DDM * * * * *  Preserved * * * * *  

KK R456 
KM ROUTE FLOW FROM SUB-BASIN 51 TO ClOl 
RS 2 FLOW -1 
RC .05 .035 .05 3800 .044 
RX 1000 1010 1020 1036 1041 1057 1067 1077 
RY 14.88 14.44 14 10 10 14 14.44 14.88 
* DDM * * * * *  Updated * * * * *  

KK 457 
KM SUB-BASIN 457 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .999 
KM L = 1.01 Kb = .045 Adj. Slope = 308.8 
BA ,190 

U A 100 
* DDM " * * *  Preserved * * * * *  

KK C101 
KM COMBINE HYDROGRAPHS FROM SUB-BASINS 50 AND 51 
r,c- " 
nL A 

* DDM * * * * *  Preserved * * * * *  

KK D3 
KM RESERVOIR AT THE EDGE OF THE PROPERTY FLOW FROM CHANNEL 
KM DIVERTED INTO OFFLINE BASIN A 25' WEIR SET AT ELEVATION 1808 BT 
DT RASIN2 5.0 

* DDM * * * * *  Preserved * * * * *  

KK RTD3 
KM RETRIEVE FLOW FROM DIVERSION INTO OFFLINE BASIN 
DR BASIN2 
* DDM * * * * *  Preserved * * * * *  

KK SD3 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 

SQ 0 0.7 1.7 
* DDM * * * * *  Preserved * * * * *  
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.10 LINE 

KK CD3 
KM HYDROGRAPH COMBINATION FOR OFFLINE BASIN BLEEDOFF 
HC 2 
* DDM * * * * *  Preserved * * * * *  

KIZ RlOl 
KM ROUTE FLOW FROM SUBBASIN C101 TO C103 
RS 1 FLOW -1 
RC .05 .035 .05 1450 .05 
RX 1000 1010 1020 1036 1041 1057 1067 1077 
RY 15 14.5 14 10 10 14 14.5 15 
* DDM " * * * *  Updated * * * * *  

KK 458 
KM SUB-BASIN 458 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .999 
KM L = .76 Kb = .048 Adj. Slope = 299.0 

U A 0 5 16 3 0 65 77 8 4 90 94 
U A 100 
* DDM * * * * *  Preserved * * * * *  

KK C103 
KM COMBINE HYDROGRAPHS FROM SUB-BASIN 55 AND ClOl 
HC 2 



* DDM * * * A *  Preserved * * * * *  
KK R103 
KM ROUTE FLOW FROM SUBBASIN C103 TO C106 
RS 1 FLOW -1 

* DDM * * * * *  Preserved * * * * *  

KM RETRIEVE DIVERTED FLOW FOR WASH BELOW 30 INCH PIPE 
DR WA30 
* DDM * * * * *  Preserved * * * * *  

KK R3 0 
KM ROUTE FLOW FROM WASH DIVERSION TO COMBINE C52 
RS 1 FLOW -1 
RC .05 .035 .05 1630 .05 
RX 1000 1010 1020 1036 1041 1057 1067 1077 
RY 15 14.5 14 10 10 14 14.5 15 
* DDM * * * * *  Preserved * * * * *  
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LINE 

KK RTBl 
KM RETRIEVE DIVERTED FLOW FROM BASIN 1 
DR BASIN1 
* DDM * * * * *  Preserved * * * * *  

KK B 1 
KM ROUTE FLOW THROUGH OFFLINE DETENTION BASIN 
KM FLOW OUTLETS THROUGH A 30 INCH OUTLET PIPE 
RS 1 ELEV 0 
SV -7 1.4 2.3 2.7 4.0 
SQ 0 5 16 28 32.5 3 7 
SE 0 1 2 3 3.5 4 
* DDM * * * * *  Preserved * * * * *  

KK RBI 
KM ROUTE FLOW FROM BASIN DIVERSION TO COMBINE C52 
RS 3 FLOW -1 
RC .05 .035 .05 1720 .05 
RX 1000 1010 1020 1036 1041 1057 1067 1077 
RY 15 14.5 14 10 10 14 14.5 15 
* DDM * * * * *  Preserved * * * * *  

KK CDIV 
KM COMBINE FLOWS FROM WA30 AND BASIN 1 
HC 2 .12 
* DDM * * * " * Updated * * *  * * 

KK 459 
KM SUB-BASIN 459 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = .35 Kb = .052 Adj. Slope = 251.6 
BA .030 
LG .220 .300 3.330 .710 8.000 
UC .I62 .157 
U A 0 5 16 3 0 65 7 7 84 
U A 100 
* DDM * * * * *  Preserved * * * * *  

KK C52 
KM COMBINE FLOWS FROM SUB-BASIN 52 WA30 AND BASIN 1 
HC 2 
* DDM * * * * *  Preserved * * * * *  

KM ROUTE FLOW FROM SUBBASIN 52 TO C102 
RS 3 FLOW - 1 

RY 15 14.5 14 10 10 14 14.5 15 
* DDM A X * * *  Updated * * * * *  
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KK 460 
KM SUB-BASIN 460 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .999 
KM L = .62 Kb = .058 Adj. Slope = 194.0 
BA .I40 
LG .250 .260 3.740 .690 27.000 



U'C -242 .I60 
U A 0 5 16 3 0 65 77 84 9 0 9 4 97 
U A 100 
* DDM * * * * *  Preserved * * * * *  

KK C102 
KM COMBINE HYDROGRAPHS FROM SUB-BASINS 52 AND 53 
I-IC 2 
* DDM * * * * *  preserved * * * * *  

KK BASIN3 
KM RESERVOIR AT CLUBHOUSE LOCATION 1-30 INCH PIPE AT OUTFALL 
KM BOTTOM OF BASIN AT 6 FEET ABOVE 1795 ELEVATION 
RS 1 ELEV 0 
SA 0 0 0 0 .34 1.59 1.81 1.96 2.13 2.3 
SQ 0 22 45 47.4 48 51 5 7 62 6 7 7 3 
SE 1795 1797.5 1800 1800.4 1800.5 1801 1802 1803 1804 1805.5 
* DDM * * * * *  Preserved * * * * *  

KK R3 
KM ROUTE FLOW FROM C102 to C106 
RS 5 FLOW -1 
RC .05 .03 .05 2750 .0375 
RX 1000 1010 1020 1052 1086 1118 1128 1138 
RY 19.2 18.4 18 10 10 18 18.4 19.2 
* DDM * * * * *  Updated * * * * *  

KK 461 
KM SUB-BASIN 461 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .999 
KM L = .83 Kb = .052 Adi. Slowe = 181.0 

U A 100 
* DDM * * * * +  Preserved * * * * *  

KK C104 
KM COMBINE HYDROGRAPHS FROM SUB-BASIN 54 AND R102 
HC 2 
* DDM Preserved * * * * *  
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LINE 

KK C106 
KM COMBINE HYDROGRAPHS FROM SUB-BASIN C103 AND C104 
HC 2 
* DDM * * * * *  Preserved * * * * *  

KM ROUTE FLOW FROM C106 TO C49 
RS 2 FLOW -1 
RC .05 .035 .05 3950 .033 
RX 1000 1010 1020 1030 1050 1060 1070 I080 
RY 13.16 12.83 12.5 10 10 12.5 12.83 13.16 
* DDM * * * * "  Updated * * * * "  

. .. . 

KM SUB~BASIN 462 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF ,998 
KM L = .97 Kb = .045 Adj. Slope = 297.7 

UA 0 5 16 3 0 6 5 7 7 8 4 
U A 100 
* DDM * * * * *  Preserved * " * * *  

KK C56 
KM COMBINE HYDROGRAPHS FROM SUB-BASIN 56 AND C106 
HC 2 
* DDM * * * * *  Preserved * * * * *  

KK C462 
KM COMBINE HYDROGRAPHS AT SUBBASIN 462 
HC 2 2.09 
* DDM * * * * *  Preserved * * * * *  

KK R462 
KM ROUTE FLOW FROM SUB-BASIN 462 TO SUB-BASIN 500 (First Channel Reach) 
RS 1 FLOW - 1 
RC .025 .025 .025 1800 .005 
RX 0 1 2 0 32 6 2 7 4 93 94 



KK RR462 
KM ROUTE FLOW FROM SUB-BASIN 462 TO SUB-BASIN 500 (Second ~atural Wash Reach) 
RS 3 FLOW - 1 
RC .055 .05 .055 4700 .05 
RX 0 1 2 2 8 58 8 4 85 86 
RY 13.5 13.5 13.5 0 0 13.5 13.5 13.5 
* DDM * * * * *  Updated * * * * *  
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LINE 

KK 500 
KM SUB-BASIN 500 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .994 
KM L = 2.77 Kb = .042 Adj. Slope = 286.8 
BA .930 
LG .350 .400 6.000 .I70 9.000 
UC .421 .333 
U A 0 3 5 8 12 2 0 4 3 
U A 100 
* DDM * * * * *  Preserved * * * * *  

KK C500 
KM HYDROGRAPH COMBINATION FOR THE ENTIRE WATERSHED AT THE SALT RIVER 
HC 2 3.02 
z z 

L 
SCHEMATlC DIAGRRM OF STREAM NETWORK 

INPUT 
LINE (V) ROUTING ( - - - > )  DIVERSION OR PUMP FLOW 

NO. ( .  CONNECTOR ( < - - - )  RETURN OF DIVERTED OR PUMPED FLOW 



100 

- - - - - - - > BSlOO 
Dl00 

< - - - - - - - BS100 
RTlOO 

v 
v 

5100 

C100 . . . . . . . . . . . . . . . . . . . . . . . .  
v 
v 

RlOO 

120 

- - - - - - - > BS120 
Dl20 











- - - - - - - > T 0 3 9 0 B  
TOC-H 







420B25 
v 
v 

SFIRES 

42 0B3 5 
v 
v 

SCHRCH 

1654 - - - - - - - > MCDB 
1649 TOLSCH 

. . . . . . . . . .  

> SPLIT 



< - - - - - - 
RTB2 

v 
v 

RSPLIT 

S P L I T  



< - - - - - - - MCDB 
RMCDB 

v 
v 

SMCDB 

CPLSCH . . . . . . . . . . . .  
v 
v 

RS 15A 





CDIV. . .  

1 ) RUNOFF ALSO COMPUTED AT THIS LOCATION 
* * * * * * * * * * * * + * * * * * * * * * V * * * X * * * * * *  

* * 
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * 
* JUN 1998 
* 

* 
VERSION 4.1 

* 
* 
* 

* RUNDATE 10APR06 TIME 34:28:38 * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * k * * * * * * * * * * *  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  
* 
* U.S. ARMY CORPS OF ENG 
* HYDROLOGIC ENGINEERING 

609 SECOND STREE * DAVIS, CALIFORNIA 9 * (916) 756-1104 * 
k X * * t * * * * * * r * r * s X * ~ * * * X * * X *  



McDowell Road Basin and Storm Drain Design 
  his model assumes that the Oak Street detention basin is installed, 
and all flows pass through the Thunder Mountain detention basin. 

The Spook Hill ADMP model was uded as a base for this model 
Return Period = 1 0 0  Years, Rainfall Duration = 24 Hours 

METHODOLOGY 
THE US CORPS OF ENGINEERS FLOW HYDROGMPH PACKAGE HEC-1 DATED JUNE 1998 V4.1 
SCS TYPE I1 RAINFALL DISTRIBUTION 
CLARK UNIT HYDROGRAPH 
GREEN AND AMPT INFILTRATION EQUATION USED FOR CALCULATING LOSSES 
NORMAL DEPTH STORAGE CHANNEL ROUTING 

OUTPUT CONTROL VARIABLES 
I PRNT 5 PRINT CONTROL 
IPLO?' 0 PLOT CONTROL 
QSCAL 0 .  HYDROGRAPH PLOT SCALE 

HYDROGRAPH TIME DATA 
NMIN 2 MINUTES IN COMPUTATION INTERVAL 
IDATE 1 0 STARTING DATE 
ITIME 0000  STARTING TIME 

NO 2000 NUMBER OF HYDROGRAPH ORDINATES - 
NDDATE 3 0 ENDING DATE 
NDTIME 1838 ENDING TIME 
ICENT 19 CENTURY MARK 

COMPUTATION INTERVAL .03 HOURS 
TOTAL TIME BASE 6 6 . 6 3  HOURS 

ENGLISH UNITS 
DRAINAGE AREA SQUARE MILES 
PRECIPITATION DEPTH INCHES 
LENGTH, ELEVATION FEET 

4D FLOW CUBIC FEET PER SECOND 
STORAGE VOLUME ACRE-FEET 
SURFACE AREA ACRES 
TEMPERATURE DEGREES FAHRENHEIT 

17 JD INDEX STORM NO. 1 
STRM 3.81 PRECIPITATION DEPTH 
TRDA . O 1  TRANSPOSITION DRAINAGE AREA 

'RECIPITATION PATTERN 
. o o  
.oo  
.oo  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
.oo  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
.oo  
. o o  



INDEX STORM NO. 2 
STRM 3.79 
TRDA 1 . 0 0  

PRECIPITATION DEPTH 
TRANSPOSITION DRAINAGE AREA 

PRECIPITATION PATTERN 
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. O 1  . 0 1  
. 0 1  . 0 1  
. o o  . o o  
. o o  . o o  
. o o  - 0 0  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  



INDEX STORM NO. 3 
STRM 3.68 
TRDA 5 .80  

PRECIPITATION PATTERN 
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  

PRECIPITATION DEPTH 
TRANSPOSITION DRAINAGE AREA 



INDEX STORM NO. 4 
STRM 3.57 
TRDA 1 0 . 6 6  

PRECIPITATION DEPTH 
TRANSPOSITION DRAINAGE AREA 

PRECIPITATION PATTERN 
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . 00 
. o o  . o o  
. 'OO . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  

TNDEX STORM NO. 
STRM 
TRDA 

PRECIPITATION DEPTH 
TRANSPOSITION DRaINAGE AREA 



P R E C I P I T A T I O N  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  

PATTERN 
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  

INDEX STORM NO. 6 
STRM 3 . 4 7  
TRDA 2 0 . 0 0  

PRECIPITATION DEPTH 
TRANSPOSITION DRAINAGE AREA 

P R E C I P I T A T I O N  PATTERN 



NDEX STORM NO. 7 
STRM 3.32 
TRDA 50 .00  

PRECIPITATION DEPTH 
TRANSPOSITION DRAINAGE AREA 

PRECIPITATION PATTERN 
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . 00 
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. o o  . o o  
. 0 0  . o o  
. o o  . o o  



.oo .oo .oo 

.oo .oo .oo 

.oo .oo .oo 

.oo .oo .oo 

.oo .oo .oo 

.oo .oo .oo 

.oo .oo .oo 

.oo .oo .oo 

.oo .oo .oo 

.oo .oo .oo 

.oo .oo .oo 

.oo .oo .oo 

.oo .oo .oo 

.oo .oo .oo 

. 00 .oo .oo 

.oo . 00 .oo 

.oo .oo .oo 

.oo .oo .oo 

.oo .oo .oo 

.oo .oo .oo 

.oo .oo .oo 

.oo .oo .oo 

. 00 .oo .oo 

.oo .oo .oo 

.oo .oo .oo 

.oo .oo .oo 

.oo .oo .oo 

.oo .oo .oo 

.oo .oo .oo 

.oo .oo .oo 

.oo .oo .oo 

.oo .oo .oo 

.oo .oo .oo 
WARNING EXCESS AT PONDING LESS THAN ZERO 
WARNING EXCESS AT PONDING LESS THAN ZERO 

.oo 

.OO 
EXCESS 

.oo 

.oo 
SET TO Z,ERO 

.oo 
FOR PERIOD. 
FOR PERIOD. EXCESS SET TO ZERO 

* * * * * * * * * * * A * *  

* * 
1649 KK * TOLSCH * 

* * 
* * * * * * * * * * * * * *  

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

Divert out of storm drain through splitter structure. Divert flow amount 
such that the flow at CP415A is less than or equal to 1528 cfs, the 
capacity of Lassendas channel. 

DT DIVERSION 
ISTAD MCDB DIVERSION HYDROGRAPH IDENTIFICATION 

DI INFLOW .OO 331.00 419.00 558.00 658.00 693.00 728.00 901.00 1043.00 

DQ DIVERTED FLOW .OO .OO 61.00 176.00 262.00 292.00 323.00 473.00 594.00 

DIVERSION HYDROGWPH MCDB 
TRANSPOSITION AREA .O SQ MI 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 66.63-HR 

+ (CFS) (HR) 
(CFS) 



+ 317. 12.17 25. 6. 2. 2. 
( INCHES ) .I46 .I46 .I46 .I46 
(AC-FT) 12. 12. 12. 12. 

CUMULATIVE AREA = 1.59 SQ MI 

HYDROGRAPH AT STATION TOLSCH 
TRANSPOSITION AREA .O SQ MI 

PEAK FLOW 

+ (CFS) 

+ 404. 

TIME 

(HR) 

12.17 

MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 66.63-HR 

(CFS) 
132. 48. 18. 18. 

(INCHES .776 1.114 1.171 1.171 
(AC-FT ) 66. 94. 99. 99. 

CUMULATIVE AREA = 1.59 SQ MI 

DIVERSION HYDROGRAPH MCDB 
TRANSPOSITION AREA 1.0 SQ MI 

MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 66.63-HR 

PEAK FLOW 

t (CFS) 

+ 313. 

TIME 

(HR) 

12.17 
(CFS) 

24. 6. 2. 
(INCHES ) .I42 .I42 .I42 
(AC-FT) 12. 12. 12. 

CUMULATIVE AREA = 1.59 SQ MI 

HYDROGRAPH AT STATION TOLSCH 
TRANSPOSITION AREA 1.0 SQ MI 

PEAK FLOW 

+ (CFS) 

t 404. 

TIME 

(HR) 

12.17 

MAXIMUM AVERAGE FLOW 
6-HR 2 4 -HR 7 2 -HR 66.63-HR 

(CFS) 
132. 47. 18. 18. 

( INCHES ) .772 1.107 1.163 1.163 
(AC-FT) 65. 94. 98. 98. 

CUMULATIVE AREA = 1.59 SQ MI 

DIVERSION HYDROGRAPH MCDB 
TRANSPOSITION AREA 5.8 SQ MI 

PEAK FLOW 

+ (CFS) 

+ 283. 

TIME 

(HR) 

12.20 

MAXIMUM AVERAGE FLOW 
6-HR 24 -HR 7 2 -HR 66.63-HR 

(CFS) 
22. 6. 2. 2. 

(INCHES ) .I29 .12 9 .12 9 .12 9 
(AC-FT) 11. 11. 11. 11. 

CUMULATIVE AREA = 1.59 SQ MI 

HYDROGRAPH AT STATION TOLSCH 
TRANSPOSITION AREA 5.8 SQ MI 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 2 4 -HR 7 2 -HR 66.63-HR 

(HR) 
(CFS) 

12.20 128. 46. 17. 17. 
(INCHES ) .748 1.068 1.119 1.119 
(AC-FT) 63. 90. 95. 95. 

CUMULATIVE AREA = 1.59 SQ MI 

DIVERSION HYDROGRAPH MCDB 



TRANSPOSITION AREA 10.7 SQ MI 

TIME MAXIMUM AVERAGE FLOW 
6-HR 2 4 -HR 72-HR 66.63-HR 

(HR) 
1 CFS I . - - - ,  

+ 263. 12.20 20. 5. 2. 2. 
( INCHES ) .I16 .I16 .I16 .I16 
(AC-FT ) 10. 10. 10. 10. 

CUMUL,ATIVE AREA = 1.59 SQ MI 

PEAK FLOW TIME 

+ (CFS) (HR) 

HYDROGRAPH AT STATION TOLSCH 
TRANSPOSITION AREA 10.7 SQ MI 

MAXIMUM AVERAGE FLOW 
6-HR 2 4 -HR 7 2 -HR 66.63-HR 

(CFS) 
+ 396. 12.20 124. 44. 17. 17. 

(INCHES ) .727 1.033 1.080 1.080 
(AC-FT) 61. 87. 91. 91. 

CUMULATIVE AREA = 1.59 SQ MI 

PEAK FLOW TIME 

+ (CFS) (HR) 

DIVERSION HYDROGRAPH MCDB 
TRANSPOSITION AREA 13.7 SQ MI 

MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 66.63-HR 

(AC-FT) 10. 10. 10 

CUMULATIVE AREA = 1.59 SQ MI 

HYDROGRAPH AT STATION TOLSCH 
TRANSPOSITION AREA 13.7 SQ MI 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 7 2 -HR 66.63-HR 

t (CFS) (HR) 
(CFS) 

+ 394. 12.20 122. 43. 16. 16. 
(INCHES ) .718 1.019 1.065 1.065 
(AC-FT) 61. 86. 90. 90. 

CUMULATIVE AREA = 1.59 SQ MI 

DIVERSION HYDROGRAPH MCDB 
TRANSPOSITION AREA 20.0 SQ MI 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 2 4 -HR 72 -HR 66.63-HR 

+ (CFS) (HR) 
(CFS) 

+ 230. 12.23 18. 4. 2, 2. 
(INCHES 1 .lo4 ,104 .lo4 .lo4 
(AC-FT) 9. 9. 9. 9. 

CUMULATIVE AREA = 1.59 SQ MI 

HYDROGRAPH AT STATION TOLSCH 
TRANSPOSITION AREA 20.0 SQ MI 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72 -HR 66.63-HR 

+ (CFS) (HR) 
(CFS) 

i 391. 12.23 120. 42. 16. 16. 
(INCHES ) .7 03 .995 1.038 1.038 
(AC-FT) 59. 84. 88. 88. 



CUMULATIVE AREA = 1.59 SQ MI 

DIVERSION HYDROGRAPH MCDB 
TRANSPOSITION AREA 50.0 SQ MI 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 7 2 -HR 66.63-HR 

+ (CFS) (HR) 
(CFS) 

+ 195. 12.17 15. 4. 1. 1. 
( INCHES ) .087 .087 .087 .087 
(AC-FT) 7. 7 .  7. 7. 

CUMULATIVE AREA = 1.59 SQ MI 

HYDROGRAPH AT STATION TOLSCH 
TRANSPOSITION AREA 50.0 SQ MI 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 66.63-HR 

+ (CFS) (HR) 
(CFS) 

+ 385. 12.17 114. 40. 15. 15. 
(INCHES ) .669 .941 .978 .978 
(AC-FT) 57. 80. 83. 83. 

CUMULATIVE AREA = 1.59 SQ MI 

INTERPOLATED DIVERSION HYDROGRAPH AT MCDB 

K FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 2 4 -HR 72-HR 66.63-HR 

:FS) (HR) 
(CFS) 

- 
(INCHES) .I39 .I39 .I39 .13 9 
(AC-FT) 12. 12. 12. 12. 

CUMULATIVE AREA = 1.59 SQ MI 

* * * * * * * * *  

INTERPOLATED HYDROGRAPH AT TOLSCH 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 2 4 -HR 72-HR 66.63-HR 

+ (CFS) (HR) 
(CFS) 

t 402. 12.17 131. 47. 18. 18. 
(INCHES ) .766 1.097 1.152 1.152 
(AC-FT) 65. 93. 97. 97. 

CUMULATIVE AREA = 1.59 SQ MI 

WARNING EXCESS AT PONDING LESS THAN ZERO FOR PERIOD. EXCESS SET TO ZERO 

***A'********** 

* * 
2024 KK * RMCDR * 

* * 
* * * * * * * * * * * * $ . *  

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

Retrieve flow that remained in the storm drain and goes to the McDowell Road 
detention basin 

2028 DR RETRIEVE DIVERSION HYDROGKAPH 
I STAD MCDB DIVERSION HYDROGRAPH IDENTIFICATION 



HYDROGRAPH AT STATION RMCDB 
TRANSPOSITION AREA .O SQ MI 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 

+ 317. 12.17 25. 6. 2. 
( INCHES ) .078 .07 8 .078 
(AC-FT) 12. 12. 12. 

CUMULATIVE AREA = 1.59 SQ MI 

HYDROGRAPH AT STATION RMCDB 
TRANSPOSITION AREA 1.0 SQ MI 

PEAK FLOW TIME 

k (CFS) (HR) 

t 313. 12.17 

MAXIMUM AVERAGE FLOW 
6-HR 2 4 -HR 72-HR 66.63-HR 

(CFS) 
24. 6. 2. 2. 

(INCHES ) .076 .076 .076 .076 
(AC-FT) 12. 12. 12. 12. 

CUMULATIVE AREA = 1.59 SQ MI 

HYDROGRAPH AT STATION RMCDB 
TRANSPOSITION AREA 5.8 SQ MI 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6 -HR 24 -HR 72-HR 66.63-HR 

(HR) 
(CFS) 

12.20 22. 6. 2. 2. 
(INCHES ) .069 .069 .069 .069 
(AC-FT) 11. 11. 11. 11. 

CUMULATIVE AREA = 1.59 SQ MI 

HYDROGRAPH AT STATION RMCDB 
TRANSPOSITION AREA 10.7 SQ MI 

PEAK FLOW TIME 

+ (CFS) (HR) 

+ 263. 12.20 

MAXIMUM AVERAGE FLOW 
6-HR 2 4 -HR 7 2 -HR 66.63-HR 

(CFS) 
20. 5. 2. 2. 

( INCHES ) .062 ,062 .062 .062 
(AC-FT) lo. lo. lo. lo. 

CUMULATIVE AREA = 1.59 SQ MI 

HYDROGRAPH AT STATION RMCDB 
TRANSPOSITION AREA 13.7 SQ MI 

PZAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 66.63-HR 

+ (CFS) (HR) 
(CFS) 

+ 251. 12.20 19. 5. 2. 2. 
(INCHES) .060 .060 .060 .060 
(AC-FT) 10. 10. 10. 10. 

CUMULATIVE AREA = 1.59 SQ MI 

* t *  * * *  * * *  

HYDROGRAPH AT STATION RMCDB 
TRANSPOSITION AREA 20.0 SQ MI 

PEAK FLOW TIME 

+ (CFS) (HR) 

MAXIMUM AVERAGE FLOW 
6-HR 2 4 -HR 72-HR 66.63-HR 



(INCHES) .055 .055 .a55 
(AC-FT) 9. 9. 9 .  

CUMULATIVE AREA = 1.59 SQ MI 

HYDROGRAPH AT STATION RMCDB 
TRANSPOSITION AREA 50.0 SQ MI 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 

+ (CFS) (HR) 
(CFSI 

i- 195. 1.2.17 15. 4. 1. 
( INCHES ) .047 .047 .047 
(AC-E'T) 7. 7. 7. 

CUMULATIVE AREA = 1.59 SQ MI 

INTERPOLATED HYDROGRAPH AT RMCDB 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 2 4 -HR 7 2 -HR 

+ (CFS) (HR) 
(CFS ) 

+ 302. 12.17 24. 6. 1. - .  

(INCHES ) .13 9 .I39 .I39 
(AC-FT) 12. 12. 12. 

OPERATION 

HYDROGRAPH AT 

ROUTED TO 

ROUTED TO 

HYDROGRAPH AT 

DIVERSION TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

DIVERSION TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 

CUMULATIVE AREA = 1.59 SQ MI 

RUNOFF SUMMARY 
FLOW IN CUBIC FEET PER SECOND 

TIME IN HOURS, AREA IN SQUARE MILES 

STATION 
PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD 
FLOW PEAK 

6 -HOUR 2 4 -HOUR 7 2 -HOUR 

BASIN MAXIMUM TIM 
AREA STAGE MAX 



3 COMBINED AT 

HYDROGRAPH AT 

D I V E R S I O N  T O  

HYDROGRAPH AT 

HYDROGRAPK ArI' 

ROUTED TO 

3 COMBINED AT 

ROUTED TO 

ROUTED TO 

ROUTED TO 

HYDROGRAPH AT 

DTVERSION T O  

HYDROGRAPH A?' 

HYDROGRAPH AT 

ROUTED TO 

2 COMBINED AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH A T  

D I V E R S I O N  T O  

HYDROGRAPH AT' 

HYDROGRAPH AT 

ROUTED TO 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

D I V E R S I O N  T O  

HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 



3 COMBINED A T  

ROUTED T O  

HYDROGRAPH A T  

D I V E R S I O N  T O  

HYDROGRAPH A T  

HYDROGRAPH A T  

ROUTED T O  

3 COMBINED AT 

HYDROGRAPI-I A T  

ROUTED T O  

ROUTED T O  

HYDROGRAPH A T  

D I V E R S I O N  TO 

HYDROGRAPH A T  

HYDROGRAPH A T  

ROUTED T O  

3 COMBINED A T  

HYDROGRAPH A T  

3 COMBINED A T  

HYDROGRAPH AT 

ROUTED T O  

HYDROGRAPH A T  

2 COMBINED A T  

ROUTED T O  

ROUTED T'O 

HYDROGRAPH A T  

2 COMBINED AT 

ROUTED T O  

ROUTED TO 

HYDROGRAPH AT 



ROUTED T O  

ROUTED 'TO 

HYDROGRAPH A T  

3 COMBINED A T  

ROUTED T O  

ROUTED T O  

ROUTED T O  

ROUTED T O  

2 COMBINED AT 

ROUTED TO 

ROUTED TO 

HY DROGRAPH A T  

2 COMBINED A'l' 

ROUTED TO 

HYDROGRAPH A T  

2 COMBINED A T  

ROUTED T O  

HYDROGRAPH AT 

2 COMBINED A T  

ROUTED T O  

HYDROGRAPH A T  

2 COMBINED AT 

ROUTED T O  

HYDROGRAPH AT 

D I V E R S I O N  T O  

HYDROGRAPH A T  

HYDROGRAPH AT 

ROUTED T O  

3 COMBINED AT 

HYDROGRAPH AT 

- 



D I V E R S I O N  T O  

HYDROGRAPH A T  

ROUTED T O  

HYDROGRAPII A T  

2 COMBINED XI' 

ROUTED T O  

HYDROGRAPH A T  

ROUTED T O  

HYDROGRAPH AT 

D I V E R S I O N  TO 

HYDROGRAPH A T  

HYDROGRAPIH A T  

ROUTED TO 

4 COMBINED A T  

ROUTED TO 

HYDROGRAPH AT 

D I V E R S I O N  T O  

HYDROGRAPH AT 

HYDROGRAPH A T  

ROUTED T O  

3 COMBINED AT 

D I V E R S I O N  T O  

HYDROGRAPH AT 

I-IYDROGRAPH AT 

ROUTED T O  

2 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPII AT 

2 COMBINED A'P 



D I V E R S I O N  T O  

HYDROGRAPH AT 

HYDROGRAPH A T  

ROUTED T O  

2 COMBINED AT 

ROUTED TO 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

D I V E R S I O N  TO 

HYDROGRAPII A T  

HYDROGRAPH AT 

ROUTED TO 

3 COMBINED AT 

ROUTED TO 

2 COMBINED A T  

ROUTED T O  

HYDROGRAPH A T  

D I V E R S I O N  TO 

HYDROGRAPH AT 

HYDROGRAPH A T  

ROUTED TO 

3 COMBINED AT 

HYDROGRAPH AT 

D I V E R S I O N  TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 

2 COMBINED AT 

2 COMBINED AT 



HYDROGRAPH A T  

D I V E R S I O N  T O  

HYDROGRAPH Al '  

HYDROGRAPH A T  

ROUTED T O  

3 COMBINED A T  

HYDROGRAPH A T  

2 COMBINED A T  

HYDROGRAPH A T  

2 COMBINED A T  

HYDROGRAPH A T  

ROUTED TO 

D I V E R S I O N  T O  

HYDROGRAPH A T  

ROUTED T O  

HYDROGRAPH A T  

D I V E R S I O N  T O  

HYDROGRAPH A T  

HYDROGRAPI-I A T  

ROUTED TO 

3 COMBINED A T  

ROUTED TO 

HYDROGRAPH A?' 

D I V E R S I O N  T O  

HYDROGRAPH AT 

HYDROGRAPH A T  

ROU'I'ED T O  

2 COMBINED AT 

3 COMBINED AT 

HYDROGRAPH AT 



2 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

3 COMBINED AT 

DIVERSION TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

DIVERSION TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 

2 COMBINED AT 

2 COMBINED AT 

HYDROGRAPH AT 

DIVERSION TO 

HYDROGRAPI-I AT 

HYDROGRAPH AT 

ROUTED TO 

2 COMBINED AT 

DIVERSION TO 

42 0A2 

C4 0 0A2 

T3 7 OW 

R370W 

395A 

R390C1 

395B 

R390C2 

390C 

CP390C 

TO3 9 0B 

TOC-H 

C370 

R390S 

400B3 

B40OB3 

D400B3 

T400B3 

S400B3 

C400B3 

C390S 

3 8 0B3 

B380B3 

D380B3 

T380B3 

S380B3 

C380B3 

380B3c 

HYDROGRAPH AT 
t D380B3 120. 12.13 8. 3. 1. .12 

DIVERSION TO 
+ 380B3a 62. 12.13 4. 1. 1. .12 

HYDROGRAPH AT 



2 COMBINED AT 

D I V E R S I O N  T O  

HYDROGRAPH A T  

HYDROGRAPH A T  

ROUTED T O  

2 COMBINED A T  

ROUTED TO 

HYDROGRAPH A T  

ROUTED T O  

HYDROGRAPH A T  

3 COMBINED A T  

ROUTED T O  

HYDROGRAPH A T  

2 COMBINED A T  

ROUTED T O  

HYDROGRAPH A T  

2 COMBINED A T  

ROUTED T O  

HYDROGRAPH A T  

D I V E R S I O N  T O  

HYDROGRAPH A T  

HYDROGRAPH AT 

ROUTED T O  

4 COMBINED A T  

HYDROGRAPH AT 

ROUTED T O  

HYDROGRAPH A T  

HYDROGRAPH AT 

HYDROGRAPH A?' 

HYDROGRAPH A T  



4 COMBINED A T  

D I V E R S I O N  TO 

HYDROGRAPH A T  

HYDROGRAPH A T  

ROUTED T O  

2 COMBINED A T  

ROUTED T O  

HYDROGRAPH A T  

2 COMBINED A T  

ROUTED T O  

HYDROGRAPH A T  

3 COMBINED A T  

ROUTED T O  

HYDROGRAPH A T  

2 COMBINED A T  

HYDROGRAPH A T  

2 COMBINED A T  

HYDROGRAPH A T  

2 COMBINED AT 

HYDROGRAPH A T  

2 COMBINED A T  

HYDROGRAPH AT 

ROUTED T O  

2 COMBINED AT 

HYDROGRAPH AT 

2 COMBINED A T  

HYDROGRAPH AT 

ROUTED TO 

2 COMBINED A T  

HYDROGRAPH A T  

415B 

C P 4 1 5 B  

B S 4 1 5 B  

D 4 1 5 B  

R T 4 1 5 B  

S 4 1 5 B  

C C 4 1 5 B  

R 3  9 0 A 1  

3 9 0 A  

C P 3 9 0 A  

R 3 9 0 B 2  

3 9 0 B  

C P 3  9 0 B  

S 3 9 0 B  

4 2 0 B 0 5  

C P S D O 5  

4 2 0 B 1 0  

C P S D l O  

4 2 0 B 1 5  

C P S D 1 5  

4 2 0 B 2 0  

C P S D 2  0 

4 2 0 B 2 5  

S F I R E S  

C P S D 2 5  

4 2 0 B 3 0  

C P S D 3  0 

4 2 0 B 3 5  

SCHRCH 

C P S D 3  5 



2 COMBINED AT 

HYDROGRAPH AT 

2 COMBINED AT 

DIVERSION 1'0 

HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

DIVERSION TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

DIVERSION TO 

HYDROGRAPH A?' 

HYDROGRAPH AT 

ROUTED TO 

2 COMBINED AT 

HYDROGRAPH AT 

DIVERSION TO 

HYDROGRAPH AT 

ROUTED TO 

2 COMBINED AT 

420B40 

CPSD40 

420B45 

CPSD45 

MCDB 

TOLSCH 

440 

R7 0 

441 

C108 

SPLIT 

D4 

R108 

442 

C67 

BASIN4 

D6 

RTD6 

SD6 

CD6 

443 

WSIH66 

D66 

R113 

C114 

ROUTED TO 
R5 8 79. 12.07 

HYDROGRAPH AT 
445 307. 12.03 

2 COMBINED AT 
+ C107 382. 12.03 

ROUTED TO 
i- R3 07 382. 12.07 

HYDROGRAPH AT 



ROUTED T O  

HYDROGRAPH A T  

3 COMBINED A T  

D I V E R S I O N  T O  

HYDROGRAPH A T  

ROUTED T O  

HYDROGRAPH A T  

HYDROGRAPH A T  

ROUTED T O  

3 COMBINED A T  

ROUTED T O  

2 COMBINED A T  

ROUTED T O  

HYDROGRAPH A?' 

HYDROGRAPH A T  

2 COMBINED A T  

ROUTED T O  

HYDROGRAPH AT 

HYDROGRAPH A T  

2 COMBINED A T  

HYDROGRAPH A T  

HYDROGRAPH A T  

2 COMBINED A T  

ROUTED T O  

3 COMBINED A T  

ROUTED T O  

ROUTED T O  

HYDROGRAPH AT 

2 COMBINED AT 

RTI32 

R S P L I T  

4 4 6  

C 1 0 9  

W S H 4 0 4  

D5 

R 1 0 9  

4 4 7  

R T 4 0 4  

R 4 0 4  

C 1 1 0  

R 1 1 0  

C 1 1 5  

R 1 1 5  

4 4 8  

4 4 9  

C 6 3 6 4  

R 6 3 6 4  

4 5 0  

4 5 1  

C 4 5 1  

R T 6 6  

4 5 2  

C 6 4 6 5  

R 6 5 6 6  

C 1 1 6  

B A S I N 5  

R 1 1 6  

4 5 3  

C 1 1 7  

2 COMBINED A T  



ROUTED T O  

D I V E R S I O N  T O  

HYDROGRAPH A T  

HYDROGRAPH A T  

ROUTED TO 

2 COMBINED A T  

HYDROGRAPH A T  

2 COMBINED A T  

ROUTED TO 

HYDROGRAPH A T  

3 COMBINED A T  

HYDROGKAPH A T  

ROUTED TO 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH A T  

D I V E R S I O N  T O  

HYDROGRAPH A T  

HYDROGRAPH A T  

ROUTED TO 

2 COMBINED A T  

3 COMBINED A T  

ROUTED TO 

ROUTED TO 

HYDROGRAPH A T  

D I V E R S I O N  T O  

HYDROGRAPH A T  

HYDROGRAPH A T  

ROUTED T O  

2 COMRlNED A T  

C118 

R 1 1 8  

B A S I N 6  

D7 

RTD7 

S D 7  

CD7 

4 5 4  

C 4 5 4  

R 4 5 4  

4 1 5 A  

C P 4 1 5 A  

RMCDB 

SMCDB 

CPLSCH 

R 4  1 5 A  

4 5 5  

B S 4 5 5  

D 4 5 5  

R T 4  5 5 

S 4 5 5  

C 4 5 5  

C C 4 5 5  

S 4 4 0  

R 4 5 5  

4 8 0  

B S 4 8 0  

D 4 8 0  

R T 4 8 0  

5 4 8 0  



2 COMBINED A T  

ROUTED TO 

HYDROGRAPH A T  

D I V E R S I O N  T O  

HYDROGRAPH A T  

D I V E R S I O N  T O  

HYDROGRAPH A T  

ROUTED T O  

HYDROGRAPH A T  

2 COMBINED A T  

D I V E R S I O N  T O  

HYDROGPAPH A T  

HYDROGRAPH A T  

ROUTED TO 

2 COMBINED A T  

ROUTED T O  

HYDROGRAPH A T  

2 COMBINED A T  

ROUTED T O  

HYDROGRAPH A T  

ROUTED T O  

HYDROGRAPH A T  

ROUTED T O  

ROUTED T O  

2 COMBINED A T  

HYDROGRAPH A T  

2 COMBINED A T  

ROUTED T O  

HYDROGRAPH A T  

C 4 8 0  

C C 4 8 0  

R 4 8 0  

4 5 6  

B A S T N l  

D l  

WA3 0 

CD2 

R 4 5 6  

4 5 7  

C 1 0 1  

B A S I N 2  

D 3  

R'r D 3 

S D 3  

CD3 

R 1 0 1  

4 5 8  

C 1 0 3  

R 1 0 3  

R T 3 0  

R 3  0 

R T B l  

B 1 

RB 1 

C D I V  

4 5 9  

C 5 2  

R 5 2  

4 6 0  

2 COMBINED A T  



ROUTED TO 
BASIN3 

ROUTED TO 
+ R3 

HYDROGRAPH A T  
+ 4 6 1  

2 COMBINED AT 
i- C 1 0 4  

2 COMBINED AT 
+ C 1 0 6  

ROUTED TO 
+ R 1 0 6  

HYDROGRAPH AT 
+ 4 6 2  

2 COMBINED AT 
+ C 5 6  

2 COMBINED AT 
+ C 4 6 2  

ROUTED TO 
+ R 4 6 2  

ROUTED TO 
+ R R 4 6 2  

HYDROGRAPH AT 
+ 5 0 0  

2 COMBINED AT 
+ C 5 0 0  

a 
* - NORM?.L END O F  HEC-1 * * * 
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I***************************************** 
* * 
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * 
* JUN 1998 * 

VERSION 4.1 * 
* 

UN DATE 07APR06 TIME 14:16:42 * 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  
* 
* U.S. ARMY CORPS OF ENG 
* HYDROLOGIC ENGINEERING 
* 609 SECOND STREE 
* DAVIS, CALIFORNIA 9 
* (916) 756-1104 
* 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  

X X XXXXXXX XXXXX X 
X X X X X XX 
X X X X X 
XXXXXXX XXXX X XXXXX X 
X X X X X 
X X X X X X 
X X XXXXXXX XXXXX XXX 

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HECl (JAN 73). HEClGS, HEClDB, AND HEClKW. 

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRU 
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSI 
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY, 
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION 
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM 

HEC-1 INPUT PAGE 1 

LINE ID . . . . . . .  1.......2.......3....:..4.......5.......6.......7.......8.......9......10 
ID McDowell Road Basin and Storm Drain Design 
ID This model assumes that the Oak Street detention basin is installed, 
ID and all flows pass through the Thunder Mountain detention basin. 
ID 
ID The Spook Hill ADMP model was uded as a base for this model 
ID Return Period = 100 Years, Rainfall Duration = 24 Hours 
ID 
ID Emergency spillway design for basin. Assume 48-inch diameter outlet is 
ID plugged. Rating is just through emergency spillway. 
ID 
ID 
ID 
ID METHODOLOGY 
ID THE US CORPS OF ENGINEERS FLOW HYDROGRAPH PACKAGE HEC-1 DATED JUNE 1998 
ID SCS TYPE I1 RAINFALL DISTRIBUTION 
ID CLARK UNIT HYDROGRAPH 
ID GREEN AND AMPT INFILTRATION EQUATION USED FOR CALCULATING LOSSES 
ID NORMAL DEPTH STORAGE CHANNEL ROUTING 
* 
*DIAGRAM 
IT 2 2000 
I0 5 
IN 15 
JD 3.81 0.01 
PC .OOO .002 .005 .008 .011 .014 .017 .020 -023 
PC -029 .032 .035 .038 -041 .044 .048 .052 -056 
PC -064 .068 .072 .076 .080 .085 .090 .095 .I00 
PC .I10 .I15 .I20 .I26 .I33 .I40 .I47 .I55 .I63 
PC .I81 .I91 .203 -218 .236 .257 .283 .387 .663 
PC .735 .758 .776 .791 -804 .El5 .825 -834 .842 
PC .856 .863 .869 .875 .881 .887 .893 .898 -903 
PC .913 .918 -922 .926 .930 .934 .938 .942 .946 
PC .953 .956 .959 .962 .965 .968 -971 .974 .977 
PC .983 .986 .989 .992 .995 .998 1.000 
JD 3.787 1.00 
JD 3.677 5.80 
JD 3.574 10.66 
JD 3.539 13.70 
JD 3.467 20.00 
JD 3.315 50.00 
* 
* DDM ***** Updated * * * * *  

KK 10 
KM SUB-BASIN 10 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
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LINE 

LINE 

KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .996 
KM L = 2.00 Kb = .044 Adj. Slope = 165.0 
BA .690 
LG .350 .310 7.600 .090 16.000 
UC .421 .305 
U A 0 3 5 8 12 20 43 75 
UA 100 
* 
* DDM * * * * *  Preserved * * * * *  

HEC-1 INPUT PAGE 2 , I 

KK R10 
KM ROUTING OF FLOW FROM SUB-BASIN 10 TO R12 
RS 4 FLOW - 1 
RC .045 .03 .045 8700 .021 
RX 0 1 2 17 2 7 
RY 5 5 5 0 0 
* DDM * * * * *  Preserved * * * * *  

KK R12 
KM ROUTING OF FLOW FROM R12 TO SUB-BASIN 20 
RS 7 FLOW - 1 
RC .045 .03 .045 4500 -01 
RX 0 1 45 52.5 72.5 80 124 125 
RY 4 2.5 2.5 0 0 2.5 2.5 4 
* DDM *****  Updated *****  

KK 20 
KM SUB-BASIN 20 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .993 
KM L = 2.50 Kb = .040 Adj. Slope = 88.0 
BA 1.167 
LG .310 .290 5.800 .220 11.000 
UC .629 .422 
U A 0 5 16 3 0 6 5 77 84 90 
UA 100 
* DDM * * * * *  Preserved * * * * *  

KK D2 0 
KM 100-YEAR 2-HOUR ONSITE RETENTION BASIN 
KM MAXIMUM VOLUME DIVERSION = 47.8 acre-feet 
DT BS20 47.8 
DI 0 10000 
DQ 0 10000 
* DDM * * * * *  Preserved * * * * *  

KK RT20 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR BS20 
* DDM * * * * *  Preserved * * * * *  

KK 520 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM BLEEDOFF FLOW = 17 CFS 
RS 1 STOR 0 
SV 0 .01 47.8 70 
SQ 0 0.5 17.0 50 
* DDM * * * * *  Preserved * * * * *  

HEC-1 INPUT 

KK C20 
KM HYDROGRAPH COMBINATION 
HC 3 
* DDM * * * * *  Preserved * * * * *  

KK R2 0 
KM ROUTE FLOW THROUGH BULLDOG FLOODWAY FROM APACHE JUNCTION FRS 
RS 1 FLOW - 1 
RC .016 .016 .016 990 .004 
RX 0 5 7 14.5 34.5 4 2 44 5 0 
RY 4 2 2 0 0 2 2 4 
* DDM * * * * *  Updated * * * * *  

KK 4 0 
KM SUB-BASIN 40 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .987 

PAGE 3 
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LINE 

KM L = 3.08 Kb = .036 Adj. Slope = 189.0 
BA 2.227 
LG .320 .300 4.900 .310 11.000 
UC -492 .262 
UA 0 3 5 8 12 
UA 100 
* DDM *****  Preserved * * * * *  

KK D4 0 
KM 100-YEAR 2-HOUR ONSITE RETENTION BASIN 
KM MAXIMUM VOLUME DIVERSION = 39.1 acre-feet 
DT BS40 39.1 
D I 0 10000 
DQ 0 10000 

. * DDM ***** Preserved ***** 

KK RT40 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR BS40 
* DDM *****  Preserved *****  

KK S4 0 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM BLEEDOFF FLOW = 14 CFS 
RS 1 STOR 0 
SV 0 .01 39.1 60 
SQ 0 0.5 14.0 4 0 
* DDM ***** Preserved *****  

KK C4 0 
KM HYDROGRAPH COMBINATION 
HC 3 
* DDM ***** Updated ***** 

HEC-1 INPUT 

KK 6 0 
KM SUB-BASIN 60 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF -989 
KM L = 4.19 K b  = .038 Adj. Slope = 209.6 
BA 1.751 
LG .320 .340 5.800 .I90 10.000 
UC .592 .472 
UA 0 3 5 8 12 
UA 100 
* 
* DDM *****  Preserved ***** 

KK D6 0 
KM 100-YEAR 2-HOUR ONSITE RETENTION BASIN 
KM MAXIMUM VOLUME DIVERSION = 4.60 acre-feet 
DT BS60 4.6 
DI 0 10000 
DQ 0 10000 
* DDM ***** Preserved ***** 

KK RT60 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR BS60 
* DDM *****  Preserved ***** 

KK SB60 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM BLEEDOFF FLOW = 2 CFS 
RS 1 STOR 0 
SV 0 -01 4.6 10 
SQ 0 0.5 2.0 10 
* DDM * * * * *  Preserved ***** 

KK C6 0 
KM HYDROGMPH COMBINATION 
HC 3 
* 
* DDM *****  preserved ***** 

KK S60 
KM APACHE JUNCTION FRS AS-BUILT PLANS 12/19/88 
KM OUTLET PIPE=301'RCP; L=136.6'; INLET INV.=1783.5; OUTLET INV.=1783 
KM EMERGENCY SPILLWAY ELEV.=1799.77'; PRINCIPAL SPILLWAY ELEV.=1793.5' 
KM STORAGE VOLUME BELOW PRINCIPAL SPILLWAY FOR SEDIMENT = 100 ACRE-FEET 
* ESE = 1799.77 ft; PSE = 1793.5 ft; Sediment Vol. = 130 Ac-Ft. 

PAGE 4 



. . . . . . . . . . .  
f. , > je:\Waterkesourc~s1914 Q 4 0 i 2 \ ~ r a i n a ~ e \ ~ ~ d r o i o ~ ~ \ H k ~ - i \ k ~ % ~ b b . 0 r j ~  " ; : , .. " ':' " 

s 

printed at 11 158 on'12 Apr 2006 - 
. t . 8 

r r  
" 8 

I , .  Pilse 4 ef 149 

* DDM * * * * *  Preserved * * * * *  
HEC-1 INPUT PAGE 5 

LINE 

KK R6 0 
KM ROUTE FLOW THROUGH BULLDOG FLOODWAY FROM APACHE JUNCTION FRS 
RS 2 FLOW - 1 
RC .016 .016 .016 2850 .012 
RX 0 1 2 2.1 5.6 5.7 6 7 
RY 4.5 3.5 3.5 0 0 3.5 3.5 4.5 
* DDM * * * * *  Preserved * * * * *  

KK RR60 
KM ROUTE FLOW FROM BULLDOG FLOODWAY TO SUB-BASIN 80 
RS 3 FLOW - 1 
RC .016 .016 .016 3500 .005 
RX 0 1 2 2.1 7.1 7.2 8 9 
RY 4.5 3.5 3.5 0 0 3.5 3.5 4.5 
* DDM * * * * *  Updated * * * * *  

KK 8 0 
KM SUB-BASIN 80 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .991 
KM L = 2.69 Kb = .039 Adj. Slope = 229.8 
BA 1.493 
LG .320 .300 5.600 .220 7.000 
UC .429 .254 
UA 0 5 16 3 0 65 7 7 8 4 
U A 100 
* DDM *****  Preserved * * * * *  

THIS BASIN 

90 

KK D80 
KM 100-YEAR 2-HOUR ONSITE RETENTION BASIN 
KM MAXIMUM VOLUME DIVERSION = 18.9 acre-feet 
DT BS80 18.9 
DI 0 10000 
DQ 0 10000 
* DDM * * * * *  Preserved * * * * *  

KK RT80 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR BS80 
* DDM *****  Preserved * * * * *  

KK S80 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM BLEEDOFF FLOW = 7 CFS 
RS 1 STOR 0 
SV 0 .01 18.9 3 0 
SQ 0 1.0 7.0 2 0 
* DDM * * * * *  Preserved * * * * *  

HEC-1 INPUT PAGE 6 

L I N E  

KK CEO 
KM HYDROGRAPH COMBINATION 
HC 2 
* DDM *****  Preserved *****  

KK CC80 
KM HYDROGRAPH COMBINATION FOR FLOW FROM APACHE JUNCTION FRS & SUB-BASIN 80 
HC 2 1.493 
* DDM * * * * *  Preserved * * * * *  

KK RE0 
KM ROUTE FLOW FROM SUB-BASIN 80 TO SUB-BASIN 100 
RS 2 FLOW - 1 
RC ,025 .016 .025 1200 .003 
RX 0 2 6 6.1 41.1 41.2 56.2 58.2 
RY 5.5 4.5 4.5 0 0 4.5 4.5 5.5 
* DDM *****  Updated * * * * *  
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LINE 

KK 100 
KM SUB-BASIN 100 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .997 
KM L = 1.94 Kb = .045 Adj. Slope = 108.0 
BA ,488 
LG .300 .250 5.100 .280 9.000 
UC .517 .455 
UA 0 5 16 3 0 6 5 
UA 100 
* DDM * * * * *  Preserved ***** 

KK Dl00 
KM 100-YEAR 2-HOUR ONSITE RETENTION BASIN 
KM MAXIMUM VOLUME DIVERSION = 10.0 acre-feet 
DT BSlOO 10.0 
D I 0 10000 
DQ 0 10000 
* DDM * * * * *  Preserved ***** 

KK RTlOO 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR BSlOO 
* DDM * * * * *  Preserved ***** 

KK SlOO 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM BLEEDOFF FLOW = 4 CFS 
RS 1 STOR 0 
sv 0 -01 10.0 20 
SQ 0 1.0 4.0 10 
* DDM ***** Preserved ***** 

HEC-1 INPUT 

KK ClOO 
KM HYDROGRAPH COMBINATION FOR FLOW FROM SUB-BASIN 80 & 100 
HC 3 
* DDM ***** Preserved *****  

KK RlOO 
KM ROUTE FLOW FROM SUB-BASIN 100 TO SUB-BASIN 120 
RS 1 FLOW -1 
RC .016 .016 .016 940 .004 
RX 0 1 2 2.1 52.1 52.2 5 3 54 
RY 4.5 4.5 4.5 0 0 4.5 4.5 4.5 
* DDM * * * * *  Updated ***** 

KK 120 
KM SUB-BASIN 120 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & 'R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .987 
KM L = 3.07 Kb = .037 Adj. Slope = 239.0 
BA 2.197 
LG .330 .280 6.800 .I30 12.000 
UC .429 ,227 
UA 0 3 5 8 12 2 0 4 3 7 5 
UA 100 
* DDM ***** Preserved *****  

KK Dl20 
KM 100-YEAR 2-HOUR ONSITE RETENTION BASIN 
KM MAXIMUM VOLUME DIVERSION = 5.7 acre-feet 
DT BS120 5.7 
DI 0 10000 
DQ 0 10000 
* DDM *****  Preserved * * * * *  

KK RT120 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR BS120 
* DDM ***** Preserved ***** 

KK S120 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM BLEEDOFF FLOW = 2 CFS 
RS 1 STOR 0 
SV 0 .01 5.7 15 
SQ 0 1.0 2.0 10 
* DDM ***** Preserved ***** 

PAGE 7 
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KM HYDROGRAPH COMBINATION FOR FLOW FROM SUB-BASIN 100 & 120 
HC 3 
* DDM * * * * *  Preserved * * * * *  

HEC-1 INPUT 

LINE 

KK R120 
KM ROUTE FLOW FROM SUB-BASIN 120 TO SIGNAL BUTTE FRS 
RS 2 FLOW - 1 
RC .025 .016 .025 2100 .005 
RX 0 6 10 10.1 60.1 60.2 74.2 80.2 
RY 8 5 5 0 0 5 5 8 
* DDM * * * * *  Updated * * * * *  

KK 140 
KM SUB-BASIN 140 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .996 
KM L = 1.61 Kb = .044 Adj. Slope = 149.0 
BA .598 
LG .310 .280 4.200 .440 5.000 
UC .421 .278 
U A 0 5 16 3 0 6 5 77 84 90 
UA 100 
* 
* DDM * * * * *  Preserved * * * * *  

KK Dl40 
KM 100-YEAR 2-HOUR ONSITE RETENTION BASIN 
KM MAXIMUM VOLUME DIVERSION = 5.9 acre-feet 
DT BS140 5.9 
D I 0 10000 
DQ 0 10000 
* DDM * * * * *  Preserved * * * * *  

KK RT140 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR BS140 
* DDM * * * * *  Preserved * * * * *  

KK 5140 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM BLEEDOFF FLOW = 2 CFS 
RS 1 STOR 0 
SV 0 .01 5.9 15 
SQ 0 1.0 2.0 10 
* 
* DDM * * * * *  Preserved *****  

KK C140 
KM HYDROGRAPH COMBINATION 
HC 3 
* 
* DDM * * * * *  Updated * * * * *  

HEC-1 INPUT PAGE 9 

LINE 

KK 150 
KM SUB-BASIN 150 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .998 
KM L = 1.50 Kb = .047 Adj. Slope = 314.6 
BA .407 
LG .350 .360 5.100 .260 7.000 
UC .296 .221 
U A 0 3 5 8 12 
U A 100 
* DDM * * * * *  Preserved *****  

KK R150 
KM ROUTING OF FLOW FROM SUB-BASIN 150 TO R152 
RS 2 FLOW - 1 
RC .045 .04 .045 3100 .032 
RX 0 1 2 2 3 33 
RY 7 7 7 0 0 
* DDM * * * * *  Preserved * * * * *  

KK R152 
KM ROUTING OF FLOW FROM R152 TO SUB-BASIN 160 
RS 3 FLOW - 1 
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LINE 

RC .045 .03 .045 5900 .019 
RX 0 1 2 8 3 3 39 40 4 1 
RY 2 2 2 0 0 2 2 2 
* DDM *****  Updated *****  

KK 160 
KM SUB-BASIN 160 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .998 
KM L=2.10 Kb=.047 Adj.Slope= 129.0 
BA .365 
LG .340 .330 4.150 .440 1.000 
UC .587 .659 
UA 0 3 5 8 12 
UA 100 
* 
* DDM *****  Preserved ***** 

KK Dl60 
KM 100-YEAR 2-HOUR ONSITE RETENTION BASIN 
KM MAXIMUM VOLUME DIVERSION = 1.2 acre-feet 
DT BS160 1.2 
DI 0 10000 
DQ 0 10000 
* DDM *****  Preserved * * * * *  

HEC-1 INPUT 

ID. ...... 1.......2.......3.......4.......5.......6.......7.......8.......9..... 

KK RT160 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR BS160 
* DDM *****  Preserved ***** 

KK S160 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM BLEEDOFF FLOW = 1 CFS 
RS 1 STOR 0 
sv 0 .O1 1.2 10 
SQ 0 0.5 1 .O 10 
* DDM ***** Preserved ***** 

KK '2160 
KM HYDROGRAPH COMBINATION 
HC 3 
* 
* DDM *****  Updated * * * * *  

KK 180 
KM SUB-BASIN 180 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .994 
KM L = 2.42 Kb = .041 Adj . Slope = 140.0 
BA 1.014 
LG .350 .350 4.150 .430 .000 
UC .571 .400 
UA 0 3 5 8 12 
UA 100 
* DDM * * * * *  Preserved ***** 

KK C180 
KM HYDROGRAPH COMBINATION FOR SIGNAL BUTTE FRS 
HC 3 
* DDM * * * * *  Updated ***** 

PAGE 10 

-10 

KK 210 
KM SUB-BASIN 210 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .995 
KM L = 1.84 Kb = .043 Adj. Slope = 315.0 
BA .792 
LG .350 .360 6.800 .I30 4.000 
UC -313 .I89 
UA 0 3 5 8 12 20 43 7 5 
UA 100 
* DDM *****  Preserved * * * * *  

KK R210  
KM ROUTING OF FLOW FROM SUB-BASIN 210 TO SUB-BASIN 220 
RS 2 FLOW -1 
RC .045 -03 .045 5100 .022 
RX 0 1 2 14 34 46 47 48 
RY 4 4 4 0 0 4 4 4 
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LINE 

LINE 

* DDM * * * * *  Updated * * * * *  
HEC-1 INPUT 

KK 240 
KM SUB-BASIN 240 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .992 
KM L = 3.50 Kb = -039 Adj. Slope = 298.6 
BA 1.408 
LG .350 .370 5.300 ,230 2.000 
UC .467 .356 
UA . O  3 5 8 12 
UA : 100 
* DDM * * * * *  Preserved * * * * *  

KK C240 
KM HYDROGRAPH COMBINATION FOR SUB-BASIN 240 & 220 
HC 2 
* DDM * * * * *  Preserved * * * * *  

KK 5240 
KM WEIR GEOMETRY OBTAINED FROM AS-BUILT PLANS @ PASS MTN. DIVERSION. 
KM WEIR STORAGE DATA OBTAINED FROM 2' CONTOUR MAPPING. 
RS 1 STOR 0 
SA 1.38 14.2 36.5 
SE 1.7 5 11 
SS 5 42 3 1.5 
* DDM * * * * *  Preserved * * * * *  

KK R240 
KM ROUTE FLOW FROM SUB-BASIN 240 TO SUB-BASIN 220 
KM PASS MOUNTAIN DIVERSION 
RS 1 FLOW -1 
RC .035 ,025 .035 1800 .005 
RX 0 15 3 0 3 9 6 9 8 1 9 6 111 
RY 3.6 3.3 3 0 0 3 3 4 
* DDM * * * * *  Updated * * * * *  

KK 220 
KM SUB-BASIN 220 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF ,997 
KM L = 1.92 Kb = .046 Adj. Slope = 315.0 
BA .473 
LG .350 .350 7.000 .I20 5.000 
UC .333 .282 
UA 0 3 5 8 12 2 0 43 75 
UA 100 
* DDM * * * * *  Preserved * * * * *  

KK C220 
KM HYDROGRAPH COMBINATION FOR SUB-BASIN 240 & 220 
HC 2 
* DDM * * * * *  Preserved *****  

HEC-1 INPUT 

KK SW220 
KM WEIR GEOMETRY OBTAINED FROM AS-BUILT PLANS 8 PASS MTN. DIVERSION. 
KM WEIR STORAGE DATA OBTAINED FROM 2' CONTOUR MAPPING. 
RS 1 STOR 0 
S A .78 4.1 13.7 
SE 1 3 10 
S S 3 6 5 3 1.5 
* DDM * * * * *  Preserved * * * * *  

PAGE 11 I 

KK R220 
KM ROUTE FLOW FROM SUB-BASIN 220 TO SUB-BASIN 200 
KM PASS MOUNTAIN DIVERSION 
RS 1 FLOW - 1 
RC .035 .025 .035 1250 .005 
RX 0 50 100 109 13 9 
RY 5 4 3 0 0 
* DDM * * * * *  Updated * * * * *  

KK 190 
KM SUB-BASIN 190 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .994 

PAGE 12 
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LINE 

KM L = 1.91 Kb = .042 Adj . Slope = 315.0 
BA .918 
LG .350 .390 5.800 .I90 8.000 
UC .321 .I85 
UA 0 3 5 8 12 
UA 100 
* DDM ***** Preserved ***** 

KK RIP0 
KM ROUTING OF FLOW FROM SUB-BASIN 190 TO SUB-BASIN 200 
RS 2 FLOW - 1 
RC .045 .03 .045 4740 .03 
RX 0 1 2 17 3 7 52 5 3 5 4 
RY 5 5 5 0 0 5 5 5 
* DDM *****  Preserved ***** 

KK R192 
KM ROUTING OF FLOW FROM SUB-BASIN 190 TO SUB-BASIN 200 
RS 3 FLOW -1 
RC -045 .035 -045 2200 .018 
RX 0 1 5 0 5 9 7 9 88 13 7 138 
RY 4.5 3 3 0 0 3 3 4.5 
* DDM *****  Updated ***** 

200 
SUB-BASIN 200 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF .997 
L = 1.58 K b  = .045 Adj. Slope = 305.6 
.530 
.350 .390 5.700 .ZOO 10.000 
.300 .201 

HEC-1 INPUT 

UA 0 3 5 8 12 2 0 4 3 75 9 0 
UA 100 
* DDM ***** Preserved ***** 

KK C200 
KM HYDROGRAPH COMBINATION FOR SUB-BASIN 220 & 200 
HC 3 
* DDM *****  Preserved *****  

KK sw200 
KM WEIR GEOMETRY OBTAINED FROM AS-BUILT PLANS @ PASS MTN. DIVERSION 
KM WEIR STORAGE DATA OBTAINED FROM 2' CONTOUR MAPPING. 
RS 1 STOR 0 
SA 2.56 3.1 9.4 
SE 0 3 10 
SS 3 112 3 1.5 
* DDM * * * * *  Preserved ***** 

KK R200 
KM ROUTE FLOW FROM SUB-BASIN 200 TO SIGNAL BUTTE FRS through storage 
RS 1 FLOW - 1 
RC .035 .025 -035 650 -005 
RX 0 I 2 17 117 132 133 134 
RY 5 5 5 0 0 5 5 5 
* DDM *****  Preserved *****  

KK SS200 
KM WEIR GEOMETRY OBTAINED FROM AS-BUILT PLANS Q PASS MTN. DIVERSION. 
KM WEIR STORAGE DATA OBTAINED FROM 2' CONTOUR MAPPING. 
RS 1 STOR 0 
S A 8 9.2 9.2 
SE 0 7 10 
SS 7 251 3 1.5 
* DDM ***** Preserved ***** 

KK RR200 
KM ROUTE FLOW FROM SUB-BASIN 200 TO SIGNAL BUTTE FRS 
RS 4 FLOW - 1 
RC -035 .025 .035 3150 .005 
RX 0 1 2 17 117 132 133 134 
RY 5 5 5 0 0 5 5 5 
* DDM *****  Preserved ***** 

KK CC180 
KM HYDROGRAPH COMBINATION FOR SIGNAL BUTTE FRS 
HC 2 
* DDM ***** Preserved *****  
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LINE 

LINE 

KK S180 
KM SIGNAL BUTTE FRS DATED 1/28/85 
KM OUTLET PIPE=36"RCP; L= 147'; INLET INV.=1690; OUTLET INV.=1687 
KM EMERGENCY SPILLWAY ELEV.=1712.4; PRINCIPAL SPILLWAY ELEV.=1701 
KM STORAGE VOLUME BELOW PRINCIPAL SPILLWAY FOR SEDIMENT = 250 ACRE-FEET 
* ESE = 1712.4 ft; PSE = 1701.0 ft; Sediment Vol. = 247 Ac-Ft. 
RS 1 STOR 0 

HEC-1 INPUT 

SV 0 172.1 273.3 482.2 871.3 1101.5 1163.5 1294.1 1390.2 1432.1 
SV 1446.1 1578.8 1733.6 1980.3 2712.2 3121 3530 
SQ 0 10.2 10.7 121.8 138.4 145.9 147.7 151.4 154 155 
SQ 156 390 820 1950 6600 9500 12400 
SE 696 700 701.4 704 708 710 710.5 711.5 712.2 712.5 
SE 712.6 713.5 714.5 716 720 722 724 
* DDM * * * * *  Preserved *****  

KK R180 
KM Routing length updated using Signal Butte Floodway plans dated March 1983 
KM Routing length increased 100' from 1500' to 1600' 12/12/00 
KM CHANNEL GEOMETRY FOR SIGNAL BUTTE FRS OBTAINED FROM AS-BUILT PLANS. 
KM ROUTE FLOW FROM SIGNAL BUTTE FRS TO SUB-BASIN 260 
RS 1 FLOW -1 
RC .035 .025 .035 1600 .003 
RX 0 1 2 22.6 38.6 59.2 60 6 1 
RY 9.3 9.3 9.3 0 0 9.3 9.3 9.3 
* DDM * * * * *  Updated *****  

KK 260 
KM SUB-BASIN 260 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .998 
KM L = .81 Kb = .046 Adj. Slope = 68.0 
BA .263 
LG .280 .210 6.600 .I60 11.000 
UC .350 .209 
UA 0 5 16 30 65 77 8 4 9 0 9 4 9 7 
UA 100 
* DDM ***** Preserved *****  

KK C260 
KM HYDROGRAPH COMBINATION FOR OUTFLOW OF SIGNAL BUTTE FRS & SUB-BASIN 260 
HC 2 .263 
* DDM *****  Preserved * * * * *  

KK R260 
KM Routing length updated using Signal Butte Floodway plans dated March 1983 
KM Routing length unchanged 12/12/00 
KM CHANNEL GEOMETRY FOR SIGNAL BUTTE FRS OBTAINED FROM AS-BUILT PLANS. 
KM ROUTE FLOW FROM SUB-BASIN 260 TO SUB-BASIN 280 
RS 3 FLOW - 1 
RC .035 .025 .035 2300 .003 
RX 0 1 2 23.4 43.4 64.8 65 6 6 
RY 9.7 9.7 9.7 0 0 9.7 9.7 9.7 
* DDM *****  Updated *****  

280 
SUB-BASIN 280 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF .998 
L = .77 Kb = .048 Adj. Slope = 84.0 
.319 
.300 .250 5.300 .290 15.000 
.329 .I68 

HEC-1 INPUT 

ID. . . . . . .  1 . . . . . . .  2.......3.......4.......5.......6.......7.......8.......9...... 10 

UA 0 5 16 3 0 65 7 7 84 9 0 94 9 7 
UA 100 
* DDM *****  Preserved * * * * *  

KK C280 
KM HYDROGRAPH COMBINATION FOR SUB-BASIN 260 & SUB-BASIN 280 
HC 2 
* DDM * * * * *  Preserved * * * * *  

KK R280 
KM Routing length updated using Signal Butte Floodway plans dated March 1983 
KM Routing length decreased 400' from 2500' to 2100' 12/12/00 
KM CHANNEL GEOMETRY FOR SIGNAL BUTTE FRS OBTAINED FROM AS-BUILT PLANS. 
KM ROUTE FLOW FROM SUB-BASIN 280 TO SUB-BASIN 300 
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1 

LINE 

RS 3 FLOW -1 
RC .035 .025 -035 2100 .003 
RX 0 1 2 23.4 43.4 64.8 6 5 6 6 
RY 9.7 9.7 9.7 0 0 9.7 9.7 9.7 
* DDM *****  Updated *****  

KK 300 
KM SUB-BASIN 300 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .998 
KM L = .78 Kb = .049 Adj. Slope = 103.0 
BA .289 
LG .300 .250 4.200 .520 16.000 
UC .321 -174 
UA 0 5 16 30 65 77 84 9 0 
UA 100 
* DDM *****  Preserved ***** 

KK C300 
KM HYDROGRAPH COMBINATION OF SUB-BASIN 280 & 300 
HC 2 
* 
* DDM *****  Preserved ***** 

KK R300 
KM Routing length updated using Signal Butte Floodway plans dated March 1983 
KM Routing length increased 300' from 2200' to 2500' 12/12/00 
KM CHANNEL GEOMETRY FOR SIGNAL BUTTE FRS OBTAINED FROM AS-BUILT PLANS. 
KM ROUTE FLOW FROM SUB-BASIN 300 TO START OF FLOODWAY CONCRETE CHANNEL 
RS 2 FLOW -1 
RC .035 .025 .035 2500 .003 
RX 0 1 2 23.4 55.4 76.8 7 7 7 8 
RY 9.7 9.7 9.7 0 0 9.7 9.7 9.7 
* 
* DDM *****  Updated *****  

HEC-1 INPUT PAGE 16 

305A 
SUB-BASIN 305A 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF .998 
L = -98 Kb = -048 Adj. Slope = 82.0 
.316 
.340 .320 4.600 .350 12.000 
.400 .254 

0 5 16 30 65 
100 

* DDM ***** Preserved *****  

KK C305 
KM HYDROGRAPH COMBINATION OF SUB-BASIN 300 AND 305A 
HC 2 
* DDM ***** Preserved * * * * *  

KK R305 
KM Routing length updated using Signal Butte Floodway plans dated March 1983 
KM CHANNEL GEOMETRY FOR SPOOK HILL FRS OBTAINED FROM AS-BUILTS PLANS. 
KM CONTINUE TO ROUTE FLOW WITHIN CONCRETE CHANNEL TO SPOOK HILL FRS 
RS 2 FLOW -1 
RC .016 .016 -016 4000 .0146 
RX 0 1 2 2.1 16.1 16.2 17 18 
RY 7.5 7.5 7.5 0 0 7.5 7.5 7.5 
* 
* DDM ***** Updated *****  

KK 320B1 
KM SUB-BASIN 320B1 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .997 
KM L = 1.13 Kb = .046 Adj. Slope = 106.0 
BA .454 
LG .300 .260 4.800 .310 17.000 
UC .375 .215 
UA 0 5 16 3 0 65 7 7 84 90 
UA 100 
* 
* DDM * * * * *  Preserved ***** 

KK D320B1 
KM DIVERT FLOW INTO ONLINE DETENTION BASIN 
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LINE 

LINE 

KM DETENTION/RETENTION BASINS LOCATED WITHIN THREE SUBDIVISIONS 
KM SIERRA HEIGHTS FALCON RIDGE & MARBLE CREEK 
KM MAXIMUM VOLUME DIVERSION = 9.3 acre-feet 
DT B320B1 9.30 
D I 0 10000 
DQ 0 10000 
* DDM * * * * *  Preserved *****  0 

HEC-1 INPUT PAGE 17 

KK T320B1 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR B320B1 
* DDM * * * * *  Preserved * * * * *  

KK S320B1 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM 9.30 ACRE-FEETx43560/36~3600=4.~fs 
RS 1 STOR 0 
SV 0 .01 9.3 15.0 
SQ 0 0.5 4.0 50.0 
* DDM *****  Preserved * * * * *  

KK C320B1 
KM HYDROGRAPH COMBINATION FOR SPOOK HILL FRS 
HC 3 
* 
* DDM * * * * *  Updated * * * * *  

KK 350 
KM SUB-BASIN 350 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .994 
KM L = 2.22 Kb = .041 Adj. Slope = 315.0 
BA .997 
LG .350 .350 4.550 .340 4.000 
UC ,363 .227 
UA 0 3 5 8 12 
UA 100 
* DDM * * * * *  Preserved * * * * *  

KK D350 
KM DIVERT FLOW FROM SUB-BASIN 350. FOR MODELING PURPOSES THE SPLIT FLOW WILL 
KM BE ROUTED BETWEEN SUB-BASINS 355 & 310. THE MAIN FLOW WILL ROUTED TO 310 
DT SF350 
D I 0 5000 
DQ 0 2500 
* DDM * * * * *  Preserved * * * * *  

KK R350 
KM CHANNEL GEOMETRY OBTAINED FROM 2' CONTOUR MAPPING 
KM ROUTING OF MAIN FLOW FROM DIVERSION OF SUB-BASIN 350 TO SUB-BASIN 310 
RS 7 FLOW - 1 
RC .045 .035 .045 5150 .025 
RX 0 1 4 0 4 6 56 6 2 102 103 
RY 3 2 2 0 0 2 2 3 
* DDM * * * * *  Updated * * * * *  

KK 310 
KM SUB-BASIN 310 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .997 
KM L = 2.70 Kb = .045 Adj. Slope = 283.5 
BA .538 

HEC-1 INPUT 

LG .350 .350 3.910 .480 .000 
UC .483 .520 
UA 0 3 5 8 12 2 0 43 7 5 90 9 6 
UA 100 
* DDM * * * * *  Preserved * * * * *  

KK C310 
KM HYDROGRAPH COMBINATION OF SUB-BASINS 350 & 310 
HC 2 1.04 
* DDM * * * * *  Preserved * * * * *  

KK R310 
KM CHANNEL GEOMETRY OBTAINED FROM 2' CONTOUR MAPPING. 
KM ROUTING OF FLOW FROM SUB-BASIN 310 TO 320B 

PAGE 18 
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LINE 

RS 10 FLOW - 1 
RC -045 -035 .045 8550 .022 
RX 0 1 4 0 46 5 6 6 2 102 103 
RY 3 2 2 0 0 2 2 3 
* 
* DDM *****  Updated ***** 

KK 305B 
KM SUB-BASIN 305B 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF -998 
KM L = 1.70 Kb = -047 Adj. Slope = 124.0 
BA .386 
LG -350 .350 4.500 .350 .000 
UC .492 .443 
UA 0 3 5 8 12 20 4 3 7 5 
UA 100 
* 
* DDM *****  Preserved *****  

KK R305B 
KM CHANNEL GEOMETRY OBTAINED FROM 2' CONTOUR MAPPING. 
KM ROUTING OF FLOW FROM SUB-BASINS 305B TO SUB-BASIN 320B2. 
RS 3 FLOW - 1 
RC .045 .035 .045 1700 .016 
RX 0 1 40 46 5 6 6 2 102 103 
RY 3 2 2 0 0 2 2 3 
* 
* DDM ***** Updated ***** 

KK 320B2 
KM SUB-BASIN 320B2 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .999 
KM L = 1.08 Kb = .050 Adj. Slope = 120.0 
BA .220 
LG .300 .270 4.500 -380 9.000 
UC .375 .314 
UA 0 5 16 3 0 65 
UA 100 
* 
* DDM * * * * *  Preserved ***** 

HEC-1 INPUT 

KK D320B2 
KM DIVERT FLOW INTO ONLINE DETENTION BASIN 
KM DETENTION/RETENTION BASINS LOCATED WITHIN THREE SUBDIVISIONS 
KM SIERRA HEIGHTS FALCON RIDGE & MARBLE CREEK 
KM MAXIMUM VOLUME DIVERSION = 3.32acre-feet 
DT B320B2 3.32 
DI 0 loo00 
DQ o 10000 
* DDM *****  Preserved *****  

KK T320B2 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR B320B2 
* DDM ***** Preserved *****  

KK S320B2 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM 3.32 ACRE-FEETx43560/36~3600=1.2cfs 
RS 1 STOR 0 
SV 0 .01 3.3 5.0 
SQ 0 0.5 1.2 15.0 
* 
* DDM *****  Preserved *****  

KK C320B2 
KM Combine R305B, R310 and 320B2 
HC 4 
* 
* DDM ***** Preserved *****  

KK R320B2 
KM CHANNEL GEOMETRY OBTAINED FROM 2' CONTOUR MAPPING. 
KM ROUTING OF FLOW FROM SUB-BASINS 320B2 TO SUB-BASIN 340B. 
RS 2 FLOW - 1 
RC .045 .035 .045 1000 .016 
RX 0 1 4 0 46 56 6 2 102 103 
RY 5 2 2 0 0 2 2 5 
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* 
* DDM * * * * *  Updated * * * * *  

KK 340B 
KM SUB-BASIN 340B 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .998 
KM L = .85 Kb = .049 Adj. Slope = 238.5 
BA .290 
LG .280 .250 4.000 .560 23.000 
UC .242 .I36 
U A 0 5 16 3 0 65 
U A 100 
* 
* DDM * * * * *  Preserved * * * * *  

1 HEC-1 INPUT PAGE 20 

.10 LINE 

KK D340B 
KM DIVERT FLOW INTO ONLINE DETENTION BASIN 
KM DETENTION/RETENTION BASINS LOCATED WITHIN THREE SUBDIVISIONS 
KM GRANDVIEW ESTATES BOULDER MOUNTAIN & 33% OF MESA HIGHLANDS 
KM MAXIMUM VOLUME DIVERSION = 15.6 acre-feet 
DT BS340B 15.6 
D I 0 10000 
DQ o loooo 
* DDM * * * * *  Preserved * * * * *  

KK RT340B 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR BS340B 
* DDM * * * * *  Preserved *****  

KK S340B 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM 15.6 ACRE-FEETx43560/36~3600= 5.2cfs 
RS 1 STOR 0 
SV 0 .01 15.6 20 
SQ 0 1.0 5.2 50 
* DDM * * * * *  Preserved * * * * *  

KK C340B 
KM HYDROGRAPH COMBINATION 
HC 3 
* 
* DDM * * * * *  Preserved * * * * *  

KK DD340B 
KM DIVERT FLOW INTO OFFLINE DETENTION BASIN LOCATED WITHIN SUB-BASINS 340B. 
DT BS340 
D I 0 200 1000 2000 5000 
DQ 0 0 800 1800 4800 
* DDM * * * * *  Preserved *****  

KK RT340 
KM RETRIEVE FLOW FROM DIVERSION 
DR BS340 
* DDM *****  Preserved * * * * *  

KK SS340B 
KM RETRIEVE FLOW INTO OFFLINE BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM 55 ACRE-FEETx43560/36~3600 = 19cfs 
RS 1 STOR 0 
SV 0 .01 55 60 
SQ 0 3.0 50 100 
* 

HEC-1 INPUT PAGE 21 

LINE 

KK CD340B 
KM HYDROGRAPH COMBINATION 
HC 2 
* DDM * * * * *  Preserved * * * * *  

KK RT350 
KM RETRIEVE SPLIT FLOW FROM DIVERSION OF SUB-BASIN 350 
DR SF350 
* DDM * * * * *  Preserved * * * * *  



LINE 

KM CHANNEL GEOMETRY OBTAINED FROM 2' CONTOUR MAPPING. 
KM ROUTING OF FLOW FROM SPLIT OF SUB-BASIN 350 TO 355 
RS 7 FLOW -1 
RC .045 .035 .045 6050 -025 
RX 0 1 40 46 5 6 6 2 102 103 
RY 3 2 2 0 0 2 2 3 
* 
* DDM *****  Updated ***** 

KK 355 
KM SUB-BASIN 355 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .996 
KM L = 3.00 Kb = .044 Adj. Slope = 284.0 
BA .676 
LG .340 .340 4.450 .370 4.000 
UC -488 .SO2 
UA 0 3 5 8 12 20 43 75 
U A 100 
* DDM ***** Preserved ***** 

KK C355 
KM HYDROGRAPH COMBINATION OF SUB-BASIN 355 AND THE SPLIT FLOW FROM SUB-BASIN 350 
HC 2 1.1745 
* 
* DDM ***** Preserved ***** 

KK D355 
KM DIVERT FLOW INTO OFFLINE BASIN 
KM MAXIMUM VOLUME DIVERSION = 18 acre-feet 
DT BS355 
DI 0 100 450 1000 2000 5000 
DQ 0 0 0 550 1550 4550 
* 
* DDM *****  Preserved ***** 

KK RT355 
KM RETRIEVE FLOW FROM DIVERSION INTO OFFLINE BASIN 
DR BS355 
* 
* DDM ***** Preserved ***** 

HEC-1 INPUT 

KK 5355 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM 18.0 ACRE-FEET~43560/36~3600= 6.0CFS 
RS 1 STOR 0 
SV 0 .01 18.0 25.0 
sQ 0 2.0 40 50 
* 
* DDM *****  Preserved * * * * *  

KK CC355 
KM HYDROGRAPH COMBINATION 
HC 2 
* 
* DDM * * * * *  Preserved ***** 

KK R355 
KM CHANNEL GEOMETRY OBTAINED FROM 2' CONTOUR MAPPING. 
KM ROUTING OF FLOW FROM SUB-BASIN 355 TO SUB-BASIN 340B 
RS 1 FLOW - 1 
RC .045 -035 .045 4000 .025 
RX 0 1 40 4 6 5 6 62 102 103 
RY 3 2 2 0 0 2 2 3 
* 
* DDM ***** Preserved *****  

KK CC340B 
KM HYDROGRAPH COMBINATION 
HC 2 
* DDM ***** Preserved *****  

KK R340B 
KM CHANNEL GEOMETRY OBTAINED FROM 2' CONTOUR MAPPING. 
KM ROUTING OF FLOW FROM SUB-BASIN 340B TO SUB-BASIN 340A2. 
RS 2 FLOW - 1 
RC .045 .035 -045 1500 .027 
RX 0 1 40 46 56 62 102 103 
RY 3 2 2 0 0 2 2 3 
* 
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LINE 

LINE 

* DDM * * * * *  Updated *****  

340112 
SUB-BASIN 340A2 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
L = .48 Kb = .047 Adj. Slope = 297.9 
.03 7 
.230 .310 5.300 .250 55.000 
.I58 .I74 

0 5 16 3 0 6 5 77 84 9 0 
100 

* DDM *****  Preserved * * * * *  
HEC-1 INPUT 

KK D340A2 
KM DIVERT FLOW INTO ONLINE DETENTION BASIN 
KM MAXIMUM VOLUME DIVERSION = 2.2 acre-feet 
DT B340A2 2.2 
D I 0 10000 
DQ 0 10000 
* DDM * * * * *  Preserved * * * * *  

KK T340A2 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR B340A2 
* DDM * * * * *  Preserved * * * * *  

KK S340A2 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM 2.20 ACRE-FEETx43560/36~3600= l.0cfs 
RS 1 STOR 0 
SV 0 .01 2.2 5.0 
SQ 0 0.5 1.0 10.0 
* DDM * * * * *  Preserved * * * * *  

KK C340A2 
KM HYDROGRAPH COMBINATION 
HC 3 
* 
* DDM * * * * *  Preserved ***** 

KK R340A2 
KM CHANNEL GEOMETRY OBTAINED FROM 2' CONTOUR MAPPING. 
KM ROUTING OF FLOW FROM SUB-BASIN 340A2 TO SUB-BASIN 320B. 
RS 5 FLOW - 1 
RC .045 .035 .045 4500 -020 
RX 0 1 40 46 56 6 2 102 103 
RY 3 2 2 0 0 2 2 3 
* 
* DDM * * * * *  Preserved *****  

KK CC320B 
KM HYDROGRAPH COMBINATION 
HC 2 
* 
* DDM * * * * *  Preserved * * * * *  

PAGE 23 

KK R320B 
KM Routing Flow from 320Blto 320A 
KM Routing length updated using Signal Butte Floodway plans dated March 1983 
KM CHANNEL GEOMETRY FOR SPOOK HILL FRS OBTAINED FROM AS-BUILTS PLANS. 
KM CONTINUE TO ROUTE FLOW WITHIN CONCRETE CHANNEL TO SPOOK HILL FRS 
RS 1 FLOW - 1 
RC .016 .016 .016 1500 .0146 
RX 0 1 2 2.1 16.1 16.2 17 18 
RY 7.5 7.5 7.5 0 0 7.5 7.5 7.5 
* 
* DDM * * * * *  Updated * * * * *  

HEC-1 INPUT PAGE 24 

KK 320A 
KM SUB-BASIN 320A 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .998 
KM L = 1.07 Kb = .049 Adj. Slope = 93.0 
BA .270 
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LINE 

LG -280 .250 4.300 -490 25.000 
UC .404 .301 
UA 0 5 16 3 0 6 5 77 84 9 0 94 
U A 100 
* 
* DDM ***** Preserved *****  

KK D320A 
KM DIVERT FLOW INTO ONLINE DETENTION BASIN 
KM DETENTION/RETENTION BASINS LOCATED WITHIN THREE SUBDIVISIONS 
KM GRANDVIEW ESTATES BOULDER MOUNTAIN & 33% OF MESA HIGHLANDS 
KM MAXIMUM VOLUME DIVERSION = 11.8 acre-feet 
DT BS320A 11.8 
DI 0 10000 
DQ 0 10000 
* DDM * * * * *  Preserved *****  

KK RT320A 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR BS320A 
* DDM *****  Preserved ***** 

KK S320A 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM 11.8 ~ ~ ~ ~ - ~ ~ ~ ~ ~ 4 3 5 6 0 / 3 6 ~ 3 6 0 0 =  4.0cfs 
RS 1 STOR 0 
SV 0 .01 11.8 2 0 
SQ 0 1.0 4.0 40.0 
* DDM ***** Preserved *****  

KK C320 
KM HYDROGRAPH COMBINATION 
HC 3 
* 
* DDM ***** Updated ***** 

KK 340A1 
KM SUB-BASIN 340A1 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .993 
KM L = 1.80 Kb = .045 Adj. Slope = 117.0 
BA 1.089 
LG .250 .250 4.150 .560 24.000 
UC .SO0 .261 
UA 0 5 16 3 0 65 7 7 84 9 0 
UA 100 
* 
* DDM *****  Preserved ***** 

HEC-1 INPUT 

KK D340A1 
KM DIVERT FLOW INTO ONLINE DETENTION BASIN 
KM DETENTION/RETENTION BASINS LOCATED WITHIN THREE SUBDIVISIONS 
KM GRANDVIEW ESTATES BOULDER MOUNTAIN & 33% OF MESA HIGHLANDS 
KM MAXIMUM VOLUME DIVERSION = 91.9 acre-feet 
DT B340A1 91.9 
DI 0 10000 
DQ 0 10000 
* DDM ***** Preserved *****  

KK T340A1 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR B340A1 
* DDM ***** Preserved ***** 

KK S340A1 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM 91.9 ACRE-FEET~43560/36~3600=30.9~fs 
RS 1 STOR 0 
SV 0 .O1 91.9 120 
SQ 0 3.0 20.9 300 
* 
* DDM *****  Preserved *****  

KK C340A1 
KM HYDROGRAPH COMBINATION FOR SPOOK HILL FRS 
HC 2 
* 
* DDM ***** Preserved *****  

PAGE 25 

.10 



953 
954 

955 
956 
957 
958 
959 
960 
961 
962 
963 
964 

965 
966 
967 
968 
969 
970 

LINE 

971 

972 
973 
974 

975 
976 
977 
978 
979 
980 

981 
982 
983 

KM HYDROGRAPH COMBINATION FOR SPOOK HILL FRS 
HC 2 
* 
* DDM *****  Updated * * * * *  

KK 360 
KM SUB-BASIN 360 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .995 
KM L = 2.10 Kb = .044 Adj. Slope = 124.0 
BA .880 
LG .260 .250 4 .I00 .570 23.000 
UC .538 .362 
UA 0 5 16 3 0 65 77 84 90 
UA 100 
* DDM *****  Preserved * * * * *  

KK D360 
KM DIVERT FLOW INTO ONLINE DETENTION BASIN 
KM DETENTION/RETENTION BASINS LOCATED WITHIN 33% OF MESA HIGHLANDS 
KM MAXIMUM VOLUME DIVERSION = 49.5 acre-feet 
DT BS360 49.5 
D I 0 10000 

HEC-1 INPUT 

DQ 0 10000 
* DDM *****  Preserved * * * * *  

KK RT360 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR BS360 
* DDM * * * * *  Preserved * * * * *  

KK 5360 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM 49.5 ACRE-FEETx43560/36~3600=16.6 C£S 
RS 1 STOR 0 
sv 0 .01 49.5 7 0 
SQ 0 3.0 16.6 150 
* DDM * * * * *  Preserved * * * * *  

KK C360 
KM HYDROGRAPH COMBINATION FOR SPOOK HILL FRS 
HC 3 
* 
* DDM * * * * *  Updated *****  

KK 380A 
KM SUB-BASIN 380A 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .998 
KM L = .66 Kb = .076 Adj. Slope = 91.0 
BA .261 
LG ,170 .250 4.100 .710 21.000 
UC .425 .221 
UA 0 3 5 8 12 
U A 100 
* 
* DDM ***** Preserved * * * * *  

KM HYDROGRAPH COMBINATION FOR SPOOK HILL FRS 
HC 2 
* 
* DDM *****  Updated * * * * *  

KK 400A 
KM SUB-BASIN 400A 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = .28 K b  = .094 Adj. Slope = 71.0 
BA .048 
LG .250 .290 4.000 .640 .000 
UC .317 .211 
UA 0 3 5 8 12 
UA 100 
* 
* DDM * * * * *  Preserved * * * * *  

HEC-1 INPUT 

PAGE 26 

PAGE 27 

LINE 
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LINE 

C400A 
HYDROGRAPH COMBINATION FOR SPOOK HILL FRS 

2 

370 
SUB-BASIN 370 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF .996 
L = 1.90 Kb = .044 Adj. Slope = 203.5 
.672 
.340 .320 4.650 .330 8.000 
.404 .284 

0 3 5 8 12 20 43 75 
100 

S370 
Online Detention Basin at Madrid Subdivision 
Basin Bottom Elevation = 1822.9 ft 
Route through 24' pipe for 404 low flow and 
Route through 72" pipe to west along McDowell 
2-8'x3' RCBC as emergency spillway 

1 STOR 0 
0 1.37 3.61 5.97 8.46 11.07 13.81 16.69 19.72 

0.9 2.0 3 .O 4.0 5.0 6.0 7.0 8.0 9.0 
0.0 9 8 157 221 270 313 350 380 800 

KK D370 
KM Split the out flow to pipe along McDowell Road and to Madrid subdivision 
DT B370W 
DI 0.0 9 8 157 221 270 3 13 350 380 800 
DQ 0 89 141 199 243 282 315 340 380 
* 

KK R370S 
KM CHANNEL GEOMETRY OBTAINED FROM 2' CONTOUR MAPPING. 
KM ROUTING FLOW to SUB-BASINS 380B1 
RS 12 FLOW -1 
RC .045 .035 .045 8800 -023 
RX 0 1 4 0 46 56 6 2 102 103 
RY 3 2 2 0 0 2 2 3 
* 

380B1 
SUB-BASIN 380B1 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS. BASIN USED RAINFALL REDUCTION FACTOR OF -998 
L = 1.61 Kb = .047 Adj. Slope = 124.0 
.369 
.300 .250 4.200 .520 16.000 
.471 .414 

0 5 16 3 0 65 77 84 9 0 94 97 
HEC-1 INPUT PAGE 28 

KK D380B1 
KM DIVERT FLOW INTO ONLINE DETENTION BASIN 
KM DETENTION/RETENTION BASINS LOCATED WITHIN MESA HIGHLANDS 
KM MAXIMUM VOLUME DIVERSION = 10.5 acre-feet 
DT B380B1 10.5 
DI 0 10000 
DQ 0 10000 
* 

KK T380B1 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR B380B1 
* 

KK 538081 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM 10.5 ACRE-FEET~43560/36~3600=3.5cfS 
RS 1 STOR 0 
SV 0 .01 10.5 20.0 
SQ 0 1.0 3.5 50.0 * 



1 

LINE 

KK C380B1 
KM HYDROGRAPH COMBINATION 
HC 3 

KK R380B1 
KM CHANNEL GEOMETRY OBTAINED FROM 2' CONTOUR MAPPING. 
KM ROUTING OF FLOW FROM SUB-BASINS 380B1 TO SUB-BASIN 400B1. 
RS 7 FLOW - 1 
RC .045 .035 .045 2600 .023 
RX 0 1 4 0 46 56 6 2 102 103 
RY 3 2 2 0 0 2 2 3 
* 
* DDM * * * * *  Updated ***** 

KK 400B1 
KM SUB-BASIN 400B1 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .998 
KM L = .93 Kb = -057 Adj. Slope = 91.0 
BA .385 
LG .280 .250 4.100 .590 12.000 
UC .433 .238 
UA 0 5 16 3 0 65 
U A 100 
* 
* DDM *****  Preserved ***** 

HEC-1 INPUT 

KK D400B1 
KM DIVERT FLOW INTO ONLINE DETENTION BASIN 
KM DETENTION/RETENTION BASIN LOCATED WITHIN SAGUARO VISTA SUBDIVISION 
KM MAXIMUM VOLUME DIVERSION = 5.6 ACRE-FEET 
DT B400B1 5.6 
D I 0 10000 
DQ 0 10000 
* DDM ***** Preserved *****  

KK T400B1 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR B400B1 
* DDM *****  Preserved ***** 

KK S400B1 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM 5.6 ACRE-FEETx43560/36~3600 = 2 C ~ S  
RS 1 STOR 0 
SV 0 -01 5.6 10.0 
SQ 0 1 2 20.0 
* DDM * * * * *  Preserved ***** 

KK C400B1 
KM HYDROGRAPH COMBINATION FOR SPOOK HILL FRS 
HC 2 
* DDM * * * * *  Preserved ***** 

KK CC4OOB 
KM HYDROGRAPH COMBINATION FOR SPOOK HILL FRS 
HC 3 
* 
* DDM * * * * *  Updated *****  

KK 420A2 
KM SUB-BASIN 420A2 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = .26 Kb = .064 Adj. Slope = 96.0 
BA .022 
LG .350 .350 4.150 .430 .000 
UC .208 .I94 
UA 0 5 16 30 65 
UA 100 
* 
* DDM * * * * *  Preserved *****  

KK C400A2 
KM HYDROGRAPH COMBINATION FOR SPOOK HILL FRS 
HC 2 
* 

HEC-1 INPUT 

PAGE 29 

PAGE 30 
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LINE 

LINE 

1167 

KK T370W 
KM RETRIEVE FLOW FROM DIVERSION of ONLINE BASIN 
DR B370W 
* 

KK R370W 
KM ROUTING OF FLOW FROM SUB-BASINS 370W TO Hawes along McDowell. 
RS 5 FLOW - 1 
RC .045 .035 .045 3200 .023 
RX 0 1 4 0 46 5 6 62 102 103 
RY 3 2 2 0 0 2 2 3 
* 

KK 395A 
KM SUB-BASIN 395A 
KM 24-HOUR SCS TYPE I1 RAINFALL hTAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .999 
KM L = 1.48 Kb = .051 Adj. Slope = 216.6 
BA .I87 
LG .310 -270 4.800 .300 9.000 
UC .358 .421 
UA 0 5 16 30 65 
UA 100 
* DDM *****  Preserved ***** 

KK R390C1 
KM Route runoff from subbasin 395A through Thunder Mountain subdivision 
KM to concentration point 390C 
KM CHANNEL GEOMETRY OBTAINED FROM 2' CONTOUR MAPPING. 
RS 3 FLOW - 1 
RC 0.045 0.035 0.045 1600 0.032 
RX 0 5 10 22 4 0 45 6 0 9 0 
RY 4 3 2 0 0 2 3 4 
* DDM * * * * *  Updated ***** 

KK 395B 
KM SUB-BASIN 395B 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = .18 Kb = .075 Adj. Slope = 167.0 
BA .004 
LG .300 -250 5.100 -270 5.000 
UC .I50 .266 
UA 0 5 16 3 0 65 
UA 100 
* DDM ***** Preserved ***** 

KK R390C2 
KM Route runoff hydrograph from 395B to concentration point 390C in existing 
KM channel along McDowell Road 
KM CHANNEL GEOMETRY OBTAINED FROM 2' CONTOUR MAPPING. 
RS 3 FLOW - 1 
RC 0.045 0.035 0.045 1380 0.027 
RX 0 1 3 6 2 8 3 1 3 4 37 

HEC-1 INPUT PAGE 31 

RY 2 2 1 0 0 1 2 3 
* DDM *****  Updated *****  

KK 390C 
KM SUB-BASIN 390C 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .999 
KM L = .53 Kb = .054 Adj. Slope = 162.0 
BA .I21 
LG .300 .250 5.300 .290 20.000 
UC .221 .I39 
UA 0 5 16 3 0 65 77 84 9 0 9 4 97 
UA 100 
* DDM ***** Preserved ***** 

KK CP39OC 
KM Combine routed hydrographs from 395A, 395B, with runoff hydrograph from 
KM subbasin 390C 
HC 3 
* DDM *****  Preserved ***** 

KK TOC-H 
KM Divert into proposed storm drain for Culver-Hawes detention 



basin. Diversion determined by rating curve. 
T0390B 

0 8 29 86 244 457 1000 
0 0 0 31 159 342 885 

C370 
COMBINE FLOWS IN STORMDRAIN ALONG MCDOWELL FROM LaMADRID BASIN AND THUNDER 
MOUNTAIN BASIN 

2 1.30 

R390S 
Route Flow South to Subbasin 400B3. 

2 FLOW - 1 
.045 -045 .045 1000 .020 

0 1 40 46 56 
3 2 2 0 0 

400B3 
SUB-BASIN 40083 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
L = .26 Kb = .064 A d j .  Slope = 135.0 
.024 
.300 .250 4.500 .430 -000 
-183 .I61 

0 5 16 3 0 65 7 7 8 4 90 9 4 
100 

HEC-1 INPUT PAGE 32 

.10 LINE 

KK D400B3 
KM DIVERT FLOW INTO ONLINE DETENTION BASIN 
KM DETENTION/RETENTION BASIN LOCATED WITHIN SAGUARO VISTA SUBDIVISION 
KM MAXIMUM VOLUME DIVERSION = 1.6 ACRE-FEET 
DT B400B3 1.6 
DI 0 10000 
DQ o IOOOO 
* 

KK T400B3 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR B400B3 
* 

KK S400B3 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM 1.6 ACRE-FEETx43560/36~3600 = 1 cfs 
RS 1 STOR 0 
SV 0 .01 1.6 5.0 
SQ 0 1 1 10.0 * 

KK C400B3 
KM HYDROGRAPH COMBINATION 
HC 2 
* 

KK C390S 
KM HYDROGRAPH COMBINATION of flow fron north of the Basin 
HC 2 
* 

380B3 
SUB-BASIN 380B3 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF .999 
L = .69 Kb = .054 Adj. Slope = 138.0 
.I23 
.300 .250 4.350 .480 16.000 
.279 .220 

0 5 16 3 0 65 77 8 4 90 
100 

KK D380B3 
KM DIVERT FLOW INTO ONLINE DETENTION BASIN 
KM MAXIMUM VOLUME DIVERSION = 4.0 acre-feet 
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DT B380B3 4.0 
D I 0 10000 
DQ 0 10000 
* 

HEC-1 INPUT PAGE 33 

9.. . . .  .10 

KK T380B3 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR B380B3 
* 

KK S380B3 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM 4.0 ACRE-FEETx43560/36~3600= 2.cfs 
RS 1 STOR 0 
SV 0 .01 4.0 6.0 
SQ 0 0.5 2.0 20.0 
* 

KK C380B3 
KM HYDROGRAPH COMBINATION 
HC 2 
* 

KK D380B3 
KM Subbasin 380B3 is Divided into 3 Smaller Areas 
KM 38% to 380B3a, 35% to 380B3b, and 27% to 380B3c 
DT 380B3c 
D I 0 1000 
DQ 0 270 * 

380B3b 
Subbasin 380B3 is Divided into 3 Smaller Areas 
38% to 380B3a, 35% to 380B3b. and 27% to 380B3c 
380B3a 

0 1000 
0 520 

C380BB 
Total Basin Inflows from North and East Areas 

2 

D380B 
DIVERT FLOW INTO OFFLINE DETENTION BASIN LOCATED WITHIN SUB-BASINS 
380B3b - Culver/Hawes basin 

B38B3b 
0 70 5000 
0 0 4930 

RT380B 
RETRIEVE FLOW FROM DIVERSION 
B3 8B3b 

PAGE 34 

10 

HEC-1 INPUT 

LINE ID.. 

S3 8 0B 
RETRIEVE FLOW INTO OFFLINE BASIN AND BLEED OFF WITHIN 36 HOURS. 

1 STOR 0 
0 2.5 5.1 11.0 18.7 28.0 32.0 
0 1.0 2.0 4.0 6.0 8.0 9.0 
0 6.2 8.8 15.3 20.0 25 250 

CC380B 
HYDROGRAPH COMBINATION at outlet of Basin *S380B*1 

2 

R38B3b 
ROUTING OF FLOW FROM BASIN TO SUB-BASIN 380B3~ 

3 FLOW - 1 
-045 .035 .045 1300 .020 

0 1 4 0 4 6 5 6 6 2 102 103 
3 2 2 0 0 2 2 3 
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KK T38B3a 
KM RETRIEVE FLOW FROM DIVERSION of 380B3a 
DR 380B3a 
* 

KK R38B3a 
KM ROUTING OF FLOW FROM SUB-BASINS 380B3a TO SUB-BASIN 380B3c. 
RS 3 FLOW - 1 
RC .045 .035 .045 1800 .020 
RX 0 1 40 4 6 56 6 2 102 103 
RY 3 2 2 0 0 2 2 3 
* 

KK T38B3c 
KM RETRIEVE FLOW FROM DIVERSION of 380B3c 
DR 380B3c 
* 

KK C38B3c 
KM HYDROGRAPH COMBINATION of 380B3c. 380B3a and flow from the Basin 
HC 3 
* 

R380B3 
ROUTING OF FLOW FROM SUB-BASINS 380B3C TO SUB-BASIN 380B2. 

4 FLOW - 1 
.045 .035 .045 2500 .020 

0 1 4 0 4 6 5 6 6 2 102 103 
3 2 2 0 0 2 2 3 

HEC-1 INPUT PAGE 35 

.10 LINE ID. 

380B2 
SUB-BASIN 380B2 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF .999 
L = .55 Kb = .055 Adj. Slope = 136.0 
.096 
.300 -250 3.950 .580 15.000 
.250 .I87 

0 5 16 3 0 65 77 84 90 9 4 97 
100 

C380B2 
HYDROGRAPH COMBINATION 

R380B2 
CHANNEL GEOMETRY OBTAINED FROM 2' CONTOUR MAPPING. 
ROUTING OF FLOW FROM SUB-BASINS 380B2 TO SUB-BASIN 400B2. 

9 FLOW - 1 
.045 .035 .045 4000 .018 

0 1 4 0 4 6 56 6 2 102 103 
3 2 2 0 0 2 2 3 

400B2 
SUB-BASIN 400B2 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF .999 
L = .93 Kb = .051 Adj. Slope = 118.0 
.I94 
.300 .250 4.150 .530 .OOO 
.363 .288 

0 5 16 3 0 65 77 8 4 90 9 4 9 7 
100 

C400B2 
HYDROGRAPH COMBINATION 

2 

1351 KK R400B2 
1352 KM CWlNNEL GEOMETRY OBTAINED FROM 2.* CONTOUR MAPPING. 
1353 KM ROUTING OF FLOW FROM SUB-BASINS 400B2 TO SUB-BASIN 420A1. 
1354 RS 3 FLOW - 1 



LINE 

RC .045 .035 .045 1800 .018 
RX 0 1 4 0 46 5 6 62 102 103 
RY 3 2 2 0 0 2 2 3 
* 

HEC-1 INPUT 

4 2 0A1 
SUB-BASIN 420A1 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF .997 
L = 1.20 Kb = .044 Adj. Slope = 108.0 
.566 
-300 .270 4.250 .480 17.000 
.387 .207 

0 5 16 30 65 7 7 8 4 9 0 
100 

KK D420A1 
KM DIVERT FLOW INTO ONLINE DETENTION BASIN 
KM DETENTION/RETENTION BASINS LOCATED WITHIN GRAY FOX SUBDIVISION 
KM MAXIMUM VOLUME DIVERSION = 11.2 acre-feet 
DT B420A1 11.2 
DI 0 10000 
DQ 0 10000 
* 

KK T420A1 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR B420A1 
* 

KK S420A1 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS 
KM 11.2 ACRE-FEETx43560/36~3600= 4cfs 
RS 1 STOR 0 
sv 0 .01 11.2 20 
SQ 0 1.0 4.0 4 0 
* 

KK C420A 
KM HYDROGRAPH COMBINATION FOR SPOOK HILL FRS 
HC 4 
* DDM * * * * *  Preserved *****  

KK R390B 
KM Retrive Flows diverted from CP390C to existing Thunder Mountain detention 
KM basin 
DR T0390B 

KK R390B1 
KM CHANNEL GEOMETRY OBTAINED FROM 2' CONTOUR MAPPING. 
RS 3 FLOW -1 
RC 0.020 0.020 0.020 430 0.019 
RX 0 3 6 9 26 3 0 
RY 3 2 1 0 0 1 
* DDM *****  Updated ***** 

HEC-1 INPUT 

KK 385C 
KM SUB-BASIN 385C 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF -997 
KM L = 2.16 Kb = .039 Adj. Slope = 303.2 
BA .SO1 
LG .280 .380 5.600 .ZOO 13.000 
UC .333 .300 
U A 0 5 16 3 0 6 5 
UA 100 
* DDM *****  Updated ***** 

KK 385B 
KM SUB-BASIN 385B 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = .82 Kb = .057 Adj. Slope = 280.2 
BA .077 
LG .340 .330 5.200 .250 6.000 
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LINE 

* DDM * * * * *  Updated * * * * *  

KK 385A 
KM SUB-BASIN 385A 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = .37 Kb = .065 Adj. Slope = 207.0 
BA .018 
LG .300 .250 4.150 .530 15.000 
UC .I96 .270 
UA 0 5 16 30 6 5 77 8 4 9 0 
UA 100 
* DDM *****  Updated *****  

415B 
SUB-BASIN 415B 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF .998 
L = 1.20 Kb = .049 Adj. Slope = 303.2 
.276 
.300 .250 5.000 .330 24.000 
.262 .202 

0 5 16 3 0 6 5 7 7 84 9 0 94 9 7 
100 

KK CP415B 
KM Combine hydrographs from 385C and 385B with runoff hydrographs from 385A 
KM and 415B 
HC 4 
* 

HEC-1 INPUT PAGE 38 

KK D415B 
KM DIVERT FLOW INTO OFFLINE DETENTION BASIN 
KM MAXIMUM STORAGE VOLUME FOR DIVERSION = 32 AC-FT @ 5' DEPTH. 
DT BS415B 
DI 0 150 5000 
DQ 0 0 4850 * 
* DDM *****  Preserved *****  

KK RT415B 
KM RETRIEVE FLOW FROM DIVERSION INTO OFFLINE BASIN 
DR BS415B 
* 
* DDM * * * * *  Preserved * * * * *  

KK S415B 
KM RETRIEVE FLOW INTO OFFLINE BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM 32 ACRE-FEETx43560/36~3600 = llcfs 
RS 1 STOR 0 
sv 0 .01 3 2 4 0 
SQ 0 5 50 6 0 
* DDM * * * * *  Preserved ***** 

KK CC415B 
KM HYDROGRAPH COMBINATION OF 415 DIVERSION. 
HC 2 
* DDM *****  Preserved * * * * *  

KK R390A1 
KM Route runoff hydrograph from subbasin 385B to CP390A 
KM CHANNEL GEOMETRY OBTAINED FROM 2' CONTOUR MAPPING. 
RS 3 FLOW - 1 
RC 0.045 0.035 0.045 1700 0.033 
RX 0 14 2 2 2 9 3 6 44 52 109 
RY 4 2 1 0 0 1 2 4 
* DDM * * * * *  Updated *****  

3 90A 
SUB-BASIN 390A 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
L = .36 K b  = .064 Adj. Slope = 164.0 
.024 
.300 .250 4.000 .560 15.000 
.204 .235 

0 5 16 3 0 65 77 8 4 90 94 9 7 
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1475 U A 100 
* DDM *****  Preserved ***** 

1 HEC-1 INPUT 

a LINE 

1476 KK CP390A 
1477 KM Combine routed hydrographs from the Oak Street detention basin with 
1478 KM runoff hydrograph from subbasin 390A 
1479 HC 2 

* DDM * * * * *  Preserved *****  

KK R390B2 
KM Route combined hydrograph from CP390A to existing Thunder Mountain detention 
KM basin 
KM CHANNEL GEOMETRY OBTAINED FROM 2' CONTOUR MAPPING 
RS 3 FLOW -1 
RC 0.020 0.020 0.020 1610 0.019 
RX 0 2 3 4 17 19 2 3 3 0 
RY 3.5 2 1 0 0 1 2 3.5 
* DDM *****  Updated ***** 

KK 390B 
KM SUB-BASIN 390B 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF -999 
KM L = .68 Kb = .055 Adj. Slope = 153.0 
BA .I01 
LG -300 .250 4.450 -450 15.000 
UC .267 .232 
UA 0 5 16 3 0 6 5 7 7 8 4 90 
UA 100 
* DDM *****  Preserved ***** 

1498 KK CP390B 
1499 KM Combine routed hydrographs from CP390C and CP390A with runoff hydrograph from 
1500 KM subbasin 390B 
1501 HC 3 1.31 

* DDM *****  Preserved ***** 

KK S390B 
KM Thunder Mountain Detention Basin, with 78-inch outlet pipe, discharge from 
KM the basin can be through the pipe and out of 32-6 ft x 0.65 ft holes in 
KM the wall at the southwest corner of the basin the lowest hole is at 
KM elevation 1759.27 feet 
RS 1 STOR 0 
SV 0 0.01 0.45 1.77 4.38 8.09 12.61 18.16 24.98 
SQ 0 325 400 460 676 1450 1958 2321 2615 
SE 1753 1754 1756 1758 1760 1762 ,1764 1766 1768 
* DDM * * * * *  Updated *****  

420B05 
SUB-BASIN 420B05 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
L = .41 Kb = .061 Adj. Slope = 159.0 
.04 0 
.300 .250 4.650 .390 15.000 
.213 .204 

0 5 16 3 0 6 5 77 8 4 9 0 9 4 9 7 
HEC-1 INPUT PAGE 40 

LINE ID . . . . . . .  1 . . . . . . .  2.......3.......4.......5.......6.......7.......8.......9...... 10 

1520 UA 100 
* DDM *****  Preserved ***** 

PAGE 39 

KK CPSD05 
KM Combine routed flow in storm drain from Thunder Mountain Detention basin 
KM with runoff from subbasin 420B05 
HC 2 
* DDM * * * * *  Updated * * * * *  

KK 420810 
KM SUB-BASIN 420B10 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = .49 Kb = .063 Adj. Slope = 159.0 
BA .025 , 

LG .300 .250 3.850 .620 15.000 
UC .242 .354 
UA 0 5 16 3 0 65 7 7 84 90 
UA 100 



* DDM * * * * *  Preserved * * * * *  

KK CPSDlO 
KM Combine routed flow in storm drain from CPSD05 with runoff from subbasin 
KM 420B10 
HC 2 
* DDM * * * * *  Updated * * * * *  

KK 420B15 
KM SUB-BASIN 420B15 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = .36 Kb = .068 Adj. Slope = 133.0 
BA .011 
LG .300 .250 3.850 .620 15.000 
UC ,229 .416 
UA 0 5 16 3 0 '65 77 8 4 9 0 9 4 9 7 
UA 100 
* DDM * * * * *  Preserved * * * * *  

KK CPSD15 
KM Combine routed flow in storm drain from CPSDlO with runoff from subbasin 
KM 420B15 
HC 2 
* DDM *****  Updated *****  

KK 420B20 
KM SUB-BASIN 420B20 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = .48 Kb = .067 Adj. Slope = 144.0 
BA .014 
LG .300 .250 4.200 .520 15.000 
UC .254 .512 
U A 0 5 16 3 0 65 
U A 100 
* DDM * * * * *  Preserved ***** 

HEC-1 INPUT PAGE 41 

LINE ID . . . . . . .  1.......2.......3.......4.......5.......6.......7.......8.......9......10 

KK CPSD2O 
KM Combine routed flow in storm drain from CPSD15 with runoff from subbasin 
KM 420B20 
HC 2 
* DDM * * * * *  Updated * * * * *  

420B25 
SUB-BASIN 420B25 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF .999 
L = 1.90 Kb = .056 Adj. Slope = 203.5 
.084 
.300 .250 3.880 .610 15.000 
.496 1.165 

0 3 5 8 12 20 4 3 75 
100 

KK SFIRES 
KM Detention basin at Mesa Fire Station #16 at NW corner of McDowell Rd. and 
KM 80th Street. Detention volumes taken from as-built plans dated 5/22/00, 
KM prepared by AGRA Infrastructure, Inc. 
RS 1 STOR 0 
SV 0 0.03 0.14 0.37 0.53 0.73 
SQ 0 7 17 25 2 7 31 
SE 9 2 9 3 94 95 9 6 9 7 
* DDM * * * * *  Preserved *****  

1585 KK CPSD25 
1586 KM Combine routed flow in storm drain from CPSDZO with runoff from subbasin 
1587 KM 420B25 
1588 HC 2 

* DDM * * * * *  Updated * * * * *  

420B30 
SUB-BASIN 420830 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
L = .87 Kb = .059 Adj. Slope = 144.0 
.055 
.300 .250 4.400 .460 15.000 
,342 .525 

0 5 16 3 0 65 77 8 4 9 0 



LINE 

LINE 

UA 100 
* DDM *****  Preserved ***** 

KK CPSD30 
KM Combine routed flow in storm drain from CPSD25 with runoff from subbasin 
KM 420B30 
HC 2 
* DDM ***** Updated * * * * *  

HEC-1 INPUT PAGE 42 

420B35 
SUB-BASIN 420B35 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
L = .40 Kb = .062 Adj. Slope = 112.0 
.035 
.300 .260 3.530 .770 15.000 
.246 .253 

0 5 16 30 65 7 7 8 4 90 94 9 7 
100 

KK SCHRCH 
KM Detention basin at Falcon Hill Ward Church of Jesus Christ of Latter- 
KM Day Saints at NW corner of McDowell Rd. and 78th Street. Detention 
KM volumes taken from as-built plans dated 7-22-03, prepared by Rosendahl 
KM & Associates, Inc. 
RS 1 STOR 0 
SV 0 0.09 0.23 0.49 0.66 0.71 0.84 
SQ 0 1.4 2.2 5.5 6.0 6.4 157 
SE 1663 1664 1665 1666 1666.5 1667 1668 
* DDM *****  Preserved ***** 

KK CPSD35 
KM Combine routed flow in storm drain from CPSD30 with runoff from subbasin 
KM 420B35 
HC 2 
* DDM ***** Updated ***** 

KK 420B40 
KM SUB-BASIN 420B40 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = -17 Kb = .073 Adj. Slope = 118.0 
BA -005 
LG .300 .260 3.700 .680 15.000 
UC .I71 .258 
U A 0 5 16 30 6 5 7 7 84 90 
UA 100 
* DDM ***** Preserved ***** 

KK CPSD40 
KM Combine routed flow in storm drain from CPSD35 with runoff from subbasin 
KM 420B40 
HC 2 
* DDM ***** Updated ***** 

420B45 
SUB-BASIN 420B45 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
L = .25 Kb = .071 Adj. Slope = 120.0 
.007 
.300 .260 3.630 .710 15.000 
.204 .354 

HEC-1 INPUT 

U A 0 5 16 3 0 6 5 7 7 8 4 90 9 4 97 
UA 100 
* DDM ***** Preserved ***** 

KK CPSD45 
KM Combine routed flow in storm drain from CPSD4O with runoff from subbasin 
KM 420B45 
HC 2 
* DDM ***** Preserved *****  

KK TOLSCH 
KO 3 
KM Divert out of storm drain through splitter structure. Divert flow amount 
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LINE 

KM such that the flow at CP415A is less than or equal to 1540 cfs, the existing 
KM peak discharge of Lassendas channel.\ 
DT MCDB 
D I 0 331 419 558 658 693 728 901 1043 
DQ 0 0 61 176 262 292 323 473 594 
* DDM *****  Updated ***** 

KK 440 
KM SUB-BASIN 440 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = .40 Kb = -039 Adj. Slope = 315.0 
BA .080 
LG -190 .380 6.400 .I40 13.000 
UC .I29 .077 
UA 0 3 5 8 12 
UA 100 
* DDM * * * * *  Preserved * * * * *  

KK R7 0 
KM ROUTE FLOW FROM SUB-BASIN 440 TO C108 
RS 2 FLOW - 1 
RC -05 .035 .05 2250 -08 
RX 1000 1025 1050 1070 1075 1095 1120 1145 
RY 30 22.9 15.7 10 10 15.7 22.9 30 
* DDM ***** Updated ***** 

KK 441 
KM SUB-BASIN 441 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = .28 Kb = .069 Adj. Slope = 315.0 
BA .010 
LG -300 .250 5.600 .220 5.000 
UC .I50 -225 
UA 0 5 16 3 0 65 7 7 8 4 9 0 9 4 9 7 
UA 100 
* DDM *****  Preserved * * * * *  

HEC-1 INPUT PAGE 44 

ID . . . . . . .  1.......2.......3.......4.......5.......6.......7.......8.......9......10 

KK C108 
KM COMBINE HYDROGRAPHS FROM SUB-BASINS 440 & 441 
HC 2 
* DDM *****  Preserved ***** 

KK D4 
KM SPLIT FLOW WITH TWO 42 INCH PIPES TO WEST AND SOUTH 
DT SPLIT 
DI 0 14 40 8 2 120 154 180 
DQ 0 7 20 41 6 0 7 7 90 
* DDM *****Preserved *****  

KK R108 
KM ROUTE FLOW FROM SUB-BASIN C108 TO C67 
RS 2 FLOW -1 
RC -05 .035 .05 3200 .1 
RX 1000 1025 1050 1070 1075 1095 1120 1145 
RY 30 22.9 15.7 10 10 15.7 22.9 30 
* DDM *****  Updated *****  

KM SUB-BASIN 442 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 

THIS BASIN USED RAINFALL REDUCTION FACTOR OF .999 
L = .83 Kb = .055 Adj. Slope = 274.2 
.loo 

LG .300 .270 3.290 .770 5.000 
UC .258 .264 
UA 0 5 16 3 0 65 
UA 100 
* DDM * * * * *  Preserved *****  

KK C67 
KM COMBINE FLOW FROM SUB-BASIN 442 & DIV4 
HC 2 
* DDM ***** Preserved *****  

KK D 6  
KM OFFLINE BASIN WITH 25 FOOT WEIR SET AT 2.5 FEET ABOVE BOTTOM OF CHANNEL 
KM FLOW CONTINUES BEYOND BASIN THROUGH 2-30" PIPES 
DT BASIN4 3.3 
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DI 0 10 32 44 79.9 132.5 198 272.9 356.8 
DQ 0 0 0 0 23.9 67.5 124 190.9 266.8 
* DDM * * * * *  Preserved *****  

KK RTD6 
KM RETRIEVE FLOW FROM DIVERSION INTO OFFLINE BASIN 
DR BASIN4 
* DDM ***** Preserved *****  

HEC-1 INPUT PAGE 45 1 

LINE 

KK SD6 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM 3.3 ACRE-FEETx43560/36~3600=l.l~fs 
RS 1 STOR 0 
sv 0 .01 3.3 
SQ 0 0.2 1.1 
* DDM ***** Preserved ***** 

KK CD6 
KM HYDROGRAPH COMBINATION FOR OFFLINE BASIN BLEEDOFF 
HC 2 
* DDM *****  Updated ***** 

KK 443 
KM SUB-BASIN 443 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = .71 Kb = .050 Adj. Slope = 315.0 
BA .080 
LG .250 .I90 8.000 .080 10.000 
UC .I96 .I94 
UA 0 5 16 3 0 6 5 7 7 8 4 
UA 100 
* DDM *****  Preserved ***** 

KK D6 6 
KM DIVERT FLOW INTO 3 NATURAL WASHES WITH ONE 24" PIPE IN EACH WASH. 
KM EACH PIPE CAPACITY BASED ON 4 FEET OF HEAD 
DT WSH66 
DI 0 7 8 100 200 
DQ 0 7 8 7 8 7 8 
* DDM *****  Preserved ***** 

KK R113 
KM ROUTE FLOW FROM C113 TO C114 
RS 1 FLOW -1 
RC .019 .019 .019 1300 -029 
RX 1000 1004 1008 1012 1018 1022 1026 1030 
RY 17 15.33 12.67 10 10 12.67 15.33 17 
* DDM *****  Preserved ***** 

KK C114 
KM COMBINE HYDROGRAPHS FROM SUB-BASIN 67 AND C113 
HC 2 
* DDM *****  Updated ***** 

444 
SUB-BASIN 444 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
L = .33 Kb = .034 Adj. Slope = 315.0 
-040 
.I30 .350 4.450 .320 1.000 
.I12 .084 

HEC-1 INPUT PAGE 46 

LINE 

UA 0 3 5 8 12 20 43 7 5 9 0 9 6 
UA 100 
* DDM *****  Preserved ***** 

KK R58 
KM ROUTE FLOW FROM SUB-BASIN 444 TO C107 
RS 2 FLOW -1 
RC .05 .035 .05 2370 .0516 
RX 1000 1010 1020 1050 1055 1085 1095 1105 
RY 19 18 17 10 10 17 18 19 
* DDM * * * * *  Updated ***** 



LINE 

KM SUB-BASIN 445 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .999 
KM L = .82 Kb = .036 Adj. Slope = 315.0 
BA .I90 
LG .I70 .320 3.470 .590 3.000 
UC .I92 .I30 
UA 0 5 16 3 0 6 5 77 84 90 
U A 100 
* DDM * * * * *  Preserved * * * * *  

KK C107 
KM COMBINE HYDROGRAPHS FROM SUB-BASINS 444 & 445 
HC 2 
* DDM * * * * *  Preserved ***** 

KK R107 
KM ROUTE FLOW FROM C107 TO C109 
RS 2 FLOW - 1 
RC .05 .035 .05 700 .0516 
RX 1000 1010 1020 1050 1055 1085 1095 1105 
RY 19 18 17 10 10 17 18 19 
* DDM *****  Preserved * * * * *  

KK RTB2 
KM RETRIEVE DIVERTED FLOW FROM BASIN 1 
DR SPLIT 
* DDM ***** Preserved *****  

KK RSPLIT 
KM ROUTE FLOW FROM SPLIT TO C109 
RS 1 FLOW -1 
RC .05 .035 .05 800 .05 
RX 1000 1025 1050 1070 1075 1095 1120 1145 
RY 30 22.9 15.7 10 10 15.7 22.9 3 0 
* DDM *****  Updated *****  

HEC-1 INPUT 

KK 446 
KM SUB-BASIN 446 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = .46 Kb = .061 Adj. Slope = 303.9 
BA .040 
LG .270 .250 4.500 .400 19.000 
UC .I83 .I89 
UA 0 5 16 3 0 65 
UA 100 
* DDM * * * * *  Preserved * * * * *  

KK C109 
KM COMBINE HYDROGRAPHS FROM COMBINES C107 AND C108 
HC 3 
* DDM *****  Preserved * * * * *  

KK D 5 
KM DIVERT FLOW INTO WASHES TOWARDS WEST 
KM DIVERSION THROUGH 36" PIPE WITH 3 FEET OF HEAD 
DT WSH404 
D I 0 40.7 71.2 121.6 190 276 379.4 500.6 
DQ 0 35 3 5 3 5 3 5 3 5 35 3 5 
* DDM *****  Preserved *****  

KK R109 
KM ROUTE FLOW FROM C109 TO CllO 
RS 1 FLOW - 1 
RC .019 .019 .019 3080 .05 
RX 1000 1005 1010 1015 1025 1030 1035 1040 
RY 13.75 12.5 11.25 10 10 11.25 12.5 13.75 
* DDM * * * * *  Updated ***** 

PAGE 47 

447 
SUB-BASIN 447 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF .999 
L = .49 Kb = .056 Adj. Slope = 221.0 
.090 
.250 .270 3.350 .870 30.000 
.208 .I45 

0 5 16 3 0 65 
100 
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* DDM *****  Preserved ***** 

KK RT404 
KM RETRIEVE DIVERTED FLOW FOR WASH 109 
DR WSH4 04 
* DDM ***** Preserved ***** 

HEC-1 INPUT PAGE 48 

LINE 

KK R404 
KM ROUTE FLOW FROM CllO TO CllO 
RS 6 FLOW -1 
RC .019 .019 .019 3540 .03 
RX 1000 1012 1016 1020 1025 1029 1033 1045 
RY 15 12 11 10 10 11 12 15 
* DDM *****  Preserved ***** 

KK CllO 
KM COMBINE HYDROGRAPHS FROM SUB-BASIN 447 AND R404 
HC 3 
* DDM *****  Preserved ***** 

KK RllO 
KM ROUTE FLOW FROM CllO TO C115 
RS 1 FLOW -1 
RC .019 .019 .019 580 .0291 
RX 1000 1012 1016 1020 1035 1039 1043 1055 
RY 15 12 11 10 10 11 12 15 
* DDM *****  Preserved ***** 

KK Cll5 
KM COMBINE HYDROGRAPHS FROM C114 AND CllO 
HC 2 
* DDM * * * * *  Preserved ***** 

KK R115 
KM ROUTE FLOW FROM C115 TO Sub 453 
RS 1 FLOW - 1 
RC .019 .019 .019 2125 .029 
RX 1000 1012 1016 1020 1035 1039 1043 1055 
RY 15 12 11 10 10 11 12 15 
* DDM ***** Updated *****  

KK 448 
KM SUB-BASIN 448 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = .36 Kb = .042 Adj. Slope = 315.0 
BA .045 
LG .I70 .310 4.200 .390 11.000 
UC .I33 .I02 
UA 0 5 16 3 0 65 77 84 9 0 
UA 100 
* DDM * * * * *  Updated ***** 

449 
SUB-BASIN 449 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
L = -.40 Kb = .054 Adj. Slope = 315.0 
.050 
.260 .280 3.500 .640 6.000 
.I67 .I34 

HEC-1 INPUT PAGE 49 

. .  .10 

9 7 

LINE 

UA 0 5 16 3 0 6 5 77 8 4 9 0 94 
UA 100 
* DDM ***** Preserved ***** 

KK C6364 
KM COMBINE HYDROGRAPHS FROM SUB-BASINS 448 & 449 
HC 2 
* DDM * * * * *  Preserved *****  

KK R6364 
KM ROUTE FLOW FROM C116 AND SUB-BASINS 448 AND 449 
RS 5 FLOW -1 
RC .05 .035 .05 4375 .0333 
RX 1000 1027 1053 1080 1090 1117 1143 1170 
RY 15 13.33 11.67 10 10 11.67 13.33 15 
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* DDM * * * * *  Updated * * * * *  

LINE 

KK 450 
KM SUB-BASIN 450 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = .85 Kb = .057 Adj. Slope = 210.5 
BA .070 
LG .340 .350 3.630 .570 4.000 
UC .296 .383 
UA 0 3 5 8 12 
UA 100 
* DDM *****  Updated * * * * *  

KK 451 
KM SUB-BASIN 451 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = .57 Kb = .063 Adj. Slope = 175.0 
BA .025 
LG .340 .340 3.290 .750 3.000 
UC .271 .453 
UA 0 3 5 8 12 2 0 43 7 5 
UA 100 
* DDM * * * * *  Preserved *****  

KK C451 
KM COMBINE HYDROGRAPHS FROM SUB-BASINS 450 & 451 
HC 2 
* DDM * * * * *  Preserved *****  

KK RT66 
KM RETRIEVE DIVERTED FLOW FROM SUB-BASIN 66 
DR WSH66 
* DDM * * * * *  Updated * * * * *  

HEC-1 INPUT 

KK 452 
KM SUB-BASIN 452 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = .43 Kb = .055 Adj. Slope = 315.0 
BA .040 
LG .260 .280 3.700 .550 9.000 
UC .I71 .I66 
UA 0 5 16 3 0 65 7 7 8 4 9 0 
UA 100 
* DDM *****  Preserved * * * * *  

KK C6465 
KM COMBINE HYDROGRAPHS FROM SUB-BASINS 443 AND 452 
KC 2 
* DDM *****  Preserved ***** 

KK R6566 
KM ROUTE FLOW FROM DIVERSIONS 65 AND 66 TO C116 
RS 3 FLOW - 1 
RC .05 .035 .05 2435 .0282 
RX 1000 1045 1090 1150 1160 1220 1265 1310 
RY 25 2 3 2 0 10 10 20 2 3 25 
* DDM * * * * *  Preserved *****  

KK C116 
KM COMBINE HYDROGRAPHS FROM SUB-BASINS 450 & 451 AND R6364 & R6465 
HC 3 
* DDM * * * * *  Preserved * * * * *  

KK BASIN5 
KM RESERVOIR WITHIN PARCEL 31 
KM BASIN 5 FEET DEEP 
RS 1 ELEV 0 
sv 0 4.5 9.9 
SQ 0 69 190 
SE 0 2.5 5 
* DDM * * * * *  Preserved * * * * *  

2-48 INCH PIPES AT OUTFALL 

KK R116 
KM ROUTE FLOW FROM C116 TO C117 
RS 2 FLOW - 1 
RC .05 .035 .05 1300 .0333 
RX 1000 1100 1200 1300 1320 1420 1520 1620 
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RY 13 12 11 10 10 11 12 13 
* DDM ***** Updated ***** 

KK 4 53 
KM SUB-BASIN 453 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = .58 Kb = .058 Adj. Slope = 138.0 
BA .060 
LG .290 .300 3.290 .820 18.000 

HEC-1 INPUT PAGE 51 

LINE 

UC -275 .284 
UA 0 5 16 3 0 6 5 7 7 8 4 9 0 94 9 7 
UA 100 
* DDM *****  Preserved ***** 

KK C117 
KM COMBINE HYDROGRAPHS FROM SUB-BASIN 453 AND R116 
HC 2 
* DDM ***** Preserved *****  

KK C118 
KM COMBINE HYDROGRAPHS FROM R115 AND C117 
HC 2 
* DDM * * * * *  Preserved *****  

KK R118 
KM ROUTE FLOW FROM C118 TO DIV7 
RS 1 FLOW - 1 
RC .019 .019 .019 1500 -024 
RX 1000 1012 1016 1020 1035 1039 1043 1055 
RY 15 12 11 10 10 11 12 15 
* DDM ***** Preserved ***** 

KK D7 
KM OFFLINE BASIN AT NORTH MOUNTAIN RIDGE FLOWS ENTER BASIN OVER 
KM 30' WEIR SET AT 5.3' ABOVE THE CHANNEL BOTTOM, Vol = 3.6 A - F  
DT BASIN6 3.6 
D I 0 363 487 563 645 900 
DQ 0 2 10 15 2 5 260 
* DDM *****  Preserved ***** 

KK RTD7 
KM RETRIEVE FLOW FROM DIVERSION INTO OFFLINE BASIN 
DR BASIN6 
* DDM *****  Preserved ***** 

KK SD 7 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM 3.6 ACRE-FEETx43560/36~3600=1.2cfs 
RS 1 STOR 0 
SV 0 .01 3.6 4.0 
SQ 0 0.2 1.2 1.5 
* DDM ***** Preserved ***** 

KM HYDROGRAPH COMBINATION FOR OFFLINE BASIN BLEEDOFF 
HC 2 
* DDM *****  Updated ***** 

KK 454 
KM SUB-BASIN 454 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .999 
KM L = 1.23 Kb = .051 Adj. Slope = 163.0 
BA .I80 

HEC-1 INPUT PAGE 52 

LINE 

LG .300 -310 3.780 .560 14.000 
UC -379 .395 
UA 0 5 16 30 65 7 7 84 9 0 94 9 7 
UA 100 
* 
* DDM ***** Preserved ***** 

KK C454 
KM COMBINE HYDROGRAPHS FROM SUB-BASIN 454 AND CDIV7 
HC 2 
* DDM *****  Preserved *****  



LINE 

KK R454 
KM CHANNEL GEOMETRY OBTAINED FROM 2' CONTOUR MAPPING. 
KM ROUTE FLOW FROM C454 TO 415C 
RS 3 FLOW - 1 
RC .045 "035 .045 2200 .009 
RX 0 .5 1 3 3 42 
RY 5 4 4 0 0 
* DDM *****  Updated ***** 

KK 415A 
KM SUB-BASIN 415A 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .998 
KM L = 1.21 Kb = .049 Adj. Slope = 140.0 
BA ,280 
LG .300 .260 3.630 .710 15.000 
UC .400 .322 
UA 0 5 16 3 0 65 7 7 8 4 90 
UA 100 
* DDM *****  Preserved *****  

KK CP415A 
KM Combine contributing hydrographs to the Las Sendas channel. This 
KM includes routed hydrographs from 415B and R454, flow diverted directly into 
KM the channel from CPSD45, and the runoff hydrograph from subbasin 415A 
HC 3 
* 
* DDM * * * * *  Preserved ***** 

KK RMCDB 
KO 3 
KM Retrieve flow that remained in the storm drain and goes to the McDowell Road 
KM detention basin 
DR MCDB 
* DDM *****  Preserved * * * * *  

KK SMCDB 
KM McDowell Road Basin - outlet is a 48-inch storm drain with restricter to the Las Sendas 
KM channel 
KO 1 
RS 1 STOR 0 
SV 0 0.19 0.5 0.93 1.47 2.13 2.92 3.83 4.89 6.10 
sv 7.49 9.05 

HEC-1 INPUT 

SE 1640 1641 
* 
* DDM * * * * *  Preserved *****  

KK CPLSCH 
KM Combine discharge from McDowell Road basin with the flows in the Las Sendas 
KM channel 
HC 2 
* 
* DDM *****  Preserved *****  

KK R415A 
KM CHANNEL GEOMETRY OBTAINED FROM 2' CONTOUR MAPPING. 
KM ROUTING OF FLOW FROM C415A TO 455C 
RS 2 FLOW -1 
RC .045 .03 .045 4100 .024 
RX 0 .5 1 8 16 23 23.5 2 4 
RY 8 8 8 0 0 8 8 8 
* DDM * * * * *  Updated *****  

KK 455 
KM SUB-BASIN 455 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .993 
KM L = 1.70 Kb = .041 Adj. Slope = 146.0 
BA 1.111 
LG .270 .280 3.700 .640 24.000 
UC .421 .204 
UA 0 5 16 3 0 65 7 7 84 90 9 4 
UA 100 
* DDM *****  Preserved * * * * *  
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LINE 

LINE 

KM DIVERT FLOW INTO ONLINE DETENTION BASIN 
KM DETENTION/RETENTION BASINS LOCATED WITHIN LAS SENDAS ADDENDUM I11 
KM FOR BASIN # : 30 3 4 43 47&58 
KM MAXIMUM VOLUME DIVERSION = 74.1 acre-feet 
DT 85455 74.1 
DI 0 10000 
DQ 0 10000 
* DDM ***** Preserved *****  

KK RT455 
KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR BS455 
* DDM *****  Preserved ***** 

HEC-1 INPUT 

KK 5455 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM 74.1 ACRE-~E~~x43560/36~3600=25cf~ 
RS 1 STOR 0 
SV 0 .01 74.1 100.0 
SQ 0 3.0 25 250.0 
* DDM *****  Preserved *****  

KK C455 
KM HYDROGRAPH COMBINATION FOR SUB-BASIN 455 AND DIVERTED BASIN STORAGE OF 455 
HC 2 

KM HYDROGRAPH COMBINATION OF 420A. R415A AND C455 
HC 3 
* DDM ***** Preserved *****  

KK 5440 
KM SPOOK HILL FRS PLANS DATED 6/15/77 
KM OUTLET PIPE=~'x~.~'RCBC; L=70 INLET INV.=1566; OUTLET INV.=1566 
KM EMERGENCY SPILLWAY ELEV.=1582; PRINCIPLE SPILLWAY ELEV.=1577.5 
KM STORAGE VOLUME BELOW PRINCIPLE SPILLWAY FOR SEDIMENT = 271 ACRE-FEET 
RS 1 STOR 0 
SV 0.0 81 211.0 265.72 692.96 896.16 1120.0 1630.34 2230.9 3311.68 
SQ 0.0 1.0 3.0 8.0 515.00 780.00 825.00 3184.7 7426.0 16007.3 
SE 577.0 578.00 579.00 579.36 581.86 582.86 583.86 585.86 587.86 590.86 
* DDM *****  Preserved ***** 

KK R455 
KM ROUTE FLOW FROM SPOOK HILL FRS TO SUB-BASIN 480 
RS 15 FLOW - 1 
RC .035 -025 .035 7000 .0002 
RX 0 1 2 2 8 58 84 85 86 
RY 13.5 13.5 13.5 0 0 13.5 13.5 13.5 
* DDM * * * * *  Updated ***** 
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KK 480 
KM SUB-BASIN 480 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF -996 
KM L = 1.21 Kb = .042 Adj. Slope = 165.0 
BA .731 
LG .270 .270 3.580 .730 27.000 
UC .325 .I48 
UA 0 5 16 3 0 65 7 7 84 9 0 94 9 7 
UA 100 
* DDM *****  Preserved ***** 

HEC-1 INPUT PAGE 55 

KK D480 
KM DIVERT FLOW INTO ONLINE DETENTION BASIN 
KM DETENTION/RETENTION BASINS LOCATED WITHIN LAS SENDAS ADDENDUM I11 
KM FOR BASIN # :  18 & 26 
KM MAXIMUM VOLUME DIVERSION = 16.5 acre-feet 
DT BS480 16.5 
DI 0 10000 
DQ 0 10000 
* DDM *****  Preserved * * * * *  

KM RETRIEVE FLOW FROM DIVERSION INTO ONLINE BASIN 
DR BS480 



* DDM * * * * *  Preserved *****  

LINE 

KK S480 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM 16.5 ACRE-FEETx43560/36~3600=5.5cfs 
RS 1 STOR 0 
SV 0 .01 16.5 30.0 
SQ 0 3.0 5.6 50.0 
* DDM * * * * *  Preserved ***** 

KK C480 
KM HYDROGRAPH COMBINATION FOR SPOOK HILL FRS 
HC 2 
* DDM * * * * *  Preserved ***** 

KK CC480 
KM HYDROGRAPH COMBINATION AT SUBBASIN 480 
HC 2 0.731 
* DDM * * * * *  Preserved * * * * *  

KK R480 
KM ROUTE FLOW FROM SUB-BASIN 480 TO SUBBASIN 462 
RS 7 FLOW - 1 
RC .035 .025 .035 2800 .0002 
RX 0 1 2 2 8 58 84 8 5 86 
RY 13.5 13.5 13.5 0 0 13.5 13.5 13.5 
* DDM * * * * *  Updated ***** 

KK 456 
KM SUB-BASIN 456 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .998 
KM L = .94 Kb = .045 Adj. Slope = 315.0 
BA .260 
LG .300 .380 5.600 .ZOO 12.000 
UC .217 .I39 
UA 0 5 16 3 0 65 
UA 100 
* DDM *****  Preserved *****  

HEC-1 INPUT 

KK Dl 
KM DIVERT FLOW INTO OFFLINE DETENTION BASIN 
KM WEIR FOR BASIN SET AT 4 FEET ABOVE CHANNEL BOTTOM 
DT BASIN1 4.0 
DI 0 11.1 127.9 234.4 577.7 789.9 1025.5 1280.9 1555.7 
DQ 0 0 0 47.7 248 381.8 533.6 701.5 8 84 
* DDM *****  Preserved ***** 

KK CD2 
KM SPLIT OUT FLOW FOR WASHES THAT FLOW TO THE SOUTH FROM 
KM WASHES THAT DRAIN TO THE WES, SOUTHERN WASHES FED BY 30" & 24" PIPE 
DT WA30 
DI 0 11.1 127.9 189.6 329.7 408 491.9 579.4 671.7 
DQ 0 11.1 38.4 48.2 63 69.5 7 6 81 8 6 
* DDM * * * * *  Preserved ***** 

KK R456 
KM ROUTE FLOW FROM SUB-BASIN 51 TO ClOl 
RS 2 FLOW - 1 
RC -05 .035 .05 3800 .044 
RX 1000 1010 1020 1036 1041 1057 1067 1077 
RY 14.88 14.44 14 10 10 14 14.44 14.88 
* DDM ***** Updated ***** 

KK 457 
KM SUB-BASIN 457 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .999 
KM L = 1.01 Kb = .045 Adj. Slope = 308.8 
BA .I90 
LG .270 .330 3.950 .460 6.000 
UC .237 .I95 
UA 0 5 16 30 6 5 
UA 100 
* DDM ***** Preserved * * * * *  

KK ClOl 
KM COMBINE HYDROGRAPHS FROM SUB-BASINS 50 AND 51 
HC 2 
* DDM ***** Preserved * * * * *  



LINE 

LINE 

KK D3 
KM RESERVOIR AT THE EDGE OF THE PROPERTY FLOW FROM CHANNEL 
KM DIVERTED INTO OFFLINE BASIN A 25' WEIR SET AT ELEVATION 1808 FT 
DT BASIN2 5.0 
DI 0 3 6 70 110 180 313.5 402 500.9 
DQ 0 0 0 0 0 67.5 124 190.9 
* DDM *****  Preserved ***** 

HEC-1 INPUT PAGE 57 

KK RTD3 
KM RETRIEVE FLOW FROM DIVERSION INTO OFFLINE BASIN 
DR BASIN2 
* DDM ***** Preserved *****  

KK SD3 
KM RETRIEVE FLOW INTO FICTICIOUS BASIN AND BLEED OFF WITHIN 36 HOURS. 
KM 5.0 ACRE-FEET~43560/36~3600=1.7~f~ 
RS 1 STOR 0 
sv 0 .01 5 
SQ 0 0.7 1.7 
* DDM ***** Preserved ***** 

KK CD3 
KM HYDROGRAPH COMBINATION FOR OFFLINE BASIN BLEEDOFF 
HC 2 
* DDM *****  Preserved ***** 

KK RlOl 
KM ROUTE FLOW FROM SUBBASIN ClOl TO C103 
RS 1 FLOW - 1 
RC .05 .035 -05 1450 .05 
RX 1000 1010 1020 1036 1041 1057 1067 1077 
RY 15 14.5 14 10 10 14 14.5 15 
* DDM ***** Updated ***** 

KK 458 
KM SUB-BASIN 458 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .999 
KM L = .76 Kb = .048 Adj. Slope = 299.0 
BA .I90 
LG .290 .330 5.800 -190 6.000 
UC -204 .I31 
UA 0 5 16 3 0 65 77 84 9 0 
UA 100 
* DDM *****  Preserved ***** 

KK C103 
KM COMBINE HYDROGRAPHS FROM SUB-BASIN 55 AND ClOl 
HC 2 
* DDM ***** Preserved *****  

KK R103 
KM ROUTE FLOW FROM SUBBASIN C103 TO C106 
RS 1 FLOW -1 
RC .05 .035 -05 900 .03 
RX 1000 1010 1020 1030 1050 1060 1070 1080 
RY 13.16 12.83 12.5 10 10 12.5 12.83 13.16 
* DDM ***** Preserved *****  

HEC-1 INPUT 

KK RT30 
KM RETRIEVE DIVERTED FLOW FOR WASH BELOW 30 INCH PIPE 
DR WA30 
* DDM ***** Preserved *****  

KK R3 0 
KM ROUTE FLOW FROM WASH DIVERSION TO COMBINE C52 
RS 1 FLOW - 1 
RC .05 .035 -05 1630 -05 
RX 1000 1010 1020 1036 1041 1057 1067 1077 
RY 15 14.5 14 10 10 14 14.5 15 
* DDM * * * * *  Preserved *****  

KK RTBl 
XM RETRIEVE DIVERTED FLOW FROM BASIN 1 
DR BASIN1 
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* DDM * * * * *  Preserved ***** 

LINE 

KK 
KM 
KM 
RS 
sv 
SQ 
SE 
* DDM 

B 1 
ROUTE FLOW THROUGH OFFLINE DETENTION BASIN 
FLOW OUTLETS THROUGH A 30 INCH OUTLET PIPE 

1 ELEV 0 
- 7  1.4 2.3 2.7 4.0 

0 5 16 28 32.5 3 7 
0 1 2 3 3.5 4 

*****  Preserved *****  

KK RB 1 
KM ROUTE FLOW FROM BASIN DIVERSION TO COMBINE C52 
RS 3 FLOW - 1 
RC .05 .035 .05 1720 .05 
RX 1000 1010 1020 1036 1041 1057 1067 1077 
RY 15 14.5 14 10 10 14 14.5 15 
* DDM * * * * *  Preserved ***** 

KK CDIV 
KM COMBINE FLOWS FROM WA30 AND BASIN 1 
HC 2 .12 
* DDM * * * * *  Updated *****  

KK 459 
KM SUB-BASIN 459 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000 
KM L = .35 Kb = .052 Adj. Slope = 251.6 
BA .030 
LG .220 .300 3.330 .710 8.000 
UC .I62 .I57 
UA 0 5 16 3 0 65 7 7 8 4 9 0 94 
UA 100 
* DDM *****  Preserved *****  

HEC-1 INPUT 

KK C52 
KM COMBINE FLOWS FROM SUB-BASIN 52 WA30 AND BASIN 1 
HC 2 
* DDM * * * * *  Preserved *****  

KK R5 2 
KM ROUTE FLOW FROM SUBBASIN 5 2  TO C102 
RS 3 FLOW -1 
RC .05 .035 .05 2000 .05 . 
RX 1000 1010 1020 1036 1041 1057 1067 1077 
RY 15 14.5 14 10 10 14 14.5 15 
* DDM *****  Updated *****  

KK 460 
KM SUB-BASIN 460 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .999 
KM L = .62 Kb = .058 Adj. Slope = 194.0 
BA .I40 
LG .250 .260 3.746 .690 27.000 
UC .242 .I60 
UA 0 5 16 30 65 
UA 100 
* DDM * * * * *  Preserved *****  

KK C102 
KM COMBINE HYDROGRAPHS FROM SUB-BASINS 52 AND 53 
HC 2 
* DDM * * * * *  Preserved * * * * *  
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KK BASIN3 
KM RESERVOIR AT CLUBHOUSE LOCATION 1-30 INCH PIPE AT OUTFALL 
KM BOTTOM OF BASIN AT 6 FEET ABOVE 1795 ELEVATION 
RS 1 ELEV 0 
S A 0 0 0 0 .34 1.59 1.81 1.96 2.13 
SQ 0 2 2 45 47.4 4 8 5 1 5 7 6 2 6 7 
SE 1795 1797.5 1800 1800.4 1800.5 1801 1802 1803 1804 
* DDM *****  Preserved *****  

KK R 3  
KM ROUTE FLOW FROM C102 to C106 
RS 5 FLOW -1 
RC .05 .03 -05 2750 .0375 
RX 1000 1010 1020 1052 1086 1118 1128 1138 



RY 19.2 18.4 18 10 10 18 18.4 19.2 
* DDM ***** Updated ***** 

KK 461 
KM SUB-BASIN 461 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .999 
KM L = .83 Kb = -052 Adj. Slope = 181.0 
BA .I20 
LG .270 .250 4.250 .450 21.000 

XEC-1 INPUT PAGE 60 

LINE 

UC .271 .250 
UA 0 5 16 30 65 7 7 8 4 90 94 9 7 
UA 100 
* DDM ***** Preserved ***** 

KK C104 
KM COMBINE HYDROGRAPHS FROM SUB-BASIN 54 AND R102 
HC 2 
* DDM *****  Preserved ***** 

KK C106 
KM COMBINE HYDROGRAPHS FROM SUB-BASIN C103 AND C104 
HC 2 
* DDM ***** Preserved ***** 

KK R106 
KM ROUTE FLOW FROM C106 TO C49 
RS 2 FLOW -1 
RC .05 .035 .05 3950 .033 
RX 1000 1010 1020 1030 1050 1060 1070 1080 
RY 13.16 12.83 12.5 10 10 12.5 12.83 13.16 
* DDM ***** Updated ***** 

KK 462 
KM SUB-BASIN 462 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .998 
KM L = .97 Kb = .045 Adj. Slope = 297.7 
BA .301 
LG -300 .330 5.300 .240 12.000 
UC .225 .I37 
UA 0 5 16 30 6 5 7 7 8 4 9 0 
UA 100 
* DDM *****  Preserved ***** 

KK C56 
KM COMBINE HYDROGRAPHS FROM SUB-BASIN 56 AND C106 
HC 2 
* DDM *****  Preserved ***** 

KK C462 
KM COMBINE HYDROGRAPHS AT SUBBASIN 462 
HC 2 2.09 
* DDM *****  Preserved *****  

KK R462 
KM ROUTE FLOW FROM SUB-BASIN 462 TO SUB-BASIN 500 (First Channel Reach) 
RS 1 FLOW - 1 
RC .025 .025 .025 1800 -005 
RX 0 1 2 0 32 6 2 74 9 3 94 
RY 13 12 12 0 0 12 12 13 
* 
* DDM *****  Preserved ***** 

HEC-1 INPUT PAGE 61 

LINE 

KM ROUTE FLOW FROM SUB-BASIN 462 TO SUB-BASIN 500 (Second Natural Wash Reach) 
RS 3 FLOW - 1 
RC .055 .05 .055 4700 .05 
RX 0 1 2 28 58 84 85 86 
RY 13.5 13.5 13.5 0 0 13.5 13.5 13.5 
* DDM ***** Updated ***** 

KK 500 
KM SUB-BASIN 500 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .994 
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- - - - - - - > T 0 3 9 0 B  
TOC-H 

............ C 3 7 0  
v 
v 

R 3 9 0 S  





4 2 0 B 2 5  
v 
v 

S F I R E S  

CPSD25 ............ 

4 2 0 B 3 5  
v 
v 

SCHRCH 



1 6 5 9  - - - - - - - > MCDB 
1654  TOLSCH 

- - - - - - - > SPLIT 
D4 
v 
v 

R108 



< - - - - - - - SPLIT 
RTB2 

v 
v 

RSPLIT 



< - - - - - - - MCDB 
RMCDB 

v 
v 

SMCDB 

. . . . . .  CPLSCH 
v 
v 

R415A 



< - - - - - - - BASIN1 
RTBl 

v 
v 

B1 
v 
v 

RBI 



CDIV ............ 

C102 . . . . . . . . . . . .  
v 
v 

BAS IN3 
v 
v 
R3 

( * * * )  RUNOFF ALSO COMPUTED AT THIS LOCATION 
.......................................... 

* * 
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * 
* JUN 1998 
* 

* 
VERSION 4.1 

* 
* 
* 

* RUN DATE 07APR06 TIME 14:16:42 * 
* * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

McDowell Road Basin and Storm Drain Design 
This model assumes that the Oak Street detention basin is installed, 
and all flows pass through the Thunder Mountain detention basin. 

The Spook Hill ADMP model was uded as a base for this model 
Return Period = 100 Years, Rainfall Duration = 24 Hours 

* 
* U.S. ARMY CORPS OF ENG 
* HYDROLOGIC ENGINEERING 
* 609 SECOND STREE 
* DAVIS, CALIFORNIA 9 
* (916) 756-1104 
* 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  

Emergency spillway design for basin. Assume 48-inch diameter outlet is 
plugged. Rating is just through emergency spillway. 

METHODOLOGY 



THE US CORPS OF ENGINEERS FLOW HYDROGRAPH PACKAGE HEC-1 DATED JUNE 1998 V4.1 
SCS TYPE I1 RAINFALL DISTRIBUTION 
CLARK UNIT HYDROGRAPH 
GREEN AND AMPT INFILTRATION EQUATION USED FOR CALCULATING LOSSES 
NORMAL DEPTH STORAGE CHANNEL ROUTING 

OUTPUT CONTROL VARIABLES 
I PRNT 5 PRINT CONTROL 
I PLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH TIME DATA 
NMIN 2 MINUTES IN COMPUTATION INTERVAL 
IDATE 1 0 STARTING DATE 
ITIME 0000 STARTING TIME 

2000 NUMBER OF HYDROGRAPH ORDINATES 
NDDATE NQ 3 0 ENDING DATE 
NDTIME 1838 ENDING TIME 
ICENT 19 CENTURY MARK 

COMPUTATION INTERVAL . 0  3 HOURS 
TOTAL TIME BASE 6 6 . 6 3  HOURS 

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

INDEX STORM NO. 1 
STRM 3 . 8 1  PRECIPITATION DEPTH 
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INDEX STORM NO. 2 
STRM 3.79 
TRDA 1 . 0 0  
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INDEX STORM NO. 
STRM 
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INDEX STORM NO. 4 
STRM 3.57 
TRDA 1 0 . 6 6  
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INDEX STORM NO. 
STRM 
TRDA 
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PRECIPITATION DEPTH 
TRANSPOSITION DRAINA 
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INDEX STORM NO. 6 
STRM 3.47 
TRD A 2 0 . 0 0  
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INDEX STORM NO. 7 
STRM 3.32 
TRDA 5 0 . 0 0  

PRECIPITATION DEPTH 
TRANSPOSITION DRAINAGE AREA 

PRECIPITATION DEPTH 
TRANSPOSITION DRAINAGE AREA 
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WARNING EXCESS AT PONDING LESS THAN ZERO 
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1655 KO OUTPUT CONTROL VARIABLES 
I PRNT 3 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

Divert out of storm drain through splitter structure. Divert flow amount 
such that the flow at CP415A is less than or equal to 1528 cfs, the 
capacity of Lassendas channel. 

DT DIVERSION 
ISTAD MCDB DIVERSION HYDROGRAPH IDENTIFICATION 

D I INFLOW .OO 331.00 419.00 558.00 658.00 693.00 728.00 901.00 1043.00 

DQ DIVERTED FLOW .OO .OO 61.00 176.00 262.00 292.00 323 .OO 473.00 594.00 

DIVERSION HYDROGRAPH MCDB 
TRANSPOSITION AREA .O SQ MI 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 66.63 -HR 

+ (CFS) (HR) 
(CFS) 

+ 317. 12.17 25. 6. 2. 2. 
(INCHES) .I46 .I46 .I46 .I46 
(AC-FT) 12. 12. 12. 12. 

CUMULATIVE AREA = 1.59 SQ MI 

HYDROGRAPH AT STATION TOLSCH 
TRANSPOSITION AREA .O SQ MI 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 66.63-HR 

+ (CFS) (HR) 
(CFS) 

+ 404. 12.17 132. 48. 18. 18. 
(INCHES) .776 1.114 1.171 1.171 
(AC- FT) 66. 94. 99. 99. 

CUMULATIVE AREA = 1.59 SQ MI 

DIVERSION HYDROGRAPH MCDB 
TRANSPOSITION AREA 1.0 SQ MI 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 66.63-HR 

+ (CFS) (HR) 
(CFS) 

+ 313. 12.17 24. 6. 2. 2. 
(INCHES) .I42 .I42 .I42 .I42 
(AC-FT) 12. 12. 12. 12. 

CUMULATIVE AREA = 1.59 SQ MI 

HYDROGRAPH AT STATION TOLSCH 
TRANSPOSITION AREA 1.0 SQ MI 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6 -HR 24 -HR 72-HR 66.63-HR 

+ (CFS) (HR) 
(CFS) 

+ 404. 12.17 132. 47. 18. 18. 
(INCHES) .772 1.107 1.163 1.163 
(AC-FT) 65. 94. 98. 98. 

CUMULATIVE AREA = 1.59 SQ MI 



DIVERSION HYDROGRAPH MCDB 
TRANSPOSITION AREA 5.8 SQ MI 

@ K FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 66.63-HR 

+ (CFS) (HR) 
(CFS) 

+ 283. 12.20 22. 6. 2. 2. 
(INCHES ) .I29 .I29 .I29 .I29 
(AC-FT) 11. 11. 11. 11. 

CUMULATIVEAREA= 1.59 SQMI 

HYDROGRAPH AT STATION TOLSCH 
TRANSPOSITION AREA 5.8 SQ MI 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6 -HR 24-HR 72-HR 66.63-HR 

+ (CFS) (HR) 
(CFS) 

+ 399. 12.20 128. 46. 17. 17. 
(INCHES) .748 1.068 1.119 1.119 
(AC - FT) 63. 90. 95. 95. 

CUMULATIVE AREA = 1.59 SQ MI 

DIVERSION HYDROGRAPH MCDB 
TRANSPOSITION AREA 10.7 SQ MI 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72 -HR 66.63-HR 

(HR) 
(CFS) y::: . 12.20 20. 5. 2. 2. 

(INCHES) .I16 -116 .I16 -116 
(AC-FT) 10. 10. 10. 10. 

CUMULATIVE AREA = 1.59 SQ MI 

HYDROGRAPH AT STATION TOLSCH 
TRANSPOSITION AREA 10.7 SQ MI 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6 -HR 24 -HR 72-HR 66.63-HR 

+ (CFS) (HR) 
(CFS) 

+ 396. 12.20 124. 44. 17. 17. 
(INCHES .727 1.033 1.080 1.080 
(AC-FT) 61. 87. 91. 91. 

CUMULATIVE AREA = 1.59 SQ MI 

DIVERSION HYDROGRAPH MCDB 
TRANSPOSITION AREA 13.7 SQ MI 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 

(CFS) 
i 251. 12.20 19. 5. 2. 2. 

(INCHES) .I13 .I13 .I13 .I13 
(AC-FT) 10. 10. 10. 

CUMULATIVE AREA = 1.59 SQ MI 

HYDROGRAPH AT STATION TOLSCH 
TRANSPOSITION AREA 13.7 SQ MI 



PEAK FLOW 

+ (CFS) 

+ 394. 

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

(HR) 
(CFS) 

12.20 122. 43. 16. 
(INCHES) .718 1.019 1.065 
(AC-FT) 61. 86. 90. 

CUMULATIVE AREA = 1.59 SQ MI 

DIVERSION HYDROGRAPH MCDB 
TRANSPOSITION AREA 20.0 SQ MI 

PEAK FLOW 

+ (CFS) 

+ 230. 

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

(HR) 
(CFS) 

12.23 18. 4. 2. 
(INCHES) .lo4 .lo4 .lo4 
(AC-FT) 9. 9. 9. 

CUMULATIVE AREA = 1.59 SQ MI 

HYDROGRAPH AT STATION TOLSCH 
TRANSPOSITION AREA 20.0 SQ MI 

PEAK FLOW 

+ (CFS) 

+ 391. 

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

(HR) 
(CFS) 

12.23 120. 42. 16. 
(INCHES) .703 .995 1.038 
(AC - FT) 59. 84. 88. 

CUMULATIVE AREA = 1.59 SQ MI 

DIVERSION HYDROGRAPH MCDB 
TRANSPOSITION AREA 50.0 SQ MI 

PEAK FLOW 

+ (CFS) 

+ 195. 

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

(HR) 
(CFS) 

12.17 15. 4. 1. 
(INCHES) .087 .087 .087 
(AC-FT) 7. 7. 7. 

CUMULATIVE AREA = 1.59 SQ MI 

HYDROGRAPH AT STATION TOLSCH 
TRANSPOSITION AREA 50.0 SQ MI 

PEAK FLOW 

+ (CFS) 

+ 385. 

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

(HR) 
(CFS) 

12.17 114. 40. 15. 
(INCHES) .669 .941 .978 
(AC - FT) 57. 80. 83. 

CUMULATIVE AREA = 1.59 SQ MI 

INTERPOLATED DIVERSION HYDROGRAPH AT MCDB 

PEAK FLOW TIME 

+ (CFS) (HR) 

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



(CFS) 
+ 302. 12.17 24. 6. 2. 2. 

i INCHES .I39 -139 .I39 -139 
(AC-FT) 12. 12. 12. 

CUMULATIVE AREA = 1.59 SQ MI 

INTERPOLATED HYDROGRAPH AT TOLSCH 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6 -HR 24-HR 72-HR 66.63 -HR 

+ (CFS) (HR) 
(CFS) 

+ 402. 12.17 131. 47. 18. 18. 
(INCHES) .766 1.097 1.152 1.152 
(AC-FT) 65. 93. 97. 97. 

CUMULATIVE AREA = 1.59 SQ MI 

WARNING EXCESS AT PONDING LESS THAN ZERO FOR PERIOD. EXCESS SET TO ZERO 

************** 
* * 

2029 KK * RMCDB * 
* * 
************** 

2030 KO OUTPUT CONTROL VARIABLES 
IPRNT 3 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 

a QSCAL 0. HYDROGRAPH PLOT SCALE 
Retrieve flow that remained in the storm drain and goes to the McDowell Road 
detention basin 

PEAK FLOW 

+ (CFS) 

+ 317. 

PEAK FLOW 

+ (CFS) 

+ 313. 

RETRIEVE DIVERSION HYDROGRAPH 
ISTAD MCDB DIVERSION HYDROGRAPH IDENTIFICATION 

HYDROGRAPH AT STATION RMCDB 
TRANSPOSITION AREA . O  SQ MI 

TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 66.63-HR 

(HR) 
(CFS) 

12.17 25. 6. 2. 2. 
(INCHES) .078 .078 .078 .078 
(AC-FT) 12. 12. 12. 12. 

CUMULATIVE AREA = 1.59 SQ MI 

HYDROGRAPH AT STATION RMCDB 
TRANSPOSITION AREA 1.0 SQ MI 

TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 66.63 -HR 

(HR) 
(CFS) 

12.17 24. 6. 2. 2. 
(INCHES) .076 -076 . 0 76 .076 
IAC-FT) 12. 12. 12. 12. 

CUMULATIVE AREA = 1.59 SQ MI 

SYDROGRAPH AT STATION RMCDB 
TRANSPOSITION AREA 5.8 SQ MI 
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PEAK FLOW 

+ (CFS) 

+ 283. 

TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 66.63-HR 

(HR) 
(CFS) 

12.20 22. 6. 2. 2. 
(INCHES) .069 .069 .069 .069 
(AC-FT) 11. 11. 11. 11. 

CUMULATIVE AREA = 1.59 SQ MI 

HYDROGRAPH AT STATION RMCDB 
TRANSPOSITION AREA 10.7 SQ MI 

PEAK FLOW 

+ (CFS) 

+ 263. 

TIME MAXIMUM AVERAGE FLOW 
6 -HR 24-HR 72-HR 66.63-HR 

(HR) 
(CFS) 

12.20 20. 5. 2. 2. 
(INCHES) .062 .062 .062 .062 
(AC-FT) 10. 10. 10. 10. 

CUMULATIVE AREA = 1.59 SQ MI 

HYDROGRAPH AT STATION RMCDB 
TRANSPOSITION AREA 13.7 SQ MI 

PEAK FLOW 

+ (CFS) 

+ 251. 

TIME MAXIMUM AVERAGE FLOW 
6 -HR 24-HR 72-HR 66.63 -HR 

(HR) 
(CFS) 

12.20 19. 5. 2. 2. 
(INCHES) .060 .060 .060 .060 
(AC-FT) 10. 10. 10. 10. 

CUMULATIVE AREA = 1.59 SQ MI 

HYDROGRAPH AT STATION RMCDB 
TRANSPOSITION AREA 20.0 SQ MI 

PEAK FLOW 

+ (CFS) 

+ 230. 

TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 66.63-HR 

(HR) 
(CFS) 

12.23 18. 4. 2. 2. 
(INCHES) .055 .055 .055 .055 
(AC-FT) 9. 9. 9. 9. 

CUMULATIVE AREA = 1.59 SQ MI 

HYDROGRAPH AT STATION RMCDB 
TRANSPOSITION AREA SO. 0 SQ MI 

i PEAK FLOW 

1 + (CFS) 

1 + 195. 
I 

TIME MAXIMUM AVERAGE FLOW 
6 -HR 24 -HR 72-HR 66.63-HR 

(HR) 
(CFS) 

12.17 15. 4. 1. 1. 
(INCHES ) .047 .047 ,047 .047 
(AC - FT) 7. 7. 7. 7. 

CUMULATIVE AREA = 1.59 SQ MI 

PEAK FLOW 

+ (CFS) 

INTERPOLATED HYDROGRAPH AT RMCDB 

MAXIMUM AVERAGE FLOW 
6-HR 24 -HR 72-HR 66.63-HR 

TIME 

(HR) 



(CFS) 
12.17 24. 6. 

(INCHES) -139 .13 9 
(AC-FT) 12. 12. 

CUMULATIVE AREA = 1.59 SQ MI 

************** 
* * 

2034 KK * SMCDB * 
* * 
* * * * * * * * * * * * A *  

OUTPUT CONTROL VARIABLES 
IPRNT 1 PRINT CONTROL 
I PLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH ROUTING DATA 

STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 
ITYP STOR TYPE OF INITIAL CONDITION 

RSVRIC .OO INITIAL CONDITION 
X .OO WORKING R AND D COEFFICIENT 

STORAGE .O .2 -5 .9 1.5 2.1 2.9 3.8 4.9 
7.5 9.1 

2041 SQ DISCHARGE 0. 0. 0. 0. 0. 0. 0. 0. 0. 
25. 225. 

2043 SE ELEVATION 1630.00 1631.00 1632.00 1633.00 1634.00 1635.00 1636.00 1637.00 1638.00 

0 1640.00 1641.00 

***  

HYDROGRAPH AT SMCDB 
TRANSPOSITION AREA -0 SQ MI 

DA MON HRMN ORD OUTFLOW 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 

STORAGE STAGE * DA MON HRMN ORD OUTFLOW STORAGE STAGE * DA MON HRMN ORD OUTFLOW STOR 
* * 

-0 1630.0 * 1 2214 668 0. 6.1 1639.0 * 2 20281335 0. 
.O 1630.0 * 1 2216 669 0. 6.1 1639.0 * 2 20301336 0. 
.O 1630.0 * 1 2218 670 0. 6.1 1639.0 * 2 20321337 0. 
.O 1630.0 * 1 2220 671 0. 6.1 1639.0 * 2 20341338 0. 
.O 1630.0 * 1 2222 672 0. 6.1 1639.0 * 2 20361339 0. 
.O 1630.0 * 1 2224 673 0. 6.1 1639.0 * 2 20381340 0. 
.O 1630.0 * 1 2226 674 0. 6.1 1639.0 * 2 20401341 0. 
.O 1630.0 * 1 2228 675 0. 6.1 1639.0 * 2 20421342 0. 
.O 1630.0 * 1 2230 676 0. 6.1 1639.0 * 2 20441343 0. 
.O 1630.0 * 1 2232 677 0. 6.1 1639.0 * 2 20461344 0. 
.O 1630.0 * 1 2234 678 0. 6.1 1639.0 * 2 20481345 0. 
.O 1630.0 * 1 2236 679 0. 6.1 1639.0 * 2 20501346 0. 
.O 1630.0 * 1 2238 680 0. 6.1 1639.0 * 2 20521347 0. 
.O 1630.0 * 1 2240 681 0. 6.1 1639.0 * 2 20541348 0. 
.O 1630.0 * 1 2242 682 0. 6.1 1639.0 * 2 20561349 0. 
-0 1630.0 * 1 2244 683 0. 6.1 1639.0 * 2 20581350 0. 
.O 1630.0 * 1 2246 684 0. 6.1 1639.0 * 2 21001351 0. 
.O 1630.0 * 1 2248 685 0. 6.1 1639.0 * 2 21021352 0. 
-0 1630.0 * 1 2250 686 0. 6.1 1639.0 * 2 21041353 0. 
.O 1630.0 * 1 2252 687 0. 6.1 1639.0 * 2 21061354 0. 
.O 1630.0 * 1 2254 688 0. 6.1 1639.0 * 2 21081355 0. 
.O 1630.0 * 1 2256 689 0. 6.1 1639.0 * 2 21101356 0. 
-0 1630.0 * 1 2258 690 0. 6.1 1639.0 * 2 21121357 0. 
-0 1630.0 * 1 2300 691 0. 6.1 1639.0 * 2 21141358 0. 
.O 1630.0 * 1 2302 692 0. 6.1 1639.0 * 2 21161359 0. 
.O 1630.0 * 1 2304 693 0. 6.1 1639.0 * 2 21181360 0. 
.O 1630.0 * 1 2306 694 0. 6.1 1639.0 * 2 21201361 0. 
.O 1630.0 * 1 2308 695 0. 6.1 1639.0 * 2 21221362 0. 
.O 1630.0 * 1 2310 696 0. 6.1 1639.0 * 2 21241363 0. 
.O 1630.0 * 1 2312 697 0. 6.1 1639.0 * 2 21261364 0. 
.O 1630.0 * 1 2314 698 0. 6.1 1639.0 * 2 21281365 0. 
.O 1630.0 * 1 2316 699 0. 6.1 1639.0 * 2 21301366 0. 
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PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 66.63-HR 

+ (CFS) (HR) 
(CFS) 

+ 169. 12.47 13. 3. 1. 1. 
(INCHES) .074 .074 . 0 74 . 0 74 
(AC-FT) 6. 6. 6. 6. 

PEAK STORAGE TIME 

+ (AC-FT) (HR) 
9. 12.47 

PEAK STAGE TIME 

+ (FEET) (HR) 
1640.72 12.47 

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 66.63 -HR 

MAXIMUM AVERAGE STAGE 
6-HR 24 -HR 72 -HR 66.63 -HR 

CUMULATIVE AREA = 1.59 SQ MI 

HYDROGRAPH AT SMCDB 
TRANSPOSITION AREA 1.0 SQ MI 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 

UA MON HRMN ORD OUTFLOW STORAGE STAGE * DA MON HRMN ORD OUTFLOW STORAGE STAGE * DA MON HRMN ORD OUTFLOW STOR 
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i9 PEAK 
FLOW TIME 

+ (CFS) (HR) 
(CFS) 

+ 164. 12.47 
(INCHES) 

MAXIMUM AVERAGE FLOW 
6-HR 24 -HR 72-HR 66.63-HR 



(AC-FT) 6 .  6 .  6 .  6 .  

PEAK STORAGE TIME 

+ (AC-FT) (HR) 
9 .  1 2 . 4 7  

PEAK STAGE TIME 

+ (FEET) (HR) 
1 6 4 0 . 7 0  1 2 . 4 7  

MAXIMUM AVERAGE STORAGE 
6  -HR 24-HR 72-HR 66.63-HR 

MAXIMUM AVERAGE STAGE 
6  -HR 24-HR 72-HR 66.63-HR 

CUMULATIVE AREA = 1 . 5 9  SQ M I  

HYDROGRAPH AT SMCDB 
TRANSPOSITION AREA 5 . 8  SQ M I  

DA MON HRMN ORD OUTFLOW STORAGE 

* * * * * * * * * * * * * * * *  
* 

STAGE * DA MON 
* 

1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1630 .0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1630 .0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1630 .0  * 1 
1630 .0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1630 .0  * 1 
1630 .0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  f 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 1 
1 6 3 0 . 0  * 2  
1 6 3 0 . 0  * 2 
1 6 3 0 . 0  * 2  
1 6 3 0 . 0  * 2 
1 6 3 0 . 0  * 2 
1 6 3 0 . 0  * 2 
1 6 3 0 . 0  * 2 

HRMN ORD OUTFLOW STORAGE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* 

STAGE * DA MON HRMN ORD OUTFLOW STOR 
* 

1 6 3 9 . 0  * 2 20281335 0 .  
1 6 3 9 . 0  * 2  20301336 0 .  
1 6 3 9 . 0  * 2 20321337 0 .  
1 6 3 9 . 0  * 2 20341338 0 .  
1 6 3 9 . 0  * 2 20361339 0 .  
1 6 3 9 . 0  * 2 20381340 0 .  
1 6 3 9 . 0  * 2  20401341 0 .  
1 6 3 9 . 0  * 2  20421342 0 .  
1 6 3 9 . 0  * 2  20441343 0 .  
1 6 3 9 . 0  * 2 20461344 0 .  
1 6 3 9 . 0  * 2  20481345 0 .  
1 6 3 9 . 0  * 2 20501346 0 .  
1 6 3 9 . 0  * 2  20521347 0 .  
1 6 3 9 . 0  * 2  20541348 0 .  
1 6 3 9 . 0  * 2  20561349 0 .  
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PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6 -HR 24-HR 72-HR 66.63-HR 

+ (CFS) (HR) 
(CFS) 

+ 139. 12.50 10. 2. 1. 1. 
(INCHES) .057 .057 .057 .057 
(AC-FT) 5. 5. 5. 5. 

' PEAK STORAGE TIME 

+ (AC-FT) (HR) 
8. 12.50 

1 PEAK STAGE TIME 

+ (FEET) (HR) 
1640.57 12.50 

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 66.63-HR 

MAXIMUM AVERAGE STAGE 
6 -HR 24-HR 72 -HR 66.63-HR 

CUMULATIVE AREA = 1.59 SQ MI 

HYDROGRAPH AT SMCDB 
TRANSPOSITION AREA 10.7 SQ MI 

DA MON HRMN ORD OUTFLOW STORAGE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 

STAGE * DA MON HRMN ORD OUTFLOW STORAGE STAGE * DA MON HRMN ORD OUTFLOW STOR 
* * 

1630.0 * 1 2214 668 0. 6.1 1639.0 * 2 20281335 0. 
1630.0 * 1 2216 669 0. 6.1 1639.0 * 2 20301336 0. 
1630.0 * 1 2218 670 0. 6.1 1639.0 * 2 20321337 0. 
1630.0 * 1 2220 671 0. 6.1 1639.0 * 2 20341338 0. 
1630.0 * 1 2222 672 0. 6.1 1639.0 * 2 20361339 0. 
1630.0 * 1 2224 673 0. 6.1 1639.0 * 2 20381340 0. 
1630.0 * 1 2226 674 0. 6.1 1639.0 * 2 20401341 0. 
1630.0 * 1 2228 675 0. 6.1 1639.0 * 2 20421342 0. 
1630.0 * 1 2230 676 0. 6.1 1639.0 * 2 20441343 0. 
1630.0 * 1 2232 677 0. 6.1 1639.0 * 2 20461344 0. 
1630 .O * 1 2234 678 0. 6.1 1639.0 * 2 20481345 0. 
1630 .O * 1 2236 679 0. 6.1 1639.0 * 2 20501346 0. 
1630.0 * 1 2238 680 0. 6.1 1639.0 * 2 20521347 0. 
1630.0 * 1 2240 681 0. 6.1 1639.0 * 2 20541348 0. 
1630.0 * 1 2242 682 0. 6.1 1639.0 * 2 20561349 0. 
1630.0 * 1 2244 683 0. 6.1 1639.0 * 2 20581350 0. 
1630.0 * 1 2246 684 0. 6.1 1639.0 * 2 21001351 0. 
1630.0 * 1 2248 685 0. 6.1 1639.0 * 2 21021352 0. 
1630.0 * 1 2250 686 0. 6.1 1639.0 * 2 21041353 0. 
1630.0 * 1 2252 687 0. 6.1 1639.0 * 2 21061354 0. 
1630.0 * 1 2254 688 0. 6.1 1639.0 * 2 21081355 0. 
1630 .O * 1 2256 689 0. 6.1 1639.0 * 2 21101356 0. 
1630.0 * 1 2258 690 0. 6.1 1639.0 * 2 21121357 0. 
1630.0 * 1 2300 691 0. 6.1 1639.0 * 2 21141358 
1630.0 * 1 2302 692 0. 6.1 1639.0 * 2 21161359 
1630.0 * 1 2304 693 0. 6.1 1639.0 * 2 21181360 

" @  0. 

1630.0 * 1 2306 694 0. 6.1 1639.0 * 2 21201361 0. 
1630.0 * 1 2308 695 0. 6.1 1639.0 * 2 21221362 0. 
1630.0 * 1 2310 696 0. 6.1 1639.0 * 2 21241363 0. 
1630.0 * 1 2312 697 0. 6.1 1639.0 * 2 21261364 0. 
1630.0 * 1 2314 698 0. 6.1 1639.0 * 2 21281365 0. 
1630.0 * 1 2316 699 0. 6.1 1639.0 * 2 21301366 0. 
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PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 66.63-HR 

c (CFS) (HR) 
(CFS) 

c 114. 12.50 7. 2. 1. 1. 
(INCHES) .044 .044 .044 .044 
(AC-FT) 4. 4. 4. 4. 

I PEAK STORAGE TIME 

+ (AC-FT) (HR) 
8. 12.50 

MAXIMUM AVERAGE STORAGE 
6-HR 24 -HR 72-HR 66.63-HR 

PEAK STAGE TIME MAXIMUM AVERAGE STAGE 
6 -HR 24-HR 72 -HR 66.63-HR 

+ (FEET) (HR) 
1640.45 12.50 1639.19 1639.05 1637.39 1637.39 

CUMULATIVE AREA = 1.59 SQ MI 

HYDROGRAPH AT SMCDB 
TRANSPOSITION AREA 13.7 SO MI 

- 
DA MON HRMN ORD OUTFLOW STORAGE STAGE * DA MON HRMN ORD OUTFLOW STORAGE STAGE * DA MON HRMN ORD OUTFLOW STOR 

* * 
1 0000 1 0. .O 1630.0 * 1 2214 668 0. 6.1 1639.0 * 2 20281335 0. 
1 0002 2 0. .O 1630.0 * 1 2216 669 0. 6.1 1639.0 * 2 20301336 0. 
1 0004 3 0. .O 1630.0 * 1 2218 670 0. 6.1 1639.0 * 2 20321337 0. 
1 0006 4 0. .O 1630.0 * 1 2220 671 0. 6.1 1639.0 * 2 20341338 0. 
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1 1944 593 
1 1946 594 
1 1948 595 
1 1950 596 
1 1952 597 
1 1954 598 
1 1956 599 
1 1958 600 
1 2000 601 
1 2002 602 
1 2004 603 
1 2006 604 
1 2008 605 
1 2010 606 
1 2012 607 
1 2014 608 
1 2016 609 
1 2018 610 
1 2020 611 
1 2022 612 
1 2024 613 
1 2026 614 
1 2028 615 
1 2030 616 
1 2032 617 
1 2034 618 
1 2036 619 
1 2038 620 
1 2040 621 
1 2042 622 
1 2044 623 
1 2046 624 
1 2048 625 
1 2050 626 
1 2052 627 
1 2054 628 
1 2056 629 
1 2058 630 
1 2100 631 
1 2102 632 
1 2104 633 
1 2106 634 
1 2108 635 
1 2110 636 
1 2112 637 
1 2114 638 
1 2116 639 
1 2118 640 
1 2120 641 
1 2122 642 
1 2124 643 
1 2126 644 
1 2128 645 
1 2130 646 

I 1 2132 647 
1 2134 648 
1 2136 649 
1 2138 650 
1 2140 651 
1 2142 652 
1 2144 653 
1 2146 654 
1 2148 655 
1 2150 656 
1 2152 657 
1 2154 658 
1 2156 659 
1 2158 660 
1 2200 661 
1 2202 662 
1 2204 663 
1 2206 664 
1 2208 665 
1 2210 666 
1 2212 667 

. . . . . . . . . . . . . . . . . . . .  

PEAK FLOW TIME 

+ (CFS) (HR) 

+ 104. 12.50 
(CFS) 

( INCHES) 

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



PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE 

C-FT) (HR) 
12.50 

PEAK STAGE TIME 

+ (FEET) (HR) 
1640.40 12.50 

MAXIMUM AVERAGE STAGE 
6 -HR 24-HR 72-HR 66.63-HR 

CUMULATIVE AREA = 1.59 SQ MI 

HYDROGRAPH AT SMCDB 
TRANSPOSITION AREA 20.0 SQ MI 

DA MON HRMN ORD OUTFLOW STORAGE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* 

STAGE * DA MON HRMN ORD OUTFLOW STORAGE 
* 

1630.0 * 1 2214 668 0. 6.1 
1630.0 * 1 2216 669 0. 6.1 
1630.0 * 1 2218 670 0. 6.1 
1630.0 * 1 2220 671 0. 6.1 
1630.0 * 1 2222 672 0. 6.1 
1630.0 * 1 2224 673 0. 6.1 
1630.0 * 1 2226 674 0. 6.1 
1630 .O * 1 2228 675 0. 6.1 
1630 .O * 1 2230 676 0. 6.1 
1630.0 * 1 2232 677 0. 6.1 
1630.0 * 1 2234 678 0. 6.1 
1630.0 * 1 2236 679 0 - 6.1 
1630 .O * 1 2238 680 0. 6.1 
1630 .O * 1 2240 681 0. 6.1 
1630 .O * 1 2242 682 0. 6.1 
1630.0 * 1 2244 683 0. 6.1 
1630.0 * 1 2246 684 0. 6.1 
1630.0 * 1 2248 685 0. 6.1 
1630.0 * 1 2250 686 0. 6.1 
1630.0 * 1 2252 687 0. 6.1 
1630.0 * 1 2254 688 0. 6.1 
1630.0 * 1 2256 689 0. 6.1 
1630.0 * 1 2258 690 0. 6.1 
1630.0 * 1 2300 691 0. 6.1 
1630.0 * 1 2302 692 0. 6.1 
1630.0 * 1 2304 693 0. 6.1 
1630.0 * 1 2306 694 0. 6.1 
1630.0 * 1 2308 695 0. 6.1 
1630.0 * 1 2310 696 0. 6.1 
1630.0 * 1 2312 697 0. 6.1 
1630.0 * 1 2314 698 0. 6.1 
1630.0 * 1 2316 699 0. 6.1 
1630.0 * 1 2318 700 0. 6.1 
1630 .O * 1 2320 701 0. 6.1 
1630.0 * 1 2322 702 0. 6.1 
1630.0 * 1 2324 703 0. 6.1 
1630.0 * 1 2326 704 0. 6.1 
1630.0 * 1 2328 705 0. 6.1 
1630 .O * 1 2330 706 0. 6.1 
1630.0 * 1 2332 707 0. 6.1 
1630.0 * 1 2334 708 0. 6.1 
1630.0 * 1 2336 709 0. 6.1 
1630.0 * 1 2338 710 0. 6.1 
1630.0 * 1 2340 711 0. 6.1 
1630.0 * 1 2342 712 0. 6.1 
1630.0 * 1 2344 713 0. 6.1 
1630.0 * 1 2346 714 0. 6.1 
1630.0 * 1 2348 715 0. 6.1 
1630.0 * 1 2350 716 0. 6.1 
1630.0 * 1 2352 717 0. 6.1 
1630.0 * 1 2354 718 0. 6.1 
1630.0 * 1 2356 719 0. 6.1 
1630 .O * 1 2358 720 0. 6.1 
1630.0 * 2 0000 721 0. 6.1 
1630.0 * 2 0002 722 0. 6.1 
1630 .O * 2 0004 723 0. 6.1 
1630.0 * 2 0006 724 0. 6.1 
1630.0 * 2 0008 725 0. 6.1 
1630.0 * 2 0010 726 0. 6.1 
1630.0 * 2 0012 727 0. 6.1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* 

STAGE * DA MON HRMN ORD OUTFLOW STOR 
* 

1639.0 * 2 20281335 0. 
1639.0 * 2 20301336 0. 
1639.0 * 2 20321337 0. 
1639.0 * 2 20341338 0. 
1639.0 * 2 20361339 0. 
1639.0 * 2 20381340 0. 
1639.0 * 2 20401341 0. 
1639.0 * 2 20421342 0. 
1639.0 * 2 20441343 0. 
1639.0 * 2 20461344 0. 
1639.0 * 2 20481345 0. 
1639.0 * 2 20501346 0. 
1639.0 * 2 20521347 0. 
1639.0 * 2 20541348 0. 
1639.0 * 2 20561349 0. 
1639.0 * 2 20581350 0. 
1639.0 * 2 21001351 0. 
1639.0 * 2 21021352 0. 
1639.0 * 2 21041353 0. 
1639.0 * 2 21061354 0. 
1639.0 * 2 21081355 0. 
1639.0 * 2 21101356 0. 
1639.0 * 2 21121357 0. 
1639.0 * 2 21141358 0. 
1639.0 * 2 21161359 0. 
1639.0 * 2 21181360 0. 
1639.0 * 2 21201361 0. 
1639.0 * 2 21221362 0. 
1639.0 * 2 21241363 0. 
1639.0 * 2 21261364 0. 
1639.0 * 2 21281365 0. 
1639.0 * 2 21301366 0. 
1639.0 * 2 21321367 0. 
1639.0 * 2 21341368 0. 
1639.0 * 2 21361369 0. 
1639.0 * 2 21381370 0. 
1639.0 * 2 21401371 0. 
1639.0 * 2 21421372 0. 
1639.0 * 2 21441373 0. 
1639.0* 2 21461374 0. 
1639.0 * 2 21481375 0. 
1639.0 * 2 21501376 0. 
1639.0 * 2 21521377 0. 
1639.0 * 2 21541378 0. 
1639.0 * 2 21561379 0. 
1639.0 * 2 21581380 0. 
1639.0 * 2 22001381 0. 
1639.0 * 2 22021382 0. 
1639.0 * 2 22041383 0. 
1639.0 * 2 22061384 0. 
1639.0 * 2 22081385 0. 
1639.0 * 2 22101386 0. 
1639.0 * 2 22121387 0. 
1639.0 * 2 22141388 0. 
1639.0 * 2 22161389 0. 
1639.0 * 2 22181390 0. 
1639.0 * 2 22201391 0. 
1639.0 * 2 22221392 0. 
1639.0 * 2 22241393 0. 
1639.0 * 2 22261394 0. 
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PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 66.63 -HR 

+ (CFS) (HR) 
(CFS) 

+ 79. 12.53 5. 1. 0. 0. 
(INCHES) .031 ,031 .031 .031 
(AC-FT) 3. 3. 3. 3. 

PEAK STORAGE TIME 

+ (AC-FT) (HR) 
8. 12.53 

PEAK STAGE TIME 

+ (FEET) (HR) 
1640.27 12.53 

MAXIMUM AVERAGE STORAGE 
6-HR 24 -HR 72-HR 66.63-HR 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 66.63 -HR 

CUMULATIVE AREA = 1.59 SQ MI 

HYDROGRAPH AT SMCDB 
TRANSPOSITION AREA 50.0 SQ MI 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 

DA MON HRMN ORD OUTFLOW STORAGE STAGE * DA MON HRMN ORD OUTFLOW STORAGE STAGE * DA MON HRMN ORD OUTFLOW STOR 
* * 

1 0000 1 0. .O 1630.0 * 1 2214 668 0. 6.1 1639.0 * 2 20281335 0. 
1 0002 2 0. .O 1630.0 * 1 2216 669 0. 6.1 1639.0 * 2 20301336 0. 
1 0004 3 0. .O 1630.0 * 1 2218 670 0. 6.1 1639.0 * 2 20321337 0. 
1 0006 4 0. .O 1630.0 * 1 2220 671 0. 6.1 1639.0 * 2 20341338 0. 
1 0008 5 0. .O 1630.0 * 1 2222 672 0. 6.1 1639.0 * 2 20361339 0. 
1 0010 6 0. .O 1630.0 * 1 2224 673 0. 6.1 1639.0 * 2 20381340 0. 
1 0012 7 0. . O  1630.0 * l 2226 674 0. 6.1 1639.0 * 2 20401341 0. 
1 0014 8 0. .O 1630.0 * 1 2228 675 0. 6.1 1639.0 * 2 20421342 0. 
1 0016 9 0. .O 1630.0 * 1 2230 676 0. 6.1 1639.0 * 2 20441343 0. 
1 0018 10 0. -0 1630.0 * 1 2232 677 0. 6.1 1639.0 * 2 20461344 0. 
1 0020 11 0. .O 1630.0 * 1 2234 678 0. 6.1 1639.0 * 2 20481345 0. 
1 0022 12 0. .O 1630.0 * 1 2236 679 0. 6.1 1639.0 * 2 20501346 0. 
1 0024 13 0. .O 1630.0 * 1 2238 680 0. 6.1 1639.0 * 2 20521347 0. 
1 0026 14 0. .O 1630.0 * 1 2240 681 0. 6.1 1639.0 * 2 20541348 0. 
1 0028 15 0. -0 1630.0 * 1 2242 682 0. 6.1 1639.0 * 2 20561349 0. 
1 0030 16 0. .O 1630.0 * 1 2244 683 0. 6.1 1639.0 * 2 20581350 0. 
1 0032 17 0. .O 1630.0 * 1 2246 684 0. 6.1 1639.0 * 2 21001351 0. 
1 0034 18 0. .O 1630.0 * 1 2248 685 0. 6.1 1639.0 * 2 21021352 0. 
1 0036 19 0. .O 1630.0 * 1 2250 686 0. 6.1 1639.0 * 2 21041353 0. 
1 0038 20 0. .O 1630.0 * 1 2252 687 0. 6.1 1639.0 * 2 21061354 0. 
1 0040 21 0. .O 1630.0 * 1 2254 688 0. 6.1 1639.0 * 2 21081355 0. 
1 0042 22 0. .O 1630.0 * 1 2256 689 0. 6.1 1639.0 * 2 21101356 0. 

i 0044 23 0. .O 1630.0 * 1 2258 690 0. 6.1 1639.0 * 2 21121357 0. 
0046 24 0. .O 1630.0 * 1 2300 691 0. 6.1 1639.0 * 2 21141358 0. 
0048 25 0. .O 1630.0 * 1 2302 692 0. 6.1 1639.0 * 2 21161359 0. 
0050 26 0. .O 1630.0 * 1 2304 693 0. 6.1 1639.0 * 2 21181360 0. 

1 0052 27 0. .O 1630.0 * 1 2306 694 0. 6.1 1639.0 * 2 21201361 0. 
1 0054 28 0. .O 1630.0 * 1 2308 695 0. 6.1 1639.0 * 2 21221362 0. 
1 0056 29 0. .O 1630.0 * 1 2310 696 0. 6.1 1639.0 * 2 21241363 0. 
1 0058 30 0. .O 1630.0 * 1 2312 697 0. 6.1 1639.0 * 2 21261364 0. 
1 0100 31 0. .O 1630.0 * 1 2314 698 0. 6.1 1639.0 * 2 21281365 0. 
1 0102 32 0. -0 1630.0 * 1 2316 699 0. 6.1 1639.0 * 2 21301366 0. 
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PEAK FLOW TIME 

+ (CFS) (HR) 
(CFS) 

+ 19. 12.53 
(INCHES) 
(AC - FT) 

PEAK STORAGE TIME 

PEAK STAGE TIME 

+ (FEET) (HR) 
1639.77 12.53 

MAXIMUM AVERAGE FLOW 
6 -HR 24-HR 72-HR 66.63-HR 

MAXIMUM AVERAGE STORAGE 
6 -HR 24-HR 72-HR 66.63-HR 

MAXIMUM AVERAGE STAGE 
6 -HR 24-HR 72-HR 66.63-HR 

CUMULATIVE AREA = 1.59 SQ MI 

INTERPOLATED HYDROGRAPH AT SMCDB 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * * 

FLOW * DA MON HRMN ORD FLOW * DA MON HRMN ORD FLOW * DA MON HRMN ORD 
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PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24 -HR 72-HR 66.63 -HR 

+ (CFS) (HR) 
(CFS) 

i 157. 12.47 11. 3. 1. 1. 
(INCHES) .067 .067 .067 .067 



(AC- FT) 6. 

CUMULATIVE AREA = 

OPERATION STATION 

HYDROGRAPH AT 
10 

ROUTED TO 
R10 

ROUTED TO 
R12 

HYDROGRAPH AT 
2 0 

DIVERSION TO 
BS20 

HYDROGRAPH AT 
D2 0 

HYDROGRAPH AT 
RT2 0 

ROUTED TO 
520 

3 COMBINED AT 
C2 0 

ROUTED TO 
R2 0 

HYDROGRAPH AT 

DIVERSION TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 

3 COMBINED AT 

HYDROGRAPH AT 

DIVERSION TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 

3 COMBINED AT 

ROUTED TO 

ROUTED TO 

PEAK 
FLOW 

RUNOFF SUMMARY 
FLOW IN CUBIC FEET PER SECOND 

TIME IN HOURS, AREA IN SQUARE MILES 

TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD 
PEAK 

6 -HOUR 24 -HOUR 72-HOUR 

BASIN MAXIMUM TIM 
AREA STAGE MAX 



ROUTED TO 

HYDROGRAPH AT 

DIVERSION TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 

2 COMBINED AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

DIVERSION TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

DIVERSION TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

DIVERSION TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 

RR6 0 

80 

BS80 

D80 

RT80 

S80 

C80 

CC80 

R80 

100 

BSlOO 

Dl00 

RTlOO 

SlOO 

ClOO 

RlOO 

120 

BS120 

Dl20 

RT120 

S120 

C120 

R120 

140 

BS140 

Dl40 

RT140 

5140 



3 COMBINED AT 
+ C14 0 6028. 12.27 687. 257. 117. 4.78 

HYDROGMPH AT 
+ 150 593. 12.17 

ROUTED TO 
+ R150 567. 12.23 51. 14. 5. .41 

ROUTED TO 
+ R152 513. 12.33 51. 

HYDROGRAPH AT 

DIVERSION TO 

HYDROGMPH AT 

HYDROGRAPH AT 

ROUTED TO 

3 COMBINED AT 

HYDROGRAPH AT 

3 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

ROUTED TO 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 



ROUTED T O  

ROUTED TO 

ROUTED TO 

2 COMBINED A T  

ROUTED TO 

ROUTED TO 

HYDROGRAPH A T  

2 COMBINED A T  

ROUTED T O  

HYDROGRAPH A T  

2 COMBINED A T  

ROUTED T O  

HYDROGRAPH A T  

2 COMBINED A T  

ROUTED TO 

HYDROGRAPH A T  

2 COMBINED A T  

ROUTED T O  

HYDROGRAPH A T  

DIVERSION T O  

HYDROGRAPH A T  

HYDROGRAPH A T  

ROUTED TO 

3 COMBINED A T  

HYDROGRAPH A T  

DIVERSION T O  

HYDROGRAPH AT 

ROUTED T O  



HYDROGRAPH AT 
+ 310 381. 12.33 50. 13. 5. .54 

2 COMBINED AT 
+ C310 950. 12.37 106. 27. 10. 1.04 

ROUTED TO 
+ R310 865. 12.67 106. 27. 10. 1.04 

HYDROGRAPH AT 
+ 305B 333. 12.33 40. 10. 4. .39 

ROUTED TO 
+ R305B 317. 12.43 

HYDROGRAPH AT 
+ 32082 251. 12.13 27. 7. 3. .22 

DIVERSION TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 

4 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

DIVERSION TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 

3 COMBINED AT 

DIVERSION TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 

2 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

DIVERSION TO 



HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 

2 COMBINED AT 

ROUTED TO 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

DIVERSION TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 

3 COMBINED AT 

ROUTED TO 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

DIVERSION TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 

3 COMBINED AT 

HYDROGRAPH AT 

DIVERSION TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 

2 COMBINED AT 
+ C34 0A1 18. 15.30 
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2 COMBINED AT 

HYDROGRAPH AT 

DIVERSION TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 

3 COMBINED AT 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

DIVERSION TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

DIVERSION TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

DIVERSION TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 
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2 COMBINED AT 

3 COMBINED AT 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

3 COMBINED AT 

DIVERSION TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

DIVERSION TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 

2 COMBINED AT 

2 COMBINED AT 

HYDROGRAPH AT 

DIVERSION TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 

C400B1 

CC4OOB 

420A2 

C4 0 0A2 

T370W 

R370W 

395A 

R3 90C1 

395B 

R390C2 

390C 

CP39OC 

T0390B 

TOC - H 

C370 

R390S 



2 COMBINED AT 

DIVERSION TO 

HYDROGRAPH AT 

DIVERSION TO 

HYDROGRAPH AT 

2 COMBINED AT 

DIVERSION TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

DIVERSION TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 



4 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

4 COMBINED AT 

DIVERSION TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

2 COMBINED AT 

C4 2 0A 

R390B 

R390B1 

3 85C 

385B 

385A 

415B 

CP415B 

BS415B 

D415B 

RT415B 

S415B 

CC415B 

R3 90A1 

390A 

CP3 90A 

R390B2 

390B 

CP390B 

S390B 

420B05 

CPSDOS 

420B10 

CPSDlO 

420B15 

CPSD15 

420B20 

CPSD20 



HYDROGRAPH AT 

ROUTED TO 

2 COMBINED AT 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

2 COMBINED AT 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

2 COMBINED AT 

DIVERSION TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

DIVERSION TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

DIVERSION TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 

2 COMBINED AT 

420B25 

SFIRES 

CPSD25 

420B30 

CPSD3 0 

420B35 

SCHRCH 

CPSD3 5 

420B40 

CPSD4 0 

420B45 

CPSD45 

MCDB 

TOLSCH 

440 

R7 0 

441 

C108 

SPLIT 

D4 

R108 

442 

C67 

BASIN4 

D6 

RTD6 

SD6 

CD6 



HYDROGRAPH A T  

D I V E R S I O N  T O  

HYDROGRAPH A T  

ROUTED TO 

2 COMBINED A T  

HYDROGRAPH A T  

ROUTED TO 

HYDROGRAPH A T  

2 COMBINED A T  

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

3 COMBINED A T  

DIVERSION T O  

HYDROGRAPH A T  

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH A T  

ROUTED TO 

3 COMBINED AT 

ROUTED TO 

2 COMBINED A T  

ROUTED TO 

HYDROGRAPH A T  

HYDROGRAPH A T  

2 COMBINED AT 

ROUTED T O  

C 1 0 7  

R 1 0 7  

RTB2 

R S P L I T  



HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

3 COMBINED AT 

ROUTED TO 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

2 COMBINED AT 

ROUTED TO 

DIVERSION TO 

HYDROGRAPH AT 
D 7 

HYDROGRAPH AT 
RTD 7 

ROUTED TO 
SD7 

2 COMBINED AT 
CD 7 

HYDROGRAPH AT 
454 

2 COMBINED AT 
C454 

ROUTED TO 
R454 

HYDROGRAPH AT 
415A 

3 COMBINED AT 
CP415A 

HYDROGRAPH AT 
t RMCDB 302. 12.17 

ROUTED TO 
+ SMCDB 157. 12.47 11. 3. 1. 1.59 

2 COMBINED AT 
+ CPLSCH 1436. 12.20 285. 90. 34. 2.97 

ROUTED TO 
+ R4 15A 1423. 12.27 285. 
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HYDROGRAPH AT 

DIVERSION TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 

2 COMBINED AT 

3 COMBINED AT 

ROUTED TO 

ROUTED TO 

HYDROGRAPH AT 

DIVERSION TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 

2 COMBINED AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

DIVERSION TO 

HYDROGRAPH AT 

DIVERSION TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

DIVERSION TO 

HYDROGRAPH AT 
+ 03 303. 12.10 32. 8. 3. .45  

HYDROGRAPH AT 
+ RTD3 177. 12.10 8. 2. 1. .45 
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ROUTED TO 
SD3 

2 COMBINED AT 
CD3 

ROUTED TO 
RlOl 

HYDROGRAPH AT 
458 

2 COMBINED AT 
C103 

ROUTED TO 
R103 

HYDROGRAPH AT 
RT3 0 

ROUTED TO 
R3 0 

HYDROGRAPH AT 
RTBl 

ROUTED TO 
B 1 

ROUTED TO 
RBI 

2 COMBINED AT 
CDIV 

HYDROGRAPH AT 
459 

2 COMBINED AT 
C52 

ROUTED TO 
R52 

HYDROGRAPH AT 
460 

2 COMBINED AT 
C102 

ROUTED TO 
BASIN3 

ROUTED TO 
R3 

HYDROGRAPH AT 
461 

2 COMBINED AT 
C104 

2 COMBINED AT 
C106 

ROUTED TO 
R106 

HYJJROGRAPH AT 
462 

2 COMBINED AT 
C56 

2 COMBINED AT 
C462 

ROUTED TO 
R462 

ROUTED TO 
RR4 6 2 
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HYDROGRAPH AT 
+ 500 1126. 12.27 128. 35. 12. .93 

2 COMBINED AT 
C 5 0 0  2472. 12 .33  5 0 2 .  3 6 3 .  225. 3 . 0 2  

***  NORMAL END O F  H E C - 1  * * *  



Final Storm CAD Analysis 



Final Storm CAD Analysis 

TW to Crown of Conduit 



Scenario: Final Design 

Outlet 
.- m 

CB-4 P - J -X 
X )  CB-1 CB-2 1-35 CB-3 CgfB CB-5 a I TM Inlet - ._.% 7 - - - - CB-6 -- CB-7 - CE8 CB-9 

7 -, LT! I T- I 
- .  + 

- -r - - p~;6 c. T-X2 
P-37 JS-3 u, o - I 1 - 1 Z 1  0 

- t t 2 ,  
a! 

N 

a ; a d ,  d 2 ;  ' t i  
_<. ti r Y I 

-- a : a:, 3 
MH-3-4 P-33 P-32 P-90 P-85 I P-72 P?8 - P-47 P-55 P-52 P-41 I p-39 

a 
- - p - ~ ~ ~  - - - - - - - -- -- ---A- 

P-80 ; P-75 
L - -  . ---- - pao, 

-- 
- - P-50 

- - d 
------c- - --- _ -- .- - --__- 2--. .- -- r ~ _ ~ - i L  ---;-- -' - - 2 

MH-5 
d 

JS-4 SPLITTER T-Y MH-6 JS-5 JS-6 MH-7 JS-7 JS-8 MH-8 MH-9 MH-10 JS-9 JS-10 T-X JS-11 

Title: McDowell Road Basin and Storm Drain Design 
k:\ ... \stormcad\mcdowetI-rd-final-co1 0.strn 
02/06/07 07:03: 10 AM O Bentley Systems, Inc. Haestad Methods Solution Center Watertown, CT 06795 USA +I-203-755-1666 

Project Engineer: KHA User 
StorrnCAD v5.6 [05.06.012.00] Page 1 of 1 





Profile 
Scenario: Final Design 

g o d  tee 
~bn-.~"",ls2m 

Title: McDowell Road Basin and Storm Drain Design 
k:\ ... \stormcad\mcdowell-rd-final-col O.stm 
02/06/07 06:51:19 AM 

Project Engineer: KHA User 
StormCAD v5.6 [05.06.012.00] 

Page 1 of 1 
8 Bentley Systems, Inc. Haestad Methods Solution Center Watertown, CT 06795 USA +1-203-755-1666 



Profile 
Scenario: Final Design 

Profi!e: Mainfine 
S C ~ ~ I ~ ~ I O :  Final D ~ ~ , ~ ~  

a Be: McDowell Road Bash and Storm Drab Design 
k:\...\s~o~ca~mcdo~e~~-rddfinaLcol 0,stm 
02/06/07 06:52:45 AM 

@ Bent'ey Systems Inc *aestad Methods Solution center w~~~~~~~ CT 06195 
+I-203-7557 666 

Project Engineer: KHA User 
StomCAD v5.6 [05.06.012.00~ 

Page 1 of 1 



Profile 
Scenario: Final Design 

i 
' I !  

a itle: McDowell Road Basin and Storm Drain Design 
k:\ ... \stormcad\mcdowelI-rd-final-co10.stm 
02/06/07 06:53:24 AM 

I.055W 

StormCAD Project Engineer: v5.6 [05.06.012.00] KHA User 
1 65000 Page 1 of 1 

O Bentley Systems, Inc. Haestad Methods Solution Center Watertown, CT 06795 USA +1-203-755-1666 



Final Storm CAD Analysis 

TW free fall 



Scenario: Final Design 
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Scenario: Final Design 

Combined Pipe\Node Report 
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Length 
(ft) 

548.00 

574.00 

61 .OO 

64.00 

65.00 

290.00 

82.00 

67.00 

380.00 

391.00 

103.00 

50.00 

364.00 

189.00 
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68.00 

63.00 

364.00 

57.00 

439.00 
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Section 
Size . 

89 .007x4f t  

78 inch 

78 inch 

24 inch 

24 inch 

18 inch 

90 inch 

18 inct 

24 inch 

78 incl- 

78inch 

90 inch 

90 inch 

54inch 

54 inch 

72 inch 

24 inch 

18 inch 

72 inch 

24 inch 

72 inch 

24 ~nch 

72 inch 

72 inch 

72 inch 

18 inch 

54 inch 

54 tnch 

72 inch 

72 inch 

18inch 

78 inch 

78 inch 

Average 
Velocity 

(ft/s) 

14.43 

19.83 

20.91 

27.82 

12.73 

16.16 

15.80 

3.96 

11.78 

23.61 

23.32 

15.94 

15.94 

12.70 

12.70 

20.55 

17.85 

6.79 

24.39 

20.58 

23.45 

14.85 

24.45 

23.94 

23.32 

14.55 

16.32 

16.32 

18.36 

19.77 

23.57 

22.72 

23.48 

DS 
Invert 
Elev 
(ft) 

1,635.36 

1,652.70 

1,642.26 

1,662 50 

1,653.20 

1,642.26 

1,637.1 7 

1,640.1 0 

1,684.20 

1,671.15 

1,664.50 

1,635.42 

1,635.40 

1,633.70 

1,633.1 0 

1,690.70 

1,705.10 

1,692 90 

1,702.90 

1,720.30 

1.71 9.90 

1,730.60 

1,710.40 

1,734.85 

1,730.20 

1,737.1 0 

1,745.00 

1,744.30 

1,743.70 

1,740.60 

1,746.50 

1,687.50 

1,677.80 

DS 
Crown 
Elev 
( ft 

1,659.20 

1,648.76 

1,664.50 

1,655.20 

1,643.76 

1,644.67 

1,641.60 

1,686.20 

1,677.65 

1,642.92 

1,642.90 

1,637.60 

1,696.70 

1,707.10 

1,694.40 

1,708.90 

1,722.30 

1,725.90 

1,732.60 

1,716.40 

1,740.85 

1,736.20 

1,738.60 

1,749.50 

1,748.80 

1,749.70 

1,746.60 

1,694.00 

1,684.30 

US 
Crown 
Elev 
(ft) 

1,669.00 

1,657.40 

1,673.30 

1,861.80 

1.653.00 

1,649.76 

1,648.80 

1,687.00 

1,684.30 

1,644.67 

1,642.92 

1,638.20 

1,708.90 

1,711.50 

1,697.50 

1,716.40 

1,726.50 

1,734.20 

1,736.30 

1,723.90 

1,746.60 

1,740.85 

1,743.10 

1,753.50 

1,749.50 

1,750.30 

1,749.70 

1,697.20 

1,691 .OO 

US 
Invert 
Elev 
(ft) 

1.639.361,635.401,639.40 

1,662.50 

1,650.90 

1,671.30 

1,659.80 

1,651.50 

1,642.26 

1,647.30 

1,685.00 

1,677.80 

1,671.001,671.151,677.65 

1,637.1 7 

1,635.42 

1,638.201,635.361,639.86 

1,633.70 

1,702.90 

1,709.50 

1,696.00 

1,710.40 

1,724.50 

1,728.20 

1,734.30 

1,717.90 

1,740.60 

1,734.85 

1.741.60 

1,749.00 

1,745.00 

1,744.30 

1,743.70 

1,748.001,750.301,751.80 

1,690.70 

1,684.50 

Constructed 
Slope 
(ft/fi) 

0.000449 

0.017883 

0.016809 

0.144262 

0.103125 

0.1 421 54 

0.017552 

0.087805 

0.011940 

0.017500 

0.017008 

0.016990 

0.000400 

0.004560 

0.0031 75 

0.019003 

0.064706 

0.049206 

0.020604 

0.073684 

0.018907 

0.061667 

0.02071 8 

0.019759 

0.018675 

0.071 429 

0.100000 

0.01 1475 

0.01 3953 

0.041333 

0.271 429 

0.016244 

0.017539 

HGL 
Out 
( ft ) 

1,644.75 

1,661.45 

1,651.77 

1,670.701,673.27 

1,661.45 

1,651.77 

1,648.981.651.38 

1,648.98 

1,686.14 

1,676.11 

1,670.701,677.30 

1,647.721,648.59 

1,646.91 

1,640.151,643.99 

1,637.1 5 

1,697.31 

1,710.05 

1,697.31 

1,710.05 

1,724.30 

1,724.74 

1.734.60 

1,716.39 

1,739.70 

1,735.20 

1,740.63 

1,753.41 

1,752.34 

1,749.86 

1,749.86 

1,692.61 

1,684.51 

HGL 
In 
( ft ) 

1,645.77 

1,670.09 

1,660.77 

1,663.45 

1,652.45 

i ,649.35 

1,687.97 

1,683.95 

1,647.33 

1,639.40 

1,709.40 

1.71 1.29 

1,698.14 

1,716.39 

1,726.44 

1,733.98 

1,735.65 

1,723.68 

1,746.38 

1,740.63 

I ,742.82 

1,754.00 

1,753.41 

1,750.51 

1,748.561,749.86 

1,751.52 

1,696.80 

1,690.60 

US 
Cover 

(ft) 

9.90 

7.70 

6.30 

3.20 

3.60 

4.40 

8.12 

3.00 

5.00 

6.50 

6.95 

7.63 

7.68 

8.74 

4.70 

4.70 

3.00 

5.50 

5.50 

5.50 

6.50 

4.10 

7.80 

6.50 

5.65 

3.40 

2.20 

7.30 

4.20 

4.00 

0.70 

4.40 

8.00 

Veloc~ty 
Out 
(ft/s) 

14.43 

19.83 

20.91 

14.64 

12.73 

3.40 

15.80 

3.96 

11.89 

22.65 

18.85 

15.94 

15.94 

12.70 

13.40 

20.55 

8.28 

6.79 

19.77 

12.10 

22.87 

4.46 

19.77 

22.81 

22.21 

5.66 

16.32 

16.32 

18.36 

19.77 

5.66 

21.04 

17.75 

DS 
Cover 

(ft) 

9.24 

4.50 

9.12 

8.50 

10.70 

4.60 

6.95 

6.40 

4.90 

6.50 

7.20 

4.70 

9.40 

5.80 

8.10 

5.50 

5.65 

4.50 

7.30 

5.70 

5.00 

6.50 

Number 
of 

Sectlons 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

1 

1 

1 

I 

1 

1 

1 

1 

I 

1 

1 

2 

2 

1 

1 

1 

1 

1 

US 
Ground 

Elev 
( ft 

1.649.30 

1,676.70 

1,663.70 

12.201.676.50 

1,665.40 

14.121,657.40 

7.631.657.88 

1,651.80 

1.692.00 

1,690.80 

5.701,684.60 

7.681,652.30 

1,650.60 

4.701,648.60 

3.901,642.90 

1,713.60 

1,714.50 

1,703.00 

1,721.90 

1,732.00 

1,740.70 

1,740.40 

1,731.70 

1,753.10 

1,746.50 

7.901,746.50 

1,755.70 

1,756.80 

4.001,754.50 

6.501,753.70 

5.701.752.50 

1,701.60 

1,699.00 

Velocity 
In 

(Ws) 

14.43 

19.83 

20.91 

14.68 

12.73 

5.1 1 

15.80 

3.96 

11.78 

18.92 

18.92 

15.94 

15.94 

12.70 

12.70 

20.55 

8.78 

6.79 

19.77 

12.20 

20 00 

6.22 

20.00 

20.00 

20.00 

6.50 

16.32 

16.32 

18.36 

19.77 

6.50 

18.22 

18.22 

Total 
Flow 
(cfs) 

404.00 

658 00 

694.00 

46.00 

40.00 

6.00 

698.00 

7.00 

37.00 

615.00 

615.00 

704.00 

704.00 

404.00 

404.00 

581.00 

26.00 

12.00 

559.00. 

38.00 

559.00 

14.00 

559.00 

559.00 

559.00 

10.00 

519.00 

519.00 

519.00 

559.00 

10.00 

589.00 

589.00 

Total 
System 

Flow 
(cfs) 

404.00 

658.00 

694.00 

46.00 

40.00 

6.00 

698.00 

7.00 

37.00 

615.00 

615.00 

704.00 

704.00 

404.00 

404.00 

581.00 

26.00 

12.00 

559.00 

38.00 

559.00 

14.00 

559.00 

559.00 

559.00 

10.00 

519.00 

519.00 

519.00 

559.00 

10.00 

589.00 

589.00 

OS 
Ground 

Elev 
( ft 

1,648.60 

1,663.70 

1,657.88 

1,676.70 

1.663.70 

1,657.88 

1,652.30 

1,652.30 

1,690.80 

1,684.60 

1,676.70 

1,650.60 

1,649.30 

1,642.90 

1,641.50 

1,701.60 

1,713.60 

1,701.60 

1,713.60 

1,731.70 

1,731.70 

1,740.70 

1,721.90 

1,746.50 

1,740.70 

1,746.50 

1,756.80 

1,754.50 

1,753.70 

1,753.10 

1,753.70 

1,699.00 

1,690.80 



Profile 
Scenario: Final Design 

Title: McDowell Road Basin and Storm Drain Design 
k:\ ... \stormcad\rncdowell-rdfinal-col O.stm 
02/06/07 07:07:35 AM O Bentley Systems, Inc. Haestad Methods Solution Center Watertown, CT 06795 USA +I-203-755-1666 

1.650 00 
Project Engineer: KHA User 

StormCAD v5.6 [05.06.012.00] 
Page 1 of 1 



Profile 
Scenario: Final Design 

Title: McDowell Road Basin and Storm Drain Design 
k:\ ... \stormcad\mcdowelI-rd-final-col O.stm 
02/06/07 07:07:35 AM O Bentley Systems, Inc. Haestad Methods Solution Center Watertown, CT 06795 USA +I-203-755-1666 

1.650 00 
Project Engineer: KHA User 

StormCAD v5.6 [05.06.012.00] 
Page 1 of 1 



, -- 
concrete 

364.00 " inch 
@, , 0,02~604~n 

Profile 
Scenario: Final Design 

McDowell Road Basin and Storm Drain Design 
~ \ . . ~ \ ~ t o r ~ ~ a ~ c d o w e l l - r d ~ f i n a 1 ~ ~ ~ 1 o . s t m  
02/06/07 07:07:35 AM 

@ Bentley Systems. Inc. 
Haestad Methods Sobtion Center Watertoan, CT 06795 USA + 1-203-755- 666 

P-36 
,I 00 R 54 inch Concrete 
gs=00i1475WR 1874000 

Project Engineer: KHA User 
SfOrmCAD v5.6 [05.06.012.00~ 

1.645 00 Page 1 of 1 



Final Storm CAD Analysis 
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Basin Culvert 



Scenario: Base 

Structure No. 15 Basin Culvert Splitter Structure 
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Scenario: Base 

Combined Pipe\Node Report 

Title: McDowelll Road Basin Culvert 
kr\ ... \cd-final\stormcad\basin culvert.stm 
02/06/07 06:48:37 AM 

Label 
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US 
Node 

Splrtter S t r ~  

DS 
Node 

Structure h 

Length 
(ft) 

Section 
Size 

185.00 142 inch, 

Average 
Velocity 

(ft/s) 

10.46 

DS 
Invert 
Elev 
( ft ) 

7,630.50 

DS 
Crown 
Elev 
( ft ) 

1,634.00 

Constructed 
Slope 
(ft/ft) 

US 
Invert 
Elev 
(ft) 

0.026486 

US 
Crown 
EIev 
(ft) 

1,635.40 

HGL 
Out 
(fi) 

1,638.90 1,639.70 11,641 -85 

HGL 
In 
( ft ) 

10.46 

Velocity 
Out 
(ft/s) 

10.46 302.00 1 302.00 

Total 
System 

Flow 
(cfs) 

1.637.00 

Velocity 
In 

(ft/s) 

1.649.30 3.00 

DS 
Ground 

Elev 
(ft) 

Total 
Flow 
(cfs) 

US 
Ground 

Elev 
(8) 

DS 
Cover 

(ft) 

10.40 3 

US 
Cover 

(ft) 

Number 
of 

Sections 
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Basin Outlet Pipe 
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CURREWI DATE: 04-12-2006 
CURRENT TIME: 1 3  : 0 8 : 2 8  

FILE DATE: 0 4 - 1 2 - 2 0 0 6  
FILE NAME: MCDORI 

SITE DATA 

INLET OUTLET CULVERT 
ELEV. ELEV. LENGTH 
(ft) (ft) (ft) 

1 6 3 0 . 0 0  1 6 2 6 . 0 0  1 0 . 7 7  

FHWA CULVERT ANALYSIS 
HY-8, VERSION 6 . 1  

CULVERT SHAPE, MATERIAL, INLET 1 

BARRELS 
1 

SHAPE SPAN RISE MANNING INLET 1 
MATERIAL (ft) (ft) n TYPE 
1 RCP 3 . 4 2  3 . 4 2  . 0 1 2  CoNvENTIoNALI 

SUMMARY OF CULVERT FLOWS (cfs) FILE: MCDORI DATE: 0 4 - 1 2 - 2 0 0 6  

ELEV (ft) 
1 6 3 0 . 0 0  
1 6 3 0 . 7 3  
1 6 3 1 . 5 1  
1 6 3 2 . 1 3  
1 6 3 2 . 7 0  
1 6 3 3 . 3 3  
1 6 3 4 . 0 5  
1 6 3 4 . 9 2  
1 6 3 5 . 9 3  
1 6 3 7 . 0 9  
1 6 3 8 . 4 0  
1 8 0 0 . 0 0  

TOTAL 
0 . 0  

1 2 . 0  
2 4 . 0  
3 6 . 0  
4 8 . 0  
6 0 . 0  
7 2 . 0  
8 4 . 0  
9 6 . 0  

1 0 8 . 0  
1 2 0 . 0  
3 4 6 . 5  

4  5  6  ROADWAY ITR 
0.0  0 . 0  0 . 0  0 . 0 0  1 
0 . 0  0 . 0  0 . 0  0 . 0 0  1 
0 . 0  0 .0  0 . 0  0 . 0 0  1 
0 . 0  0 . 0  0 . 0  0 . 0 0  1 
0 . 0  0 . 0  0 . 0  0 . 0 0  1 
0 . 0  0 .0  0 . 0  0 . 0 0  1 
0 . 0  0 . 0  0 . 0  0 . 0 0  1 
0 . 0  0 . 0  0 . 0  0 . 0 0  1 
0 . 0  0 . 0  0 . 0  0 . 0 0  1 
0 . 0  0 .0  0 . 0  0 . 0 0  1 
0 . 0  0 . 0  0 . 0  0 . 0 0  1 
0 . 0  0 . 0  0 . 0  OVERTOPPING 

SUMMARY OF ITERATIVE SOLUTION ERRORS FILE: MCDORI DATE: 0 4 - 1 2 - 2 0 0 6  

HEAD 
ELEV (ft) 

< I >  TOLERANCE (ft) 

HEAD 
ERROR (ft) 

0  . o o o  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  

= 0 . 0 1 0  

TOTAL 
FLOW (cfs) 

0 . 0 0  
1 2 . 0 0  
24 .00  
3 6 . 0 0  
4 8 . 0 0  
6 0 . 0 0  
7 2 . 0 0  
8 4 . 0 0  
9 6 . 0 0  

1 0 8 . 0 0  
1 2 0 . 0 0  

c 2  

FLOW 
ERROR (c f s )  

0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0  . o o  
0 . 0 0  

> TOLERANCE ( 9 6 )  

'a FLOW 
ERROR 

0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0  .oo 

= 1.000 



CURRENT DATE: 04-12-2006 
CURRENT TIME: 13:08:28 

FILE DATE: 04-12-2006 
FILE NAME: MCDORI 

PERFORMANCE CURVE FOR CULVERT 1 - 1( 3.42 ( f t )  BY 3.42 ( f t ) )  RCP 

DIS- HEAD- INLET OUTLET 
CHARGE WATER CONTROL CONTROL FLOW NORMAL CRIT. OUTLET TW OUTLET TW 
FLOW E L N .  DEPTH DEPTH TYPE DEPTH DEPTH DEPTH DEPTH VEL. VEL. 

( c f s )  ( f t )  ( f t )  ift) cF4> ( f t )  ( f t )  ( f t )  ( f t )  ( f p s l  ( f p s )  

0 . 0 0  1630.00 0.00 0.00 O-NF 
12 .00  1630.73 0 . 7 3  0 .73  1-S2n 
24.00 1 6 3 1 . 5 1  1 . 5 1  1 . 5 1  1-S2n 
36.00 1632.13 2 .13  2.13 1-S2n 
48.00 1632 .70  2.70 2.70 1-S2n 
60.00 1633 .33  3 .33  3 . 3 3  1-S2n 
72 .00  1634 .05  4 .05  4 . 0 5  5-S2n 
84.00 1634.92 4.92 4.92 5-S2n 
96.00 1635.93 5 .93  5 .93  5-S2n 

108.00 1637.10 7.10 7.10 5-S2n 
120.00 1638.40 8 . 4 0  8 . 4 0  5-S2n 

El. i n l e t  f a c e  i n v e r t  1630.00 f t  El. o u t l e t  i n v e r t  1626.00 f t  
El. i n l e t  t h r o a t  i n v e r t  0 . 0 0  f t  El. i n l e t  c r e s t  0.00 f t  

***** SITE DATA * * * * *  CULVERT INVERT A * * * * * * * * * * * * *  

INLET STATION 0.00 f t  
INLET ELEVATION 1630.00 f t  
OUTLET STATION 10.00 f t  
OUTLET ELEVATION 1626.00 f t  
NLTMBER OF BARRELS 1 
SLOPE (V/H) 0.4000 
CULVERT LENGTH ALONG SLOPE 10 .77  f t  

* * * * *  CULVERT DATA SUMMARY . . . . . . . . . . . . . . . . . . . . . . . .  
BARREL SHAPE CIRCULAR 
BARREL DIAMETER 3.42 i t  
BARREL MATERIAL CONCRETE 
BARREL MANNING'S n  0.012 
INLET TYPE CONVENTIONAL 
INLET EDGE AND WALL SQUARE EDGE WITH HEADWALL 
INLET DEPRESSION NONE 



CURRENT DATE: 04-12-2006 

TAILWATER 

FILE DATE: 04 -12 -2006  
FILE NAME: MCDORI 

*******  REGULAR CHANNEL CROSS SECTION * * * * * * * * * * * * * * * *  
BOTTOM WIDTH 3 0 . 0 0  f t  
SIDE SLOPE H/V ( X : l )  4 . 0  
CHANNEL SLOPE V/H ( f t / f t )  0 . 0 3 8  
MANNING'S n ( . 0 1 - 0 . 1 )  0 . 030  
CHANNEL INVERT ELEVATION 1627.10 f t  
CULVERT N O . l  OUTLET INVERT ELEVATION 1 6 2 6 . 0 0  f t  

* * * * * * *  UNIFORM FLOW RATING CURVE FOR DOWNSTREAM CHANNEL 

FLOW W.S.E. 
(cfs) ( f t )  
0 . 0 0  1627 .10  

1 2  . O O  1627 .25  
2 4 . 0 0  1627.32 
3 6  . O O  1627 .38  
4 8 . 0 0  1627 .44  
60 . O O  1627.48 
7 2  . O O  1627 .53  
8 4 . 0 0  1627 .57  
96 .00  1627 .61  

1 0 8  . O O  1627 .65  
1 2 0 . 0 0  1627 .68  

FROUDE DEPTH VEL. SHEAR 
NUMBER (ft) ( f / s )  ( p s f )  

0 . 0 0 0  0 . 0 0  0 . 0 0  0 . 0 0  
1 . 2 2 0  0 . 1 5  2 . 6 6  0 . 3 5  
1 . 2 9 8  0 .22  3 . 4 8  0 . 5 3  
1 . 3 4 5  0 . 2 8  4 . 0 7  0 . 6 7  
1 . 3 7 7  0 . 3 4  4 . 5 4  0 . 8 0  
1 . 4 0 3  0 . 3 9  4 . 9 4  0 . 9 1  
1 . 4 2 3  0 . 4 3  5 . 2 9  1 . 0 2  
1 , 4 4 0  0 . 4 7  5 . 6 0  1 . 1 2  
1 . 4 5 5  0 . 5 1  5 . 8 9  1 . 2 1  
1 . 4 6 8  0 . 5 5  6 . 1 5  1 . 2 9  
1 . 4 7 9  0 . 5 8  6 . 4 0  1 . 3 8  

ROADWAY OVERTOPPING DATA 

ROADWAY SURFACE 
EMBANKMENT TOP WIDTH 
CREST LENGTH 
OVERTOPPING CREST ELEVATION 

PAVED 
3 0 . 0 0  f t  

150 .00  f t  
1800 .00  f t  



CURRENT DATE: 0 4 - 0 6 - 2 0 0 6  
CURRENT TIME: 1 2 : 3 3 : 0 8  

F I L E  DATE: 04-06-2006 
F I L E  NAME: MCDOUT 

S I T E  DATA 
---.------------..-------- 

INLET OUTLET CULVERT 
ELEV. ELEV. LENGTH 
( f t )  ( f t )  ( f t )  

1 6 3 0 . 0 0  1 6 2 6 . 0 0  7 9 2 . 0 1  

FHWA CULVERT ANALYSIS 
H Y - 8 ,  VERSION 6 . 1  

CULVERT SHAPE, MATERIAL, INLET 
---..-----------------.-.-.---.----.----------- 

BARRELS 
SHAPE SPAN R I S E  MANNING INLET 
MATERIAL ( f t )  ( f t )  n TYPE 
1 RCP 4 . 0 0  4 . 0 0  .012  CONVENTIONAL 

SUMMARY OF CULVERT FLOWS ( c f s )  F I L E :  MCDOUT DATE: 0 4 - 0 6 - 2 0 0 6  

ELEV ( f t )  
1 6 3 0 . 0 0  
1 6 3 1 . 4 0  
1 6 3 2 . 1 9  
1 6 3 2 . 8 2  
1 6 3 3 . 3 7  
1 6 3 3  - 8 9  
1 6 3 4 . 4 5  
1 6 3 5 . 0 6  
1 6 3 5 . 7 7  
1 6 3 6 . 5 8  
1 6 3 8 . 5 6  
1 8 0 0 . 0 0  

TOTAL 
0 . 0  

1 3 . 9  
2 7 . 8  
4 1 . 7  
5 5 . 6  
6 9 . 5  
8 3 . 4  
9 7 . 3  

1 1 1 . 2  
1 2 5 . 1  
1 3 9 . 0  
4 9 9 . 5  

ROADWAY I T R  
0.00 1 
0 . 0 0  1 
0 . 0 0  1 
0 . 0 0  1 
0 . 0 0  1 
0 . 0 0  1 
0 . 0 0  1 
0 . 0 0  1 
0 . 0 0  1 
0 . 0 0  1 
0 . 0 0  1 

OVERTOPPING 

SUMMARY O F  ITERATIVE SOLUTION ERRORS F I L E :  MCDOUT DATE: 0 4 - 0 6 - 2 0 0 6  

HEAD 
ELEV ( f t l  I 

1 6 3 0 . 0 0  
1 6 3 1 . 4 0  
1 6 3 2 . 1 9  
1 6 3 2 . 8 2  

HEAD 
2RROR ( f t )  

0  .ooo  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0  . o o o  
0 . 0 0 0  

TOTAL 
FLOW ( c f s )  

0 . 0 0  
1 3 . 9 0  
2 7 . 8 0  
4 1 . 7 0  
5 5 . 6 0  
6 9 . 5 0  
8 3 . 4 0  
9 7 . 3 0  

1 1 1 . 2 0  
1 2 5 . 1 0  
1 3 9 . 0 0  

FLOW 
ERROR ( c f s )  

0 .00  
0 . 0 0  
0  .oo 
0 . 0 0  
0 . 0 0  
0 . 0 0  
0  .oo 
0 . 0 0  
0 . 0 0  
0 . 0 0  
0  .oo  

% FLOW 
ERROR 

0 . 0 0  
0 . 0 0  
0 .00  
0 .00  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 .00  
0 . 0 0  

< I >  TOLERANCE ( f t )  = 0 . 0 1 0  < 2 2  TOLERANCE ( % )  = 1 . 0 0 0  



CURRENT DATE: 0 4 - 0 6 - 2 0 0 6  
CURRENT TIME: 1 2 : 3 3 : 0 0  

F I L E  DATE: 0 4 - 0 6 - 2 0 0 6  
F I L E  NAME: MCDOUT 

PERFORMANCE CURVE FOR CULVERT 1 - 1 (  4 . 0 0  ( f t )  BY 4 . 0 0  ( f t ) )  RCP 

D I S -  HEAD- INLET OUTLET 
CHRRGE WATER CONTROL CONTROL FLOW NORMAL CRIT. OUTLET TW OUTLET TW 

FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH DEPTH DEPTH VEL. VEL. 
( c f s )  ( f t )  ( f t )  ( f t )  < F 4 >  ( f t l  ( f t )  ( f t )  ( i t )  (fpsf ( fps )  

El. i n l e t  f a c e i n v e r t  1 6 3 0 . 0 0 f t  E l . o u t l e t i n v e r t  1 6 2 6 . 0 0  it 
E l .  i n l e t  throat  inver t  0 . 0 0  i t  E l .  i n l e t  c r e s t  0 . 0 0  f t  

*****  S I T E  DATA * * * * *  CULVERT INVERT **************  
INLET STATION 0 . 0 0  f t  
INLET ELEVATION 1 6 3 0 . 0 0  i t  
OUTLET STATION 7 9 2 . 0 0  i t  
OUTLET ELEVATION 1 6 2 6 . 0 0  i t  
NUMBER OF BARRELS 1 
SLOPE (V/H) 0 . 0 0 5 1  
CULVERT LENGTH ALONG SLOPE 7 9 2 . 0 1  i t  

* * * * *  CULVERT DATA SUMMARY . . . . . . . . . . . . . . . . . . . . . . . .  
BARREL SKAPE CIRCULAR 
BARREL DIAMETER 4 . 0 0  i t  
BARREL MATERIAL CONCRETE 
BARREL MANNING'S n  0 . 0 1 2  
INLET TYPE CONVENTIONAL 
INLET EDGE AND WALL SQUARE EDGE WITH HEADWALL 
INLET DEPRESSION NONE 



. < . % 
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vrinted at 13:16 bri 12 ~~r 2006 ' , ' '9 , : i v  . , , , , Page 3 of 3 

CURRENT DATE: 04-06-2006 
CURRENT TIME: 12:33:08 

TAILWATER 

FILE DATE: 04-06-2006 
FILE NAME: MCDOUT 

******* REGULAR CHANNEL CROSS SECTION * * * * * * * * * * * * * * * *  
BOTTOM WIDTH 30.00 ft 
SIDE SLOPE H/V (X: 1) 4.0 
CHANNEL SLOPE V/H (ft/ft) 0.038 
MANNING'S n (.01-0.1) 0.030 
CHANNEL INVERT ELEVATION 1627.10 ft 
CULVERT NO.l OUTLET INVERT ELEVATION 1626.00 ft 

*******  UNIFORM FLOW RATING CURVE FOR DOWNSTREAM CHANNEL 

FLOW 
(cfs) 
0.00 
13.90 
27.80 
41.70 
55.60 
69.50 
83.40 
97.30 
111.20 
125.10 
139.00 

W.S.E. 
(ft) 

1627.10 
1627.26 
1627.34 
1627.41 
1627.47 
1627.52 
1627.57 
1627 .61 
1627 .66 
1627.69 
1627.73 

FROUDE 
NUMBER 
0.000 
1.236 
1.315 
1.361 
1.394 
1.419 
1.440 
1.457 
1.471 
1.484 
1.495 

DEPTH 
(Et) 
0.00 
0.16 
0.24 
0.31 
0.37 
0.42 
0.47 
0.51 
0.56 
0.59 
0.63 

VEL . 
(f/s) 
0.00 
2.82 
3.68 
4.30 
4.80 
5.22 
5.59 
5.92 
6.22 
6.49 
6.75 

SHEAR 
(psf) 
0.00 
0.38 
0.58 
0.74 
0.87 
1-00 
1.11 
1.22 
1.32 
1.41 
1.50 

ROADWAY OVERTOPPING DATA 

ROADWAY SURFACE 
EMBANKMENT TOP WIDTH 
CREST LENGTH 
OVERTOPPING CREST ELEVATION 

PAVED 
30.00 ft 
150.00 Et 
1800.00 ft 



C:lhy8\MCDOUT.LST 
Phinted at 12:36 on 06 Apr 2006 . -  

t Page I of 3 

CURRENT DATE: 04-06-2006 
CURRENT TIME: 12:33:08 

FILE DATE: 04-06-2006 
FILE NAME: MCDOUT 

C 
u 
L 
v 
NO. 
1 
2 
3 
4 
5 
6 

FHWA CULVERT ANALYSIS 
HY-8, VERSION 6.1 

SITE DATA I CULVERT SHAPE, MATERIAL, INLET 
-....--.-.-.----.-----..-. . .~~~~..~~-----------------------------------~- 

INLET OUTLET CULVERT I BARRELS 
ELEV. ELEV. LENGTH SHAPE SPAN RISE MANNING INLET 
(ft) (it) (it) I MATERIAL (it) (ft) n TYPE 

1630.00 1626.00 792.01 1 1 RCP 4.00 4.00 .012 CONVENTIONAL 

I 

SUMMARY OF CULVERT FLOWS (cfs) FILE: MCDOUT DATE: 04-06-2006 

ELEV (ft) 
1630 .OO 
1631.40 
1632.19 
1632.82 
1633.37 
1633.89 
1634.45 
1635.06 
1635.77 
1636.58 
1638.56 
1800.00 

TOTAL 
0.0 
13.9 
27.8 
41.7 
55.6 
69.5 
83.4 
97.3 
111.2 
125.1 
139.0 
499.5 

ROADWAY ITR 
0.00 1 
0.00 1 
0.00 1 
0.00 1 
0.00 1 
0.00 1 
0.00 1 
0.00 1 
0.00 1 
0.00 1 
0.00 1 

OVERTOPPING 

SUMMARY OF ITERATIVE SOLUTION ERRORS FILE: MCDOUT DATE: 04-06-2006 

HEAD 
ELEV (it) 
1630 .OO 
1631.40 
1632.19 
1632.82 

HEAD 
ERROR (ft) 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0 .ooo 
0.000 
0.000 
0.000 

TOTAL 
FLOW (cfs) 

0.00 
13.90 
27.80 
41.70 
55.60 
69.50 
83.40 
97.30 
111.20 
125.10 
139.00 

FLOW 
ERROR (cfs) 
0.00 
0.00 
0 .oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

% FLOW 
ERROR 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

<I2 TOLERANCE (ft) = 0.010 <2> TOLERANCE ( % )  = 1.000 



Cj$hy8\MCDOUT.LST ' t  I I ,, / I i r i *  

Ptintea at 1236 on 06 Apr 2006 , ;(, , . I Page 2 of 3 

CURRENT DATE: 0 4 - 0 6 - 2 0 0 6  
CLRRENT TIME: 1 2 : 3 3 : 0 8  

F I L E  DATE: 0 4 - 0 6 - 2 0 0 6  
F I L E  NAME: MCDOUT 

PERFORMANCE CURVE FOR CULVERT 1 - 1( 4 . 0 0  (ft) BY 4 . 0 0  (ft)) RCP 

D I S -  HEAL- INLET OUTLET 
CHARGE WATER CONTROL CONTROL FLOW NORMAL CRIT .  OUTLET TW OUTLET TW 

FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH DEPTH DEPTH VEL. VEL. 
(cfs) (ft) (ft) (ft) cF4, (ft) (ft) (ft) (ft) (fps) (fps) 

E l .  inlet face invert 1 6 3 0 . 0 0  ft E l .  outlet invert 1 6 2 6 . 0 0  ft 
E l .  inlet throat invert 0 . 0 0  ft E l .  inlet crest 0 . 0 0  ft 

*****  S I T E  DATA *****  CULVERT INVERT 
INLET STATION 
INLET ELEVATION 
OUTLET STATION 
OUTLET ELEVATION 
NUMBER OF BARRELS 
SLOPE (V/H) 
CULVERT LENGTH ALONG SLOPE 

* * * * *  CULVERT DATA SUMMARY * * * * * * * * * * * * * * A * * * * * * * * *  

BARREL SHAPE C I R C U R  
BARREL DIAMETER 4 . 0 0  ft 
BARREL MATERIAL CONCRETE 
BARREL MANNING'S n 0 . 0 1 2  
INLET TYPE CONVENTIONAL 
INLET EDGE AND WALL SQUARE EDGE WITH HEALWALL 
INLET DEPRESSION NONE 



C;\hy8\MCDOUT.LST . , - % 

f 
Pcinted at 1236 on 06 Apr 2006 . i - . ' I  . -. I \  Page 3 of 3 - .  

CTjTiRENT DATE: 0 4 - 0 6 - 2 0 0 6  

TAILWATER 

FILE DATE: 04-06-2006 
FILE NAME: MCDOUT 

* * * * * * *  R E G U M  CHANNEL CROSS SECTION * * * * * * * * * * * * * * * *  
BOTTOM WIDTH 30.00  f t  
SIDE SLOPE H/V (X: 1 )  4 .0  
CHANNEL SLOPE V/H ( f t / f t )  0 . 0 3 8  
W I N G ' S  n ( . 0 1 - 0 . 1 )  0 .030 
CHANNEL INVERT ELEVATION 1627.10  f t  
CULVERT NO.l OUTLET INVERT ELEVATION 1 6 2 6 . 0 0  f t  

* * * * * * *  UNIFORM FLOW RATING CURVE FOR DOWNSTREAM CHANNEL 

FLOW W .S .E. FROUDE DEPTH VEL. SHEAR 
t c f s )  ( f t )  NUMBER ( f t )  (f/s) ( p s f )  
0 . 0 0  1 6 2 7 . 1 0  0 .000 0.00 0.00 0 . 0 0  

1 3 . 9 0  1 6 2 7 . 2 6  1 . 2 3 6  0 .16  2 . 8 2  0 . 3 8  
2 7 . 8 0  1 6 2 7 . 3 4  1 . 3 1 5  0 .24  3 . 6 8  0 . 5 8  
4 1 . 7 0  1 6 2 7 . 4 1  1 . 3 6 1  0 . 3 1  4.30 0 . 7 4  
5 5 . 6 0  1 6 2 7 . 4 7  1.394 0 .37  4.80 0 . 8 7  
69 .50  1 6 2 7 . 5 2  1 .419 0 .42  5 .22  1 . 0 0  
83 .40  1 6 2 7 . 5 7  1 . 4 4 0  0 .47  5.59 1.11 
97.30 1 6 2 7 . 6 1  1 . 4 5 7  0 . 5 1  5 .92  1 . 2 2  

1 1 1 . 2 0  1627.66  1 . 4 7 1  0 .56  6.22 1 . 3 2  
1 2 5 . 1 0  1627.69  1 . 4 8 4  0 . 5 9  6 . 4 9  1 . 4 1  
1 3 9 . 0 0  1627.73  1 . 4 9 5  0 . 6 3  6.75 1 . 5 0  

ROADWAY OVERTOPPING DATA 

ROADWAY SURFACE 
EMBANKMENT TOP WIDTII 
CREST LENGTH 
OVERTOPPING CREST ELEVATION 

PAVED 
3 0 . 0 0  ft 

1 5 0 . 0 0  f t  
1 8 0 0 . 0 0  ft 



Y 

Inlet 

Storm Drain lnlets 



McDowell Road Basin and Storm Brain Design bow Flow By-Pass at McDowell Road 

"Note: 
Type A: Qffsite flows enter catch basin only 
Type 5: Offsite flows enter cross culvert and catch basin 

K:\VVaterResources\91131012\Drainage\Hydraulics\Spreadsheets\JTB Inlet worksheet.xls 



***Encountered Impenetrable Concrete Slurry in trench over Sewer Line - Measururement Shown is to bottom of concrete slurry in trench. 

TESTHOLE SUMMARY REPORT 

Date: 4/7/2006 
AMERICAN WATER SERVICES UI, Inc. PROJECT NAME: McDowell Rd. Basin & Storm Drain Design 

2527 South 16th Avenue PROJECT NUMBER: 2004C052 
Phoenix, Arizona 85007 CONTRACT NUMBER: 

(602) 254-7344 AWS JOB # N33-3053-06 
Prepared by: ART RADA 

UTILITY LOCATION REQUESTS 1 
Data in Feet 

TH# 

1 
2 
3 
4 
5 

6*** 

7 
8*** 

9 
10 (Elec.Trace) 
1 1 (Elec.Trace) 
12 (Elec-Trace) 

13 
14 (Elec-Trace) 

SSMH NIO INTERSECTION 
SSMH AT INTERSECTION 
SSMH S/O INTERSECTION 
SSMH E/O tNTERSECTlON 

Depth of 
Bottom 

Street 

McDowell Rd. 
McDowell Rd. 
McDowell Rd. 
McDowell Rd. 
McDowell Rd. 
McDowell Rd. 

Date 
Northing/ 
Station 
(actual) 

897332.61 
89731 0.81 
897309.28 
897334.03 
897275.05 
897210.1 3 

ACTUAL FIELD RECORDS 

Ground 
Elevation 

TOP 
Elevation 

03/24/06 
03/24/06 
03/24/06 
03/24/06 
03/24/06 
03/24/06 
03/24/06 
03/24/06 
03/24/06 
03/24/06 
03/24/06 
03/24/06 
03/24/06 
03/24/06 
03/24/06 
03/24/06 
03/24/06 

Eastingl 
Offset -Lt/+Rt 

(actual) 
7751 83.31 
7751 92.26 
7751 94.26 
7751 83.42 
775540.78 
776081.51 

1630.30 
1628.31 
1629.25 
4630.1 5 
1637.27 
1647.97 
1641 -20 
1648.76 
1671.30 

N/A 
N/A 
N/A 

1633.80 
1634.06 
1634.04 
1633.78 
1641.00 
1648.35 
1649.39 
1649.1 7 
1674.69 
1677.26 
1684.48 
1688.1 3 
1691.96 
1696.80 
1649.44 
1648.90 
1643.84 

McDowell Rd. 
McDowell Rd. 
McDowell Rd. 
McDowell Rd. 
McDowell Rd. 
McDowell Rd. 
McDowell Rd. 
McDowell Rd. 
NtcDoweIl bd. 
McDowell Rd. 
McDowell Rd. 
McDowell Rd. 

Anticipated 
Utility 
CATV 

1-1 6" WATER 
1-4" GAS 1 

ELECTRIC 1, 
2" GAS 1 

SEWER ( 
776081.55 
7761 05.56 
777616.52 
777673.1 9 
778034.92 
778360.22 
778392.74 
77871 6.92 
776082.49 
776082.56 
776078.49 
776533.13 

Bottom 
Elevation 

' 897250.35 
897231.86 
897227.03 
897206.79 
897204.1 7 
897202.21 
897287.95 
897202.43 
897314.84 
897232.18 
896919.65 
897230.25 

SEWER 
SEWER 
4" GAS 

ELECTRONIC TRACING 
ELECTRON lC TRACING 
ELECTRONIC TRACING 

8" WATER 
ELECTRON lC TRACING 

SANITARY SEWER INVERT 
SANITARY SEWER INVERT 1 
SANITARY SEWER INVERT 1 
SANITARY SEWER INVERT I 

1641.74 

1642.1 5 

03/24/06 1 1656.44 1 N/A 1 1646.55 

Material Type 
Outside Diameter 

Depth of 
Cover 

3- 4"PVC ELECTRIC 
1 - 16" METALLIC WATER 

I -4"PEGAS 
2 - 2" PE FIO CATV CONDUIT 

1 - 2  112" PE GAS 
36" CONCISLURRY FILLED TRENCH 

12" PVC SEWER LINE 
36" CONCISLURRY FILLED TRENCH 

1 - 4 112" PE GAS 
ELEC-TRACING OF ELECTRIC LINE 

9.89 INVERT MEASUREMENT 

1687.36 
N/A 
NIA 
NIA 
NIA 

NIA 

1641.19 
1640.36 
1634.60 

8.25 
8.54 
9.24 

3.50 1 
5.75 
4.80 
3.62 
3.73 
0.39 
8.20 
0.41 
3.38 
NIA 

1 - 10" AC WATER 
ELEC.TRACING OF ELECTRIC LINE 

SSMH INVERT MEASUREMENT 
INVERT MEASUREMENT 
INVERT MEASUREMENT 

6.61 

7.02 

4.60 
N/A 
N/A 
NIA 
NIA 

ELEC.TRACING OF ELECTRIC LINE 
ELEC-TRACING OF ELECTRIC LINE 

N/A 
N/A 



Sewer 



Water 



Flood Co cb, District 
of Maricopa County 

a-n KimleyHom 
I and Amdates, Inc. 

I I I Pipe Size I 1 RelocationlSl I Refer to 1 
Conflict 1 Station I (inches) 

Basin Outlet (42-inch) 

36+22 

36+53 
49+63 
62+18 

62+47 
62+81 

Material 

DIP 

DIP 
DIP 

ACP 
ACP 

Main Line 

62+85 
62+86 
62+96 

Waterline Relocation.xls 
KWA Project No. 091 131012 
411 112006 

8 

8 
8 
8 

8 
8 

construction 

upport 

under 

under 
under 
support 
under 
support 

2+00 

5+57 
9+00 
16+63 
22+98 
23+15 

8 
8 
20 

1 63+10 1 12 
Basin Culvert (3-8x3) 

FCD 2004C052 
PCN 420.02.31 

16 

16 
16 
2 
8 
12 

ACP 
ACP 
ACP 

ACP 
ACP 

Bold = As-Builts used for 

ACP 

ACP 
ACP 
ACP 
ACP 

1 1+65 
Connectors 

12+00 
14+47 
20+00 
45+31 

MAG Spec 

370 

370 
370 

None 
370 

None 

DIP 

DIP 

16 

8 
8 
8 
8 

under 

support 
support 
under 

under 
under 

under 
under 

under 
under 
under 
under 

SP's 

Yes 

Yes 
Yes 
No 
No 
No 

under 
under 
under 

370 

None 
None 
370 

370 
370 

370 
370 

370 
370 
370 
370 

Comment 

Sheet SD14 

Under 54-inch diameter pipes 

Cover of only 3'. Stub just inside ROW 

Pothole not found? COM 1982 calls this 

370 
370 
370 

Referenced Plan 

COM 2004, 

COM 2004, 
COM 2004, 

COM 1982 
COM 1982 

No 

No 
No 
No 

No 
No 

No 
No 

No 
No 
No 
No 

No 
No 
Yes 

8" 
COM 1980 and COM 1982 calls this 8- 
inch, so no reference to SC 

Stub at McDowell 

No Conflict. RCBC goes over 

COM 1982 

COM 1980, COM 1982 Ref A16987 
COM 1980, COM 1982 Ref A5446 
COM 1982 
COM 1982, COM 1998, Anderson 
Nelson 1985, COM 2004 
COM 1981, COM 1998 

Pothole not found? 

1998 

COM 2004, 

COM 1982 
COM 1982 
COM 1982 
COM 1982 

COM 1998, Anderson Nelson 1985 

COM 1998 
Anderson Nelson 1985, COM 



~ I o o d  co h i s t r i c t  
of Maricopa County 

Kimley.Wom 
and A s s d t ~ ,  Inc. 

Extents of Waterline Joint Restraint 
I I I I I I I I 

Additional Note: 
Mechanical restraining systems shall be installed per City of Mesa Engineering and Design Standards 

Storm Drain 
Conflict Station 

1 +08 
5+58 
9+80 
62+91 

< 

Waterline Relocation.xls 
Restraining Length 
KHA Project No. 091 131012 

FCD 2004C052 
PCN 420.02.31 

Waterline Size 
(inches) 

16 
16 
16 
20 

Down Bend 
Restraining Length 
(ft) 

43 
43 
43 
52 

Up Bend 
Restraining Length 
(ft) 

24 
24 
24 
28 

Horizontal 
Restraining Length 
Below Trench (ft) 

10 
21 
13 
18 

90 degree horizontal 
bend Restraining 
Length (ft) 

0 
0 
57 
68 

Total Restraining 
Length (ft) 

93 
1 04 
153 
186 



E N G I N E E R I N G  8 D E S I G N  S T A N D A R D S  P U B L I C  U T I L I T I E S  - W A T E R  

Restrained Joints: Restrained joints are required at all bends, elbows, tees, 
crosses, dead ends, stubs, curb stops, h e  hydrants, taps, valve locations on large 
diameter water mains, etc where water flow changes direction or is stopped. 

Acceptable restrained joint systems include the following 

Thrust blocking per M.A.G. Standard Detail 380 for water mains that are six 
inches (6") through sixteen inches (16") in diameter. 

Ductile Iron Pipe (D.I.P.) joint restraint shall comply with M.A.G. Standard 
Detail 303. 

Restraining joints with tie rods per M.A.G. Standard Detail 302. 

Retainer glands of the 'Tvlegalug" Series 1100 or approved equal are 
acceptable. Retainer glands utilizing setscrews are not acceptable. 

Mechanical restraining systems such as Pacific States lock mechanical joint, 
Clow Super-lock joint, US Pipe TR-mex Gripper ring, American Lock-ring 
restraining joint, Griffin snap-lock restraining joint or other approved equals as 
determined by the City Engineer. 

Flanged type restraining for above ground piping or piping within a vault 

Continuously welded joints with variable pipe cylinder thickness for Concrete 
Cylinder Pipe water mains. 

Note, When the water main is sixteen inches (16'3 or larger, the engineer shall provide 
on the plans the appropriate restmining details in accordance with M.A.G. Standard 
Detail 302-2. 

Trench Backfill & Pavement Replacement: The engineer, architect 
or designer shall specify that the contractor is responsible for backfilling and replacing 
pavement in all street excavations per the City of Mesa Standard Detail M-19.4 and the 
Policy Statement for Street Trench Backfihg and Pavement Replacement, revised July 
1, 1989. Copies of the policy statement are available online from the Engineering 
Division web pages a t  http:/lwww.ciqofmesa.o 
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RESTRAINED LENGTHS, LR, FOR DUCTILE IRON PlPE 
NOMINAL 

PIPE 
SlZE 

INCHES 
4 
6 
8 
10 
12 
14 
16 
18 
20 
24 

RESTRAINED LENGTHS, LR, FOR DUCTILE IRON PlPE WITH POLYETHYLENE WRAP 
NOMINAL 

PIPE 
SlZE 

INCHES 
4 
6 
8 
10 
12 
14 
16 
18 
20 
24 

HORIZONTAL BENDS 

go. 
18 
25. 
3 2 
38 
45 
5 1 
5 7 
62 
6 8 
79 

HORIZONTAL BENDS 

NOTES: 
1 ALL JOINTS WITHIN THE SPECIFIED LENGTH LR MUST BE RESTRAINED. 

ALL LENGTHS ARE GIVEN IN FEET. 

2. THE MAXIMUM TEST PRESSURE SHALL NOT EXCEED 200 PSI 

3 THE MINIMUM DEPTH OF BURY SHALL BE 3' TO TOP OF PIPE. 

4 RESTRAINED LENGTHS MAY BE REDUCED WHEN SUPPORTED BY  ENGINEERING CALCULATIONS. 

TEES 

go. 
26 
36 
47 
56 
65 
7 4 
8 2 
9 0 
9 8 
113 

DETAIL NO 

303-2 

45' 
7 
10 
13 
16 
19 
21 
2 4 
26 

( 2 p ~  
3 3 

LRN=O' 
30 
43 
56 
6 8 
80 
91 

103 
113 
125 
145 

TEES 

ENDS 

31 
44 
58 
6 9 
81 
92 
104 
11 5 
126 
147 

VERTICAL OFFSETS 

22-1/2' 
4 
5 
6 
8 
9 
10 
11 
12 
14 
16 

LRN=lO1 
8 

20 
34 
45 
57 
68 
79 
9 0 
100 ------- 
121 

45' 
11 
15 
19 
2 3 
2 7 
3 1 
3 4 
3 7 
41 
47 

LRN=O' 
69 
9 9 
130 
157 
185 
21 1 
238 
263 
289 
337 

DEAD 
ENDS 

72 
102 
133 
159 
187 
21 4 
241 
266 
292 
340 

VERTICAL OFFSETS 

22-1/2' 
5 
7 
9 
11 
13 
15 
16 
18 
2 0 
22 

LRN=10' 
18 
47 
78 
103 
131 
156 
183 
207 
233 
280 

DETAIL NO 

303-2 
STANDARD DETAIL ARICOPA 

SSOCIATION of 
GOVERNMENTs EbJGUSH 

. 90' BEND FITTINGS 

DOWN 
BEND 

31 
44 
58 
6 9 
8 1 
9 2 
104 
11 5 

90' BEND FITTINGS 

JOINT RESTRAINT FOR DUCnLE IRON AND 
POLYETHYLENE WRAPPED DUCTILE IRON WATER PIPES 

U P 
BEND 

18 
2 5 
32 
38 
45 
5 1 
57 
6 2 

45' BEND FITTINGS 

DOWN 
BEND 

7 2 
102 
133 
159 
187 
21 4 
241 
26 6 
292 
340 

REVISED 

126 
1 47 

DOWN 
BEND 

13 
18 
24 
29 
3 4 
38 
43 
3 8  

22-i/2- BEND FITTINGS'DEAD 

UP 
BEND 
26 
3 6 
47 
5 6 
6 5 
74 
8 2 
9 0 
9 8 
11 3 

45' BEND FITTINGS 

6 8 
79 6 1 33 

UP 
BEND 

7 
10 
13 
16 
19 
2 1 
24 
26 

DOWN 
BEND 

6 
9 
11 
14 
16 
18 
21 
2 3 
25 
29 

DOWN 
BEND 

30 
42 
5 5 
6 6 
7 7 
89 
100 
110 
121 
141 

22-1/2' BEND FITTINGS 

UP 
BEND 

3 
5 
6 
8 
9 
10 
11 
12 
14 
16 

U P 
BEND 

11 
15 
19 
2 3 
27 
3 1 
34 
38 
41 
47 

DOWN 
BEND 

14 
20 
26 
3 2 
37 
42 
48 
53 
58 
6 8 

UP 
BEND 

5 
7 
9 
11 
13 
15 
16 
18 
20 
22 



UNDISTURBED SOIL 

LRN = SHORTEST LENGTH 
HORIZONTAL BENDS 

OF PIPE RESTRAINED TO 
THE RUN OF THE TEE 

UNDISTURBED SOIL 

VERTICAL DOWN BENDS 



RODS ARE ATTACHED TO LUGS CAST 
ON BELL OF HYDRANT. IF HYDRANT IS 



/- 
REMAINDER OF TRENCH 
TO BE BACKFILLED 
PER SECT. 601 

EXIST. C.I. PlPE 

CAST IRON 

,,--- REMAINDER OF TRENCH 
TO BE BACKFILLED 
PER SECT. 601 

6'-6" MAX. --'--$$!. 1'-6" MIN. 7 IFLEEVE \ 6'-6" MAX. 
1'-6" MIN. - 1 

- 6" MIN. CLEARANCE 
BACKFILLED WITH 

C.I. B. & S. C.I. B. & $ ' SELECTED FINE 
OFFSET OFFSE 

- -. , 

T MATERIAL OR SAND 

REMAINDER OF TRENCH 
/-- TO BE BACKFILLED / PER SECT. 601 I 

CAST IRON MECHANICAL JOINT 

NOTES: 
1. THIS DETAIL COVERS MOVING OF WATER MAINS 

2" TO 12" ONLY. 

2. G AS PER DET. Z&2-&3% 

3. IF OFFSET IS TO GO OVER OBSTRUCTION, JOINT 
RESTRAINTS MUST BE USED. 

\ 
4. PlPE IS TO BE CAST IRON OR DUCTILE IRON. 

ASBESTOS CEMENT 



DETAIL NO. ~ c r f ~  VERTICAL REALIGNMENT 
APPROVED DETAIL NO. 

PI 370 STANDARD DETAIL OF WATER LINE ww $ d k - L . l "  08-08-03 
ctm ENGINEER DATE P 1370 

4" MAX FILL 
W/SELECT TYPE B OR 
ABC PER SECTION 702 

RESTRAINED JOINTS 
( M, A, G, SECT ION 750, 3) & 

LIMITS OF DUCTILE IRON PIPE REALIGNMENT 
4 - 

( M, A, G, STD, DET, 303-1) 



. 

JOINT METHOD WILL VARY 
DEPENDING ON EXISTING 
PlPE MATERIAL 

EXISTING 
CROSSING 

BACKFILL AND CO 
PER SECTION 601 

EXISTING PlPE 

NEW DUCTILE IRON PlPE 
CLASS 52 SIZE TO MATCH 

DETAIL NO. 

403-3 
REVISED DETAIL NO. 

403-3 
ARICOPA 
SSOCIATION of 

STANDARD DETAIL 
eavERNMENts ENGLISH ALTERNATE TO PIPE SUPPORT 



SIZE ACCORDING 

DRY PACK FOR 
PRECAST CONCRETE 

CEMENT PLASTER 

BLOCK OR BRICK 

120" - 132" 36" 
AND MORTAR 
PLUG (SEE NOTE) 

138" - 150" 40" 

GROUND LINE- - 
TYPICAL STUB OUT BAND SEAL 

COUPLING 7 

NOTES: 

1. NOTE: COMPACT SOIL AT 
END OF PIPE TO 95% 
OF MAXIMUM DENSITY. 

2. IF DEPTH OF COYER 
IS LESS THAN 5 
OR GREATER THAN 10'  
INCREASE PLUG THICKNESS A 
MIN. OF 4". 

VIT. CLAY PIPE 

1 .. 

#20  COPPER WIRE 
WlTH YELLOW 
INSULATION OR 

VIT. CLAY PIPE--\ 2" x 4" STAKE 
. . . . . . . . . . . . . . .  . . . . . . . . . . . .  

VlT. CLAY 
OR PLASTIC 
PLUG - 

. . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  

PREFORMED 
JOINT 

ANCHOR WlTH BRICK OR STAKE AT 

SEWER LINE TRENCH BOTTOM OR TIE TO BELL END 



TtSTHOLE DATA SUMMARY 

January 5,2005 
PROJECT NAME: McDoweil Road Basln & Storm Dra~n 

2236 West Shangri-La Rd. PROJECT NO: 191131012 
Phoenix, AZ 85029 CLIENT NO: 2004C052 

NOTE: The coordinate and elevation values provided 
below depfct the actual utility location. Adjustments 

were made. as needed, to the requested location. 

All Data is English 

~ 

16 McDowell Rd 

17 1 McDowell Rd 
I 

897278.94 

TBESummary.xls 1/5/2006 Page 1 of 5 

897230.33 

776284 12 

776583.99 

Power 

Gas 

12/20/05 

12/13/05 

1652.59 

-a165418- 4 112'' Plasbc Gas Llne E-W 

1649.68 

2.99 
I 

2.91 
I 

1649.31 4 1/2", (2) 2", & (2) 4" Plasl~c Conduit Laid 20" Wide 
Electric & C A N  Jornt Trench E-W 



TESTHOLE DATA SUMMARY 

Januaty 5,2005 
PROJECT NAME: McDowell Road Bastn &Storm Dram 

2236 West Shangri-La Rd. PROJECT NO: 191 131012 
Phoenix AZ 85029 CLIENT NO:' . 2004C052 

NOTE: The coordinate and elevation values provided 
below deptct the actual utility location. Adjustments 

were made, as needed, to the requested location. 
' 

TBESurnrnal)r.xls 1/5/2006 Page 2 of 5 



January 5,2005 
PROJECT NAME; M~Dowell Road Basln & Storm Dram 

West Shangrila Rd. PROJECT NO: 191131012~ 
CLIENT NO: 20046052 

NOTE: The coordinate and elevation values provided 
below depict the actuat utility IocaUon. Adjustments 

were made, as needed, to the requested location. 

AH Data is English 

1/5/2006 TBESummaty.xls Page 3 of 5 ' . 



TESTHOLE DATA SUMMARY 

DATE: January 5,2005 
PROJECT NAME: McDowell Road Bas~n & Storm Dram 
PROJECT NO: 191131012 
CUENT NO: 2004C052 

NOTE; The coordinate and elevaUon values provided 
below dep~ct the actual utility location. Adiustrnents ' 

were made, as needed, to the requested location. 

All Data is English 
TBE Proled Number: AZ-003-005-00 

Depth of 
Cover - 
1.88 

2.21 

-- 

Top 
Elevation 

1730.43 

1729.22 I 

TH# Street Coordinates Anticipated 
Nwthing Easting Utlliiy 

Oat' 

12/21105 

12/21/05 

12/21/05 

50 

51 

, 51A 

TBESummarv.xk 1/5/2006 Page 4 of 5 

Bottom 
Elevation 

-- 
-- 

Ground 
Elevation 

1732.31 

1731.43 

-- 

Material Type, Outside Diameter and Comments 

4" Plastic Electric Conduit 

I 112" Direct Buned Telephone Cable E-W 

01/04/06 

12/21/05 

12/21/05 
L 

. 51B 

52 

53 

McDowell Rd 

McDowellRd 

McDowell Rd 

1730.01 

1727.98 

1738.75 

Dug on Telephone Duct Bank Bluestake 7 Feet Deep x 2 Feet Wlde 
No Telephone Found 

1732.86 

- 1731.66 

1741.99 

1729.01 

1725.86 

-- 

-- 

(6) 2 112" Plastic Conduit E-W, Laid 1GU1Wide 
Possibly Cox CATV F.O. 

24" Wide x 25" High Concrete Encasement 

13" ACP Water Line E-W 

McDowell Rd 

McDowell Rd 

McDoweli Rd 

897262.97 

-897265.48 

897277.13 -- 

2.85 . 

3.68 

3.24 

897260.03 

897206.19 

897277.45 

780384 33 

780384.36 

780384.36 

Power 

Telephone 

Telephone 

780384.36 

780376,89 

780784.54 

Telephone 

Power 

Water 



West Shangri-La Rd. 

All Data 

DATE: 
PROJECT NAME: 
PROJECT NO: 
CLIENT NO: 

English 

'I 9 c THOLE DATA SUMMARY 

January 5,2005 
McDowell Road Bas~n & Storm Dram 
191131~12 G R U U P  
2004C052 

NOTE: The coordfnate and elevation values provlded 
below depict the actual utillty location. Adjustments 
were made, as needed, to  the requested location. 

' 

I Electric &Telephone Jo~nt Trench N-S 

TBESurnrnarv.xls 1/5/2006 Page 5 of 5 

I --- TBE Pro~ect Number: AZ-003-005-00 

TH# 

64 

65 

66 

Street 

McDowell Rd 

McOowell Rd 

McDoweli Rd 

Coordinates 
Northing 

897305.98 

897318.24 

897319.31 

Depth of 
Cover 

3.81 

4.95 

3.60 

Easting 

781375 79 

781392.73 

781395.40 

Antitipated 
Wllty I Dafe 

Ground 
Elevation 

1755.63 Gas 

Water 

Telephone 

12/27/05 

1 12/27/05 

1 12/27/05 

Material Type, Outside Diameter and ConIWIentS Top 
Elevation 

Bottom 
Elevation 

1756.97 

1757.38 

1751.82 

-- 
1751.88 

1752.02 

1753.78 

- I 2 112" Plastic Gas Line N-S 

13" ACP Water Line N-S 

(4) 1 112", I". & 112" Direct Buried Cables Laid 10" Wide 



Structure No. 2 



Flood Control District 
of Maricopa County 

647 = 100-year discharge 
650 = Design Discharge 

Two Barrels 
325 = Per Barrel Design Discharge 

W (ft) = minimum basin impact width 
W (ft) = 8/3*D 
D (ft) = 4.5 

W (ft) = 12 

V (fps) = 12.7 

A (ft2) = 15.904299 
F = 1 . I20721 

W (ft) = 12.17823 

Use W (ft) = 24 For Two Barrels 

Now analyze other components using the width of 12' 

L (ft) = 413 * W = Length of basin 
H (ft) = 314 * W = Depth of Basin 
d (ft) = 116 * W = Height of end sill and height of pipe invert above apron slab 
f (ft) = 318 * W = Height of baffle wall 
a (ft) = 112 * W = Distance to upstream face of baffle wall 
c (ft) = 112 * W = Height of sidewall and wingwall at junction 
e (ft) = 1/12 * W = Width of splash brim 

L(ft) = 16 
H (ft) = 9 
d (ft) = 2 
f (ft) = 4.5 
a (ft) = 6 
c(ft) = 6 
e (ft) = 1 

Impact Basin.xls 
KHA Project No. 091 131012 
4/4/2006 Page 1 of 1 

FCD 20046052 
PCN 420.02.31 













IMPACT STILLING BASIN 
(USBR TYPE XI) 

STILLING BASlN D E S I G N  
END SILL 

NOTE: 1. See Figure 1109 for design data  

2. Refer to reference for structural details 
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Basin Culvert 
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INLET HEADWALL OUTLET HEADWALL 

SECTION B-B 

CONCRETE SHALL 
BE CLASS 'A' PER FOR CMP, INSTALL 

1'-6" C TO C 

SECTION A-A CMP BEVEL DETAIL, 



Drainage Design Manual for Maricopa County Hydraulics: Hydraulic Structures 

quate countermeasures would be required to demonstrate the s~itability of soil cement prior to its 
approval for use on drop structures. 

Addition of roughness elements on the face of a sloping concrete drop can provide increased 
energy dissipation. "Stepped" concrete has been successfully applied at spillways and drop 
structures. Roller compacted concrete is a methodology that can achieve the stairstep geometry 
on the face of a sloahg drop. Reinforced concrete steps can be constructed by standard con- 
struction methods on small structures. Stepped drop structures have been found to be effective 
in dissipating the energy associated with low flows but fail to effectively dissipate energy of higher 
flows. Thus, stilling basin length for a stepped drop structure will be based upon the conventional 
length calculations for a sloping drop presented herein. Stepped drop structures will be no 
steeper than 2H:lV with a step height no greater than 2.5 feet and a step apron length of 6 feet. 
Construction of a drop with grouted boulders is another means of creating desirable roughness 
on the sloping face and in the stilling basin (see Fiqure 7.19). 

FIGURE 7.19 
GROUTED BOULDER PLACEMENT 

(McLaughlin Water Engineers, Ltd.,1986) 

2" PVC (b 4' O.C. BOTH WAYS. 
/COVER DURING GROUTING. CUT 

TO 2" ABOVE FINISHED GROUT 
GRADE. INSTALL 2' 90° PVC 
BEND POlNTlNG DOWNSTEAM. 

-- 

LEAN GROUT FROM 

GRAVEL GALLERY LINED AND 
COVERED WlTH FILTER 
MATERIAL 

\END OF 2'' PVC TO EXTEND 3'' INTO 
- 

NOTES: GRAVEL GALLERY. SECURE STAINLESS 

1) CLEAN ALL DIRT FROM VOIDS BEFORE GROUTING. STEEL 3/16"(rnax.) MESH TO END OF 

2 )  PLACE BOULDERS WlTH FLATTEST SURFACE ON TOP 
AND HORIZONTAL. PLACE BOULDERS IN INTERLOCKING 
FASHION. TOUCHING ADJACENT BOULDERS AND MINI- 
MIZING ~ O ~ O S .  

3) DEPTH OF ROCK (Dr)  AND DEPTH OF GROUT (Dg ) AS 
CALLED OUT ON PLANS. 

41 GROUT TO PENETRATE FULL DEPTH OF ROCK AND 
FILL ALL VOIDS. 

5 )  CLEAN ALL GROUT FROM EXPOSED SURFACES. 
6) GRAVEL GALLERIES ARE CALLED OUT ON PLANS 

.$?,''w'' (width of gallery) GRAVEL GALLERY (iea) 
S (spacing between galleries) O.C. 

However, because the structure is comprised of a structural slab with two components (boulders 
and grout), great care must be taken to design the structure to withstand uplift and to specify 

September 2003 (Draft) 7-53 



Drainage Design Manual for Maricopa County Hydraulics: Hydraulic Structures 

boulder and grout material to assure full quality control in the field. Seepage analysis is required 
to determine a compatible combination of cutoff depth, location of the toe drain andlor other 
drains, and the thickness of rock and grout. Problems with rock specific gravity, durability and 
hardness are of concern. Gradation problems are largely eliminated because the boulders are 
specified to meet minimum physical dimensions andlor weights, which is much easier to observe 
and enforce in the field than with graded riprap. 

The handling of the large boulders requires skilled work force and specialized equipment. Equip- 
ment similar to logging tongs, and specially modified buckets with hydraulically powered 
"thumbs" have been used in recent years and have greatly improved quality and placement 
rates. The careful placement of stacked boulders, so that the upstream rock is keyed in behind 
the downstream rock, and placed with a large flat surface horizontally, has been shown to be suc- 
cessfu I. 

The greatest danger lies with a "sugar coated" grout job, where the grout does not penetrate the 
voids between the rock and the subgrade, leaving a direct piping route for water under the grout. 
This can easily occur when attempting to grout graded riprap, thus the need to use individual 
boulders that are larger in diameter than the grout layer so that the contractor and the inspector 
can see and have grout placed directly to the subgrade. The best balance appears to be boul- 
ders 33 to 50 percent greater in size than the grout thickness, but of an overall weight sufficient to 
offset uplift. Also, when holding grout to this level, the appearance will be much better. 

The grout should have a minimum 4,000 psi compressive strength at 28 days, stone aggregate 

with a maximum dimension of one-half inch and a slump within a range of 4 to 7 inches. The 
waterlcement ratio should not exceed 0.48. Addition of synthetic fiber reinforcement is also rec- 
ommended to provide crack control, increased durability, and increased abrasion resistance. 

Other USBR Basins - Some other stilling basins developed by the USBR (Peterka, 1984) have 
limited application. For example, E3asin I is basically a horizontal concrete apron downstream of a 
sloping or vertical drop. This type of basin is applicable only to a concrete lined channel, and, as 
the USBR states, has wave problems that are difficult to overcome. Maintenance of sufficient tail- 
water depth is important to cause a hydraulic jump within a practical zone close to the toe of the 
drop. Generally, other types of USBR basins are better alternatives to Basin I. 

USBR Basin V is a stilling basin with sloping apron, and provides dissipation as effective as that 
which occurs in the basin with a horizontal apron. Again, adequate tailwater is a must. This type 
of structure would have an application as a spillway into a pond with a permanent pool, so that 
minimum tailwater is essentially guaranteed. 

Box Inlet Drop Structure - The box inlet drop structure may be described as a rectangular box 
open at the top and downstream end (Fiqure 7.20). Water is directed to the crest of the box inlet 
by earth dikes and headwalls. Flow enters over the upstream end and two sides and leaves the 

@ structure through the open downstream end. The long crest of the box inlet permits large flows to 
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@ 
Analysis of channel approach and crest hydraulics generally follows the guidelines presented in 

Section 7.3.2. Once water surface profiles have been determined, including tailwater determina- 

tion and supercritical water surfaces down the sloping face, seepage uplift forces must be evalu- 
ated. Net uplift forces vary as a function of location along the drop, cutoff measures, drain gallery 
locations and water surface profiles through the basin. 

For a stable structure, net uplift force from seepage must be countered by net forces in the down- 
ward direction. For a smooth concrete chute, downward forces are the buoyant weight of the 

concrete structure and the weight of water (a function of the depth of flow). Significant pressure 
differentials can occur with a combination of high seepage forces and shallow supercritical flow. 

Seepage analyses should be conducted using Lane's weighted creep methodology (Section 

7.3.2), and suitable countermeasures designed. Such measures include cutoff walls, weep drain 
galleries and concrete slab thickness design. A range of flood discharges should be evaluated, 
since differential pressure relationships can vary with flow depth and location of hydraulic jump. 

Construction Considerations: 

There may be applications where sloping concrete drops are advantageous, but generally other 
drops such as baffle chutes or vertical drops are more appropriate for a wider range of applica- 
tions. The design guidance provided by the literature is clear and relatively easy to use, but the 

implementation is often difficult or impractical. This basically has to do with providing basin depth 
without creating a maintenance problem and less flexibility in adapting to varying bed conditions. 

The integrity of the cutoff is important as seepage and resultant uplift forces are key concerns. 
Uncontrolled underflow could easily lift a major concrete slab. 

The stilling basin should be designed to drain completely, to eliminate nuisances related to pon- 
ded water, such as mosquito breeding and sedimenudebris accumulation. 

Considerations relating to general concrete construction are the same as discussed previously 
for baffle chute drops. Public acceptability is likely to be low in urban areas, as the sloping con- 
crete face is inviting for bicyclists, roller skaters, and skateboard enthusiasts. 

Other T v ~ e s  of D r o ~  Structures 
There are numerous other types of drop structures for specific applications in drainage design. 
The four types of structures presented above are appropriate for the majority of situations to be 

encountered in Maricopa County. Some possible variations or modifications are presented below 

along with a few specialized types. 

Sloping Drop Variations -The use of soil cement, roller compacted concrete, and grouted boul- 

ders are possible variations in sloping drop design. The primary concern with soil cement is its 
ability to resist the high abrasive action of turbulent flow associated with a drop structure. Ade- 
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Worksheet for Circular Pipe - 2 

Project Description 

Friction Method 

Solve For 

Manning Formula 

Normal Depth 

input bata 

~oughness Coefficient 

Channel Slope 

Diameter 

Discharge 

0.012 

0.06400 Wft 

5.50 ft 

302.00 ft3/s 

'Results 

Normal Depth 

Flow Area 

Wetted Perimeter 

Top Width 

Critical Depth 

Percent Full 

Critical Slope 

Velocity 

Velocity Head 

a Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

G~VF input Data 

Downstream Depth 

Length 

Number Of Steps 

GVF output Data 

Upstream Depth 

Profile Description 

Profile Headloss 

Average End Depth Over Rise 

Normal Depth Over Rise 

Downstream Velocity 

Upstream Velocity 

0.00 ft 

0.00 ft 

0.00 % 

39.42 % 

Infinity fUs 

Infinity Ws 

Bentley Systems, Inc. Haestad Methods Solution Center FlowMaster [08.01.058.00] 

4/7/2006 3:56:09 PM 27 Siernons Company Drive Suite 200 W Watertown, CT 06795 USA +I-203-755-1666 Page 1 of 2 



Worksheet for Circular Pipe - 2 

GVF Output Data 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

Bentley Systems, lnc. Haestad Methods Solution Center FlowMaster [08.01.058.00] 
4/7/2006 3:56:09 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +I-203-755-1666 Page 2 of 2 
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Drainage Design Manual for Maricopa County Hydraulics: Stormwater Storage 

the requirements of the permitted release rats, at the required volume and include proper provi- 
sions for maintenance and reliability. 

Primary outlet structures, particularly those controlling multiple storm events, are often special 
design structures unique to specific site applications. Furthermore, consideration must be given 
to structural adequacy and flotation under hydrostatic loads. 

FIGURE 8.5 
ORIFICE PLATE DETAIL 

(Adapted from WRC Engineering, 1987) 

Orifice Plate Details 

-7* a m  

Pipe 
min. 

Floor of! 
Outlet 

Section A-A 

10 times orifice capacity. 

Orifice - opening 
(with trashrack not shown) 

Trashracks - Trashracks shall be provided to inlets of pipe and orifice outlet structures. See 
Chapter 7 for hydraulic analysis guidelines and Chapter I for safety considerations. 

Energy Dissipation at Outlet - Adequate energy dissipation measures shall be provided at the 
downstream end of primary outlet structures. Such measures shall be designed to control local 
scour at the pipe outlet and to reduce velocities to pre-development conditions prior to exiting 
onto the downstream property. 

Emergency Spillways - Emergency spillways are normally surface overflow weirs, channels, or 
combinations thereof, provided for the safe overflow and routing of floodwaters under unusual 
circumstances. Such situations include the blockage or malfunction of the primary outlet struc- 
ture or the occurrence of a storm event larger than that for which the facility was designed. Con- 
sideration must be given to the layout and configuration of the emergency spillway so that excess 
flow is safely released and conveyed without increasing flood hazards to adjacent properties and 

8-1 2 September 2003 (Draft) 
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N 0 . 4  REBAR PER 
SECT. 727 
12" O.C. -, 

INLET HEADWALL 

2 - NO. 6 'co 1 
BARS FORM 

INLET HEADWALL FACE ELEVATION 
OUTLET SIMILAR 

1 8" - - 
CONCRETE SHALL 
BE CLASS 'A' PER 
SECT. 725 

I 
SECTION A-A 

OUTLET HEADWALL 

SECTION B-B 

FOR CMP, INSTALL 
3 /4"  x 6" HEX 
HEAD BOLTS, 
1'-6" C TO C 

CMP BEVEL DETAIL * i IN) REFERS TO INLET 
OUT) REFERS TO OUTLET 



HYDRAULIC JUMP AND ITS USE AS  ENERGY DISSIPATOR 415 

HSU [47] The baffle piers are very useful in small structures with low incoming 
They are unsuitable, however, where high velocities make 

possible. In certain circumstances, they must be designed 
(15-7) to withstand impact from ice or floating debris. 

There are many generalized designs of stilling basin that use a hydraulic 

(! 5-8) I. The SAF basin. This is recommended for use on small structures 
such as small spillways, outlet works, and small canal structures where 

relations F, = 1.7 to 17. The reduction in basin length achieved through the use 
of appurtenances designed for the basin is about 80% (70 to 90%). 

I 

. s t r a i~h t  2. The USBR basin 11. This is recommended for use on large struc- 

I height of I 3. The USBR basin IV. This is recommended for use with jumps of 
ischarge, F, = 2.5 to  4.5, which usually occur on canal structures and diversion 

I, 
dams. This design reduces excessive waves created in imperfect jumps. \ 

1rplLs or I t  should be noted that these designs are only typical examples and n b l \  

1s that caution should be used in applying them to stilling basins under 
c:ific entirely different design conditions. 

ing velocities, the sill is usually dentated to perform the additional func- 
tion of diffusing the residual portion of the high-velocity jet that may 
reach the end of the basin. 

Baffle piers are blocks placed in intermediate positions across the basin 
floor. Their function is to dissipate energy mostly by impact action. 

jump as the means of energy dissipation.' Three typical designs will be 
described in the subsequent articles: 

0 - - 
The left- tures such PS large spillways, large canal structures, etc., for F, > 4.5. 
the right- The jump-and-basin length is reduced about 33% with the use of appur- 
This dia- tenances. 

, spe 
)f experi- The principle of the stilling basin applies also to the design of a canal 
igations, drop (or canal fall), which is a structure built to secure the lowering of the 

lers The canal drop is sometimes designed with a contracted width like the 
~mnce  to I ' Parshall flume. Such a drop is known as a jlumed drop, which can eco- 

~n xiould regulator as well [50,60-631. 
15-12. The SAF Stilling Basin. This basin (Fig 15-15; SAF denotes 

led with I water surface of a canal and the safe destruction of the energy so liberated. 

lnd lift n. nomically be built together with a crossing bridge and used as a meter or a 

I "Saint Anthony Falls") was developed a t  the St. Anthony Falls Hydrau- 
lic Laboratory, University of Minnesota, for use on small drainage struc- 

h ir~com- / design rules summarized by the investigator Blaisdell [22,64] are as  

1. The length LB of the stilling basin for Froude numbers between 
secause it Fl = 1.7 and F, = 17 is determined by LB = 4 . 5 y ~ / F ~ ~ . ' ~ .  

For more information see 191, [25], 1341, [35], 1431, and 1491 to [58]. For designs 
111 y. developed by the U.S. Army Corps of Engineers, see 1591. 

I 
; 
! 





HYDRAULIC JUMP AND ITS USE AS ENERGY DISSIPATOR 417 

: 2. The height of the chute blocks and floor'blocks is y,, and the width 

7 blocks is L B / ~ .  I 
4. No floor block should be placed closer to the side wall than 3y1/8. 

. 5. The floor blocks should be placed downstream from the openings 
bet\sVeen the chute blocks. 

6. The floor blocks should occupy between 40 and 55% of the stilling- 
basin width. 

7. The widths and spacings of the floor blocks for diverging stilling I 
basins should be increased in proportion to the increase in stilling-basin 
width a t  the ffoor-block location. 

I 
8. The height of end sill is given by c = 0 . 0 7 ~ ~ ~  where yz is the theo- 

retical sequent depth corresponding to yl. 
9 The depth of tailwater above the stilling-basin floor is given by 

i 
u2' = (1.10 - F12/120)g2, for F1 = 1.7 to 5.5; by y,' = 0 85y2, for 

I to be expected during the life of the structure is given by z = y2/3. 
11. Wing walls should be equal in height to the stilling-basin side walls. 

The top of the wing wall should have a slope of 1 on 1. 
12. The wing wall should be placed a t  an angle of 45" to the outlet 1U' cq 

center line. / 
13. The stilling-basin side walls may be parallel (as in a rectangular 

stilling basin. 
15. The effect of entrained air should be neglected in the design of the 

stilling basin. ~5~ b,\ 

I 15-13. USBR Stitling Basin 11. From intensive studies of many hfeI/E 01 
existing structures and laboratory investigations, various types of general- 
ized design of stilling basin have been developed by the U.S. Bureau of 

/ Reclamation 134,351. USBR basin I is the basin created by a jump 
occurring on a flat floor with no appurtenances. This can be designed 
easily by follolving the principles described in the early articles of this 
chapter. However, such a basin is usually not x7ery practical because of 
its expensive length and its lack of control. USBR basin 111 is designed 

$IN for a purpose similar t o  that of the SAF basin, but it has a higher factor 
of safety, which is necessary for Bureau use. The performance of this 
basin indicates that the jump-and-basin length can be reduced about 60% ,ace 1641.) 
with the appurtenances, as  compared with 80% for the SAF basin. 

I Therefore, the SAF basin is shorter and more economical but, in conse- 
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3RRENT DATE: 09-26-2006 
CURRENT TIME: 16:25:17 

FILE DATE: 9/26/2006 
FILE NAME: McDBasin 

SITE DATA 

FHWA CULVERT ANALYSIS 
HY-8, VERSION 6.1 

1 CULVERT SHAPE, MATERIAL, INLET 

I L I INLET OUTLET CULVERT I BARRELS 
I V I ELEV. ELEV. LENGTH I SHAPE 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

SPAN RISE MANNING INLET 
0 1 (ft) (ft) (ft) ( MATERIAL (ft) (ft) n .  TYPE 
1 ] 1635.419/163&50 185 

i 
. oF CONVENTIONAL I 

i 2 1  I 

SUMMARY OF CULVERT FLOWS (cfs) FILE: McDBasin DATE: 9/26/2006 

{LEV (ft) 
1639.70 
1639.73 
1639.84 
1640.03 
1640.28 
1640.61 
1641.01 
1641.28 
1642.04 
1642.66 

TOTAL 
0.0 
30.4 
60.8 
91.2 
121.6 
152.0 
182.4 
200.0 
243 -2 
273.6 
304.0 
414.6 

6 ROADWAY ITR 
0.0 0.00 1 
0.0 0.00 1 
0.0 0.00 1 
0.0 0.00 1 
0.0 0.00 1 
0.0 0.00 1 
0.0 0.00 1 
0.0 0.00 1 
0.0 0.00 1 
0.0 0.00 1 
0.0 0.00 1 
0.0 OVERTOPPING 

SUMMARY OF ITERATIVE SOLUTION ERRORS FILE: McDBasin DATE: 9/26/2006 

HEAD HEAD 
ELEV (ft) ERROR (ft) 
1639.70 0.000 
163 9.73 0.000 
1639.84 0.000 
1640.03 0.000 
1640.28 0.000 
1640.61 0.000 
1641.01 0.000 
1641.28 0.000 
1642.04 0.000 
1642.66 0.000 
1 9 . 3 5  0.000 

c1> TOLERANCE (ft) = 0.010 

TOTAL 
FLOW (cfs) 

0.00 
30.40 
60.80 
91.20 
121.60 
152.00 
182.40 
200.00 
243.20 
273.60 
304.00 - 

FLOW 
ERROR (cf s )  
0.00 
0.00 
0.00 
0.00 
0 .oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

% FLOW 
ERROR 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

<2> TOLERANCE ( % )  = 1.000 



URRENT DATE: 0 9 - 2 6 - 2 0 0 6  
CURRENT TIME: 1 6 : 2 5 : 1 7  

FILE DATE: 9 / 2 6 / 2 0 0 6  
FILE NAME: McDBasin 

PERFORMANCE CURVE FOR CULVERT 1 - 3 (  3 . 5 0  ( f t )  BY 3 . 5 0  (ft)) RCP 

HEAD- INLET OUTLET 
@ziE WATER CONTROL CONTROL FLOW NORMAL CRIT. OUTLET TW OUTLET TW 

ELEV. DEPTH DEPTH TYPE DEPTH DEPTH DEPTH DEPTH VEL. VEL. 
( c f  s )  ( f t )  ( f t )  ( f t )  <F4> ( f t )  ( f t )  ( f t )  ( E t )  ( i p s )  ( f p s )  

1 6 3 9 . 7 0  0 . 0 0  4 . 3 0  O-NF 
1 6 3 9 . 7 3  1 . 2 2  4 . 3 3  4 - F F t  
1 6 3 9 . 8 4  1 . 8 7  4 . 4 4  4 - F F t  
1 6 4 0 . 0 2  2 . 3 7  4 . 6 2  4 - F F t  
1 6 4 0 . 2 8  2 . 8 0  4 . 8 8  4 - F F t  
1 6 4 0 . 6 1  3 . 2 0  5 . 2 1  4 - F F t  
1 6 4 1 . 0 1  3 . 6 2  5 . 6 1  4 - F F t  
1 6 4 1 . 2 8  3 . 8 7  5 . 8 8  4 - F F t  
1 6 4 2 . 0 4  4 . 5 7  6 . 6 4  4 - F F t  
1 6 4 2 . 6 6  5 . 1 3  7 . 2 6  4 - F F t  
1 6 4 3 . 3 5  5 . 7 6  7 .95 4 - F F t  

El. i n l e t  f a c e  i n v e r t  1 6 3 5 . 4 0  f t  E l .  o u t l e t  i n v e r t  1 6 3 0 . 5 0  ft 
E l .  i n l e t  t h r o a t  i n v e r t  0 . 0 0  f t  E l .  i n l e t  crest 1 6 3 5 . 4 0  f t  

k*** SITE DATA * * * * *  CULVERT INVERT 
INLET STATION 
INLET ELEVATION 
OUTLET STATION 
OUTLET ELEVATION 
NUMBER OF BARRELS 
SLOPE (V/H) 
CULVERT LENGTH ALONG SLOPE 

f CULVERT DATA SUMMARY . . . . . . . . . . . . . . . . . . . . . . . .  
BARREL SHAPE CIRCULAR 
BARREL DIAMETER 3 . 5 0  f t  
BARREL MATERIAL CONCRETE 
BARREL MANNING'S n 0 . 0 1 2  
INLET TYPE CONVENTIONAL ,/ 
INLET EDGE AND WALL GROOVED END IN HEADWALL 
INLET DEPRESSION NONE 



3RRENT DATE: 09-26-2006 
CURRENT TIME: 16:25:17 

TAI LWATER 

FILE DATE: 9/26/2006 
FILE NAME: McDBasin 

CONSTANT WATER SURFACE ELEVATION 
1639.70 

ROADWAY OVERTOPPING DATA 

WEIR COEFFICIENT 
EMBANKMENT TOP WIDTH 
CREST LENGTH 
OVERTOPPING CREST ELEVATION 



JRRENT DATE: 09-27-2006 
CURRENT TIME: 10:57:49 

FILE DATE: 9/27/2006 
FILE NAME: McDBasin 

FHWA CULVERT ANALYSIS 

@ 1 SITE DATA 

HY-8, VERSION 6.1 

1 CULVERT SHAPE, MATERIAL, INLET 
- - - - - - - - - 

INLET 
ELEV . 
(ft) 

1635.40 

- - - - - - - - - - - - - - - - - \ - - - - - - - - - - - - - - - - - - -  
OUTLET CULVERT 1 BARRELS 
ELEV. LENGTH I SHAPE SPAN 
( f t )  (it) [ MATERIAL ( f t )  

1630.50 185.06 1 RCP 3.50 

I 
I 
I 
I 
1 

- - - - - - - - - - - - - - - - - - - - - - - - - - -  I 
RISE MANNING INLET 

I 
(it) n TYPE 

I 
I 

3.50 -012 CONVENTIONALI 
I 
I 
I 
I 
I 

SUMMARY OF CULVERT FLOWS (cfs) FILE: McDBasin DATE: 9/27/2006 

TOTAL 
0.0 
30.4 
60.8 
91.2 
121.6 
152.0 
182.4 
200.0 
243.2 
273.6 
304.0 
498.2 

6 ROADWAY ITR 
0.0 0.00 1 
0.0 0.00 1 
0.0 0.00 1 
0.0 0.00 1 
0.0 0.00 1 
0.0 0.00 1 
0.0 0.00 1 
0.0 0.00 1 
0.0 0.00 1 
0.0 0.00 1 
0.0 0.00 1 
0.0 OVERTOPPING 

SUMMARY OF ITERATIVE SOLUTION ERRORS FILE: McDBasin DATE: 9/27/2006 

HEAD 
ELEV (ft) 
1635 -40 
1636.62 
1637.27 
1637.77 
1638.20 
1638.60 
1639.02 
1639.27 
1639.97 
1640.53 
1641.16 

HEAD 
ERROR ( f t ) 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

<1> TOLERANCE (ft) = 0.010 

TOTAL FLOW 
FLOW (cf s )  ERROR (cfs) 

0.00 0.00 
30.40 0.00 
60.80 0.00 
91.20 0.00 
121.60 0.00 
152.00 0.00 
182 -40 0.00 
200.00 0.00 
243.20 0.00 
273.60 0.00 
304.00 0.00 
u 

<2 > TOLERANCE ( % )  

% FLOW 
ERROR 
0.00 
0.00 
0 .€lo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 



URRENT DATE: 09 -27 -2006  
CURRENT TIME: 10:57 :49  

FILE DATE: 9/27 /2006 
FILE NAME: McDBasin 

PERFORMANCE CURVE FOR CULVERT 1 - 3  ( 3 .50  (f t) BY 3.50 ( f t) ) RCP 

HEAD- INLET OUTLET 
WATER CONTROL CONTROL FLOW NORMAL CRIT. OUTLET TW OUTLET TW 
ELEV. DEPTH DEPTH TYPE DEPTH DEPTH DEPTH DEPTH VEL. VEL. 

(cfs) (ft) (ft) (ft) <F4> (ft) (ft) (ft) (ft) ( f p s )  (ips) 

El. inlet face invert 1635.40 ft El. outlet invert 1630.50  ft 
El. inlet throat invert 0.00 ft El. inlet crest 1635.40 ft 

**i* SITE DATA * * * * *  CULVERT INVERT * * X * * * * * * * * * X X  

INLET STATION 0 . 0 0  ft 
INLET ELEVATION 1635.40 ft 
OUTLET STATION 185.00 ft 
OUTLET ELEVATION 1630.50 ft 
NUMBER OF BARRELS 3 
SLOPE (V/H) 0.0265 
CULVERT LENGTH ALONG SLOPE 185.06  ft 

* CULVERT DATA SUMMARY * * * * * * * * * * * * * X X X X X * * * * X *  

BARREL SHAPE CIRCULAR 
BARREL DIAMETER 3.50  ft 
BARREL MATERIAL CONCRETE 
BARREL MANNING'S n 0.012  
INLET TYPE CONVENTIONAL 
INLET EDGE AND WALL GROOVED END IN HEADWALL 
INLET DEPRESSION NONE 



JRRENT DATE: 0 9 - 2 7 - 2 0 0 6  
CURRENT TIME: 1 0 : 5 7 : 4 9  

FILE DATE: 9 / 2 7 / 2 0 0 6  
FILE NAME: McDBasin 

TAILWATER 

,' 

ROADWAY OVERTOPPING DATA 

WEIR COEFFICIENT 
EMBANKMENT TOP WIDTH 
CREST LENGTH 
OVERTOPPING CREST ELEVATION 



I I I I 1 
Basin ~ u l v f (  Splitter ~ t r d  Structure 4 185.00 ( 42 inch/ 10.46 1 1,3 

a 

Title: McDowelll Road Basin Culvert 
k:\ ... \drainage\stormcad\fnal\basin culvert.stm 
09/27/06 11 :08:00 AM 

Project Engineer: Dave Jensen 
StormCAD v5.6 [05.06.012.00] 

Page 1 of 1 

Label US 
Node 

DS 
Node 

Length 
(ft) 

$r 
/j 

hs 

Section 
Size 

Average 
Velocity 

(fils) 



Scenario: Base 

Profile: Profile - 1 
Scenario: Base 

1,640.00 Elevation (fi) 

Station (ft) 
Title: McDowelll Road Basin Cuivert 
k:\ ... \drainage\stormcad\f~nal\basin culvert,stm 
09/27/06 1 1 : 10:50 AM O Bentley Systems,  Inc. Haestad Methods Solution Center Watertown, CT 06795 USA +I-203-755-1666 

Project Engineer: Dave Jensen  
StorrnCAD v5.6 [05.06.012.00] 

Page 1 of 1 



a 
McDowell Rohu dasin and Storm Drain 

Change Order No 5 Tech Memo 

@ K ~ A  Project NO 

Design: RAE 
Check: DEJ September 29, 2006 



I f !  ; 4 
\ bd-2,- 

E l 
Tnhlc. 5-3. Vnlues of C in t h e  Fornlula Q = C L H 3 1  for Broad- 

I I T a b l e  5-5. Values of C in t h e  Forrr~rlla Q = C L H %  for Broad- 
crested Weirs crrstctl Wt,irs w i t h  ( ' r~s t . s  I~ lc l in r t l  Slightly r)ownwxrcl 

f i l l  I hIegsufed 1 Bread th  of crest of weir in  feet ! I 1 

U ! Crest 
l l l l l l l l l l  

i 
T a l , l ~  .?--la Valuns of C in t h e  Formulx  Q = C L H ) $  for Models 

of RI~O:L~I-(ITP,S~CC Weirs wit11 Rol~r~ticcl  l!l~st,rcnm Corner 

Head in feet, H 

1 I I 1 1 I 1 I I-'- 

Length  Head  in feet. H 

0 . 1  / 0 . 2  1 0 , 3  / 0 . 4  0 . 5  / 0 , .  l 0 , 7  

12 to 1 . . . . . . . . . . . .  3 . 0  2 . 5 8  2 . 8 7  2 .57 '  2 . 6 0  2 .84 '  2 . 8 1  2 . 7 0  
18 to 1  . . . . . . . . . . . ,  3 . 0  2 . 9 1  2 , 9 2  2 . 5 3  2 . 6 0  2 . 8 0  2 . 7 4  2 . 8 2  
18 to 1.. . . . . . . . . . . 1 0 . 0  2 . 5 2  2 . 6 8  2 . 7 3  2 , 8 0  2 . 9 0  2 . 8 0  2 . 6 8  

t I !  I l l -  
Table 5-6, Values of C in  t h e  Formula  Q = CLH35 for Weirs of 

Triangular  Cross Section with Vertical Ups t ream Face  
nnd Sloping Downstrertrn Face  

Head  in feet ,  H 



STRUCTURAL 
CALCULATIONS 



SUPPLE8VENTARY NOTES (CONT)  - - - . . - - - - 
5 THE COST OF &CD!T,ONA: 3ESiGt .  WORK DUE TO E ~ P C R S  OR r I :OUPLY *IT* 4 4 s , ~ 1 0  : T n l . i : ~ i R :  ( P E C I F I C A T I O N ~  FOR n i G n w A r  BR!O;ES 177" E O ~ T ~ O N .  2007 4 LAP SPLICES IN CONCPETE M S H T O  CLASS 'C"  SPLICE 

A EXCEPT AS OT*ERhlSE SHOWN OR NOTED IN BEAMS AND SLABS NOT ON 
GRADE SPLICE BOTTOM BARS OVER S U P P X ' T S  AND TOP BARS AT h!iD.SPAN 
ONLY 

B STAGGER ALL SPLICE LOCAl rONS 1 LAP LENGTH UiNiUUY SEE DETAlLS FOR 
$ A R I A T ~ J N  FROM M,i i i l ,nu 

5 SPLICE RE:IIFJQCINC ONLY AT APPROVED LOCATIONS 

6 REI.,FOR:IUS SPACING S GIVEN ARE YU!UUM ON CENTER AND ALL .RE . , c5 i : r \S  I S  
S O N ~ I N U ~ ~ S  ONLESS C ? - E i n : S I  NOTED 

O l d i S s ! O ~ s  rN CONSTRUCT S h  SHALL BE DONE BY THE CONTRACTOR 
FOUNGATIONS 

. . .. 
1 SOdL R C P l X ?  B V  NtNYO *. MOORE PRCJECT h O  6010S2C6! 
2 PLACE Fr i i JNDATiOl l  CONCRETE ONLV O h  CLEAN FiPM i tJSPECTE0 REARiNC MATERIAL 

OLL 6 O I I N O J t . O N  E x ~ A ~ A T I O N S  MllST BE INSF.ECTED RY A O l l A L r ~ i E O  G E O T E C ~ N ~ C A L  
EVG!NEER T O  8,dSUFE PROPER i C U N D A v ; l N  ~ E A R I ~ G  

6 ANY ENGiNEERiNG D E S l i h  P R J ~ I D E J  BY C T n E R S  AND S ~ B M I T T E D  
FOR R E V I E W  SHALL BEAR T n E  SEAL ANI" S!GNa:uRE OF AM E N G ~ N E E R  
REGISTEPEO iN ARIZONA IF TnzS ENGlNEE?r?G tESiS: r  RECUrRES 
SPECIAL STRLICTUR;. I : .SPECT~ON T n E I  S1A.L BE PESPC,:SIBLE FOR 
7-E INSPEC: ION 

I R E F E R  TO SOILS REPORT FOR SiTE G R l D l h G  SUBGRADE SOiL PREPARATION AND FILL 
AND CSHPlrCT,GP< RECiLiREhlEN7S 

7 O E T ~ L S  ON THE S ? R u i T l i R i ~  ORAo<!!SS ARE T Y P r Z a  VERIFY ALL 
DIME&S!ONS I*,TH THE CIVIL  2 R ~ n i h S S  

d ~ C I J V ~ A ~ ~ C N C  ARE D E S , O N E ~  FOR DRY i'.??iDi71J?S l r . 3  MUS7 PEhlAlW .7P" C L . 9 ' h j  
CCP;S TRuCTiON 

1 9ROVICE BENT CORNER RE' r ,FORi lNt i  T i i  M J r C H  AN0 LAP i x l i n  nOR!ZCf.:Ai 
Q E ! ? I F , ? R ~ : * I ;  AT C?R:,EPS AND h - E P S E C r ' G : ~ Z  OF WALLS BEAMS AND F S t : , . * C S  P E R  
A C I DETAIL,NG uAhvm.  I S P .  66) I EYPANZrVE NATIVE SOILS S n O i i r D  & O f  RE I/ ' ;EO AS R E T , i i k i h i ;  WALL ~ A C K F I L L  SEE 

:O!LS REPORT 8 DOWEL ALL VERTICAL P E , N i 5 S C ! t $ G  T O  F 9 y ~ C i r . O t ~ S  

9 S E C V R E L ~  I I E  ALL P E ' N i 3 R C : Y ;  ENBEDCES ,:EMS .:. POSlTrON BEFORE F i ; C , v r '  
C 5 h C P E T E  OR GROUT 

5 R A T : C j .  SEE MAG 
ST*?,DAPS C I : L . L  539  -- 

-.,-4 T V D  
,3 ,  ! 6  . 

10 SYBI/:' P i / L Z ~ l i t  D R n n i N i S  PEP J C i O E T A ~ L ' N C  MANLA; : S P  561 F A B i j C A T E  
AFTER ENGINEER 5 R i v l E ~  I ~ C . U D E  ELEbAr !Ot ,S 8-Ooi ' iC  REihFDl? f ,Z .Z  STEEL AT ALL 
; J I C P E T E  WALLS A N 0  FO;TII.GS 

t i  n E ; C  PE,NFCRCINS BARS ,N t C * i O R h ( i N C E  WITH AwS D l d . 9 2  USE LOW 
n Y D P O : E h  ELECTROOES 

> C! :VLQETE REGULAR WEIGHT ( l d d  p c l ) r , T H  T Y P E  r i C E M E N T  P E R  AASWTO Ma5 ( A S T M  Cf5Ol  
A:G 'EtA?E P E R  *i\S*TO M6 6 i u l S n T 5  H 8 3  I A S l M  ,CIi, AND POTABLE K A ? E R  A M u l u v , $ %  OF 
18% 8 "  r r E r 5 ~ T  OF :.ME T O r A i  C E I a E h i r T i O ~ i s  M A T E R ~ A L S  MAY BE R E P U C E D  B Y  i ~ r . ~ S n  
P R O I ! D I N  7HE F i Y . A S H  CONFORUS TO B A S h i G  M195 (ASTM C 6 ! 8  TVPE F )  

3 AGGREGATE SIZE I U'VIMUU (SIZE NC 5 56 OR 57 lFCIR I C O T f N G S  AND O ? H E R  
MASS C::h;RETE AND > d '  M ~ N ~ u u u  ! S I Z E  N 3  61FOR Ot*EQ COICCPETB I?  PLACE RE ' i c5RC. , i  P E R  s a s n f 0  ACiS18.89 AND C R S i  STAfv5.2935 

STRUCTuR.4L STEEL. BOLTS AND WELDS 
I U T E S T  AiSC AND AWS CODES a!,,̂  RANDBOSKS APPLY 

CATCH 5nS :. SECTION - 
NOT TO SCALE 

6 M C C ~ A N I C A L L Y  YORATE ALL COhlCRE ?E LI ' 2  >;2  x:, 2'  T r P  -,\ 

:--',.r : 
i ,  . 

' : y p  ! / j 

. .. 

L SEE MAG S T 0  -1 
L2.22 .,,?.LO 
T " P  

GRATE SEAT . P U N  SECTION A - A  
NOT TO S ~ A L E  psi" T C  S ~ A L ~  

2 ROLLED SECTIONS AND ? U T E S  ASTM A36 OR "DUAL C L ~ S S I F I C A T ~ O N  AS1.U 
A36/57? GRADE 50 F I  = I 6  x i ,  h ! ~ h ~ t d ~ ! d . € x C E P T  a n E R E  SPECIFICALLY 
NOTED ON THE C R A n . h S 3  1 N O  ADl r lXTURES arTYOUT APPROVAL ADHIxTLIRES C O N ~ A I N I N G  C*LORIDES 

SHALL N O r  BE USEC C0NC.QETE SHALL NOT BE IN CONTACT n l T n  A L j M i l i L i r  
3 P l P b S  ASTM A53 GRADE B F y  : 35  k r i  w1?11U-v 

8 V/AIT 48 nOlJRS BETWEEt? ADiACEN? CONCRETE CASri?,,GS 
4 BOLTS AND P U l N  ihC??i iaS ASTM A107 

9 CtiRE C O k C P E f E  MCMBERS w , T n  P O L Y E T ~ ~ L E N E  FOR 5 DAYS OR WITH A C u P t " ~ t  
C O U P C U ~ O  APPROVED BY ' H E  E*CINEER 5 n i ' D , h G  RODS E . 7 0  SERIES LOW n r D R C G l i r  ' J E T '  w E L O ~ N G  RODS !E?Oid j  SHALL 

NO7 BE USED FOR AN? STRUCTURAL STEEL WELDING 
I0 SUBMIT MIX DESIGNS FOR R E v j E n  

6 A C C U Q A ~ E L Y  SAW OR FrNiSx ENOS TO A TRUE PLANE TORCH C u r  I S  NOT ALLOWED 

1 C O M P i l  WITH AHER~CA.LI n E ~ 0 i h G  SOClETY CODES AND STANDARCS ALL WELDERS 
SHALL nOLO VALID t E R T l i : C A I E S  AND HAVE CuRnENT ExPER!E,V;E IN TnE TYPE OF 
* E L D  CALLED FOR C E R T l F i C A I t S  SHALL BE i7OS.F !SSL.E3 AN A C C E i T E C  
TESTING AZEPafY A L 7 h O R r 2 E D  B r  AWS 

I? O R f P A C K  SMALL BE ONE PART CEuErdT AND ? . 1 / 7  PARTS SAND WITH JUST 
Eb lCbCH WATER TO H " 0 R A T E  CEMEhT AND FORM A BALL S - O ~ ~ N G  MOrSfUPE ON 
THE S L ' P F ~ C E  n n E N  S0UEE:ED IT SHALL BE PAMUEC IN TIGHT T O  & A X ~ M U K  
D E I Y S I T I  A? T A ~ N A B L E  UlNlUUM 28-DAY S T R E h C T r t  T O  BE 5000 03, AS AN 
ALTERNIITE T O  ORYPACX P R J I I D E  /#ON SHRr?dr( GROUT 8 WELDS ! * iO i fATEO W,TH A SHOP W E L D  S r M 9 2 :  MAY BE MADE IN THE F ~ E L ;  h , T n  

A P P R J ~ A L  OF THC STRUCTURAL ENGI.%EER 
CATCH BASIN RAISED GRATE D E T P i i S  

N O :  T O  SCLLE 
I3 GROUT SHALL BE NON.UETALL~C NON. S l r R ~ N f i  5 R O U i  WIT* A UINIML'M 

C O M P R E S S I ~ E  STRENGTH OF 4000 DJIJN 3 D A Y S , M I X E D  AND (NSTALLED IN 
A C i O R S A N t E  * ! i n  TME M A N u E A C T ~ R E R  S R E C O M U ~ N C A ~ I J N S  

10 ALL S T R S I : : ~ R A L  SnOP WELDING SHALL BE DONE IN A CiTY A P P R C v i 3  F ; G : C 4 T O R  S 
SHOP 

REINFOGCING . .- - . . - - - - - 
I AASWTO 4 3 1  (ASTM A 615, GRACE 6 5  EXCEPT AS F i - l C A S  

A F I E L D  BENT AND/OR W E L D E D  BARS A S r M  A706 

1 1  ALL STEEL PARTS SHALL BE GIVEN ONE SHOP COAT OF l i O  i P i l ~ i  AND T n O  F I E L D  
COATS OF NO l o  PAINT P E R  M A G  S T 0  SECTION 190 

SUPPLElr'ENTARY NOTES .. - 
I VERIFY ALL O ! M E N S ~ O N S  AND CGA13,T10NS PRIOR TO STLRTrr iG WORK N O T l F r  THE 

E ~ G I N E E Q  OF ANY D.SCREPAr:C!ES OR l i i ~ ~ h ~ : ~ ~ ~ ~ t ; ~ ~  

I " , 1 

iEd, 3n 

O f  MARICOPA C O U N l 7  i i ~ o i ~ t t a i n c  orvrsno* 
I t C 3 0 f l E ~ L  ROAD BASIN 

i 3 U W h  ! M S I  ! ' C D i O !  1 
,:..ECP.E; ; kvc.. i ';,sai:d ! 

,̂  ...- - -... 
Dl..'*,*G r.2 / *,, 5'422'AA. vC:Es / 'zEc 2'1 

2 R E ' N F C R t , ' < G  BARS DEFORIdEC EXCEPT a2 9ARS ,wC wELCEU PLAIN wr?E FABRIC 

3 CONCRETE COVERAGE FOR R E I N F O R i i h G  BARS i f 0  FACE OF BAR INCLUDING :TIRRLIPS 
AND TIES1 EXCEPT AS SHOWN OR NOTED 
A U k F D R M E C  CONCRETE IN CONTACT WITH EARTH j .  
6 FORME3 CONCRETE iN CONTACT WrTH EARTH 2 '  
C WALL E X T E R G R  FACE 1 .  I,?' 
0 A A L L  ,h ~ E R I O R  FACE i 
E SLABS I -  

F BEAMS 1. ! /> '  

3 ESTABLISH AND VERIFY ALL C P ~ Z I N ; S  AND INSERTS s,T.* i.PPR.3PR.AiE i Q A 5 E 5  
DRAv:wGS 

4 PROL!.SE ALL NECESSARr TEuPORAHY B a ~ c . ~ i  SHOR!NG GvI ING,OR OTHER MEANS 
TO AVOID E X C i S S I i ' E  S T 9 E S S E S  AND TO HOLD S ~ R L C T U R A L  ELEMENTS JN PLACE 
D b R i i i  C O N 5 1 4 J ; T I O N  



'NF BARS r N l 6 R R u P T E O  . . . . .. - .. . . . . . -.. .- 
av O P E N ~ ~  I -i , 2 R 5  X 5 0- BARS E f  

I T Y P I  BEND @ WALL 

1 I N I E R S E C ~ I O N  
BARS 

AT INTERSECTION - PLAN AT CORNER . P U N  
NOTE 

ALL BARS TO EXTEND 2 .6' PAST 
OPENING . HOOK BARS WHERE 
THIS C A N h O i  BE OB7AiNE0 

#< n C R Z g  r2' O C  
- 

3,s. - 
kc4 

NOTE 

NOTE 

NO A 5 3  i R E ~ N F  R E 0  D i i  

O ? b ! h S S  ARE LESS THAN 10' E ~ u , V A L E N T  CROSS S E C ~ I O N A L  AREA AND 
~ E h S ' r n  OF RElNF BARS : N i E R R U P 7 E O  BY SPCNiNG 
C C h C E N i R A l E  k4Lf EACH SIDE 3 F  OPENING AT 3' 
, uar, SPACi.vG WHERE WALL OCCURS c EDGES 
CONCENIRATE ALL lNTERRUP7ED BARS AT SIDE OF 
3PEh.:.G OPPOSITE WALL 

&fi - PECESSEZ 
CONCRETE FACE 

SEE PLANS FOR TYPICAL WALL P E ' h c i R : , Z . d  TYP REINFORClNG AT OPENiNGS . -. -. -- . - 
NOT 1 0  SCALE F Q 0 N  CORM LINER 

TYPICAL CLEAR COYER kt. FGPKLJNE~? - 
AT 7 i P B O T T O M  6 
SIDE OF OPENING 
ALSO AT TOP 6 FREE 
E % D S  OF *ALL 

..x TYPICAL CONCRTE WALL D E T A G  
NOT 7 0  SCALE 

# 5 ~ 1 2 '  X 5 - 3 '  TYF 

C O N S T R  ,r T Y P  

3 /#  U N O  
l i -  

C,IIM'ER ALL STRLLTLLRIL PlPE ~ N L E I  
A h 3  ; i : . c T  Ex?3S6? E : ; E S  3 i r -  u N 3  

TYPICAL SE-C-TION - 7 X 4  R@C 
SCALE v2' z 1 0' 

CHAMFER .... -gEL+/L- 
NOT TO SCALE 

I C.. ! ',v.:*.RG*,.s I " 7. I 





. . .  .... ... 

. .  ..... r ?EP 

22 .a. .. 

6 + 
n 6 " ~  TYP--uw. 

9 b r 4 ~ 1 2 '  T r P -  

a 4' CLR INSIDE C O t i . r v ~ 9 ~ S  

FACE. 7 Y P  . . 5 2 ij &is K E Y ,  T I P  .... 
1 

( 

. .  
. L : $.: ,,xi, . :  . I : ;  : i . :  . r :  . . : : I : : :  z>i:a':,. ,>.. 

/ . ,!,>%' ' 
(, ; <{~,,>,%? 

116012' 

N O T E  SAFETY RAIL NOT S n O n N  

.. LCCESS BARRIER, 
SECTION 8 - 6  

SCALE . 3 8 '  . 1 .a' 

, m 

. . . . . . . . . . . . . . .  ' ; 

PlarJ 
SCALE - Y 8  = I -0 '  

5 l /2 '  i 2 4 '  I 

K E Y  T Y F  -' 

~ , c c ~ ~ ~ ~  c. ' sS7E S n c E 7  r RA!L h O i  S C C n h  
S A F E T r  R a r ~  P E R  

E'?!*.T1&?!. EL.& M A C  S ~ D  0 6 1  1 4 5  SCALE . 318 r .i' 

i 
I 

E L E Y  1629.03 BOTTOM OF RIPZAP AT C E h T E R  

SEXLION A.A 
SCALE = Y 8 '  - 1'.0" NOTE FORMLINER SnALL H A r C n  R E O U I R E L A E ~ ? ~  

S P E C I F I E D  IN T H E  SPECIAL P R O V I S I C N S  SECTION 0-0 
SCALE ]/a' = r.0'  

,.... ..... ......-. O .........*.I l in. , . innni . I .n.rr . r l . .  . 



,I.fC'DO 1C'I:LL ROrl I) CONCRETE BOX KIML E Y-HORN AND 
PROJEC'T #: 091  131012 1)ESICh' IiVPL!T / I  SSOCIA TES, INC. 

Concrete Box kfe~nber Desixn Forces: STRUCTURE 2 

JVall Inforntutiur~ {Assurnes design as a cantilrvered retair~ine wall): 

Wall Height: hwalf := 9.5.A 

Lateral Soil Pressure: 

Soil angle of internal friction: 4 := 34deg 

Unit weight of soil: y := 120-pcl' 

I)rsi,"rred By: Subrirr u :Yeu feld 

0 

ChccX rJ By: K r  vitr Kinr rrr 
Page 1 

Dafr: J/4/2006 
Filc~runtn K:I Rdu-,.ISrrrrc~~~~rul\ WcDrmell Rnud 
I Drzi~rrlSfrurfrrrc~-?l 



MCDOfYEL-L R O A D  
PKOJEC'T #: 091 I31012 

CONCRETE BOX 
DESIGN INPUT 

KIMLE Y-IIORN AND 
/ISSOCI,4 TES, INC. 

a Bottom Slub In formation (Assumes d e s i ~ n  cr one-way sitnple spun): 

Design of bottom slab based on soil pressure. Soil pressure calculated assuming all toads are evenly 
distributed over the area of the bottom slab. - Since walls designed as vertical cantilevered walls will 
need to confirm if reinforcement requirements from moment transfer from vertical walls controls 
bottom slab design. 

I Design Boltom Slab Span: 

Design Bottom Slab Thickness: tbslab := 15-in 

I Area of Bottom Slab areabslab := 384-ft 
2 

(24' x 16'1 

Perimeter of Box Structure: 

Design Wall Thickness: 

penm:= 56ft  (conservat~vely assume full 
heighl wall on 3 s~des)  

I Design Wall Height: h,,ll:= 9.5.h 

I Baffle Beam Height: bbh := 5.5-fi 

I Baffle Beam Thickness: bb, := 1.25.ft 

Baffle Beam Length: 

Baffle Beam Top Overhang Width: 

bbl:= 24-fi 

bbt, := 2.0-ft 

Baffle Beam Top Overhang Thickness: bbt, := 0.83-ft 

Load from Wall Selfweight and Baffle Beam: 

P,vall-baff,e := ~\,.~ll. 150-pcf -peiirn-h,,ll + I 50 .~c f  -(bbh.bbt.bbl + bbt,.-bbtt.bbi) 

ignore Bottom Slab Selfweight since it will cancel itself out in the design 

Total Load for soil pressure calculations: 

Ptotai := Pwall-battle 

I Soil Pressure for Design of Bottom Slab: 

Petal = 1 10.526 kip 

soilpres = 0.288 ksf 

@' De-sigrted 81.- Suhritru \urrjiild 

CJICCL rd B r: Keviri Kinr t t ~  
Page 2 



CONCRETE BOX 
DESIGN INPUT 

M = 191-1 k t i  

h.1, = 3.789kft 

V = 1.295 kip 

V,, = 1.684 kip 

Designed By: Sabrirla .Veufcld 
C11ct.kt.d Byr K~wirr Kimm 
Dutr: 4/4/2006 
Fihamr:  X:\ Rdn:~~ISrrrcc~r,ran.Mr DowrN Roud 
I Drsi~rrlStructcrr~~- 21 

Page 3 







Klmlay,Horn and &rocaitas Ina 
1878 N. lacn Slro.1 
SYlt. 300 
Phoenix. h? 85010 

Tnls Wlng Wall Dasrgn. Structure 1 Page - 
John 091131011 Osgnl KJK  Date APR 4.1006 
3ercr1p l lor  

Wlng wal l  dassgn. assumed m a l  Wing x n l l  halghl 1, 6 

T h u  Wall in Flls: K ' l R d w ~ l S ~ ~ u c l u r a l ' ~ M ~ O o w a l l  Road:Dsslg 
~ ( S L A , ~ P , O  2oni r .  . - r , r . ~  . ' . -  ,,;- . I . .  , ............. " * r * < w n ~ r a  c o m i ~ u ~ ~ o , ~ ! ~ ,  Cantilevered Retaining Wall Design 
~ . g * r ! r a i , o n l  R P . ~  lnaal5 1005003 Code AASHTO 

..... . .  / _ .  
C r i t e r i a  ( S o i l  D a t a  1 F o o t ~ n g  D ~ m e n s i o n s  8 S ~ r e n g t h s  

i i e  I.,, ririi nrr i j i i  5 #nil n a#!uw i a , !  Baarlnu i i OOCi il as1 -0s .\.om = 0 5 0 6  

s.!,i orrrn, - *20  nu  I., I 2;; :;;: o a(, .fi 

F~,,~l,~,igl lSu~i Fi,c.(x,n 0 100 
. O!iOl,, 

,:, .,,:: ,,<I S t v n  ; O O i ~ a l  5 , ~ )  l h t , ~ ~ , , !  I,, : ~~ r> ,e  
'.el O:,lai%l n I lun* Tuc ; 0 00 n 

'VfVI < > a  <.0"."<2,,E?>l ,,< ,a,.,,.e to, r,il.;,,.le hrerSiilr = 0 00  ,- r e  3 000p r l  FI : ti0 o i r i i r .  
''>,e,AI <n,c p,e5<., ,?. ,%,,I",,%, 

Foo~m..r) Cur, i : r i r  3enr t r  1 150 x p ; :  

b 5 E O  I,,, S,,.! P,* .,., 1,. 

Mln A& % = 0 0018 
Covn, (3 Top - 2 l~ f ls t )  (@ Bq80 - 3 50 111 

YC? !I;EC lo, :~,d.. ,c,  Rrr.lj.,i,re 

. . 
s u r c h a r g e  L o a d s  I L a t e r a l  ~ o a d  ~ p p l i e d  t o  s l im-  --b ~ ~ d ~ a i & ~ f i ~ t ~ n ~  ~ o a d  

Siiirr,algr Ovei nee3 ; i l ~  o p,3! 1 
NOT U S P C ~  -., Elr.-.,< s i . ~ , . ~ ~ ,  6 Or~l~,,,il,nq L a l e i . l L ~ i i d  ; 0 0 #,(l Adlacent fool8ng i c a c  = 0 0 lhs 

:ili;h.rlc ormi : n onqt 
Hemyn8 <ti Top OOOh Fulilmg w111n . OoOn 

k O T  Use4 lor Slrl,nq 6 O r a ~ t u r i ~ , n ~ ~  
3eqt11  in Bonunv : n 00 n Ercant<lc,~y 1 1100~n  

Wall ta Flq CL Olr! o 00 n 
A x l a !  L o a d  A p p l i e d  t o  S t e m  I Foolinq Tynn it,te ~ o a n  

Axsal Dead Load fl 0 ihs 
Base  Auarai8stuw Siiil 

dl 3 a c i  al wa l l  0 I1 n 
AXIR! LSVC Lt>ail s 0 0 11,s 
Aimel Load Ecren1,irny i 0 0 ~n Polsrons  Rallo - 0 300 
. . ' i . . . .  

.-"u. S!% 7 I ED. TC it 
'Design S u m m a r y  S t e m  C o n s t r u c t t o n  1 Tup $~~rn- ' *  "dVC 

5icoi c>*  
Wall Slahll i ly Rn l i o r  
Cvcih,ln,nq 
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IIfCDOIC'El-L ROrl D 
PROJECT #: 091 131012 

C'ONCREI'fC BOX 
DESIGN INPUT 

KIMLE Y-/IORN AND 
ASSOCIA TES, INC. 

@ Concrete Baffle Beam Mernbm Desipn Forces: STRUCTURE 2 

Beant Iltfornzatintl (Assumes cksign as a simple span beam for baffle beam): 

Design Span Length: span := 24-ft 

Spacing between dual 54" RCP: spacing := 7 . 2 5 - f ~  

Load on Baffle due to flow from 2 - 54" RCP: 

Flow rate per pipe (Q): 

Area of 54" RCP (A): 

Flow velocity (v): 

Water density (p) 

Gravitational constant (g,): 

Mass flow rate (m):  

Force on baffle from flow rate (F): 

ft3 
Q := 325.- 

sec 

I b- ft 
& := 32.2--------- 

Ibf -sec 
2 

ft 
\, = 20.435 - 

sec 

lb 
m = 20280 - 

sec 

F = 128701bf 

per 54" RCP 

rage I 



MCDO IVELI. ROAD 
PROJECT #: 09113 1012 

COIVCRE 7'E BOX 
DESIGN INPl ;T 

For design assume simple span span beam loaded with the reactions from the flow from the dual 54" RCP 

Positive Moment at Mid-span of baffle (per AlSC LRFD Beam Diagrams pg 4-192): 

spar! - spacing 
a := a = 8 . 3 7 5  f1 

2 

kln,,dspar, := F.a  Mm,dspan = 107.787 kft 

klu-rrlidqmn := 1.3' 1.3-Mmidspan kl, ,,,idspan = 182.16 kft 

Shear at End of baffle (per AlSC LRFD Beam Diagrams pg 4-192): 

Vendwall := F \'end,,.rrll = 12.87 kip 

Vu-endwall 1.3- 1 .).Vendwall Vu-end,vall = 2 1.75 kip 

Designed By: Sahrirtu .Yeu/e/J 
Clrrched By: Kuritt Kin~nr 
Date: 4/3/Z006 
Fil~~rturnr: K:1 Rdn:~~IStrvrt~rrrrll Ilc.Dowc,N Rnud 
I Dcsi~rtlStrrrc~~~rt  I 
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D 3-0 Kiniley-Horn Page I 
and Ass~rates, Inc. 

Job h l c ~ ~ l l  Koad Subject Structu~e t12 Baffle L k d g ~ .  h 1 4  _ 1'1oject N o  091 131012_ 
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AASHTO 17th Edition LFD RJC Beam Design 

REFERENCE: AASHTO 17th Edition. 2002 

Note: Input parameters are in yellow highlight. [Cnecks for adequacy are in blue highlight with border] 

Base Units: ft = I L Ib = 1M sec = IT Define Units: kips := 1000.lbf degF := i -K 
K= I K Ibf = force ksi := 1000phi 

DESIGN LOCATION: BAFFLE BEAM M+ 

MATERIAL PROPERTIES: 

CONCRETE : REINFORCING STEEL : 

Fc := 3-ksi Concrete compressive strength fy := 60.0- ksi [GI-ade 601 

[ , U S H I 0  8.15.2.2 
kips Quantity limiting distribution f, := 24.0-ksi SERVICE 

':= 13* in of fIeruoI ieinf. 
[AASHTO 8.16.8.4) 

E, := 29000ksi IX.4SHTO 8.7.21 

kips [UNIT FORCE -- 
W, := .15-- AASHTO 3.3.6 ] Flexure - strength reduction factor 

fl 4, := .90 I.4XSt-IT0 8.1 6.1.2-21 

Shear - strength reduction factor 
4, := .85 [.4.+\SfITO 8.16.1.2.21 

CALCU1,ATED MATERIAL PROPERTIES: 

K-3 -a  {SERVICE LOAD] 

E = 3370. 56 ks Elastic Modulus for concrete / LAASHTO 8.7. I )  

n := floor(%) + i f 5  > ( z )  - f l o o ( ~ ) , O ,  I] Modular Ratio [AASHTO 8.15.3.41 

FOR IT'c < 4ksi Pi = .85 
F'c L 4:ksi. X5.35 - (F'c - 4.ksi).O5--!--] 1-1 ksi 1 AAStITO 8.1 6.2.71 



I BaffleBeam M+ S2 .xrncd I 

I)ESICN LOAL)S: * I.OA1) FrIC'TOR SERVICE! 1-OAE) 
Use service ioad to check 

Mu:: 185.kips-ft M m a ~  := srrviceabilty requirements 

Vu := 22-kips MInin := 0-kips.ft 

GEOMETRY:  

b := 5.5-ft \Vidttt of  compression flange depth := 1.2j.e Gross depth of  section 

RlElNFORClNG STEEL:  

cover:= ?-in Clear cover to stinups [AASf-I'TO 8.72.1 1 

Use # bar := 8 --- kionlent reinforcement 

AsNo:= 6 Total number of  bars used Total Area o f  Reinforcing steel 

= 0.79 1nL Bar area As a := AsNo- %ar 

diam = 1 ~n Bar dia. As-a = 4.74 in2 Total area of flexure relnforc~ng 
bar 

.I 

Use # bar, -= 0 --- Shear  reinforcement 

ASNO, := 4 Toral number of  legs used Total .Area of Reinforcing steel 

Abar, = 0 in' Bar area As a, := AsNo,-Abar, 
7 

diam = 0 tn Bar dia. As-a, = 0 inL Total area of shear reinforcing 
bars 

Calc. the dc 8. d to tension reinf.: 
diam 

bar Distance from the tension face to 
dc := cover + diam + ------ dc = 7.5 in 

bar, 2 centroid o f  first layer of tension 
reinf. 

d := depth - dc 1-d Distance from compression face to 
centroid of  tension reinf. 

BAR SPACING: 
dianl 

bar 
main-cover := coyer + diam + - assumes cover is uniform around bars 

bars - 3 (ie side cover = bottom cover) 

b - 2-(main-cover) 
main-reinf-spa := 

AsNo - I 

[main-reinf-spa = 13.2 i r j  spacing bet u e r n  flexure reinforcing bars 

ULTIMATE klOMEN1' C:\P:\CITY: IA:\SH'iO 8.1 h.3.k 1 

f, 
a := As a - 1 .h9 in 

- -85-F'c-b 



hItLY. FLEXLIRE KEINF. [AASltl 'O X 16.3.1.11 

hllN.  FLXXURE KEINF. [.4ASCITO 8. I 7 .  I .  I I 

7 
b.deprhL 

CRACKING MOMENT on the basis of 
M~ : = ------- . 7.j.Jp_\l-JF'c MC = 83.73 kips.ft the modulus of  rupture for normal weight 

6 concrete [AASHTO 8.1 5.2.1 .I]  

SERVICE.4BILITY REQUIRERIENTS [XASHTO 8.16.81 - Use as  general Check 

Mmax 
f h a x  := --- 

As-a- j-d 

fs,,,in = 0 ksi 

FATlCUE STRESS LIMITS [AASHTO 8.16.8.31 

rn := -3 (rih) of  -3 is used as a default 

ft.:= 2i:ksi - 0.33.fs+,,in + 8.-ksi.rh 

Max. stress range for reinf. s ~ e e l  

DISTRIBUTION O F  FLEXUR4L REINFORCEMENT [AASHTO 8.16.8.41 

dc:= if[cover > 2-in,dc - (cover - 2-in) ,dc]  dc = 2.5 in Use max. cover as 2" 

2-dc-b -I z 
A:= - A = 55 in- fs z:= - 

AsNo - I - fs-, = 25.19 ksi 
Ef fec t i~e  tension area of conc. 
surrounding 1 bar (dc- A) 

-- lbrmula for I layer of  steel 



Slieur Strengtl~ Provided by Concrete [AASIiTO 8.16.6.2.i ] (Assurneh a rcct. section) 

VU-d 
factor:= - factor = 0.12 factor .= if(factor > 1 ., 1 ..factor) factor = 0. I? 

Mu 

Fvmax := 3.5-(&i.fic) Fvmax = 1 9 1 . 7 ~ ~ 1  

Fvc := if(max(fv,) i Fvmax, max(Fv,), ~t max) Fvc = 109.54 PSI concrete shear strength 

Vc := Fvc- b.d p-4 shear carried by concrete 

IF 1-4 > >vurqd = 2i.88kipif o Shear reinf. required [AASHTO 8.19.1 

If Shear Rein forcing is required [AASHTO 8.16.6.31 

Max. shear reinf spacing [AASHTO 8.19.1.21, AASHTO 8.19.31 

smax = [ : I,n smax := rnin(smax) 

/ As-as-fy \ 

max s t i m p  spacing 

smax := 

Red~rctionfor may spuci~tg for Izigk slrcor reinf. requirement: IAASHTO 8.16.6.3.81 

50-psi- b 

24-in 

d - 

IF -4 > 1 4 - 6 - F c - b - d  = 180.75 kip4 Then reduce m a r  r p a c i n ~  by i;? 

\ 2 1 

M a y  steel sheur strelrgtk allowed: [ AASIjTO 8.16.6.3.91 

Stirrrrp Spucitrg: 1 AASHTO 8.16.6.31 

Max. St11  up spacing- sreqd = O cx3 



Distance from cor~lpression fsce to 
d l ? . 5 1 n  centroid o f  tension reinf. 

d . ... 
Thickness of  cover from tension , . -- cover i-  0.5.dian 

har fiber to center o f  tension reinf. 

(1 2 Effective tension area o f  conc. 
p : = l  e -  p = 1.29 A = 55in 

.7-(d) surrounding I bar. ( 1  layer i~fbteel )  

155 kip 
f -  < .- 

fsck = 23.36ksi 

fs = 23.36 ksi 



STRUCTURE #3 
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MCDOIVELI, ROAD 
PROJECT #: 091131812 

CONCRETE BOX 
DESIGN INPUT 

KIML E Y-HORN AND 
ASSOCIA TES, INC. 

Concrete Box Member D e s i ~ n  Forces: STRUCTURE 3 

Wall lrtforrnntion (Assumes design as a slab partiall fixed at the top and bottom slabs): 

Wail Height: 

Top Slab Thickness: 

Depth of Fill: 

Height from btm wall to top of fill: H := hwall + ttslab + d f i l l  H = 12.917 ft 

Per Geotechnical Report lateral load on walls is a uniform pressure since walls are 
restrained from moving. 

Lateral Soil Pressure: wsoillat := 20-H-psf wsolllat = 258.34 plf 

Lateral Soil Pressure from Traffic Surcharge: wsoilsur := 120.psf-1 .ft wsorlsur = 120 plf 

Total Lateral Pressure on Wall: Wsoil:= Wsoillat + Wsoilsur 

ws,ii = 378.34 plf 

Positive Moment at Mid-span of wall (per AlSC LRFD Beam Diagrams pg 4-190 & 4-195): 

Mmjdspan = I .  1 59 kft 

Mu_rnidspan = 1.506 kft 

Negative Moment at End of wall (per AlSC LRFD Beam Diagrams pg 4-195): 

Mendspan = 1.545 kft 

Muwendspan := I ,3.Mendspan Mu-endspan = 2.008 kft 

Shear at End of wall (per AlSC LRFD Beam Diagrams pg 4-190): 

Vendwall = 1.324 kip 

Designed By: Sabrina NeufeId 
Checked By: Kevin Kimm 
Date: 6/5/2006 
Filename: K:I RdwylS~ructurallMeDoweU Road 
\ DesignlStructure-31 
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MCDO WELL ROAD 
PROJECT #: 091 131012 

CONCRETE BOX 
DESIGN lNPUT 

KIMLE Y-HORN AND 
ASSOCIA TES, INC. 

Top Slab Infornration (Assumes desinn a one-wav simple span): 

Design Slab Span: Islab := 9.5-ft 

Design Slab Thickness: tslab := 10. in 

I Depth of Fill: dfill := 5.0-ft Impact := 1 .OO 

I Unit Weight of Soil: ysoil := 125-pcf 

Truck Wheel Load (if applicable): P := 16.kip 

I Truck Wheel Load distribution per AASHTO 6.4 (if fill depth > 2 feet): 

I Distribute load over square with sides of "dist": dist := 1.75.dfill dist = 8.75 ft 

Equivalent uniform truck wheel load: 

@' I Positive Moment at Midspan of Top Slab: 

fi Pwheelgres -= -. Pwheelgres = 0-209 klf 
dist 

2 

MDL = 8-46 I kft 

MLL = 2.829 kft Modify equation based on 
fill depth - See above 

I M := MDL + MLL- Impact M = 11.29kfi 

I Mu := 1.3(1 .O.MDL + 1 . 6 7 - ~ ~ ~ - 1 r n ~ a c t )  Mu = 17.141 kft 

I Shear at End of wall: 

VDL = 3.563 kip 

VLL = 1.191 kip Modify equation based on 
fill depth - See above 

e' V, := 1.3(1 .O.VDL + 1 .67.vLL-impact) V, = 6.773 kip 

Designed By: Sabrina NeuJeld 
Checked By: Kevin Kimm 
Date: 6/5/2006 
Filename: KrIRdw~truc~uraIlMcDowell Road 
I DesignlStrucfnre-3\ 
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MCDOWELL ROAD 
PROJECT #: 091131012 

CONCRETE BOX 
DESIGN INPUT 

KIMLEY-HORN AND 
ASSOCIA TES, INC. 

Bottom Slab Information (Assumes design a one-way simple span): 

Design of bottom slab based on soil pressure. Soil pressure calculated assuming all loads are evenly 
distributed over the area of the bottom slab. 

Design Bottom Slab Span: Ibslab := 9.5.ft 

Design Bottom Slab Thickness: 

Area of Top Slab 

Area of Bottom Slab 

Perimeter of Box Structure: 

Design Wall Thickness: 

Design Wall Height: 

Load from Fill on Top Slab: 

Pfill := dfill.~soll.a"%slab Pfill = 81.25 kip 

Load from Truck Wheel Load on Top Slab: 

P:= 16.kip 

Number of wheel loads that can be placed on tops slab: Np := 2 

Ptruck := P- Np Pm,k = 32 kip 

Load from Top Slab Selfweight: 

Ptopslab := tslab-150-pcf .areatslab Ptopslab = 16.25 kip 

Load from Wall Selfweight: 

P,11:= twall. 150-pcf .perim.h,,ll PtOpslab = 16.25 kip 

Ignore Bottom Slab Selfweight since it will cancel itself out in the design 

Total Load for soil pressure calculations: 

Ptotal:= Pfill + Ptruck + Ptopslab + Pwall P,,,,I = 170.625 kip 

Designed Byz Sabrina Neufeld 
Checked By: Kevin Kimm 
Date: 4/5/2006 
Filename: K:lRdwylStrucruranMcDoweff Road 
lDesignStruc*rre-3I 
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MCDO WELL ROAD 
PROJECT #: 091 131012 

CONCRETE BOX 
DESIGN INPUT 

KIMLE Y-HORN AND 
ASS0 CIA TES, INC. 

soilpres = 1.3 13 ksf 

M = 14.807 kft 

Mu = 19.249 kft 

V = 6.234 kip 

V, = 8. I05 kip 

Designed By: Sabrina Neufdd 
Checked By: Kevin Kimm 
Date: 6/5/2006 
Filename: K:IRdwylStrrrctura~McDowelI Road 
I DesignlSrruciure-3l 
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Job McDowell Road Subject Structure # 3  Tor, Slab M+ Project No. 091 131012 

Designed by KJK Date 06/05/06 Checked by Date 

AASHTO 17th Edition LFD R/C Beam Design 

REFERENCE: AASHTO 17th Edition, 2002 

Note: Input parameters are in yellow highlight. phecks for ade@hcyare in.blue higtilight G-1 -. 

Base Units: ft = I L Ib = I M sec = IT Define Units: kips := 1000.1bf degF := 1 - K  
K= 1 K Ibf = force ksi := IOOOpsi 

DESIGN LOCATION: TOP SLAB M+ 

IMATENAL PROPERTIES: 

CONCRETE : REINFORCING STEEL : 

:= 3-ksi Concrete compressive strength f,, := 60.0-ksi [Grade 601 

[AASHTO 8.15.2.2 
kips Quantlty l~m~ting distnbutlon & :, 24-0-hi SERVICE LOAD] 

:= I 3 O ~  of flexural relnf. 
Ut 

[AASHTO 8.16.8.41 

, kips [UNIT FORCE -- 
W,:= .15-- AASHTO 3.3.6 ] 

- .  
ft3 

Flexure - strength reduction factor 
$"3:=-90 [AASHTO 8.16.1.2.21 

Shear - strength reduction factor 
14s :" [AASHTO 8.1 6.1-2.21 

CALCULATED MATENAL PROPERTIES: 

IGT?G-j [SERVICE LOAD] 

Elastic Modulus for concrete 
[AASHTO 8.7.11 

n := f l  + i f  > ( )  - floor($) ,., I In] Modular Ratio [AASHTO 8.15.3.41 

FOR F'c < 4ksi 0, = .8S 
<4:ksi,.85,.85 - ( F c  - 4.ksi)..05-- 

ksi [AASHTO 8.16.2.71 



I)ESIGN LOADS: 

LOAD FACTOR SERVICE LOAD 
Use service load to check 

Mm := 12'kips'fi serviceabilty requirements 

GEOMETRY: 

b:= 1.8 Width of compression flange dsth := '917;ft Gross depth of section 

REINFORCING STEEL: 

cover := 2.in Clear cover to stirrups [AASHTO 8.22. I ]  

Use # bar := 6 -- Moment reinforcement 

&NO':= 2 Total number of bars used Total Area of Reinforcing steel 
7 

Abrr = 0.44 inL Bar area 

diam = 0.75 in Bar dia. 
bar 

As a := AsN0.A 
bar 

As-a = 0.88 in2 Total area of flexure reinforcing 

Use # bar, := 0 --- Shear reinforcement 

AsNo, := 0 Total number of legs used Total Area of Reinforcing steel 

2 

= I n  
Bar area As a, := AsNo,- Abars 

diarnbar, = 0 in Bar dia. As-a, = 0 in Total area of shear reinforcing 

Calc. the dc 8i d to tension reinf.: 
diarnbar Distance from the tension face to 

dc := cover + diam + - dc = 2.38 in 
bars 2 centroid of first layer of tension 

rein f. 

d := depth - dc -4 Distance from compression face to 
centroid of tension reinf. 

ULTIMATE MOMENT CAPACITY: fAASHTO 8.16.3.11 

fy a := As-a.------ a = 1.73in 
.85-F'c.b 



MAX. FLEXURE REINF. [ AASf-11'0 8.16.3.1.1 ] 

0.85.P I 87000.psi 
P bal := p bal = 0.02 138 

fy 87000-psi + fy 

MIN. FLEXURE REINF. [AASPITO 8.17.1 . I  ] 

2 
b.depth 

CRACKING MOMENT on the basis of 
Mc := --- .7.5.fii-fic Mc = 8.29 kips-ft the modulus of rupture for normal weight 

6 concrete [AASHTO 8.1 5.2.1.1 ] 

SERVICEABILITY REQUIREMENTS [AASHTO 8.16.81 - Use as general Check 

FATIGUE STRESS LIMITS [AASHTO 8.16.8.31 

rh := 3 ( r h )  of -3 is used as a default 

Max. stress range for reinf. steel 

DISTRIBUTION O F  FLEXURAL REINFORCEMENT [AASHTO 8.16.8.41 

dc:= if[cover > 2-in,dc - (cover - 2-in),dcJ dc = 2.38 in Use max. cover as 2" 

2-dc.b 1 z 
A := - A = 28.5 inL fs-z := - 

AsNo I - fs , = 3 1.9 ksi - 
Effective tension area of conc. 

(dc- A) 
3 

surrounding I bar 
-- formula for I layer of steel 



SHEAR STRENGTH [AAStITO 8.16.6.1 . I  3 

Shear Strength Provicled by Concrete [AASI-IT0 8.16.6.2.1 ] (Assumes a rect. section) 

Vu.d 
factor:= -- factor = 0.28 factor := iftfactor > l . ,  I . ,  factor) factor = 0.28 

Mu 

Fvmax := 3.5.(Jpsi-Fc)  Fvmax = 191.7psi 

Fvc := if(max(~v,) < Fvmax , rnax(Fv,), Fvmax) Fvc = 110.01 psi concrete shear strength 

pziizi&4 shear carried by concrete 

IF -4 > I-{ 0 Shear reinf. required [USHTO 8.19.1 

If Shear Rein forcing is required [AASHTO 8.16.6.31 

Max. shear reinf. spacing [AASHTO 8.19.1.21, AASHTO 8.19.31 

smax I= 
smax = [:,I in smax := min(smax) ~4 

max stirrup spacing 

Reduction for m a  spacing for high shear rein$ requirement: {AASHTO 8.16.6.3.81 

IF 1-j > L 4 . G i . e ~ - b . d  = 22.69 tipd Then reduce max spacing by In 

s,,, := if(vqeqd > 4 - 6 - @ c - b - d ,  5-smax, smax) 

Max steel shear strength allowed: [AASHTO 8-16.6.3.91 

Stirrup Spacing: [AASHTO 8.16.6.31 

Max. Stirrup spacing: /$@f@$d 



CHECK CRACK CONTROL. -- [AASt- IT0 17.6.4.71 

d = 8.63 in 

d, := cover + 0.5.diam bar 

155 kip 
f -- 
S '- 

. in 

f, = 27.3 ksi 

Distance from compression face to 
centroid of tension reinf. 
Tl~ickness of cover from tension 
fiber to center of tension reinf. 

7 Effective tension area of conc. 
A = *'-' in- surrounding I bar. ( I  layer of steel) 

fs,k = 27.3 ksi .. 2 > 
f& < 



3- = Kimley-Horn Page I 
and Assocrates, lnc. 

Job McDowell Road Subject Stmcture #3 Wails M- ProjectNo. 091131012 

Designed by KJK Date --0V 18/06 Checked by Date 

AASHTO 17th Edition LFD R/C Beam Design 

REFERENCE: AASHTO 17th Ed~t~on.  2002 

Note: Input parameters are in yellow highlight. ~h-&ks~for~?i&<~tii%~ a r e a  b l G ~ ~ ~ ~ ] i g h t ~ ~ - ~ r d e r ]  

BaseUnits: f t = I L  I b = l M  s e c = l T  Define Units: kips := 1000.1bf degF := 1 .K 
K= I K Ibf = force ksi := 1 OOOpsi 

m 

DESIGN LOCATION: WALLS M- 

MATERIAL PROPERTIES: 

CONCRETE : REINFORCING STEEL : 
Fc:= 3.ksi Concrete compress~ve strength fy := 6O.BXsi [Grade 601 

kips Quantity l~rnlt~ng d~strrbution 
[AASHTO 8.15.2.2 < r= 241)- ksi 

':= 130- of flexural reinf , . SERVICE LOAD] 
in 

[AASHTO 8.1 6.8.41 
E, := 29000ksi [AASHTO 8.7.21 

kips [UNIT FORCE -- 
W,:= .15-- AASHTO 3 3 6 ] Flexure - strength reduction factor 

f? + m  := -9' [AASHTO 8.16.1.2.2] 

Shear - strength reduction factor 
4 s  := -" [AASHTO 8.16.1.2.21 

CALCULATED MATERlAL PROPERTIES: 

lGra [SERVICE LOAD] 

E = 3320.56 ks Elastic Modulus for concrete I. (AASHTO 8.7.11 

n := ) + i f .  > ('1 - floor(;) , O  I] -1 Modular Ratio [AASHTO 8.15.3.41 

FORF'c<4ksiP1 = .85 
F'c < 4.-ksi, 35,  -85 - (F'c - 

[AASHTO 8.16.2.71 



(wall M--SS.xmcd 1 

DESIGN LOADS: 

LOAD FACTOR SERVICE LOAD 
Use servlce load to check 

M m ~  := ' .5.kips'fi servlceabl lty requirements 

GEOMETRY: 

.6 := k-fi  W~dth of compression flange depth := .833-ft ' Gross depth of sectlon 

REINFORCING STEEL- 
y.;; ', ,cover :-8 in 

/'- 
Clear cover to stirrups [AASHTO 8.22.1 ] 

/' 
Use # $ = 6 -- Moment reinforcement 
y-T . && 5 1 Total number of bars used Total Area of Reinforcing steel 

7 
Abar = 0.44 in- Bar area 

diarnb = 0.75 in Bar dia. ar 

Use # bar, := 0 --- Shear reinforcement 

*ASNO, := 0 Total number of legs used 
2 

Abars = O in 
Bar area 

diamb = 0 in Bar dia. 
ars 

Calc. the dc & d to tension reinf.: 

diam 
bar 

dc:= cover + diarn + --- dc = 2.38 in 
bar, 2 

d := depth - dc 

As a := AsNo- 
'bar 

As-a = 0.44 in2 Total area of flexure reinforcing 

Total Area of Reinforcing steel 

As a, := AsNo,.A bars 
As-a, = 0 in Total area of shear reinforcing 

Distance horn the tension face to 
centroid of first layer of tension 
reinf. 

Distance from compression face to 
centroid of tension reinf. 

ULTIMATE MOMENT CAPACITY: [AASHTO 8.16.3.1 3 



M A X .  FLEXURE REINF. [AASHTO 8.16.3.1.1 ] 

MIN. FLEXURE REINF. [ M S H T O  8.17. I. I ]  

b-depth 
2 CRACKPJG MOMENT on the basis of 

MC := ------ - 7 . 5 . G i - P C  Mc = 6.84 kips.Ft the modulus of rupture for normal weight 
6 concrete [AASHTO 8.15.2.1.1] 

[AASHTO 8 1 7 I 2 1  1$@*$@4[2jl$ips:d > ~1.33~ti:2~2.66.%p&'j] J 

SERVICEABILITY REQUIREMENTS [AASHTO 8-14-81 - Use as general Check 

Mmin 
fs",;, := fcmax := fh,- 

k 

As-a. j-d n-(I - k) 

€hi, = 5.86 ksi 

FATIGUE STRESS LIMITS [AASHTO 8.16.8.31 

:= 3 ( r h )  of 3 is used as a default 

Max. stress range for reinf. steel 

DISTRIBUTION OF FLEXURAL REINFORCEMENT [AASHTO 8.16.8.41 

dc := if(cover > 2.in,dc - (cover - 2-in),dc] w dc = 2.38 in Use max. cover as 2" 

-- formula for I layer of steel 



[ Wall-M--S3.xmcd 1 

SHEAR STRENGTH [AASHTO 8.16.6.1.1 ] 

Shear Strength Provided by Concrete {AASEITO 8.16.6.2.1 ] (Assumes a rect. section) 

Vu-d 
factor := - factor = 0.64 -:= if(factor > I., I .,factor) factor = 0.64 

Mu 

I .9-G.flc -+ 2 ~ 0 0 . ~ s i . ~ -  factor) . 1 1 1  1.71 
Fvc:= Fvc = ( )psi 

2 - & - P C  109.54 

Fvmax := 3 . 5 - ( 6 - P C )  Fvmax = 191 -7psi 

Fvc := if (max(~v,) < ~vrnax, max(FvC), Fvmax) Fvc = I 1  1.71 psi concrete shear strength 

-4 shear camed by concrete 

IF [;j > 1-4 o Shear reinf. required [AASHTO 8.19.1 

If Shear Rein forcing is required [AASHTO 8.16.6.31 

Reduction for mar  spacing for high shear rein$ requirement: [AASHTO 8.16.6.3.83 

Max. shear reinf. spacing [AASHTO 8.19.1.21, AASHTO 8.19.31 

f As-a, fy \ 

> [4-&.@c-b-d = 20.04 kipd Then reduce man. spacing by 1 /2 

Max steel shear strength allowed: [AASHTO 8.16.6.3.91 

SWaX = [;,I in smax := min(smax) Ismax-Ojd smaX := 

Stirrup Spacing: [ AASHTO 8.16.6.31 

\ 2 /  max stirrup spacing 

50.psi-b 

24.in 

d - 

Max. Stimp spacing: I-{ / 



CHECK CRACK CONTROL, -- [AASHTO 17.6.4.71 

d = 7.62 in 

d, := cover + 0.5.diani bar 

155 kip 

~-ad,~ in 

f, = 20.89 ksi 

Distance from compression face to 
centroid o f  tension reinf. 
Thickness of cover from tension 
fiber to center of tension reinf. 

2 Effective tension area of conc. 
A = 57in surrounding 1 bar. ( 1  layer of steel) 

fsck:= if(& 5 .6-fy, fs,.6-f,,) 

fsCk = 20.89 ksi 



[Wall M+ S3.xmcd 1 

= m.'n Kirnley-Horn Page I 
and Associates, lnc. 

Job McDowell Road Subject St~ucture #3 Walls M+ Project No. 09 1 13 10 12 * 
Designed by KJK Date 05/18/06 Checked by Date 

- 

AASHTO 17th Edition LFD R/C Beam Design 

REFERENCE: AASHTO 17th Edition. 2002 

Note: hjputparameters aie m$lIow highlight. pecks for adequacy are in blue highlight with bordq] 

Base Units: ft = 1 L Ib = 1 M sec = IT Define Units: kips := 1000-lbf degF := I . K  
K= I K Ibf = force ksi := l OOOpsi 

m 

DESIGN LOCATION: W A L ~  M+ 

MATERIAL PROPERTIES: 

CONCRETE : REINFORCING STEEL : 

F;:= 3ksi Concrete compressive strength fy := 60.0-ksi [Grade 601 

[AASHTO 8.1 5.2.2 
kips Quantity limiting d~stribution := 24.0.ksi 

:= I3O 7 of flexural reinf. 
SERVICE LOAD] 

In 
[AASHTO 8.16.8.4) 

E, := 29000ksi (AASHTO 8.7.21 

'kips [UNIT FORCE -- 
W,:= -15.- AASHTO 3.3.6 ] Flexure - strength reduction factor 

fi3 4 m  := mgO [AASHTO 8.16.1 -2.2) 

Shear - strength reduction factor 
4 s  := .'' [AASHTO 8.16.1.2.21 

CALCULATED MATERIAL PROPERTIES: 

Ifcizi%i [SERVICE LOAD] 

E = 3320.56 ks Elastic Modulus for concrete 
[AIAASHTO 8.7.11 

n := flO0(2) + if[.. > (:) - floo(2) , O ,  I] 1x1 Modular Ratio [AASHTO 8.15.3.41 

FOR F'c < 4ksi Pt = .85 
F'c < 4:ksi,.85,.85 - (F'c - 

[AASHTO 8.1 6.2.71 



DESIGN LOADS: 

LOAD FACTOR SERVICE LOAD 
". Use service load to check 

Mus;z ~ . ~ & ~ s : f t  . wv '.-: :$, 1 :kpg.ft servlceab~lty requ~rements 

GEOMETRY: 

6 :- il-ft / Width of compression flange depth := -833.e Gross depth of sect~on 

RElNFORCING STEEL: 
- / 

'cover :& 2;in Clear cover to stirrups [AASHTO 8-22-11 

use # 'b&=:6 --- Moment reinforcement 

ASBG'I: i / Total number of bars used 
2 

Abar = 0.44 in Bar area 

dlam = 0 75 in Bar dia. bar 

Use # bars := 0 --- Shear reinforcement 

AsN~;:=;O Total number of legs used 

% =Oin 
2 Bar area 

"s 
diambars = 0 in Bar dia. 

Total Area of Reinforcing steel 

As-a = 0.44 inL Total area of flexure reinforcing 

Calc. the dc & d to tension reinf.: 
diambX 

dc := cover + diam + --- 
bar, 2 

Total Area of Reinforcing steel 

As a, := AsNo,- A bar, 
As-a, = 0 in Total area of shear reinforcing 

d := depth - dc 

Distance from the tension face to 
centroid of first layer of tension 
rein f. 

Distance from compression face to 
centroid of tension reinf. 

ULTIMATE MOMENT CAPACITY: {AASHTO 8.16.3.13 

f~ a := As-a- -----. a = 0.86 in 
.85-F%.b 



1 Wall M+ S3.xmcd 1 
MAX. FLEXURE REINF. [AASt- IT0 8.16.3.1.11 

0.85.P ,.F'c 87000.~~, 
P bal := pbal = 0.02138 

fy 87000.psi + fy 

As-a 
p := - p = 0.0048 1 

b-d 

MIN. FLEXURE REINF. [AASfiTO 8.17.1 . I ]  

b-depth2 
CRACKING MOMENT on the basis of 

Mc := -.7.5.&.@ Mc = 6.84 kipsft the modulus of rupture for notmal weight 
6 concrete [AASHTO 8.1 5.2.1.11 

[AASHTO 8 17 1 21 6~914;24((iP$4 > 1 f .33@$12 kipsif] / 

SERVICEABILITY REQUIRENIENTS [AASHTO 8.16.81 - Use as general Check 

FATIGUE STRESS LIMITS [AASHTO 8.16.8.31 

,rh := .3 (rlh) of .3 is used as a default 

Max. stress range for reinf. steel 

DISTRIBUTION O F  FLEXURAL REINFORCEMENT [AASHTO 8.16.8.41 

&= iflcover 2.i11,dc - (cover - 2.in),dc] dc = 2.38 in Use max. cover as 2" 

2-dc-b 
A:= - 

AsNo - 
Effective tension area of conc. 

(dc- A) 
3 

surrounding 1 bar 
-- formula for I layer of steel 

f,-, = 25.32 ksi 



SHEAR STRENGTH [AASHTO 8.16.6. I .  1 1 

Shear Strength Provided by Concrete [AASHTO 8.16.6.2.1 ] (Assumes a rect. section) 

Vu.d 
factor := - factor = 0.85 factor := if(factor > I ., l.,factor) 

rAv"v&w 
factor = 0.85 

Mu 

I .9-+.JFTc + 2 5 0 0 - ~ s i - ~ .  factor) 1 114.25 
Fvc := Fvc = ( )psi 

2-Gi-JF'c 109.54 

Fvmax := 3.5-(=.JF'c) Fvmax = 19 1.7 psi 

Fvc := i f  (max(~v$ < ~ v m a x ,  max(~v,), ~vmax)  Fvc = 1 14.25 psi concrete shear strength 

Vc := Fvc-b-d 1-4 shear camed by concrete 

IF -4 > o Shear reinf. required [AASHTO 8.19.1 

If Shear Reinforcing is required [AASHTO 8.16.6.33 

Max. shear reinf. spacing [AASHTO 8.19.1.21, AASHTO 8.19.31 

As-a,- fy 

smax := 1 5:f 
smar = 1 24 1 in srnax := rnin(smax) 1 x 4  

max stirrup spacing 

Reduction for max spacingfir high shear reinf: requirement: [AASHTO 8.16.6.3.81 

> 1 4 - G i - e c - b - d  = 20.04 k i d  Then reduce rnax. spacing by 1 I2 

b, := if(vqeqa > 4-&-@c~b-d,.~-srnax,sman) 

Max steel shear strengtfi allowed: [AASHTO 8.1 6.6.3.91 

Stirrupspacing: [AASHTO8.16.6.3] 

Max. Stirrup spacing: -4 , 



CHECK CRACK CONTROL -- [AASfITO 17.6.4.71 

dc := cover + 0.S.diam bar 

155 kip 
f .= ----- .- 
N 

D - ~ ~ , A  in 

6 = 20.89ksi 

Distance from compression face to 
centroid o f  tension reinf. -. I hiclcness of cover From tension 
fiber to center of tension reinf. 

7 Effective tension area of conc. 
A = 57 in- surrounding I bar. ( 1  layer of steel) 

fsck:= if(fs 1 -6-fy,fs,.6.fy) 

fsck = 20.89 ksi 
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Job McDowell Road Subject Structure #3 Btm Slab M+ ProjectNo. 091131012 

Designed by KJK Date 06/05/06 Checked by Date 

AASHTO 17th Edition LFD R/C Beam Design 

REFERENCE: AASHTO 17th Edition, 2002 

Note: Input parameters are in yellow higliIi&t. Fhecks for adequacy are in blue highlight with border I 
BaseUnlts f t = l L  Ib=IM s e c = l T  Define Units: kips := 1000.1bf degF := 1 - K  

K= I K Ibf = force ksi := IOOOpsi 

DESIGN LOCATION: BTM SLAB M+ 

MATERIAL, PROPERTIES: 

CONCRETE : REDJFORCING STEEL : 

Fc := 3-ksi Concrete compressive strength fy r= 60.0-ksi [Grade 601 

kips Quantity limiting distribution 
[AASHTO 8.1 5.2.2 

z:= 130- f~ := 24-0-kEi SERVICE LOAD] of flexural reinf. 
[AASHTO 8.16.8.41 

E, := 29000ksi [AASHTO 8-7.2) 

kips [UNIT FORCE -- 
W, := -15.- AASHTO 3.3.6 ] Flexure - strength reduction factor 

fi3 '#'m := [AASHTO 8.16.1 -2.21 

Shear - strength reduction factor 
-85 [AASHTO 8.16.1.2.2) 

CALCULATED MATERIAL PROPERTIES: 

fc := .4-F'c 
lzZ-7-d [SERVICE LOAD1 

F'c < 4:ksi,.85,.85 - (F'c - 4-ksi)..05-- 
ksi 

E - 3320.56 ks Elastic Modulus for concrete 
[(ASHTO 8.7.1 1 

1x1 Modular Ratio {AASHTO 8.15.3.41 

FOR F'c < 4ksi P, = -85 

[AASHTO 8.16.2.71 



DESlGN LOADS: 

LOAD FACfOK SERVICE LOAD 
Use service load to check 

Mrnax := I S.qps.ft serviceabllty requlrernents 

GEOMETRY: 

." 
b := 1 .ff Wldth of compression flange deitfi iz I.?-@ Gross depth of section 

REINFORCING STEEL: 

cover := 2-in Clear cover to stirrups [AASHTO 8.22.11 

Use # I&:= 6 --- Moment reinforcement 

AsNo := 2 Total number of bars used Total Area of Reinforcing steel 

2 
Abar = 0.44 in Bar area As a := AsNo-A bar 
diarn = 0.75 in Bar dia. As-a = 0.88 in2 Total area of flexure reinforcing bar 

Use # bar, := 0 --- Shear reinforcement 

AsNo, := 0 Total number of legs used Total Area of Reinforcing steel 

2 
A =Oin Bar area As a, := AsNos-A 

'Jar, bar, 
diarnbag = 0 in Bar dia. A s a ,  = 0 in Total area of shear reinforcing 

Calc. the dc & d to tension reinf.: 
diam bar Distance from the tension face to 

dc := cover + diarn + --- dc = 2.38 in 
bar, 2 centroid of first layer of tension 

rein f. 

d := depth - dc Distance from compression face to 
centroid of tension reinf. 

ULTIMATE MOMENT CAPACITY: [AASHTO 8.16.3.13 



MAX. FLEXURE REINF. [AASHTO 8.36.3.1.1 ] 

0.85-P !.F'c 87000.psi 
P bat := pbal = 0.02138 

fy 870OO.psi + fy 

As-a 
P : =  - p = 0.00762 

b-d 

MIN. FLEXURE REINF. [AASHTO 8.17.1.11 

2 CRACKNG MOMENT on the basis of 
b-depth 

MC : = ------ . 7 . 5 . f i . n ~  Mc = 9.86 kips ft the modulus of rupture for normal weight 
6 concrete [AASHTO 8.15.2.1. I] 

SERVICEABILITY REQUIREMENTS [AASHTO 8.16.81 - Use as general Check 

7 
k := JZ-n.p + (n+)- - n-p 1:: 1 - -  k = 0.3081 

k 

3 

f&in = 23.68 ksi 

FATIGUE STRESS LIMITS [AASHTO 8.16 8.31 

th := .3 ( r h )  of 3 is used as a default 

ff:= 2 1 :ksi - 0.33-f%,, + 8 -ks~.rh 

Max. stress range for relnf. steel 

DISTFUBUTION OF FLEXURAL REINFORCEMENT f AASHTO 8.16.8.41 

dc := if [cover > 2.in, dc - (cover - 2-in) ,dc] dc = 2.38 in Use max. cover as 2" 

2-dc-b A:= - 
AsNo 

Effective tension area of conc. 
(dc.A) 

3 
surrounding 1 bar 
-- formula for 1 layer of steel 

f,, = 3 1.9 ksi 



SIIEAR STRENGTH [AASHTO 8.16.6.1 .I ] 

VuIeqd = 9.4 1 kip. 

Shear Strength Provided by Cotrcrete [AASHTO 8.16.6.2.1 ] (Assumes a rect. section) 

Vu.d 
factor := - factor = 0.32 factor := if(factor > I . ,  I . ,  factor) factor = 0.32 

Mu 

1 . 9 . G i . n ~  + 2 2 0 0 - ~ s i . ~ -  factor) 110.18 
Fvc := [' FVc = ( )psi 

2 . & 3 F c  109.54 

Fvmax := 3 .5- (6 .$%)  Fvmax = 19 1.7 psi 

Fvc := if (max(~v,) < ~ v m a x  , max(~v,), ~ v m a x )  Fvc = 110.18psi concrete shear strength 

f ~ c  = 12.73 k i d  shear carried by concrete 

IF l-vE'Ei&d > -4 o Shear reinf. required [AASHTO 8.19.1 

If Shear Reinforcing is required [AASHTO 8.16.6.31 

Max. shear reinf. spacing [AASHTO 8.19.1.21, AASHTO 8.19-31 

srnax = 1 24 tin smax := rnin(smax) [q 

As-a,. fy \ 

(4.8 1 ) 
rnax stirrup spacing 

srnax := 

Reduction for mar spacing for high shear rein$ requirement: [AASHTO 8.1 6.6.3.81 

50-psi-b 

24-in 

d - 

IF -4 > 1 4 . 6 - f i - b - d  = 25.3 kipd Then reduce mar. spacing by I12 

\ 2 j 

Max steel shear strength allowed: f AASHTO 8. I 6.6.3.91 

Stirrup Spacing: [AASHTO 8.16.6.33 

Max. Stirrup spacing: I X i . 1  g2T "izb 



CHECK CRACK CONTROL -- [AASHTO 17.6.4.71 

Distance from compression face to 
d = 9.62 in centroid of tension reinf. 

Thickness o f  cover From tension 
d, := cover + O.5.diam 

bar fiber to center of  tension reinf. 

155 kip 
f -- 

S -- 

f, = 28.12ksi 

2 Effective tension area of conc. 
A = 28.5 in surrounding 1 bar. ( I  layer of  steel) 

fs,k:= if(fs < .6-fy,fs,.6-fy) 

fs,k = 28.12 ksi 



STRUCTURE #4 
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MCDO f VEL L ROAD 
PROJECT #: 091131012 

CONCRETE BOX 
DESIGN INPUT 

KIMLE Y-HORN AND 
ASSOCIA TES, INC. 

Concrete Box Member Desifn Forces: STRUCTURE 4 

Wall Infor~natiotr (Assumes design as a slab partiall fured at the top and bottom slabs): 

Wall Height: h wall := 1 1.08-ft I 
Top Slab Thickness: 

Depth of Fill: 

Height from btm wall to top of fill: 

Per Geotechnical Report lateral load on walls is a uniform pressure since walls are 
restrained from moving. 

Lateral Soil Pressure: wsoillat := 20- H- psf wsoillac = 281.6plf 

Lateral Soil Pressure from Traffic Surcharge: wsoilsur := 120-psf- I -ft wsoilsu, = 120 plf 

Total Lateral Pressure on Wall: 

Positive Moment at Mid-span of wall (per AlSC LRFD Beam Diagrams pg 4-190 & 4-195): 

Mmidspan = 3.08 I kft 

Mu-rnidspan := I -3.Mmidspan Mu-midspan = 4.006 kft 

Negative Moment at End of wall (per AlSC LRFD Beam Diagrams pg 4-195): I 
Mendspan = 4.109 kft 

= 5.34 1 kft 

Shear at End of wall (per AlSC LRFD Beam Diagrams pg 4-190): I 
Vmdwal1 = 2.225 kip 

Vu-,,dwa,l = 2.892 kip 

Designed By: Sabrina NeuJefd 
Checked By: Kevin Kimm 
Date: 10/3/2006 
Filename: K:lRdwyWmc!uraAMcDowell Road 
1 Design lSrruct#tre-4I 
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MCDO WELL ROAD 
PROJECT #: 091 131012 

CONCRETE BOX 
DESIGN INPUT 

KIMLE Y-HORN AND 
ASSOCIA TES, INC. 

a Top Slab Information (Assumes desizn a one-way simple span): 

Design Slab Span: 

I Design Slab Thickness: tslab := 18-in 

Depth of Fill: 

Unit Weight of Soil: 

Truck Wheel Load (if applicable): 

Impact := 1.3 

P := 4-kip Assume one 16 kip wheel load 
distributed over 4'width (AASHTO 3.24.3) 

Truck Wheel Load distribution per AASHTO 6.4 (if fill depth > 2 feet): 

I Distribute load over square with sides of "dist": dist := 1.75-dfilI dist = 2.625 ft 

Equivalent uniform truck wheel load: 

*I Positive Moment at Midspan of Top Slab: 

P 
.- -. Pwheeljres -- fi Pwheetgres = 0-58 klf 

dist 
2 

MDL = 19.607 kft 

MLL = 19.5 kft Modify equation based on 
fill depth - See above 

M = 44.957 kfi 

I Mu := 1.3(1 .o-MDL + 1 .67- ~ ~ ~ . ~ m ~ a c t )  Mu = 80.523 kfi  

I Shear at End of wall: 

(d f i l l ~~so l l  + trlaK ft.lslab 
VDL := VDL = 4.022 kip 

2 

VLL = 4 kip Modify equation based on 
fill depth - See above 

V = 9.222 kip 

Designed By: Sabrina Neufeld 
Checked By: Kevin Kimm Page 2 
Date: 10/3/2006 
Filename: K:IRdwyStructuraflMcDowell Road 
IDesignlSfructure-4\ 



MCDOIVELL ROAD 
PROJECT #: 091131012 

CONCRETE BOX 
DESIGN INPUT 

KIMLEY-HORN AND 
ASSOCIA TES, INC. 

Bottom Slab In formation (Assumes design a one-way simple sparr): 

Design of bottom slab based on soil pressure. Soil pressure calculated assuming all loads are evenly 
distributed over the area of the bottom slab. 

Design Bottom Slab Span: Ibslab := 19.5.fi 

Design Bottom Slab Thickness: 

Area of Top Slab 

Area of Bottom Slab 

Perimeter of Box Structure: perim := 109-ft 

Design Wall Thickness: 

Design Wall Height: 

Load from Fill on Top Slab: 

P f i l l  := dfill.~soil.areatslab Phil = 1 1  1 kip 

Load from Truck Wheel Load on Top Slab: 

P : =  16.kip 
m 

Number of wheel loads that can be placed on top slab: Np := 6 

PtmCk := P-Np.0.9 (AASH1'03.12.1) PtNCk = 86.4 kip 

Load from Top Slab Selfweight: 

Ptopslab := h a b .  5 0 - ~ c f  -areatslab 

Load from Wall Selfweight: 

PWal1 := tWaI1. 150.pcf .perim-hWall 

Pt,,s,ab = 1 33.2 kip 

PWaII = 18 1 .I 58 kip 

Ignore Bottom Slab Selfweight since i t  will cancel itself out in the design 

Total Load for soil pressure calculations: 

Ptotal := Pfil l  + P t ~ c k  + Propslab + Pwall P,,, = 5 1 1.758 kip 

Designed By: Sabrina Neufeld 
Checked By: Kevin Kimm 

Page 3 ' @ 
Date: 10/3/2006 
Filename: KrlRdwylStruauranMcDowell Road 
IDesignSfructure- 41 



MCDOWELL ROAD 
PROJECT #: 091131012 

CONCRETE BOX 
DESIGN INPUT 

KIMLE Y-HORN AND 
ASSOCIA TES, INC- 

soilpres = 0.864 ksf 

M = 41.089 kft 

Mu = 53.415 kft 

V = 8.428 kip 

V, = 10.957 kip 

Date: 10/3/2006 
Filename: K:lRdwylSfructuranMcDowell Road 
I Design IStruciure- 41 



rn tlmn Kirnley-Horn Page I 
and Associates, Inc. 

Job McDowell Road Subject Structure #4 TOP Slab M+ ProjectNo. 091131012 

Designed by SMN Date 10/03/06 Checked by-KJK- Date 

AASHTO 17th Edition LFD RIC Beam Design 

REFERENCE: AtISHTO 17th Edition, 2002 

Note: Input parameters are i n  yetlo* highlight. bhecks for adequacy are in glue highlight with border I 
BaseUn~ts: f i = I L  I b = l M  s e c = I T  Define Units: kips := 1000.lbf degF := I .K 

K =  I K lbf = force ksi := I OOOpsi 
N.N.4 

DESIGN LOCATION: T&P.S&AB-& 

MATERIAL PROPERTIES: 

CONCRETE : REINFORCING STEEL : 

:= 3.ksi Concrete compressive strength fy := 60.'O:ksi [Grade 601 

[AASHTO 8.15.2.2 
kips Quantity lirnit~ng distribution & := 24.O.ksi SERVICE LOAD] ' := 130 7 of flexural reinf. 

1 4 1  

[AASHTO 8.16.8.41 
E, := 29000ksi [AASHTO 8.7-21 

kips [UNIT FORCE -- 
W,:= .15-- AASHTO 3.3.6 ] Flexure - strength reduction factor 

ft3 4 m  := -90 [AASHTO 8.16.1.2-21 

Shear - strength reduction factor 
4 s  :" [AASHTO 8.16-1.2.21 

CALCULATED MATERIAL PROPERTIES: 

IfcGEq [SERVICE LOAD] 

E = 3320.56 ks Elastic Modulus for concrete I. (AASHTO 8.7.1 ] 

Modular Ratio [AASHTO 8.15.3.41 

FOR F'c < 4ksi P I  = .85 
F'c 2 4:ksi,.85,.85 - (F'c - 4-ksi)..OS--- 

ksi [AASHTO 8.16.2.73 



DESIGN LOADS: 

LOAD FACTOR 

Mu := 80.5-kips-ft 

SERVICE LOAD 
Use service load to check 

M i d  :='45,kips-ff serviceabilty requirements 

Vu := 16.5.kips Mmi, := ,19.6- kips. ft 

GEOMETRY: 

b := I .fi W~dth of compression flange d+fh ;= 1.SOR Gross depth of section 

REINFORCING STEEL: 

cover := 2-in Clear cover to stirrups [AASHTO 8.22.1 1 

Use # : 8 --- Mornent reinfurcen~enf 

ASNO := 2 Total number of bars used Total Area of Reinforcing steel 
1 

Abar = 0.79 in- Bar area 

diam = 1 in Bar dia. bar 

As a := AsNo-Abar 

As-a = 1.58 in2 Total area of flexure reinforcing 

Use # bar, := 0 --- Shear reinforcement 

ASNO< := 0 Total number of legs used Total Area of Reinforcing steel 
-, 
L '  

Abars = in 
Bar area 

diam = Oin Bar dia. 
bar, 

As a, := ASNO,-A bar, 
As-a, = 0 in Total area of shear reinforcing 

Calc. the dc Rr d to tension reinf.: 
diam bar Distance from the tension face to 

dc  := cover + diam + ---- dc = 2.5 in 
bar, 2 centroid of first layer of tension 

reinf. 

d := depth - dc Id = 1 5.5 ir( Distance from compression face to 
centroid of tension reinf. 

ULTIMATE MOMENT CAPACITY: [AASHTO 8.16.3.11 



ITopSlab M+ S4.xmcd I 

MAX. FLEXURE REINF. [AASHTO 8.16.3.1.1 ] 

0.85.P 87000.psi 
Pba l :=  pba ,  = 0.02138 

fy 87000.psi + f,, 

A s a  
p := - p = 0.00849 

b.d 

MIN. FLEXURE REINF. [AASHTO 8.17.1 .I]  

b.depth 
2 CRACKMG MOMENT on the basis of 

MC := -------7.5.Gi-pc Mc = 22.18 kips.ft the modulus of rupture for normal weight 
6 concrete [AASHTO 8.1 5.2.1 . l ]  

SERVICEABILITY REQUIREMENTS [AASHTO 8-16.81 - Use as general Check 

1-1 < Ifco:Zks( 
FATIGUE STRESS LIMITS [AASHTO 8.16.8 3) 

rh := -3 (rlh) of .3 is used as a default 

ff:= 21:ksi - 0.33-fh,, + 8:ksi.rh 

Max. stress range for reinf. steel 

DISTRIBUTION O F  FLEXURAL REINFORCEMENT [AASHTO 8.16.8.41 

dc := if[cover > 2.in,dc - (cover - 2.in),dc] w dc = 2.5 in Use max. cover as 2" 

2 . d ~  b 2 z A := - A = 30in fs z : =  - 
AsNo - 1 - f,-, = 30.83 ksi 

Effective tension area of conc. 
(dc- A) 

3 
surrounding 1 bar 
-- formula for 1 layer of steel 



SHEAR STRENGTH [AASHTO 8.16.4.1.11 

Shear Strength Provided by Concrete [AASHTO 8.16.6.2.1 j (Assumes a rect. section) 

Vt1.d 
factor := -- factor = 0.26 factor := if(factor > 1 ., I .. factor) m 

factor = 0.26 
Mu 

I . 9 - & . F c  + 2 5 0 0 - ~ s i . ~ -  factor) 109.69 
Fvc := F = ( )psi 

2.&.@c 109.54 

Fvmax := 3.5.(6i.@c) Fvmax = 19 1.7 psi 

Fvc := if (rnax(Fv,) < ~ v m a x ,  max(Fv,), ~ v m a x )  Fvc = 109.69 p s ~  concrete shear strength 

1-4 shear carried by concrete 

IF 1-4 > >j b o  Shear reinf. required [AASHTO 8.19.11 

Ifshear Rein forcing is required [ AASHTO 8.1 6.6.31 

Max. shear reinf. spacing [AASHTO 8.19.1.21, AASHTO 8.19.31 

srnax := 
srnax = 1 24 1 in srnax := rnin(srnax) w d  

Reduction for max spacing for high shear rein$ requirement: [AASHTO 8-1 6.6.3.81 

max stinup spacing 

> 14.&i,~~1c-b-d = 40.75 kipd Then reduce man. spacing by I R 

s,,,,, := if(vqeqd > 4.&;Iflc-b.d, .fi.arnax, srnax) 

Max steel shear strength allowed: [ AASHTO 8.1 6.6.3.91 

Stirrup Spacing: [AASHTO 8.16.6-31 

Max. Sttmp spacing: sEiqd O i  I 



CHECK CRACK CONTROL - [AASHTO 17.6.4.7) 

Distance from compression face to 
centroid of tension reinf. 
Thickness of  cover from tension 

d, := cover + 0.5.diam 
bar fiber to center of tension reinf. 

4 2 Effective tension area of  conc. 
p : = i + -  0 = 1.23 A = 30in 

.7.(d) surrounding I bar. (1  layer of steel) 

155 kip 
f -= ------ . - 

f, = 29.87 ksi 
fsck = 29.87 ksi 



Kirnley-Ho rn Page I 
and Associates, Inc. 

Job McDowell Road Subject Structure #4 Btm Slab M+ Project No. 091 131012 

Designed by SMN Date 10/03/06 Checked by-KJK- Date 

AASHTO 17th Edition LFD WC Beam Design 

REFERENCE: AASHTO 17th Edition, 2002 

Note: input parameters are in yellow highlight. Fhecks for adeqliacy are in blue highlightwith border I 
BaseUnits: f t = l L  I b = I M  s e c = l T  Define Units: kips := 1000-lbf degF := 1 - K  

K= I K Ibf = force ksi := IOOOpsi * 

DESIGN LOCATION: BOT~OM S @ a  I%%+ 

MATERIAL PROPERTIES: 

CONCRETE : REINFORCING STEEL 

F'c := 3.ksi Concrete compressive strength f, := 60.0-ki [Grade 601 

' kips Quantity lirnlting distribution 
[AASHTO 8.1 5.2.2 

z:= 130- & := 24-Q-ei 
of flexural reinf 

SERVICE LOAD] 
m 

[AASHTO 8.16.8.4 J 
E, := 29000ksi [AASHTO 8-7-21 

kips [UNIT FORCE -- 
W, := -1 5---- AASHTO 3.3.6 ] 

ft3 
Flexure - strength reduction factor 

'h := (AASHTO 8.16.1.2.21 

Shear - strength reduction factor 
4 s  -X5 [AASHTO 8.16.1.2.23 

CALCULATED MATERIAL PROPERTIES: 

Ifc={ (SERVICE LOAD] 

E = 3320.56 ks Elastic Modulus for concrete 
[AASHTO 8.7.11 

n := floe(:) + i i . 5  > (t) - floo(t) ,O, I ] 1 3 1  Modular Ratio [AASHTO 8.1 5.3.41 

FOR F'c < 4ksi P, = -85 < 4.-ksi,.85,.85 - (F'c - 
[AASHTO 8.16.2.71 



DESIGN LOADS: 

LOAD FACTOR SERVICE LOAD 
Use service load to check 

M,,:? 41-kips-fi serviceab~lty requirements 

GEOMETRY: 

b := 1 .A W~dth of compression flange depth := 1.4167.ft Gross depth of section 

RElNFORClNG STEEL: 

cbver := ?-in Clear cover to stirrups [AASHTO 8.22.11 

Use # &= 8 - Moment reinforcement 

AS'WO := 2 Total number of bars used Total Area of Reinforcing steel 

Abar = 0.79 in 
2 Bar area As a := AsNo-A 

bar 
diam = l in Bar d ~ a .  AS-a = 1.58 in2 Total area of flexure reinforcing bar 

Use # bar, := 0 -- Shear reinforcement 

AsNo, := 0 Total number of legs used Total Area of Reinforcing steel 

A =Oin 
2 Bar area 

bars 
diam = 0 in Bar dia. bar, 

As a, := AsNo,.A bar, 
As-a, = 0 in Total area of shear reinforcing 

Calc. the dc & d to tension reinf.: 
diam 

bar Distance from the tension face to 
dc := cover t diam t - dc = 2.5 in 

bar, 2 cent~oid of first layer of tension 
reinf. 

d := depth - dc [ j d  Distance from compression face to 
centroid of tension reinf. 

ULTIMATE MOMENTCAPACITY: [AASHTO 8.16.3.1 I 



1 BtmSlab M+-S4.xmcd 1 

MAX. FLEXURE REINF. [AASHTO 8.16.3.1 . I )  

As-a 
p := - p = 0.00908 

b-d 

MIN. FLEXURE REINF. [AASHTO 8.17.1.1] 

2 CRACKWG MOMENT on the basis of 
b-depth 

MC := ------ . 7.5-&.JF'c Mc = 19.79 kips- ft the modulus of rupture for normal weight 
6 concrete [AASHTO 8.15.2.1 . I ]  

[AASHTO 8.17 1 21 i$~n-s~2:.@@"p$f{ > @ 3 ~ u  - 2:71.02kip$-4 

SERVICEABILITY REQUIREMENTS [AASHTO 8-16-81 - Use as general Check 

k 
L := J2.n-p + (n.p)l  - n-p J := 1 - -  k = 0.3307 

3 
j = 0.8898 

M m a  
f h a x  := --- 

Ass- j-d 

Mmin k 
fsmin := fcmax f h a x -  n-  - k) 

As-a- j-d 

f h i n  = 20.6 ksi 

FATIGUE STRESS LIMITS [AASHTO 8.16.8.31 

A := 3 (r/h) of .3 is used as a default 

Max. stress range for reinf. steel 

DISTRIBUTION OF FLEXURAL REINFORCEMENT [AASHTO 8.16.8.41 

dc := if[cover > 2-in, dc - (cover - 2-in),dc] dc = 2.5 in Use max. cover as 2" 
AV.4 

- 
Effective tension area of conc. 

(dc- A) 
3 

surrounding 1 bar 
-- formula for 1 layer of steel 

f,-, = 30.83 ksi 



SHEAR S'I'RENCTH [AASHTO 8.16.6.1.1 ] 

Shear Strength Provided by Concrete [ AASIiTO 8.16.6.2.1 ] (Assumes a rect. section) 

Vu.d 
factor := - 

Mu 
factor = 0.25 factor := if(factor > I., I . ,  factor) 

.wmW&%w 
factor = 0.25 

1 . 9 . G i . P  + 2 5 0 0 . ~ s i . ~  .factor) 109.72 
Fv, := Fvc = ( )psi 

2 . 6 - p ~  109.54 

Fvrnax := 3.5.(6i .JF'c) Fvmax = 19 1.7 psi 

Fvc := if(rnax(~v,) < ~vrnax,  max(~v,), Fvrnax) Fvc = 109.72 psi concrete shear strength 

1-4 shear carried by concrete 

IF -4 > >{ '0 Shear rcinf. required [AASHTO 819.1 1 

If Shear Reinforcing is required (AASHTO 8.16.6.31 

V%,qd := if(vureqd - VC < 0.- kips, 0.000001 -kips, Vureqd - VC) IVqeqd = O 

Max. shear reinf. spacing [AASHTO 8.19.1.21, AASHTO 8.19.31 

/ As-a,- fy 

50-psi-b 

smax := 24.in 

d 

2 

smax = 1 24 1 in smax := rnin(smax) 

max s t imp spacing 

Reduction for max spacing for high shear rein$ requirement: [AASHTO 8.16.6.3.83 

> I4.\&i-&. bad = 38. I 2 kiod Then reduce max. spacing by 112 

Max steel shear strength allowed: [AASHTO 8-16.6.3.91 

Stirrup Spacing: (AASHTO 8.16.6.31 

Max. S t imp  spacing: f a d  



CHECK CRACK CONTROL -- [AASiITO 17.6.4.71 

d = 14.5 in 

d, := cover + 0.5.diarn 
bar 

1)istance from compression face to 
centroid o f  tension reinf. 
Thickness o f  cover from tension 
fiber to center o f  tension reinf. 

4 7 Effective tension area o f  conc. 
o : = l + -  0 = 1.25 A = 3Oin- 

.7-(d) surrounding 1 bar. ( 1  layer o f  steel) 

I55 kip &= 
().%A in 

f, = 29.49 ksi 



= m-• Ki~ley-Horn Page I 
and Associates, Inc. 

Job McDowell Road Subject Structure #4 Walls M+ Project No. 09 1 13 10 1 2 

Designed by SMN Date 10/03/06 Checked by-KJK-- D a t e - - .  

MSHTO 17th Edition LFD R/C Beam Design 

REFERENCE: AASHTO 17th Edition, 2002 

@$@J~~ut parameters are in:yellow highlight. Fhecks for adequacy are in blue liighlighFwith border I 
Base Units: ft = 1 L Ib = I M sec = IT Define Unrts: kips -= 1000.1bf degF := 1 - K  

K= I K Ibf = force ksl := l0OOps1 
NLwA 

DESIGN LOCATION: WALLS M+ 

MATEFUAL PROPERTIES: 

CONCRETE : REINFORCING STEEL : 

'FIG := '3"-ksi Concrete compressive strength fy := 60.0-ksi [Grade 601 

[AASHTO 8.15.2.2 
kips Quantity lirn~ttng distribution E, := 24.0.ksi SERVICE LOAD] 

:= 130- of flexural reinf. in 
[AASHTO 8.16 8 41 

E, .= 29000ksi (AASHTO 8-7.21 

kips [UNIT FORCE -- 
W, := .15--- AASHTO 3.3.6 ] Flexure - strength reduction factor 

ft3 +m:= .90 [AASHTO 8-16.1.2.21 

Shear - strength reduction factor 
+s '= .85 [AASHTO 8.16.1.2.21 

CALCULATED MATERIAL PROPERTIES: 

1-i [SERVICE LOAD] 

E = 3320.56 ks Elastic Modulus for concrete 
(AASHTO 8.7.1 1 

n := floo(2) + if[.. > (:) - f looi (2) ,  O , I ]  Modular Ratio [AASHTO 8.15.3.43 

FOR F'c < 4ksi PI = .85 
< 4:ksi,.85,.85 - (F'c - 

[AASHTO 8.16.2.73 



1 Wall M+-S4.xmcd 1 

DESIGN LOADS: 

LOAD FACTOR SERVICE LOAD 
Use service load to check 

Mm&;= 4-kips-A serviceabilty requirements 

GEOMETRY: 

b := I .@ Width of compress~on flange depth := 1 -A Gross depth of sect~on 

REINFORCING STEEL: 

cover := 2.in Clear cover to stirrups [AASHTO 8.22. I ]  

Use # &:= 6 --- Moiner~t reinforcement 

AsNo := 1 Total number of bars used Total Area of Reinforang steel 
7 

Abar = 0.44 inL Bar area 

diambar = 0.75 in Bar dia. 

As a := AsNo-A bar 
a = 0.44 in2 Total area of flexure reinforcing - 

Use # bar, := 0 -- Shear reinforcement 

AsNo, := 0 Total number of legs used Total Area of Reinforcing steel 

L 

= O in 
Bar area 

diambars - 0 in Bar dia. 

As a, := AsNo,- A bar, 
As-a, = 0 in * Total area of shear reinforcing 

Calc. the dc & d to tension reinf.: 
diam bar Distance from the tension face to 

dc := cover + diam + ---- dc = 2.38 in 
bar, 2 centroid of first layer of tension 

reinf. 

d := depth - dc ] m d  Distance from compression face to 
centroid of tension reinf. 

ULTIMATE MOMENT CAPACITY: [AASHTO 8.16.3.11 



[wall M+ S4.xmcd -1 

rMh'<. FLEXURE REINF. [AASPITO 8.16.3.1.1] 

MIN. FLEXURE REINF. [AASHTO 8.1 7.1.11 

b-depth 
2 CRACKING MOMENT on the basis of 

MC:= -. 7 . 5 . 6 . J F ' c  Mc = 9.86 kips-ft the modulus of rupture for normal weight 
6 concrete [AASHTO 8.15.2.1.1) 

SERVICEABILITY REQUIREMENTS [AASHTO 8.16.81 - Use as general Check 

2 
k := J2-n-p + (n-p) - n-p 

k 
j :=  1 --  k = 0.2298 

3 

fh i ,  = 12.27 ksi 

FATIGUE STRESS LIMITS [AASHTO 8.1 6.8.31 

& := -3 ( rh)  of -3 is used as a default 

Max. stress range for reinf. steel 

DISTRIBUTION OF FLEXURAL REINFORCEMENT [AASHTO 8.16.8-41 

dc := if [cover > 2-  in, dc - (cover - 2.in) ,dc] dc = 2.38 in Use max. cover as 2" 
NIlYV 

2 . d ~ - b  
A:= - 

AsNo 

Effective tension area of cone. 
(dc- A) 

3 
surrounding I bar 
-- formula for I layer of steel 

f,-, = 25.32 ksi 



1 Wall M+ S4.xrncd 1 

SHEAR STRENGTH [AASHTO 8.16.6.1 . I ]  

Shear Strength Provided by Concrete [AASHTO 8.16.6.2.1 ] (Assumes a rect. section) 

Vu-d 
factor:= -- factor = 0.6 1 factor := if(factor > I . ,  I . ,  factor) 

m 
factor = 0.6 1 

Mu 

1.9.Gi-JF'c + 2 5 0 0 . ~ s i - ~ -  factor) 1 109.83 
Fvc := [' Fvc = ( )psi 

2 . G i . c ~  109.54 

Fvmax := 3.5.(G-Jr'-~) Fvmax = 19 1.7 psi 

Fvc := if (max(~v,) < ~vrnax,  max(~v,), ~ v m a x )  Fvc = 109.83 psi concrete shear strength 

Vc := Fvc.b-d 1-4 shear carried by concrete 

IF [iKrEG&' > -4 o Shear reinf. required [AASEITO 8.19.1 

If Shear Rein forcing is required [AASHTO 8.16.6.31 

Max. shear reinf. spacing [AASHTO 8.19.1.21, AASHTO 8.19.3) 

As-a,- f,, 

smax := 1 5;; 
smax = / 24 in smax := min(srnax) L G E T J  

max stirrup spacing 

Reduction for mar spacing for high shear reinf: requiremetzt: [AASHTO 8.16.6.3.81 

> [4.&-@c-b-d = 25.3 tipd Then reduce mar. spacing by 112 

s.,, := > 4 G i - e c - b . d ,  -5-smax,smax) 

Max steel shear strength allowed: {AASHTO 8.16.6.3.91 

Stirrup Spacing: {AASHTO 8.16.6.31 

Max. Stirrup spacing: sXqd = 0 i I 



CHECK CR\CK CON'I'KOL -- [AASHTO 17.6.4.73 

d = 9.63 in 

d, := cover + O.5.diant 
bar 

Distance from compression face to 
centroid of tension reinf. 
Thichess  of cover From tension 
fiber to center o f  tension reinf. 

155 kip &= 
~.ad,~ in 

f, = 22.32 ksi 

2 Effective tension area of  conc. 
A = 57 in surrounding I bar. ( I  layer o f  steel) 

fsCk = 22.32 ksi 



1 Wall M- ~ll .xmcd J 

1-0 Kimley-Horn 
LL= and Associates, lnc. 

Page I 

Job McDowell Road Subject Structure #f4 Walls M- Project No. 091 131012 

Designedby SMN Date 1 0/03/06 Checked by-KJK- D a t e _ - -  

AASHTO 17th Edition LFD R/C Beam Design 

REFERENCE: AASHTO 17th Edition, 2002 

Note: Input parameters are in yellow h i a t ~ i h t  m 6 m e q b a c Y Y a r e  in blue highlight with bbrder ) 

BaseUnits: f t = I L  I b = I M  s e c = l T  Define Units: kips := 1000-ibf degF := l - K  
K= I K Ibf = force ksi := 1 OOOpsi 

rn 

MATERIAL PROPERTIES: 

CONCRETE : REENFORCING STEEL : 

F'c := 3-ksi Concrete compressive strength fy := 60.0-kn' [Grade 601 

kips Quantity limiting distribution 
[AASHTO 8 15.2.2 

:=.24-0-ksi SERVICE LOAD] 
:= 130 - of flexural reinf. In 

[AASHTO 8.16.8.41 
E, := 29000ksi [AASHTO 8-7-21 

:kips {UNIT FORCE -- 
W, := -15.- AASHTO 3.3.6 1 Flexure - strength reduction factor 

fi3 I$.!:= 290 [A ASHTO 8.16.1.2.21 

Shear - strength reduction factor 
+s := -85 [AASHTO 8.1 6.1.2.21 

CALCULATED MATERIAL PROPERTIES: 

k-x%i [SERVICE LOAD] 

Fc  < 4:ksi, 3 5 ,  .85 - (F'c - 4+ksi)..05.-- 
ksi '1 

E = 3320.56 ks Elastic Modulus for concrete 
[AASHTO 8.7.1, 

wj Modular Ratio [AASHTO 8.15.3.41 

FOR F'c < 4ksi 0, = .85 

[AASHTO 8.16.2.73 



DESIGN LOADS: 

LOAD FACTOR SERVICE LOAD 
Use servlce load to check 

M ~ ~ : =  4.1.kips.fi serviceab~lty requirements 

GEOMETRY: 

b := 1-ft Wldth of compression flange depth := 1 .ft Gross depth of section 

REINFORCING STEEL: 

cover := 2-in Clear cover to stirrups [AASHTO 8.22.1 ] 

Use # w.= 6 --- Moment reinforcement 

AsNo := 1 Total number of bars used Total Area of Reinforcing steel 
L 

Abar = 0.44 in Bar area 

diam = 0.75 in Bar dia. bar 

As a := AsNo. %a r 
As-a = 0.44 in2 Total area of flexure reinforcing 

Use # bar, := 0 -- Shear reinforcement 

ASNO< := 0 Total number of legs used Total Area of Reinforcing steel 

= 0 in 
2 

Abars 
Bar area As a, := AsNo,-Abars 

diam = Oin Bar dia. As-a, = 0 in Total area of shear reinforcing 
bar, 

Calc. the dc & d to tension reinf.: 

diam bar Distance from the tension face to 
dc := cover + diam + - dc = 2.38 in bar, 2 centroid of first layer of tension 

rein f. 

d := depth - dc p-G'Err Distance kom compression face to 
centroid of tension reinf. 

ULTIMATE MOMENT CAPACITY: [AASHTO 8.16.3.11 
r 



1 Wall M- S4 .xrncd 1 

MAX. FLEXURE REINF. [AASHTO 8.16.3.1.1 1 

As-a 
p := - p = 0.0038 1 

b-d 

MIN. FLEXlJRE REINF. [AASHTO 8.17.1.1) 

2 CRACKING MOMENT on the basis of 
b.depth 

MC := 7 .5-&-PC Mc = 9.86 kips- ft the modulus of rupture for normal weight 
6 concrete [AASMTO 8.15.2.1.1 ] 

[AASHTO 8.1 7 I .2] = 18.2 td$--fJ > /k33~&{'%9$&b$$4 

SERVICEABILITY REQUIREMENTS [AASHTO 8.16.81 - Use as general Check 

fhin = 12.27 ksi 

FATIGUE STRESS LIMITS [AASHTO 8.1 6.8.31 

rh := -3 (rlh) of .3 is used as a default 

ff:= 21 .-ksi - 0.33-fh,, + 8:ksi.rh 

Max. stress range for reinf. steel 

DISTRIBUTION O F  FLEXURAL REINFORCEMENT [AASHTO 8.16.8.41 

dc := if [cover > Z.in,dc - (cover - 2-in),dc] 
NMry 

dc = 2.38 in Use max. cover as 2" 

Effective tension area of conc. 
(dc- A) 

3 
surrounding I bar 
-- formula for I layer of steel 



SHEAR STRENGTH [AASHTO 8.1 6.6.1.1 j 

Shear Strength Provided by Concrete [AASHTO 8.16.6.2. I] (Assumes a rect. section) 

Vu.d 
factor:= -- factor = 0.45 factor := if(factor > I . ,  I . ,  factor) 

rn 
factor = 0.35 

Mu 

Fvmax := 3.5-(Gii-JF'c) Fvmax = 19 1.7 psi 

Fvc := if(max(~v,) < Fvmax, m a x ( ~ v ~ ) ,  ~vmax)  Fvc = 109.54 psi concrete shear strength 

Vc := Fvc-b-d -4 shear carried by concrete 

If Shear Reinforcing is required [AASHTO 8.16.6.31 

Max. shear reinf. spacing [AASHTO 8.19.1.21, AASHTO 8.19.31 

P\lo Shear reinf. required {AASHTO 8.19.1 1 

I 
As-a,.fy \ 

50-psi- b 

smax := 24.in 
srnax := mintsrnax) [ n r f  

d - 
2 1 max stirmp spacing 

Reduction for max spacing for high shear rein$ requirement: [AASHTO 8.16.6.3.81 

> 14.&i.p;.b.d = 25.3 kipq Then reduce man. spacing by li2 

s,,, :=  if(^%^^^ > 4 - 6 . - - b . d ,  .5.smax,smax) 

Max steel shear strength allowed: [AASHTO 8.16.6.3.91 

Stirrup Spacing: [AASHTO 8.16.6.31 

Max. Stirrup spacing: cz!l hqd - O i  



1 Wall M- S4.xmcd 1 

CHECK CRACK CONTROL -- {AASHTO 17.6.4.71 

Distance from compression face to 
d = 9.63 in centroid of tension reinf. 

Thickness of cover from tension 
d, := cover + 0.S.diam bar fiber to center of tension reinf. 

d c 2 Effective tension area of conc. p : =  1 +-- p = 1 .35 A = 57in 
.7.(d) surrounding I bar. (1  layer of steel) 

155 kip &.= - -  

A In  

f, = 22.32 ksi 



STRUCTURE #5 - #10 
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MCDOWELL ROAD 
PROJECT #: 091131012 

CONCRETE BOX 
DESIGN INPUT 

KIMLEY-HORN AND 
ASSOCIA TES, INC. 

Concrete Box Menr her Design Forces: STRUCTURE 5 - I o 

Wall In formation (Assumes design as a slab partin fl fwed at the top and bottom slabs): 

Wall Height: 

Top Slab Thickness: 

Depth of Fill: 

Height from btm wall to top of fill: H := hwall + klab + *f i l l  H = 14.033 ft 

Per Geotechnical Report lateral load on walls is a uniform pressure since walls are 
restrained from moving. 

Lateral Soil Pressure. wsoillat := 20-H-psf wsolllat = 280.66 plf 

Lateral Soil Pressure from Traffic Surcharge: wso,lsur := 120-psf - 1 - fi rvso,~su, = 120 plf 

Total Lateral Pressure on Wall: Wso~l  := Wso~llat + Wsoilsur 

ws,,l = 400.66plf 

Positive Moment at Mid-span of wall (per AlSC LRFD Beam Diagrams pg 4-190 & 4-195): 

Mm,dspan = 2.504 kf i  

Mu-midspan := I .3.Mmidspan Mu-,,,idspan = 3.255 kft 

Negative Moment at End of wall (per AlSC LRFD Beam Diagrams pg 4-195): 

Mendspan = 3.339 kft 

Mu-endspan := 1 .3-Mendspan Muvendspan = 4-34 kft 

Shear at End of wall (per AlSC LRFD Beam Diagrams pg 4-190): 

Vendwall = 2.003 kip 

Designed By: Sabrina Neufeld 
Checked By: Kevin Kimm 
Date: 6/5/2006 
Filename: K:IRdwylSfruauraAMcDowell Road 
IDesignlSfructure-5-101 

Page I 





MCDOIVEL,L ROAD 
PROJECT #: 091 131012 

CONCRETE BOX 
DESIGN INPUT 

KIMLE Y-HORN AND 
ASSOCIA TES, INC. 

Bottom Slab Information (Assumes desifn a one-way simple span): e 
Design of bottom slab based on soil pressure. Soil pressure calculated assuming all loads are evenly 
distributed over the area of the bottom slab. 

Design Bottom Slab Span: lbslab := 6.0. ft 

Design Bottom Slab Thickness: tbslab := 12. in 

Area of Top Slab 
L 

areatslab := 84.ft 

Area of Bottom Slab 

Perimeter of Box Structure: perim := 38-fi 

Design Wall Thickness: tWall:= 10-in I 
Design Wall Height: hwall := 10.0-A 

Load from Fill on Top Slab: 

Pfill := dfill.~soil.areatslab 

Load from Truck Wheel Load on Top Slab: 

P := 16-kip 

Pfill = 33.6 kip 

Number of wheel loads that can be placed on tops slab: Np := 2 

PmCk := P.Np PtmCk = 32 kip 

Load from Top Slab Selfweight: 

Ptopslab := tslab* l50-pcf -areatslab Ptopslab = 10-5 kip 

Load from Wall Selfweight: 

Pwail := t,,ll- 150.pcf .perirn hWall P,11 = 47.5 kip 

Ignore Bottom Slab selfweight since it will cancel itself out in the design 

Total Load for soil pressure calculations: 

Ptotal:= Pf i l l  * Ptruck + Ptopslab + Pwall PtOtat = 123.6 kip 

Designed By: Sabrina Neufeld 
Checked By: Kevin Kimm 

- 
Page 3 

Date: 6/5/2006 
FiCPname: K:l RdwylSrrucfuraAMcDowell Road 
IDesigniStrucmre-5-101 



soilpres = 1.47 1 ksf 

M = 6.621 kft 

Mu = 8.608 kft 

Designed By: Sabrina N e w d  
Checked By: Kevin Kimm 
Dare: 6/5/2006 
Filename: KrlRdwylStrucluraIlMcDoweII Road 
\DesigntSlrudure-5-101 

Page 4 



Kimley-Horn rn Page I 
and Assoc~ates, Inc. 

Job Mc1)owell Road Subject Structure #5  - #I0 Tor, Slab kt+ Project No. 091 131012- 

Designed by KJK Date 06/05/06 Checked by-. Date 

AASHTO 17th Edition LFD R/C Beam Design 

REFERENCE: AASHTO 17th Edition, 2002 

Note: Input pariii%etqrs 5f@Yei10F &ighlight. phecks for' adequacy are in' blue highlight withiborder] 

Base Units: ft = 1 L Ib = 1 M sec = IT Define Units. kips = 1000- lbf degF := I - K 
K= I K Ibf = force ksl .= IOOOpsi 

DESIGN LOCATION: T ~ P S L ~  M+ 

MATERIAL PROPERTIES: 

CONCRETE : REINFORClNG STEEL : 

Fc := ?.k,i Concrete compressive strength fy := 60.0-ksi [Grade 601 
a ,  

kips Quantity limiting distribution 
[AASEITO 8.15.2.2 

fs := 24X-hi SERVICE LOAD] 
:= I3O - of flexural reinf. 

U! [AASHTO 8.16.8.41 
Es := 29000ksl [AASHTO 8.7.21 

kips [UNIT FORCE -- 
WC := .I5.- AASHTO 3.3.6 ] 

% *3 
Flexure - strength reduction factor 

+m '* -" [AASHTO 8.16.1.2.21 

Shear - strength reduction factor 
4 s  :' j85 [AASHTO 8.16.1.2.21 

CALCULATED MATERIAL PROPERTIES: 

kE"ixJ [SERVICE LOAD] 

E - 3320.56 ks Elastic Modulus for concrete 
FAASHTO 8.711 

n := + iQ.5 > (2) - floor(;) ,O, I] 1x1 Modular Ratio [AASHTO 8.15.3.41 

FOR F'c < 4ksi 0, = .85 
F'c 1 4:ksi,.85,.85 - (F'c - 

[AASHTO 8.16.2.71 



DESlGN LOADS: 

LOAD FACTOR SERVICE LOAD 
Use service load to check 

Mu := i 6.1 -kips- ft Mrnax := 8.5.kips.f' serviceabtlty requirements 

GEOMETRY: 

b := 1 .A Wtdttt of compresston flange def>th := .833:ft Gross depth of section 

REINFORCING STEEL: 

cover := 2-in Clear cover to stirrups [AASHTO 8.22. I ]  

IJse # bar := 6 --- kton~ent reinforcement 

AsNo := 2 Total number of bars used Total Area of Reinforclng steel 
7 

Abar = 0.44 ~ n -  Bar area As a := AsNo-A bar 
dtam = 0 75 in Bar dta As-a = 0 88 in2 Total area of flexure retnforctng 

bar 

Use # bar, := 0 --- Shear reinforcement 

ASNO, := 0 Total number of legs used Total Area of Reinforcing steel 

2 

*bars = O in 
Bar area 

d ian~ = 0 in bar, 
Bar dia. 

As a, := ASNO,-A bar, 
As-a, = 0 in Total area of shear reinforcing 

Calc. the dc & d to tension reinf.: 
diam bar Distance from the tension face to 

dc  := cover + dtam + ---- dc = 2.38 in 
bar, 2 centroid of f rst layer of tension 

rein f. 

d := depth - dc [c%q Distance from compression face to 
centroid of tension reinf. 

ULTIMATE MOMENT CAPACITY: [AASHTO 8.16.3.1 3 

0 a := As_a.- f~ a = 1.73 in 
35.F'c.b 



~ o ~ ~ l a b  M+ S5-1O.rncd 1 

MAX. FLEXURE REINF. [AASCITO 8.16.3.1 .I j 

0.85-P I .F'c 87000.psi 
P bal := pbal = 0.02 138 

f,, 87OOO.psi + fy 

MIN. FLEXURE REINF. [AASHTO 8.17.1.11 

7 CRACKING MOMENT on the basis of 
b-depth- 

MC := -- 7 .5 -Gi - f i c  Mc = 6.84 kips-ft the modulus of rupture for normal weight 
6 concrete [AASHTO 8.15.2.1.1] 

SERVICEABILITY REQUIREMENTS [AASHTO 8.16.81 - Use as general Check 

M ma, M min 
f b a x  := fsmin := fc,,, := fs,& 

k 

As-a-j-d As-a.j.d n.(l - k) 

f&,jn = 4.84 ksi 

FATIGUE STRESS LIMITS [AASHTO 8.16.8.31 

rh := -3 (rfh) of .3 is used as a default 

Max. stress range for reinf. steel 

DISTRIBUTION OF FL.EXURAL REINFORCEMENT [AASHTO 8.16.8.41 

dc := if  [cover > 2-in,dc - (cover - 2.in),dc] dc = 2.38 in Use max. cover as 2" 

2 . d~ -b  
A:= - 

AsNo - 
Effective tension area of conc. 

(dc+A) 
3 

surrounding 1 bar 
-- formula for 1 layer of steel 

is-, = 3 1.9 ksi 

> 
ax" -- .l.:,v:x:2>.,. , 



SHEAR STRENGTH {AASHTO 8.16.6 I .  l j Per ~&skvQ 3,24.4: Slab; designed foi bending n'ib&ent 
in accorhncel iyih '~rticle 3.24.3 shall be'considered 

Vu satisfactoqiin bond and shear. Therefore, shearcheck 
vureqd := - 1-i is 1,, requir&. + s 

Shear Strength Provided by Concrete IA.4SliTO 8.16.6.2.11 (Assumes a rect. section) 

V U . ~  
factor:= -- factor = 0.43 factor := if(factor > I . ,  I., factor) factor = 0.43 

Mu 

Fvrnax := 3.5 . (Gi- f ic)  Fvmax = 191 -7 psi 

Fvc := if(max(~v,) < Fvmax , max(~v,), ~vrnax) Fvc = 114.32 psi concrete shear strength 

[-d shear camed by concrete 

IF 1.4 > b o  Shear reinf requlred [AASHTO 8.19.1] 

If Shear Rein forcing is required [AASHTO 8.1 6.6.31 

Max. shear reinf. spacing [AASHTO 8.19.1.21, AASHTO 8.19.31 

As-a,. fy 

smax := 1.. 1 smax = [i1) in smax := rniNsrnax) -4 

rnax stirrup spacing 

Reduction for mar spacing for high shear rein$ requirement: [AASHTO 8.16.6.3.81 

IF 1- > 1 4 - f p s i - ~ c . b - d  = 20.04kipd Then reduce rnax. spacing by I12 

smz :=  if(^+^^ > 4-G;i -&.b-d,  -5-rrnax, smax) l n d  
Mar steel shear strength allowed: [AASHTO 8.1 6.6.3.91 

Stirrup Spacing: [AASHTO 8.1 6.6.31 

Max. S t i m p  spaclng: 1-4 



CllECK CRACK CON?'ROl, - [AASI-ITO 17.6.4.71 

cf = 7.02. in 

d, := cover + 0.5.diam bar 

Distance fro111 compression face to 
centroid o f  tcnsiori reinf. 
Thickness o f  cover frorn tension 
fiber to center o f  tension reinf. 

d c 3 Effective tension area of conc. 
p : =  I + -  p = I .45 

.7.(d) 
A = 28.5 surrounding 1 bar. ( 1  layer of steel) 

155 kip 
fs := .- 

~.;FA in 

fs = 26.32 ksi 
fkk = 26.32 ksi 
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D 3-• Kimley-Horn Page I 
and Assoc~aies, lnc. 

Job McDowell Road Subject Structure #5 - # 10 Walls M+ Project No. 091 131012 _ 

Designedby KJK Date 06/05/06 Checked by Date 

AASH'TO 17th Edition LFD R/C Beam Design 

REFERENCE: AASHTO 17th Edition, 2002 

Rote: Input parameters are in yellow highlight. IChecks.for'adequacy an- in blGc highlight ~ t h  b6rded 

Base Units: ft = I L Ib = f M sec = IT Define Units: kips := 1000.1bf degF := l - K  
K= I K Ibf = force ksi := 1 OOOpsi 

DESIGN LOCATION: WALLS I@+ 

MATERlAL PROPERTIES: 

CONCRETE : REINFORCING STEEL : 
3 . " ~  := Concrete compressive strength fy  := 60.0-ksi [Grade 601 

[AASHTO 8.15.2.2 
kips Quantity I~mittng distribution 

z := 130- f~ := 24.0-ksi SERVICE LOAD] 
of flexural re~nf. 
[AASHTO 8.16.8.41 

Es := 29000ksi [AASHTO 8.7.23 

kips [UNIT FORCE -- 
W, := -15.- AASHTO 3.3.6 ] Flexure - strength reduction factor 

fi3 '4m := -.* [AASHTO 8.16.1.2.21 

Shear - strength reduction factor 
4 s  := .85 [AASHTO 8.16.1.2.23 

CALCULATED MATERIAL PROPERTIES: 

E='-Ed [SERVICE LOAD] 

E - 3320.56 ks Elastic Modulus for concrete 
[AASHTO 8.7.1 1 

n := f l  + i f  > ( - f l o o ) , 0 ,  I] Modular Ratio [AASHTO 8.15.3.41 

FOR F'c < 4ksi P,  = .85 
F'c _< 4:ksi, .85,.85 - (F'c - 

[AASHTO 8.16.2.71 



ULTIMATE MOMENT CAPACITY: [AASHTO 8.16.3.13 

fy a := As-a. ------- a = 0.86 in 
.85- F ' c . ~  

(Mn := )m.[.s-a. fy.(d - :)I l$%-=:tf4&t;$&ij > mf 

DESIGN LOADS: 

LOAD FACTOR SERVICE LOAD 
Use service load to check 

M- := 3- kips-ft servlceab~lty requirements 

GEOMETRY: 

b := 1 . f i  W~dth of compression flange depth := .813.3-ft Gross depth of sect~on 

REINFORCING STEEL: 

cover := 2-in Clear cover to stirrups [AASHTO 8.22.1 ] 

Use # bar := 6 --- Moment reinforcement 

AsNo := 1 Total number of bars used Total Area of Relnforc~ng steel 

Aha. = 0.44 inL Bar area 

diam = 0.75 in Bar dia. 
bar 

As a := AsNo. A bar 
AS a = 0.44 in2 Total area of flexure reinforcing 

- 

Use # bar, := 0 --- Shear reir~forcen~ent 

ASNO, := 0 Total number of legs used Total Area of Reinforcing steel 

2 

*bars = O I n  
Bar area As a, := ASNO,-Abars 

diam = 0 in Bar d ~ a .  As-as = 0 in Total area of shear reinforcing bar, 

Calc. the dc & d to tension reinf.: 
diarn bar Distance from the tension face to 

dc := cover + diam + - dc = 2.38 in 
bars 2 centroid of first layer of tension 

rein f. 

d := depth - dc p'zi%j Distance from compression face to 
centroid of tension reinf. 



[wall M+ S5-l0.mcd J 

MAX. FLEXURE REINF. [AASHTO 8.16.3.1 . I ]  

MIN. FLEXURE HEINF. [AASHTO 8.17.1 . I ]  

2 CRACKING MOMENT on the basis of 
b.depth 

Mc := -7.5.G-@c Mc = 6.84 kips- ft the modulus of rupture for normal weight 
6 concrete [AASHTO 8.1 5.2.1. I ]  

SERVICEABILITY REQUIREMENTS [AASHTO 8.16.81 - Use as general Check 

k := JZ.n-p + (n.p)2 - n-p 
k 

j:= 1 - -  k = 0.2542 
3 

j = 0.9153 

fk; ,  = 1 1.73 ksi 

FATIGUE STRESS LIMITS [AASHTO 8.16.8-31 

rh := .3 (rfh) of .3 is used as a default 

Max. stress range for reinf. steel 

DISTRIBUTION O F  FLEXURAL REINFORCEMENT [AASHTO 8.16.8-41 

dc := iftcover > 2-in,dc - (cover - 2-in),dc] dc = 2.38 in Use max. cover as 2" 

Effective tension area of conc. 
surrounding I bar 
-- formula for I layer of steel 

fs-, = 25.32 ksi 



SIIEAR STRENGTH [AASIITO 8.1 6.6.1 .I]  

Shear Strength Provided by Corrcrrte [AASLITO 8.16.6.2.1 ] (Assumes a rect. section) 

VU-d 
factor := - factor = 0.48 factor := if(factor > 1 ., I., factor) factor = 0.48 

Mu 

I . 9 . 6 . J F ' c  + 2 5 0 0 - ~ s i ~ ~ ~ f a c t o r )  109.8 
Fvc := FvC = ( ) psi 

2 - f i . F c  109.54 

Fvmax := 3.5.(&i.@c) Fvmax = 19 1.7 psi 

Fvc := if(max(~v,) i ~ v m a x  , rnax(~v,), ~ v m a x )  Fvc = 109.8psi concrete shear strength 

1-4 shear carried by concrete 

IF -4 > -4 0 Shear reinf required [AASHTO 819.1 1 

If Shear Reinforcing is required [AASHTO 8.16.6.31 

Max. shear reinf. spacing [AASHTO 8.19.1.21, AASHTO 8.19.31 

I 
As-as- fy 

50,psi-b 

smax := 24.j" 

d - 
2 

= [a] in 

smax := min(smax) -4 
max stirrup spacing 

Reduction for max spacing for high shear rein$ requirement: [AASHTO 8.16.6.3.81 

IF 1-4 > 1 4 - f i i - 6 . b - d  = 20.04kipd Then reduce max.-spacing by 112 

Mar steel shear strength allowed: [AASHTO 8.1 6.6.3.9 J 

Stirrup Spacing: [ AASHTO 8.16.6.31 

Max. S t i m p  spacing: 1- - 



CIIECK CRACK CONTROL -- [AASHTO 8.16.8.43 

d = 7.62 in 

d, := cover + O.S.diam bar 

Distance from compression face to 
centroid of tension reinf. 
Thickness of cover from tension 
fiber to center of tension reinf. 

dc 2 Effective tension area of conc. p:= I +-  f3 = 1.45 A = 57 in 
.7.(d) 

surrounding I bar. ( 1  layer ofsteel) 

155 kip 
f - -  

S -- 

fs = 20.89 ksi 
fsck = 20.89 ksi [-=I >. 



I 3-0 Kimley-Horn Page i 
and Associates, Inc. 

Job McDowell Road Subject Structure US - #I0 Walls M- Project No. 091 131012 

Designed by KIK Date 06/05/06 Checked by Date---- 

AASHTO 17th Edition LFI) WC Beam Design 

REFERENCE: AASHTO 17th Edition, 2002 

Note: lnpuf pjFameters are in yellow highlight. pecks-for adequacy are in blue highlight witf!.Wr$&r I 
Base Units: fi = I L Ib = I M sec = 1.1. Define Units: kips := 1000-lbf degF := I .K 

K= I K Ibf = force ksi := l OOOpsi 

DESIGN LOCATION: WALLS M- 

MATERIAL PROPERTIES: 

CONCRETE : REINFORCING STEEL : 

+:=-3.&i Concrete compressive strength fi:= 60.0-ksi [Grade 601 

kips Quant~ty lirn~tlng drstnbution 
[AASHTO 8.15.2.2 

f~ := 24.0.ksi SERVICE LOAD] " := in of flexural reinf. 
[AASHTO 8.16.8.41 

E, := 29000ksr [AASHTO 8.7.21 

kips [UNIT FORCE -- 
--' 15.- wc --< j . AASHTO 3.3.6 ] Flexure - strength reduction factor 

ft3 Om:' [AASHTO 8.16.1.2.21 

Shear - strength reduction factor 
4s  := .85 [AASHTO 8.16.1.2.21 

CALCULATED MATERIAL PROPERTIES: 

fc := .4- F'c 
1-i [SERVICE LOAD] 

E - 3320.56 ks Elastic Modulus for concrete 
[AASHTO 8.7.11 

n := floe($) + i f  > ( - floor($),o, I] Modular Ratio [AASHTO 8.1 5.3.41 

FOR F'c<4ksi PI =.85 
< 4.-ksi,.85,.85 - (F'c - 4-ksi)-.05.-- 

ksi [AASHTO 8.16.2.71 



1 Wall M- S5.mcd 1 

I)ESIC;N LOADS: 

LOAD FACTOR SERVICE LOAD 

Mu := 5-kips-fi M&:= 4-kips.fl . , 

Use service load to check 
serviceabilty requirements 

GEOMETRY: 

b:= l e f t  Wldth of compression flange := .833.ft Cross depth of sectton 

REINFOIZCINC STEEL: 

coyer := 2-in Clear cover to stinups [AASHTO 8.22.11 

Use # bar.:= 6 --- Moment reinforcement 

AsNo := 1 Total number of bars used Total Area of Reinforcing steel 

Abar = 0.44 inL Bar area 

diam = 0.75 in Bar dia. 
bar 

As a := AsN0.A bar 
As-a = 0.44 in2 Total area of flexure reinforcing 

Use # bar, := 0 --- Shear reinforcement 

ASNO, := 0 Total number of legs used Total Area of Reinforcing steel 
1 
L 

= in 
Bar area As a, := AS NO,-%^^^ 

diambdrs = 0 in Bar dia. As-as = 0 in Total area of shear reinforcing 

Calc. the dc & d to tension reinf.: 
diam 

bar Distance from the tension face to 
dc := cover + diam + - dc = 2.38 in 

bar, 2 centroid of first layer of tension 
rein f. 

d := depth - dc p="%q Distance from compression face to 
centroid of tension reinf. 

ULTIMATE MOMENT CAPACITY: [AASHTO 8.14.3.13 

fy a := Aspa.------ a = 0.86 in 
.85- F'c-b 



ICIAX. FLEXURE REINF. [AASHTO 8.16.3.1.11 

0 - 8 j - P i . F ' ~  87000.psi 
Pbnl := pbai = 0.02 138 

fy 87000.psi t fy 

MIN. FLEXURE REINF. [AASI-IT0 8.17.1.1 j 

7 CRACKlNC MOMENT on the basis of 
b.deptha 

M C : =  -. 7 . 5 - 6 . p ~  Mc = 6.84 kips.ft tlie modulus of rupture for non~ial weight 
6 concrete [ A A S f  IT'O 8 15.2.1 . I  ) 

[AASHTO 8.1 7.1 21 bMifgf @&@i$s~d > [ ~ . 3 3 ~ u  = 6.65 -- kiQs-s.fl 

SERVlCEABILITY REQUIREMENTS [AASHTO 8.16.81 - Use as general Check 

f~~ = I 5.64 ksi 

FATiGUE STRESS LIMITS [AASHTO 8.16.8.31 

rh := -3 ( r h )  of .3 is used as a default 

Max. stress range for reinf. steel 

DISTRIBUTION O F  FLEXURAL REINFORCEMENT [AASHTO 8.16.8.41 

dc := if(cover > 2.in,dc - (cover - 2.in) ,dcj dc = 2.38 in Use rnax. cover as 2" 

2-dc-b 
A := - 

AsNo 

z 
fs-z := - 

I - f, , = 25.32 ksi - - - 
Effective tension area of conc. 

(dc.A) 
3 

surrounding 1 bar 
-- formula for 1 layer of steel 



SHEAR STRENGTH [AASEITO 8.16.6. I .  I ]  

Shear Strength Provided by Concrete [AASEI'I'O 8.16.6.2.11 (Assumes a rect. section) 

Vu.d 
factor := - factor = 0.38 factor:= if(factor > I . ,  ].,factor) factor = 0.38 

IM u 

1 .g-Jpsl-JF'c + 2 5 0 0 . ~ s i . ~ -  factor) 1 108.65 
Fvc := [' Fvc = ( )psi 

2 . G . e ~  109.54 

Fvmax := 3 .5 . (6 i - JF ' c )  Fvmax = 19 1.7 psi 

Fvc := if (max(~v,) < Fvmax , max(~v,). ~ v m a x )  Fvc = 109.54 psi concrete shear strength 

Vc := Fvc.b-d -4 shear camed by concrete 

IF -4 > -4 o Shear reinf. required [AASHTO 8.19.1 

If Shear Reinforcing is required [AASHTO 8.16.6.31 

Max. shear reinf. spacing [AASHTO 8.19.1.21, AASHTO 8.19.31 

smax = [ ,,] in smax := min(srnax) m d  
max stirrup spacing 

Reduction for max spacing for high shear reitif: requirement: [AASHTO 8.16.6.3.81 

IF -4 > 1 4 . 6 - J F E C - ~ . ~  = 20.04kipd Then reduce mar. spacing by 1/2 

Max steel shear strength allowed: [AAS fITO 8.1 6.6.3.91 

Stirrup Sparing: [ AASHTO 8.1 6-6-31 

Max. Stirrup spacing: I m q  



CHECK CRACK CONTROL - [AASlITO 17.6.4.73 

Distance from cornpresston f;lce to 
d = 7.62in centroid of tension reinf. 

Thickness of cover from tension 
d, := cover + 0.5.diarn 

bar liber to center of  tension reinf. 

d c 2 Effective tension area of conc. p:= I +-  p = 1.45 A = 57in 
-7:(d) 

surrounding I bar. ( 1  layer o f  steel) 

155 kip 
f -- 
S .- 

p.dd,* in 

fsck = 20.89 ksi 
fs = 20.89 ksi 



1 BtmSlab M+ SS-lO.mcd 1 

3- I Kimley-Horn 
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Page 1 

Job McDowell Road Subject Structure #5 - # 10 Btm Slab M+ Project No. 091 13101 2 

Designedby KJK Date 06105106 Checked by Date 

AASHTO 17th Edition LFD R/C Bean] Design 

REFERENCE: AASHTO 17th Edition, 2002 

Note: Input parameters are in yellow highlight. Phecks for adequacy are in blue highlight with border 1 
Base Units: ft = I L lb = 1M sec = IT Define Units: LIPS := 1000 Ibf degF := 1 -K 

K= 1 K Ibf = force ksi = IOOOpst 

DESIGN LOCATION: BTM SLAB M+ 

MATERIAL PROPERTIES: 

CONCRETE : REINFORCING STEEL : 

F'c := 3.ksi Concrete compressive strength fy := 60.0.ksi [Grade 601 

kips Quantlty lirn~ting distnbut~on 
[AASHTO 8.15.2.2 

f, := 24hksi 
z := 130- of flexural relnf 

SERVICE LOAD] 
111 

[AASIITO 8.16.8.41 
E, := 29000ksi [AASHTO 8.7.21 

kips [UNII' FORCE -- 
Wc := - 1 5 -  AASHTO 3.3.6 1 

ft3 
Flexure - strength reduction factor 

:" [AASHTO 8.16.1.2.21 

Shear - strength reduction factor 
+ S  := -8? [AASHTO 8.16.1.2.21 

CALCULATED MATERIAL PROPERTIES: 

1-1 {SERVICE LOAD] 

E - 3320.56 ks Elastic Modulus for concrete 
[AlAASHTO 8.7.1 1 

n := floor($) + if.5 > ($1 - floo(:),o, I] Modular Ratio [AASHTO 8.15.3.41 

FOR F'c < 4ksi PI = .85 
F'c < 4.-ksi,.85,.85 - (F'c - 

[AASHTO 8.16.2.73 



DESIGN LOADS: 

LOAD FACI'OK SERVICE LOAD 
* .  Use service load to check 

Mmx := 7-kips-ft serviceabilty requirements 

Vu := 6. kips M,in := 7-kips:h 

GEOMETRY: 

b := 1 -ft Width of cornpression flange dq!l1 := 1.Q.B Gross depth of sectlon 

REINFORCING STEEL: 

cover := 2-in Clear cover to stirrups [AASHTO 8.22.11 

Use # bar := 6 --- Moment reinforcement 

AsNo := I Total number of bars used Total Area of Reinforcing steel 
I 

Abar = 0.44 in- Bar area 

diam =0.75in Bar dia. 
bar 

Use # bar, := 0 --- Shear reinforcement 

ASNO, := 0 Total number of legs used 
L 

Abars = i, in 
13ar area 

diarn = Oin Uar dia. bar, 

Calc. the dc & d to tension reinf.: 
diam 

bar 
dc := cover + diam + --- dc = 2.38 in 

bar, 2 

d := depth - dc -4 

As a := AsNo. 'bar 
As-a = 0.44 in2 Total area of flexure reinforcing 

Total Area of Reinforcing steel 

As a, := ASNO,-Abxs 

As-as = 0 in Total area of shear reinforcing 

Distance from the tension face to 
centroid of first layer of tension 
reinf. 

Distance fiom compression face to 
centroid of tension reinf. 

ULTIMATE MOMENT CAPACITY: [AASHTO 8.16.3. I ]  

fy a := Aspa.------ a = 0.86in 
.85F'c b 

+Mn := + rn.[.s-a-fy-(d - 5)] > ba+3awlii66!t~ 



1 BtmSlab M+. ,S5-lO.rncd 1 

MAX. FLEXURE REINF. [AASHTO 8.16.3.1 .I] 

As-a 
p := - p = 0.0038 1 

b-d 

MIN. FLEXURE KEINF. [AASCITO 8.17.1. I] 

7 
b.depth- 

CRACKING MOMENT on the basis of 
MC := 7 . 5 - f i . 6  Mc = 9.86 kipsft the modulus of rupture for normal weight 

6 concrete [AASkITO 8.1 5.2.1.1 ] 

SERVICEABILITY REQUIREMENTS [AASHTO 8.16.81 - Use as general Check 

L:= J2.n.p + (n-p)2 - n-p j:= 1 - -  k k = 0.2298 
3 

j = 0.9234 

Mrnm Mmin 
fSrnin := fc,, := f h , -  

k 
f~rnax 

As-a.j-d As-a- j-d n-( 1 - k) 

fs,,,,, = 2 1.48 ksi 

FATIGUE STRESS LIMITS [AASHTO 8.16.8.31 

rh := -3 (r/h) of -3 is used as a default 

Max. stress range for reinf. steel 

DISTRIBUTION OF FLEXURAL REINFORCEMENT [AASHTO 8.16.8.43 

dc:= if[cover > 2-in,dc -(cover - 2-in),dc] dc = 2.38 in Use max. cover as 2" 

2 .d~ -b  
A : =  - 2 z 

A = 57in fs-z := 
- 

AsNo I 
- fs-z = 25.32 ksi 

Effective tension area of conc. 
(dc A) 

3 
surrounding I bar 
-- formula for I layer of steel 



SIIEAR STRENC'I'II [AASHTO 8.16.6.1.1 ] 

Shear Strength Provided by Concrete [AASEII'O 8.16.6.2.1j (Assumes a rect. section) 

Vu.d 
factor:= - factor = 0.48 factor:= if(factor > I . ,  1 .,factor) factor = 0.48 

Mu 

1.9-&.PC + 2500-ps i -~  factor) I 108.65 
Fvc = F v  = ( ) psi 

2.G.JT'c 109.54 

Fvmax := 3.5.(j&.@c) Fvmax = 191.7psi 

Fvc := if (max(~v,) < Fvmax , n~a.u(~v,), ~vrnax) Fvc = 109.54 psi concrete shear strength 

Vc := Fvc.b-d pz-i%Kq shear carried by concrete 

IF pEi%7@ > -4 b o  Shear reinf required [ m i  

IfShear Reinforcing is required [AASHTO 8.16.6.31 

Reduction for mar spacing for high shear reinf: requirement: [AASHTO 8.1 6.6.3.81 

Max. shear reinf. spacing [AASHTO 8.1 9.1 -21, AASHTO 8.19.31 

f As-%- fy ' 

IF > 14-+.4?c-b-d = 25.3 kipq Then reduce max. spacing by 112 

M u  steel shear strength allowed: [AASHTO 8.16.6.3.91 

smax = [::I in smax := min(smax) -4 smax := 

Stirrup Spacing: [AASHTO 8.16.6.3j 

( 2 rnax stirrup spacing 

50-psi. b 

24.in 

d - 

Max. Stinup spacing: $8 /I-KG-j 



CHECK CRACK CONI'ROL -- [AASHTO 17.6.4.71 

Distance from compression face to 
d = 9.62 in centroid o f  tension reinf. 

Thickness o f  cover from tension 
dc := cover + 0.5-diam 

bar fiber to center of  tension reinf. 

155 kip 
f --  
S - -  

p3d, in 

fs = 22.32 ksi 

2 Effective tension area of  conc. 
A = 57 in surrounding 1 bar. ( 1  layer o f  steel) 

fsck = 22.32 ksi 
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MCDO WELL ROAD 
PROJECT #: 0 9 1 1 J I O I I ?  

CONCRETE BOX 
DESIGN INPUT 

KlMI,E Y-HORN AND 
ASSOCIA TES, INC. 

Concrete Box Member Desien Forces: STRUCTURE I I 

Wall Inforttzarion (Assrtmes ciesi~n as a slab partial1 fwed at tire top and bottom slabs): 

Wall Height: 

I Top Slab Thickness: ttslab := 1.O.R 

Depth of Fill: 

Height from btm wall to top of fill: 

Per Geotechnical Report lateral load on walls is a uniform pressure since walls are 
restrained from moving 

Lateral Soil Pressure: wsoillat := 20-H-psf wsoillat = 250plf 

Lateral Soil Pressure from Traffic Surcharge: ~~~i~~~~ := 120.psf I - ft ws0,lsur = 120 plf 

I Total Lateral Pressure on Wall: "'soil := Wsoillat + WsoiIsur 

wso,l = 370 plf 

- I Positive Moment at Mid-span of wall (per AlSC LRFD Beam Diagrams pg 4-190 & 4-195): 

M,dspan = 2.087 kft 

I Negative Moment at End of wall (per AlSC LRFD Beam Diagrams pg 4-1 95): 

Mendspan = 2.783 kft 

M u-endspan = 3 -6 I 8 kft 

I Shear at End of wall (per AlSC LRFD Beam Diagrams pg 4-190): 

. ., 
Vendwall = 1.758 kip 

Designed By: Sabrina Neufeld 
Checked By: Kevin Kimm 
Date: 6/5/2006 
Filename: K:\RdwylStruc~urallMcDoweN Road 
IDesign\Strurfure- 111 

Page 1 



MCDOWELI, ROAD 
PROJECT #: 091 1J1012 

CONCRETE BOX 
DESIGN INPUT 

KIMLEY-HORN A N D  
ASSOCIA TES, INC 

I Too Slab Informatior (Assumes design a one-way simple span): 

Design Slab Span: 

Design Slab Thickness: fslab := 12-in 

Depth of Fill: dfill:= 2-ft Impact := 1.20 

I Unit Weight of Soil: , ~,il:= 125-pcf 

Truck Wheel Load (if applicable): P := 4.kip Assume one 16 kip wheel load 
distributed over 4' width (AASHTO 3 24.3) 

Truck Wheel Load distribution per AASHTO 6.4 (if fill depth > 2 feet): 

I Distribute load over square with sides of "dist": dist := 1.75-dfifl dist = 3.5 ft 

Equivalent uniform truck wheel load: P 
Pwheelgres := - Pwheelgres = 0.327 ksf 

2 
dist 

Conservatively assume uniform wheel load over length of slab to account for any additional wheel 
loads that could be placed on the slab. 

I Pwheel:= Pwheel pres' 1 ft pwheel = 326.53 1 ft psf - 
I 

Positive Moment at Midspan of Top Slab: i 
2 

( d f i l l . ~ s o ~ l  + %lab. 150pcf)-l ft.lslab 
MDL := MDL = 4.05 kft 

8 

MLL = 9 kft Modify equation based on 
fill depth - See above 

M, := 1.3(1 . O - M D ~  + 1 . 6 7 - ~ ~ ~ 1 m ~ a c t )  M, = 28.712 kft 

Shear at End of wall: 

VDL := 
(dfill .~soil  + t s l a b * ~ ~ o ~ c f ) . l  fi.lslab 

VDL = 1.8 kip 
7 

VLL = 4 kip Modify equation based on 
fill depth - See above 

V := VDL + V ~ ~ . l m p a c t  V = 6.6 kip 

Vu := 1.3(1 .O-VDL + 1 . 6 7 - ~ ~ ~ - f m ~ a c t )  V, = 12.761 kip 

Designed By: Sabrina Neufeld 
Checked By: Kevin Kimm 
Dare: 6/5/2006 
Filename: K:IRdwy\StructuraIIMcDoweII Road 
\Design\Strucfure- i I I 

Page 2 



CONCRETE BOX 
DESIGN INPUT 

K I M L E  Y-HORN A N D  
ASSOCIA TES, INC. 

Bottom Slab I n  fornzatiorr (Assumes design a one-way simple span): 

Design of bottom slab based on soil pressure. Soil pressure calculated assuming all loads are evenly 
distributed over the area of the bottom slab. 

Design Bottom Slab Span: 

Design Bottom Slab Thickness: 

Area of Top Slab 

Area of Bottom Slab 

Perimeter of Box Structure: 

Design Wall Thickness: 

Design Wall Height: 

Load from Fill on Top Slab: 

Pfill := dfill.~soil.areatslab 

lbslab := 9-ft 

tbslab := 12.in 

areablab := 130-fi 
2 

areabsl,b := 130- fl 
2 

perim := 46-fi 

Pfill = 32.5 kip 

Load from Truck Wheel Load on Top Slab: 

P := 16- kip 

Number of wheel loads that can be placed on tops slab: Np := 2 

Pmuck := P.Np Pm,k = 32 kip 

Load from Top Slab Selfiveight: 

Ptopslab := Islab. 150.pcf -areatslab 

Load from Wall Selfweight: 

PWal1 := tWall. 150-pcf .perim-hwall 

Ptopslab = 19.5 kip 

Ptopslab = 19.5 kip 

Ignore Bottom Slab Selfweight since it will cancel itself out in the design 

Total Load for soil pressure calculations: 

Ptotal:= Pfill + Ptruck + Ptopslab + Pwall Pt0,,l = 138.625 kip 

Designed By: Sabrina Neujeld 
Checked By: Kevin Kimm 
Date: 6/5/2006 
Fitename: K:lRdwylSlrueiuraflMcDowell Road 
1DesignlSlrudure- 1 I I 

Page 3 



MCDO WELL ROAD 
PROJECT #: 091 13 101 2 

CONCRETE BOX 
DESIGN INPUT 

KIMLEY-HORN AND 
ASSOCIA TES, INC. 

1 Soil Pressure for Design of Bottom Slab: 

Ptota~ 
soilpres := - 

areabslab 

Positive Moment at Midspan of Bottom Slab: 

L 
soilpres I ft. lbslab 

Fvl := 

Shear at End of wall: 

soilpres. 1 ft- lb,l,b 
v := 

soilpres = 1.066 ksf 

M = 10.797 kft 

Mu = 14.036 kfi 

V = 4.799 kip 

V, = 6.238 kip 

Designed By: Sabrina Neufeld 
Checked By: Kevin Kimm 
Date: 6/5/2006 
Filename: K:lRdwylStruc(uraAMcDowell Road 
\Design IStrucruree I I I 

Page 4 



= 3-0 Kirnley-Horn Page I 
and Assoc~ates, Inc. 

Job McDowell Road Subject Structure # I  1 Top Slab M i  Project No. 091 131012 

Designed by KJK Date .-_06/05/06 Checked by-_---- Date- 

AASHTO 17th Edition L,FD R/C Beam Design 

REFERENCE: AASHTO 17th Edition, 2002 

Note: Input parameters are in yellow highlight. phecks firr adequacy are in blue highlight wi th-Wid4 

BaseUnlts: f t = l L  I b = I M  s e c = I T  Define Un~ts: kips := 1000.1bf degF := 1 - K  
K= I K Ibf = force ksl := IOOOpsl 

DESIGN LOCATION: TOP SLAB M+ 

MATERIAL PROPERTIES: 

CONCETE : REINFORCING STEEL : 

F'c:= 3-ksi Concrete cornpresstve strength fy := 60.04ksi [Grade 601 

kips Quar~t~ty lirnit~ng distribution 
[AASIiTO 8.15.2.2 

z:= 130- f ,  := 24-0-ksi SERVICE LOAD] of flexural retnf ' [AASHTO 8.16.8 41 
E, := 29000ksi [AASliTO 8.7.21 

kips [UNIT FORCE -- w,:= .l.S.- AASHTO 3 3.6 ] Flexure - strength reduction factor 
ft3 $m:= [AASHTO 8.16.1 -2.21 

Shear - strength reduction factor 
4 s  := .85 [AASIITO 8.16.1.2.21 

CALCULATED MATERIAL PROPERTIES: 

[SERVICE LOAD1 

E - 3320.56 ks Elastic Modulus for concrete 
[AASHTO 8.7.1, 

m] Modular Ratio [AASHTO 8.15.3.41 

FOR F'c < 4ksi P, = -85 
F'c < 4:ksi,.85,.85 - (F'c - 4-ksi)-.05-- 

ks i [AASHTO 8.16.2.73 



[Topslab M+ S l l  .mcd 1 

1,OAD FACTOR SERVICE LOAD 
Use service load to check 

Mu := 29-kips- ft Mm := 15.kips.fi serviceabllty requirements 

GEOMETRY: 

t, := 1 .fi W~dth of compression flange depth := l.O.fi Gross depth of section 

REINFORCING STEEL: 

cover := 2-in Clear cover to stirrups [AASHTO 8.22.11 

[ ~ S C  # bar:= 6 --- Morner~t reirlforcernent 

AsNo := 2 Total number of bars used Total Area of Reinforcing steel 
I 

Abar = 0.44 in- Bar area 

diam = 0.75 in Bar dia. bar 

As a:= AsNo-A 
bar 

As-a = 0.88 in2 Total area of flexure reinforcing 

Use # bar, := 0 -- Shear reinforcement 

AsNo, := 0 Total number of legs used Total Area of Reinforcing steel 

L 

*bar, 
= 0 in Bar area As a, := AsNos-A bar, 

diani = Oin Bar dia. As-a, = 0 in Total area of shear reinforcing 
'Jars 

Calc. the cic & d to tension reinf.: 
diam 

bar Distance from the tension face to 
dc := cover i- diam + --- dc = 2.38 in 

bar, 2 centroid of first layer of tension 
reinf. 

d := depth - dc p=?GTq Distance from compression face to 
centroid of tension reinf. 

* ULTIMATE MOMENT CAPACITY: [AASHTO 8.16-3.11 

fy a := As-a,------ a = 1.73 in 
.85- F%.b 



MAX. FLEXURE REINF. [AASHTO 8.16.3.1 . I  1 

0-8s.P I .F'c 87000.psi 
P bal := 

fy 87000,psi + fy 

MIN. FLEXURE REINF. [AASHTO 8.1 7.1.1 ] 

2 CRACKWG MOMEN'I' on the  basis of 
b.depth 

Mc := ------.7.5.Gi.JF'c Mc = 9.86 kips-ft the modulus of rupture for nomial weight 
6 concrete [AASHTO 8.1 5.2.1.11 

SERVICEABILITY REQUIREMENTS [AASHTO 8.16.81 - Use as general Check 

M'n, 
f h a x  := 

As-a- j-d 

M,n 
f%,, := - 

k 
As-a. j-d 

FATIGUE STRESS LIMITS [AASHTO 8.16.8.33 

rh := .3 ( rh )  of -3 is used as a default 

f%in = 7.89 ksi 

Max. swess range for reinf. steel 

DISTRIBUTION O F  FLEXURAL REINFORCEMENT [AASHTO 8.14.8.41 

dc := if [cover > 2-in,dc - (cover - 2.in),dc] dc = 2.38 in Use max. cover as 2" 

2.dc.b 
A := --- 

AsNo - 
Effective tension area of conc. 

(dc- A) 
3 

surrounding 1 bar 
-- formula for 1 layer of steel 

f,, = 3 1.9 ksi 



SHEAR STRENCI'l1 [AAStlTO S 16 6 1 I ]  
Per ~ ~ S R T O  3.24.4: Slabs designed for bending moment 
icaF&or&nce wi$ 3.24.3 shall be cdosiderd v 11 

"ureqd = A 1-j <klp(&~$$jb in b a d  and shear. Therefore, shear therk 
is hdtie4hiked. 4 s 

Shear Strength Provided by Concrete [.4AS117'0 8.16 6.2.1 ] (Assumes a rect. section) 

C'u d 
factor := -- factor = 0.35 factor := if(factor > 1 ., I., factor) factor = 0.35 

M u  

Fvmax := 3.5.(6i.@c) Fvrnax = 19 1.7 psi 

Fvc := if(max(Fvc) < ~vmax , rnax(FvC), ~vmax) Fvc = 110.81 psi concrete shear strength 

Vc := Fvc.b-d -4 shear camed by concrete 

IF [ m k  > >vureqd = 15.06kipr( o Shear reinf. required [AASHTO 8.19.1 

If Shear Reirrforcing is required [ AASHTO 8.1 6.6.31 

V%eqd := if(vureqd - Vc < 0:kips,0.000001-kips, VuRqd - VC) 

Max. shear reinf. spacing [AASHTO 8.19.1.21, AASHTO 8.19.31 

As-a,- fy 

smax = [i, 1 in srnax := min(srnax1 IX~ 
max stirrup spacing 

Reduction for m u  spacing for high shear reinf: requirement: [AASHTO 8.16.6.3.81 

IF 1-2 > kip;(>lG.p~- b. d = 25.3 kips Then reduce man. spacing by 112 

s,,, :=  if(^%^^ > 4.=.fi.b.d7 .5-srnax,smax) 

M a r  steel shear strength allowed: [AASHTO 8-16.6.3.91 

Stirrup Spacing: [AASHTO 8.16.6.31 



d = 9.62 in 

dc:=  cover + O.S.diani 
bar 

Distance froill con1l)ression face to 
centroid of tension reinf. 
Thickness of' cover from tension 
fiber to cen~er of' tension reinf. 

155 kip 
fs := .- 

,3.@ I n  

fs = 28.12ksi 

7 Effective tension area of conc. 
= 2sS surrounding 1 bar. ( I  layer o f  steel) 

fsck = 28.12 ksi 

fsmax 



3- I 0 Kimley-Horn Page I 
and Assoc~ates, Inc. 

Job McDowell Road Subject Structure #I I Walls M+ Project No. 091 131012 

Designed by KJK Date 05'1 8/06 Checked by Date 

- - 

AASHTO 17th Edition LFD R/C Beam Design 

REFERENCE: AASHTO 17th Edition, 2002 

Note: Input parameters are in yellow highiight. phecks for adequacy are in blue high5 ght with border1 

BaseUnits: f t = I L  I b = I M  s e c = l T  Define Units: kips := 1000-lbf degF := I - K  
K= I K Ibf = force ksi := IOOOpsi 

m 

DESIGN LOCATION: WALLS M+ 

MATERIAL PROPERTIES: 

CONCRETE : REINFORCING STEEL : 

F'c := 3 . E  Concrete compressive strength fy := 60.0-ksi [Grade 601 

[AASHTO 8.1 5.2.2 
kips Quantity Iirnlting distnbut~on := 24.0.ksi 

z:= 130- :- of flexural relnf. 
SERVICE LOAD] 

kips [UNI'I' FORCE -- 
W,:= -15.- AAStITO 3.3.6 ] Flexure - strength reduction factor 

ft3 4 :="<-90 [AASHTO 8.16.1.2.21 

Shear - strength reduction factor 4, := 3 5  [AASHTO 8.16-1.2.21 

CALCULATED MATERIAL PROPERTIES: 

-1 [SERVICE LOAD] 

E = 3320.56 ks Elastic Modulus for concrete 
[AASHTO 8.7.11 

n := flool(:) + i i . 5  > (2) - floe.(%) ,O,l] [XI Modular Ratio [AASHTO 8.15.3.4) 

FOR F'c < 4ksi = .85 
F'c < 4.-ksi, .85,.85 - (F'c - 

[AASHTO 8.1 6.2.71 



DESIGN LOADS: 

LOAD FACTOR SERVICIE LOAD 
Use service load to check  mu :=:r?*~.kips'fi servlceabllty requirements 

GEOMETRY: 

J 
b := 1 - f t  / Width of compression flange depth := 0.833.fi Gross depth of sectson 

REINFORCING STEEL,: 

cover-:= 2.in / Clear cover to stirrups [AASHTO 8.22.11 

/' 
:= 6 --- Moment reinforcement 

Total number of bars used Total Area of Reinforcing steel 

L 
Abar = 0.44 in Bar area 

diarnbar = 0.75 in Bar dia. 

As a := AsN0.A 
bar 

As-a = 0.44 in2 Total area of flexure reinforcing 

Use # bar; := 0 - Shear reinforcement 

ASNO, := 0 Total number of legs used Total Area of Reinforcing steel 

2 
Abar, = 0 in 

Bar area As a, := AsNo,- A bar, 

diarn = Oin Bar dia. As-a, = 0 in * Total area of shear reinforcing 
bars 

Calc. the dc  & d to tension reinf.: 

diarnbar Distance from the tension face to 
dc := cover + diarn + --- dc = 2.38 in 

bar, 2 centroid of first layer of tension 
rein f. 

d := depth - dc Distance from compression face to 
centroid of tension reinf. 

ULTIMATE MOMENT CAPACITY: [AASHTO 8.16.3.1 3 
f.. 

(Mn := ( ,-~s-a-fy-(d - I)] 



MAX. FLEXURE REINF. [AASHTO 8.16.3.1. I] 

As-a 
P I =  - p = 0.00481 

b-d 

MIN. FLEXURE REINF. [AASHTO 8.17.1.11 

2 CRACKING MOMENT on the basis of 
b-depth 

MC := 7 .5 .G- JF ' c  Mc = 6.84 kips-ft the modulus of rupture for normal weight 
6 concrete [AASEITO 8.15.2.1.1 ] 

[AASHTO 8.17.1.21 [t$& l d ~ ~ ~ s : f l  > lf:3'&fu = 3-99 ~ 6 6 4  / 

SERVICEABILITY REQUIREMENTS {AASHTO 8.1 6-81 - Use as general Check 

Mmin 
fsmin := 

As-a. j-d 

FATIGUE STRESS LIMITS fAASHTO 8.16.8.31 

rh := -3 (rh)  of 3 is used as a default 

ff := 2 1 .-ksi - 0.33-fh;, + 8.-ksi-rh 

fh , ,  = 8.2 1 ksi 

Max. stress range for reinf. steel 

DISTRIBUTION O F  FLEXURAL REINFORCEMENT [AASHTO 8.16.8.41 

dc:= if[cover > 2-in,dc - (cover - 2.in),dc] w dc = 2.38 in Use max. cover as 2" 

2 . d ~ - b  2 z 
A : = ----- A = 57in fs-z := --- 

AsNo I 
- fs-, = 25.32 ksi 

Effective tension area of conc. 
(dc.A) 

3 
surrounding 1 bar 
-- formula for I layer of steel 



Shear Strength Provided by Concrete [AASH'I'O 8.16.6.2.1 j (Assumes a rect. section) 

VU-d 
factor:= - factor = 0.53 factor := i f (  factor > I . .  I . ,  factor) 

~v+m.wn factor = 0.53 Mu 

Fvmax := 3.5.(&.@c) Fvmax = 19 1.7 psi 

Fvc := if (max(~v,) < ~ v m a x  , max(~v , ) ,  ~ v l n a x )  Fvc = 1 10.43 psi concrete shear strength 

Vcr=  Fvc-b.d [VC = 10.1 kip$ shear carried by concrete 

IF -4 > kipslvureqd = 2.94 kipd 0 Shear reinf. required [ M S H T O  8.19.11 

If Shear Reinforcing is required [AASHTO 8.16.6.31 

Max. shear reinf. spacing [AASf 11'0 8.1 9.1.21, AASHTO 8.19.31 

smax := 
smax = [il) in srnax := min(smax) Ismax = 0 id 

max stinup spacing 

Reduction for max spacing for high shear rein$ requirement: [AASHTO 8.16.6.3-81 

> I 4 . G - f i c . b . d  = 20.04kipj Then reduce mar. spacing by I f 2  

s,, := if(vSeqd > 4 - G . P c - b - d ,  .5smar,srnax) 

Max steel shear strength alio wed: [AASHTO 8.1 6.6.3.9 1 

Stirrup Spacing: [AASHTO 8.16.6.3 1 

Max. S t ~ m p  spacing: md / 



]wall M+ ~ 1 1  .xmcd 1 

CHECK CRACK CONI'ROI, -- [AASHTO 17.6.4.73 

d, := cover + 0.5-diam bar 

Distance froin compression face to 
centroid of tension reirif. 
Thickness of cover from tension 
fiber to center of tension reinf. 

4 7 Effective tension area of  conc. p := I + --- p = 1.45 A = 57 in- surrounding I bar. ( 1  layer of steel) 
.7-(d) 

155 kip . - -  

p . ; l d ,~  in 

f, = 20.89 ksi 

fsck := if(fs < .6-fy,fs,.6-f,) 

fsck = 20.89 ksi 



Wall M- Sl 1 .xmcd I 

3-0 I Kimley-Horn Page 1 
and Assoc~ates, Inc. 

Job McDowell Road Subject Structure #I 1 Walls M- ProjectNo. 091131012 

Designed by KJK Date 0511 8/06 Checked by D a t e - - . -  

AASHTO 17th Edition 1,FD R/C Beam Design 

REFERENCE: AASHTO 17th Edition, 2002 

Note: Input parameters are in yellow highlight. C;'hecks for adequac;are *blue highlight with border 1 
BaseUnits: f i = I L  I b = I M  s e c = I T  Define Units: kips := 1000-lbf degF := .K 

K= I K Ibf = force ksi := lO0Opsi 
m 

DESIGN LOCATION: WALLS M- ' 

MATERIAL PROPERTIES: 

CONCRETE : 

F~ := 3.ksi Concrete compressive strength 

kips Quantity limiting distribution 
:= 130 - of flexural rein[. 

In 
[AASHTO 8.16.8 4) 

kips [UNIT FORCE -- 
W,:= .15- AASHTO 3.3.6 ] 

fi3 

REINFORCING STEEL : 

f y  := 60.0:ksi [Grade 601 

[AASHTO 8.15.2.2 & := 24.0-ksi SERVICE LOAD] 

Flexure - strength reduction factor Cmg= -90 [AASHTO 8.1 6.1.2.21 

Shear - strength reduction factor 
4 s  '= [AASIITO 8.16.1.2.21 

CALCULATED MATERIAL PROPERTIES: 

IfcG-zq [SERVICE LOAD] 

E = 3320.56 ks Elastic Modulus for concrete 
[AASHTO 8.7.1 ] 

n := floo(z) + i f 5  > (:) - f l o 0 ( ~ ) , 0 , 3  m] Modular Ratio [AASHTO 8.1 5.3.4) 

FOR F'c < 4ksi 0, = .85 
F'c 54.-ksi,.85,.85 - (F'c - 

[AASHTO 8.16.2.71 



DESIGN LOADS: 

LOAD FACTOR SERVICE LOAD 
Use service load to check 

Mu := 4-kips-fi ldm,:= 3-kips-A serviceab~lty requ~rements 

Vu := 2.5- kips Mmi, := 3-kips-A 

GEOM E-I'KY: 

/ 
b := 1 -fi Width of compress~on flange dqih := 0.833.; ' Gross depth of sect~on 

REINFORCING STEEL: 

cover := 2.in ' Clear cover to stirrups [AASHTO 8.22.11 

Use # &:= 9 ' --- Moment reinforcement 

AsNo := 1 / Total number of bars used Total Area of Reinforcing steel 

L 
Abar = 0.44 irl Bar area 

diam = 0.75in Bar dia. 
bar 

As a := AsNo-A bar 
As-a = 0.44 in2 Total area of flexure reinforcing 

Use # bar, :=.0 -- Shear reinforcement 

AsNo, := 0 Total number of legs used Total Area of Reinforcing steel 

2 

= O in 
Bar area 

diam = Oin Bar dia. 
bar, 

As a, := ASNO,- A bar, 
As-a, = 0 in Total area of shear reinforcing 

Calc. the dc & d to tension reinf.: 
diarn 

bar Distance from the tension face to 
dc := cover + dia + - 

mbars 
dc = 2.38 in 

2 centroid of first layer of tension 
reinf. 

d := depth - dc v d  Distance from compression face to 
centroid of tension reinf. 

ULTIMATE MOMENT CAPACITY: [AASHTO 8.3 6-3-11 

- 
f~ a := As a = 0.86 in 

.85.F'~-b 



MAX. FLEXURE REINF. [AASHTO 8.16.3.1.11 

As-a p := - p = 0.0048 1 
b-d 

MIN. FLEXURE REINF. [AASHTO 8.17.1. I] 

b-depth 
2 CRACKING MOMENT on the basis of 

MC : = ------ . 7.5&&$% Mc = 6.84 kips-ft the modulus of rupture for normal weight 
6 concrete [AASHTO 8.15.2.1.1 ] 

SERVICEABILITY REQUIREMENTS (AASHTO 8.16.81 - Use as general Check 

fhi ,  = 1 1.73 ksi 

FATIGUE STRESS LIMITS [AASHTO 8.16.8.31 

;h := .3 (r/h) of .3 is used as a default 

Max. stress range for reinf. steel 

DISTRIBUTION OF FLEXURAL REINFORCEMENT (AASHTO 8.16.8-41 

dc := if [cover > 2-in,dc - (cover - 2.in),dc] dc = 2.38 in Use max. cover as 2" 
w 

2.dc.b 2 z 
A := - A = 57in fs := - 

AsNo - I - fs-, = 25.32 ksi 
Effective tension area of conc. 

(dc.A) 
3 

surrounding 1 bar 
-- formula for 1 layer of steel 



1 Wall M- ~1 1 .xmcd J 

SHEAR STRENGTf l [AASHTO 8.16.6.1.1 1 

Shear Strength Provided by Concrete IAASHTO 8.16.6.2. I] (Assumes a rect. section) 

V U . ~  
factor := -- factor = 0.4 factor := if(factor > I . ,  I .,factor) 

#AWA%VA factor = 0.4 Mu 

Fvmax := 3.5-(&.@c) Fvmax = 19 1.7 psi 

Fvc := if (max(~v,) < Fvmax, rnax(~v,). ~vmax) Fvc = 109.54 psi concrete shear strength 

[VC = 10.02 kip4 shear carried by concrete 

IF -4 > 1-1 b o  Shear reinf. required [AASHTO 8.1 9.1 1 ' 

If Shear Reinforcing is required {AASHTO 8.16.6.31 

Max. shear reinf. spacing [AASHTO 8.19-1.21, AASHTO 8-19-31 

I 
As-a,- fy 

50.psi- b 

smax := 24.in 

d - 
2 

0 

smax = 

/ max stirrup spacing 

Reduction for mar  spacing for high shear rein$ requirement: [AASHTO 8.16.6.3.81 

> 1 4 - ~ i . ~ c - b - d  = 20.04kipj Then reduce max. spacing by 112 

ha, := if(vSeqd > 4 - G . f i c - b - d ,  -5-sman,smax) 

Mar steel shear strength allowed: [AASHTO 8.1 6.6.3.91 

Stirrup Spacing: [AASHTO 8.16.6.33 

Max. Stirrup spacing: 1-1 1 



CHECK CRACK CONTROL -- [AASHTO 17.6.4.7) 

dc := cover + 0.5-diam 
bal 

Distance from compression face to 
centroid of tension reinf. 
Thickness of  cover from tension 
fiber to center of tension reinf. 

d c 7 Effective ter~sion area of conc. p:= 1 +- fl = 1.45 A = 57111' 
.7.(d) surround~ng 1 bar. ( 1  layer of steel) 

f .= 
155 kip .- 

& P.KA in 

f, = 20.89 ksi 
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lob McDowell Road Subject Structure # I  I Btrn Slab M+ ProjectNo. 091131012 

Designed by KJK Date 05/18/06 Checked by Date--- 

AASH'I'O 17th Edition LFD RJC Beam Design 

REFERENCE: AASHTO 17th Edition, 2002 

Note: Input pammeters are in highlight, ~liecksforadequacy 'are in blrie highlight with bo- 

BaseUnits: f t =  IL lb= IM sec = IT Define Units: kips := 1000-Ibf degF := 1 - K  
K= I K Ibf = force ksi := IOOOpsi 

m 

MATERIAL PROPERTIES: 

CONCRETE : 

Fc := 3-ksi Concrete compressive strength 

kips Quantity limiting distibution 
z:= 130- in OF flexural reinf. 

[AASHTO 8.16.8.41 

kips [UNIT FORCE -- 
W,:= -15.- AASHTO 3.3.6 ] 

ft3 

REINFORCING STEEL : 

fy := 60.0-ksi [Grade 601 

[AASHTO 8.15.2.2 &:= 24j0-ksi SERVICE LOAD] 

E, := 29000ksi [AASHTO 8.7.21 

Flexure - strength reduction factor 4 - i  := -90 [AASHTO 8.16-1 -2.21 

Shear - strength reduction factor 
4 s  I.' -85 [AASHTO 8.16.1 -2.23 

CALCULATED MATERIAL PROPERTIES: 

fc := .4.F'c 
Ifc7E-E-G [SERVICE LOAD] 

" := f l j  + if[.5 > (2) - floo(;),o.q 

F'c I4:ksi,.85,.85 - (F'c - 

E = 3320.56 ks Elastic Modulus for concrete 
[AASHTO 8.7.1 1 

Modular Ratio [AASHTO 8.15.3.43 

FOR F'c < 4ksi 0, = -85 

Is,=o [A*,,, *.,,,.,, 



DESIGN LOADS: 

LOAD FACTOR SERVICE LOAD 
Use servlce load to check 

M,, := Il.kips-ft serv~ceab~lty requirements 

GEOMETRY: 

b := ,.it/ Width of compression flange d ~ t h  := 1.O.R Cross depth of section 

REINFORCING STEEL: 

cover := 3-in /' Clear cover to stinups [AASHTO 8.22. I ] 

Use # k:= 6 1  -- Moment reinforcement 

AsNo := 2 / Total number of bars used Total Area of Re~r~forcing steel 

%ar = 0.44 in' Bar area 

diam = 0.75in Bar dia. bar 

As a := AsNo-A bar 
As-a = 0.88 in2 Total area of flexure reinforcing 

Use # bar, := 0 -- Shear reinforcement 

ASNO, := 0 Total number of legs used Total Area of Reinforcing steel 

A =OinL Bar area 
'Jars 

diam = 0 in Dar dia. bar, 

As a, := AsNo,-A bar, 
As-a, = 0 in Total area of shear reinforcing 

Calc. the dc & d to tension reinf.: 
diam bar Distance from the tension face to 

dc := cover + diam + --- dc = 3.38 in 
bar, 2 centroid of first layer of tension 

reinf. 

d := depth - dc [ m d  Distance from compression face to 
cent~oid of tension reinf. 

[JLTIM ATE MOMENT CAPACITY: [AASCITO 8.16.3.1 ] 



MAX. FLEXURE REINF. [AASHTO 8.16.3. l . I ]  

As-a 
p := - p = 0.0085 

b-d 

MEN. FLEXURE REINF. [AASHTO 8-17.1.1 ] 

2 
b-depth 

CRACKING MOMENT on the basis of 
Mc : = ------- - 7 . 5 - G . 6  Mc = 9.86 kips.ft the modulus of rupture for nonnal weight 

6 concrete [AASHTO 8.15.2.1.1 ] 

WASHTO 8.1 7.1 21 I+m:= 30.74.k+s-fj > f ~ ; ~ ~ @ & ~ . . 9 - ~ ~ ~  J'' 

SERVICEABILITY REQUIREMENTS [AASHTO 8 16-81 - Use as general Check 

fhi, ,  = 8.86 ksi 

FATIGUE STRESS LIMITS IAASHTO 8.16.8.3 j 

rh -3 ( rh )  of .3 is used as a default 

Max. stress range for reinf. steel 

DISTRIBUTION O F  FLEXURAL REINFORCEMENT [AASHTO 8.16.8.41 

dc := if [cover > 2.in,dc - (cover - 2-in) ,dcJ w dc = 2.38 in Use m a .  cover as 2" 

2-dc-b 
A:= - 2 z 

A = 28.5 in fs ,:= '--- 
AsNo - I - f,-, = 3 1.9 ksi 

Effective tension area of conc. 
(dc- A) 

3 
surrounding I bar 
-- formula for 1 layer of steel 



SHEAR STRENGTH [AASHTO 8.16.6.1 . I ]  

Shear Strength Provided by Concrete [AASHTO 8.16.6.2. I] (Assumes a rect. section) 

V U . ~  
factor := - factor = 0.34 

Mu 
factor := if(factor > I ., I., factor) m factor = 0.33 

Fvrnax = 191.7psi 

Fvc := if (max(~v4 < ~vmax , max(l:v$, ~vmax) Fvc = I 1  1.2psi concrete shear strength 

1-4 shear canied by concrete 

IF 1-4 > -4 b o  Shear reinf required [AASHTO 8.1 9.11 / 

IfShear Reinforcing is required [AASHTO 8.16.6.31 

Vqeqd := if (vumqd - Vc < 0.- kips, 0.000001 -kips, VuEqd - VC) 

Max. shear reinf. spacing [AASHTO 8.19.1.21, AAS tITO 8.19.31 

I 
As-a,- fy \ 

50-psi-b 

smax := 24-in 

d - 
2 1 

smax = [ill in smax := min(srnax) 1smax=0ir 

max stirrup spacing 

Reduction for mar spacing Jor high shear reinf: requirement: [ AASHTO 8.1 6.6-3.81 

IF -4 > [4-&i.&-b-d = 22.68 kid Then reduce max. spacing by IR 

Max steel shear strength allowed: [AASHTO 8.16.6.3.91 

Stirrup Spacing: [AASHTO 8.16.6.31 

Max. Stirrup spacing: a %id = 9,. , 



CHECK CRACK CONTROL - [AASHTO 17.6.4.71 

d, := cover + 0.5.diam bar 

155 kip &.= -- 
P-KA in 

f, = 21.7 ksi 

Distance from compression face to 
centroid o f  tension reinf. 
Thickness o f  cover from tension 
fiber to center o f  tension reinf. 

2 Effective tension area of  cortc. 
A = 28.5 in surrounding l bar. ( 1  layer of  steel) 

f ~ , ~  := if(f, 1 .6.fy, fs,-6.f,,) 

fsck = 2 1-7 ksi 
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MCDOWELL ROAD 
PROJECT #: 091 13101 2 

CONCRETE BOA' 
DESIGN INPU 7' 

KIMLE Y-HORN AND 
ASSOCIA TES, INC. 

Concrete Box Mern ber Desixn Forces: STRUCTURE 12 

Wall Information (Assrrmes desien as a slab partiall faed at the tog and bottom slabs): 

Wall Height: 

Top Slab Thickness: 

Depth of Fill: 

Height from btm wall to top of fill: 

Per Geotechnical Report lateral load on walls is a uniform pressure since walls are 
restrained from moving. 

Lateral Soil Pressure: wsoillat := 20-H-psf Wsoillat = 210p1f 

Lateral Soil Pressure from Traffic Surcharge: wso,lsur := 120-psf. 1 - ft wso,lsur = 120 plf 

Total Lateral Pressure on Wall: Wsoil := Wso~llat + Wsoilsur 

ws,il = 330 plf 

Positive Moment at Mid-span of wall (per AISC LRFD Beam Diagrams pg 4-190 & 4-195): 

Mu-midspan := 1-3-Mmidspan Mu-midspan = 1 .SO8 kft 

Negative Moment at End of wall (per AlSC LRFD Beam Diagrams pg 4-195). 

Mendspan = 1.547 kft 

I Shear at End of wall (per AlSC LRFD Beam Diagrams pg 4-190): 

Vendwall = 1.237 kip 

Designed By: Sabrina Neujed 
Checked By: Kevin Kimm 
Date: 6/5/2006 
Filename: K:lRdwylSlrudura AMeDowell Road 
IDesignlStrudure-121 

Page I 



MCDOWELL ROAD 
PROJECT #: 091 131012 

CONCRETE BOX 
DESICN INPUT 

KIMLE Y-HORN AND 
ASSOCZA TES, INC.  

I Top Slab Informotion (Assumes desipn a om-way simple span): 

I Design Slab Span: 

I Design Slab Thickness: tslab := 12-in 

Depth of Fill: dfili := 2.ft Impact := 1.20 

I Unit Weight of Soil: y,il:= 125-pcf 

Truck Wheel toad (if applicable): P := 4. kip Assume one 16 kip wheel load 
distributed over 4' width (AASHTO 3.24 3) 

Truck Wheel Load distribution per AASHTO 6.4 (if fill depth > 2 feet): 

Distribute load over square with sides of "dist": dist := 1 -75.dfill dist = 3.5 fi 

Equivalent uniform truck wheel load: 

a' 1 Positive Moment at Midspan of Top Slab: 

P 
Pwheelgres := P wheelgres = 0.327 ksf 

2 
dist 

2 
(dfill.~sotl f tslab. i 5 0 ~ c f ) .  1 fi-Islab 

M D ~  := MDL = 4.05 kft 
8 

MLL = 9 kft Modify equation based on 
fill depth - See above 

I M := MDL + MLL- Impact M = 14.85 kft 

I Shear at End of wall: 

Mu = 28.7 12 kft 

(dfill- soil + %lab- 1 5 0 ~ c f ) .  1 fi-Islab 
VDL := VDL = 1.8 kip 

2 

VLL = 4 kip Modify equation based on 
fill depth - See above 

I V := VDL + VLL-Impact V = 6.6 kip 

a' V, := 1.3(1 .O-vDL + 1 . 6 7 - ~ ~ ~ 1 m ~ a c t )  V, = i 2.76 1 kip 

Designed By: Sabrina Neujkld 
Checked By: Kevin Kimm 
Date: d/5/2006 
Filename: K:lRdwy\SfrucfuranMcDowell Road 
IDesignStructure-1 f1 
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MCDOWELL ROAD 
PROJECT #: 091 13101 2 

CONCRETE BOX 
DESIGN INPUT 

KIMLE Y-HORN AND 
ASSOCIA TES, I NC. 

Bottom Slab Information {Assumes d e s i ~ n  a one-wav simple span): 

Design of bottom slab based on soil pressure. Soil pressure calculated assuming all loads are evenly 
distributed over the area of the bottom slab. 

Design Bottom Slab Span: 

Design Bottom Slab Thickness: 

Area of Top Slab 

Area of Bottom Slab 

Perimeter of Box Structure: 

Design Wall Thickness: 

Design Wall Height: 

Load from Fill on Top Slab: 

Pfill := dfilt~Y'soil'a"3slab Pfill = 37.5 kip 

Load from Truck Wheel Load on Top Slab: 

P:= 16.kip 

Number of wheel loads that can be placed on tops slab: Np := 2 

Pmck := P.Np Pmck = 32 kip 

Load from Top Slab Selfweight: 

Ptopslab := tslab- I 50-pcf .areatslab Ptopslab = 22.5 kip 

Load from Wall Selfweight: 

PWal1 := twall- 150-pcf -penm-hwall Ptopslab = 22.5 kip 

Ignore Bottom Slab Selfweight since it will cancel itself out in the design 

Total Load for soil pressure calculations: 

Ptotal := Pfill + Ptruck + Ptopslab + Pwall Ptotal = 138.875 kip 

Designed By: Sabrina Neufeld 
Checked By: Kevin Kimm 
Date: 6/5/2006 
Filename: K:IRdwylStructurallMcDowell Road 
IDesignlStructure- l21 
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MCDO WELL ROAD 
PROJECT #: 091 131012 

CONCRETE BOX 
DESIGN INPUT 

KIMLE Y-HORN AND 
ASSOCIA TES, INC. 

I Sail Pressure for Design of Bottom Slab: 

Ptota~ 
soilpres := --- 

areabslab 

Positive Moment at Midspan of Bottom Slab: 

2 
soilpres- l ft.lbslab 

M := 
8 

Shear at End of wall: 

soilpres- l ft- lbslab 
v := 

2 

soilpres = 0.926 ksf 

M = 9.374 kft 

Mu = 12.186kft 

V = 4.166kip 

V, = 5.416 kip 

Designed By: Sabrina Neufeld 
Checked By: Kevin Kimm 
Date: 6/5i2006 
Filename: K:IRdwytSfrucfuraAMcDowell Road 
I DesigntStructure- I21 
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- tlmu Kirnley-Horn Page I 
and Assoc~ates, Inc. 

Job McDowell Road Subject Structure #I2 Top Slab M +  Project No. -09 1 1 3 10 1 2 

Designed by KJK Date 06/05/06 Checked by Datep-- 

AASHTO 17th Edition LFD R/C Beam Design 

REFERENCE: AASHTO 17th Edition, 2002 

Note: Infiut paraineters afe in-@ll*ow h i a @ i  p; borded 

BaseUnits: f t = l L  Ib= lM sec=IT  Define Units: kips := 1000-lbf degF := 1 - K  
K= I K Ibf = force ksi := IOOOpsi 

MATERIAL PROPERTIES: 

CONCRETE : REINFORCING STEEL : 

E'c := 3-ksi Concrete compressive strength fy := 60.0-ksi [Grade 601 

[AASHTO 8.15.2-2 
kips Quantity limiting distribution f, :=' 24.0-ksi 

z:= 130- of flexural reinf. 
SERVICE LOAD] 

[AASHTO 8.16.8.41 
Es := 29000ks1 [AASHTO 8.7.21 

kips [UNIT FORCE -- 
W,:= -15.- AASHTO 3.3.6 ] Flexure - strength reduction factor 

ft3 s 4m:= +go [AASHTO 8.16.1.2.2) 

Shear - strength reduct~on factor 
@s := -" [AASHTO 8.16.1.2.2] 

CALCULATED MATERIAL PROPERTIES: 

lizi'%J [SERVICE LOAD] 

Ec = 3320.56 ks Elastic Modulus for concrete 
([AASHTO 8.7.11 

" := floe($) + if[.. > ($) - floo($),O, l] [ X I  Modular Ratio [AASHTO 8.1 5.3.41 

4 FOR F1c<4ksi 0, =.85 
0 1 := i F'c I4.-ksi,.85,.85 - (F'c - 

[AASHTO 8.16.2.71 



DESIGN LOADS: 

LOAD FACTOR 

M; :-. 2g.kps. fi 

SERVICE LOAD 
Use service load to check 

Mm := 15-kips.fi serviceab~lty requirements 

GEOMETRY: 

b := I -fi Width of compression flange depth := '1.0.ft Gross depth of section 

REINFORCING STEEL: 

cover := 2411 Clear cover to stirrups {AASHTO 8.22.13 

Use # bar :='6 -- Moment reinforcement 

AsNo := 2 Total number of bars used Total Area of Re~nforcing steel 

L 
Abar = 0.44 in Bar area 

diambar = 0.75 in Bar dia. 

As a := AsN0.A bar 
As-a = 0.88 in2 Total area of flexure reinforcing 

Use # bar, := 0 --- Shear reinforcement 

AsNo, := 0 Total number of legs used Total Area of Reinforcing steel 

L 

*bars = O in 
Bar area 

diam = 0 in Bar dia. 
bar, 

As a, := AsNo,.A 
bar, 

As-a, = 0 in Total area of shear reinforcing 

Calc. the dc & d to tension reinf 
diarn 

bar Distance from the tension face to 
dc r= cover + diam + ---- dc = 2.38 in 

bar, 2 centroid of first layer of tension 
rein f. 

d := depth - dc l j - z x G /  Distance from compression face to 
centroid of tension reinf. 

ULTIMATE MOMENT CAPACITY: {AASHTO 8.16.3.11 



MAX. FLEXURE REINF. [AASCITO 8.16.3.1 . I  ] 

As-a 
p := - p = 0.00762 

b-d 

MIN. FLEXURE REINF. [AASIiTO 8.1 7.1.1 ] 

2 CRACKING MOMENT on the basis of 
b.depth 

MC := 7 . 5 - 6 4 %  Mc = 9.86 kips.ft the modulus of rupture for normal weight 
6 concrete [AASHTO 8.15.2.1. I] 

SERVICEABILITY REQUIREMENTS [AASHTO 8.16.81 - Use as general Check 

2 x := J2.n.p + (n.p) - n-p  
k 

j : =  1 - - k = 0.308 1 
3 

f&j ,  = 7.89 ksi 

FATIGUE STRESS LIMITS [AASHTO 8.16.8.31 

rh := -3 ( rh )  of .3 is used as a default 

Max. stress range for reinf. steel 

DISTRIBUTION O F  FLEXURAL REf NFORCEMENT [AASHTO 8.16.8.41 

dc := if[cover > 2.in,dc - (cover - 2-in),dc] dc = 2.38 in Use max. cover as 2" 

2.dc.b 2 z 
A := - A = 28.5 in fs-z := - 

AsNo 1 - fs ,=31.9ksi - 
Effective tension area of conc. 

(dc- A) 
3 

surrounding I bar 
-- formula for 1 layer of steel 



SHEAR STRENGTH [AASlITO 8.16.6.1 1 1  a Per AASHTO 3.24.4: Slabs designed for bending moment 
in aceordance wit11 Riticle 3.24.3 shall'6e consideded vu 

Vureqd := - I V a . , q d j  satisfactojin bond and shear. Therefore, s h a r  check- 

4 s is not required 

Shear Strength Provided by Concrete [AASI-IT0 8.16.6.2.1 ] (Assumes a rect. section) 

Vu-d 
factor : = --- factor = 0.35 factor := if(factor > I . .  I . ,  factor) factor = 0.35 

Mu 

Fvmax := 3 . 5 - ( G i - 6 )  Fvmax = 191 -7psi 

Fvc := if (max(~v,) < Fvmax, max(FvC), ~vmax)  Fvc = 110.81 psi concrete shear strength 

[VC = 12.8 kind shear camed by concrete 

IF -4 > -4 b> Shear reinf. required [AASHTO 8.1 9.11 

If Shear Reinforcing is required [AASHTO 8.16.6.31 

Max. shear reinf. spacing [AASHTO 8.19.1.21, AASHTO 8.19.31 

smax = 1 24 1 in smax I= rnin(smax) -4 
max stirrup spacing 

Reduction for max spacing for high shear reinf: requirement: [AASHTO 8.16.6.3.83 

IF -4 > 1 4 - G i - C c - b - d  = 25.3 kipd Then reduce max. spacing by li2 

rmax :=  if(^%^^^ > 4-6i-;i-rlf;cc.b-d, .5-smax, smax) 

Max steel shear strength allowed: [AASHTO 8.16-6.3.9) 

Stirrup Spacing: [AASHTO 8.1 6-6-31 

Max. Stirrup spang:  1 7 4  ?iqd3$, 



CIIE(JK CRACK CON'I'ROL, - [AASI-1'1'0 17.6.4.71 

LXstance frorn conlpression face to 
d = 9.62 in centroid of tension reinf. 

Thickness of cover fro111 tension 
dc := cover + 0.5-diarn 

bar fiber to center of terrsion reinC 

dc 2 Effective tension area of conc. p:= I +- P = 1.35 
.7-(d) 

A = 28.5in surrounding 1 bar. ( 1  layer of steel) 

155 kip 
fs := .- 

f,.3d,* '" 
f, = 28.12 ksi 
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Designed by KJK Date 05/18/06 Checked by Date 

AASHTO 17th Edition LFD RJC Beam Design 

REFERENCE: AASHTO 17th Edition, 2002 

Note: Input parameters are in yellow highlight. ~ & ~ s , f o r ~ a d e ~ u a c ~  a ~ i n  blue highlight %ith,border 1 
BaseUnits: f t = I L  Ib=IM sec=IT  Define Units: kips := 1000-lbf degF := 1 .K 

K= I K Ibf = force ksi := 1 OOOpsi 
n,vA-, 

DESIGN LOCATION: WALLS M+ 

MATERIAL PROPERTIES: 

CONCRETE : 

F'c :? ?-ksi Concrete compressive strength 

kips Quant~ty lirmt~ng distribut~on 
:= of flexural rein[. 

[AASt1TO 8.16.8 41 

kips [UNII FORCE -- w,:= .IS-- 3 AAStITO 3 3.6 ] 
ft 

REINFORCING STEEL : 

f, := 60.0-ksi [Grade 601 

E, := 29000ksi [AASHTO 8-7.21 

Flexure - strength reduction factor 
h'= -'O (AASHTO 8.16.1.2.21 

Shear - strength reduction factor 
' 4 s  := -" [AASHTO 8.16-1.2.23 

CALCULATED MATERIAL PROPERTIES: 

l?Gi-%J [SERVICE LOAD] 

E = 3320.56 ks Elastic Modulus for concrete 
[AASHTO 8.7.1 1 

:= floe(%:) -+ i4.5 > (2) - ~ o o . ( ~ ) , o ,  Modular .ti0 ,A*sw-o s.,5.,.4, 

FOR F'c < 4ksi PI = -85 
_< 4.-ksi, .85,.85 - (F'c - 

[AASHTO 8. i 6.2.71 



DESIGN LOADS: 

LOAD FACTOR SERVICE LOAD 
Use scrvlce load to check 

M,, := 1.2.kips:ft serviceiibilty requ~rements 

GEOMETRY: 

J b;:< .J ;R Width of  compression flange depth := 0.833.R Gross depth o f  section . -  .~ 

REINFORCING STEEL: 
:';A 

cQge3.- 2:in / Clear cover to a t i m p s  [AASHTO 8 22.1, 

/ Use # J&-= 6 -- Moment reinforcement 
. ~. 
A&& i: 1 / Total number of bars used Total Area of Reinforcing steel 

Abar = 0.44 in 
2 Bar area 

diamb = 0.75 in Bar dia. ar 

use # bar, := 0 --- Shear reinforcement 
1 1) 

.GsN6, <='O Total number of legs used 

A = O i n  
2 Bar area 

bars 
diam,, = Oin Bar d ~ a .  

ars 

Calc. the d c  & d to tension reinf.: 
diam 

bar 
d c  := cover + diam + --- dc = 2.38 in 

bar, 2 

d := depth - dc 

As a := AsN0.A bar 
As-a = 0.44 in2 Total area of  flexure reinforcing 

Total Area of  Reinforcin~ steel 

As a, := AsNo,-A 
bar, 

As-a, = 0 in ' Total area o f  shear reinforcing 

Distance from the tension face to 
centroid of  first layer of  tension 
reinf. 

Distance from compression face to  
centroid of tension reinf. 

ULTIMATE MOMENT CAPACITY: [AASHTO 8.16.3. I] 



I wall M+ S12.xmcd 1 

MAX. FLEXURE REINF. [AASHTO 8.16.3.1.1 ] 

As-a 
p := - p = 0.0048 1 

b-d 

MIN. FLEXURE REINF. [AASHTO 8.17.1.1) 

2 CRACKING MOMENT on the basis of 
b-depth 

MC := ------ - 7.5-G-JF'c Mc = 6.84 kips.fi the modulus of rupture for normal weight 
6 concrete [AASIiTO 8.15.2.3 . I  ] 

SERVICEABILITY REQUIREMENTS [AASHTO 8.16.83 - Use as general Check 

fchlcn = 4.69 ksi 

FATIGUE STRESS LIMITS [AASHTO 8.16.8.3) 

rh := -3 ( rh )  of .3 is used as a default 

Max. stress range for reinf steel 

DISTRIBUTION OF FLEXURAL REINFORCEMENT [AASHTO 8.16.8.41 

dc:= if[cover > 2.in,dc - (cover - 2.in),dc] dc = 2.38 in Use max. cover as 2" 
w 

2 . d ~ - b  2 z 
A := - A = 57in fs , := ----- 

AsNo - 1 - f,-, = 25.32 ksi 
Effective tension area of conc. 

(dc- A) 
3 

surrounding I bar 
-- formula for 1 layer of steel 



SIIEAR STRENGTtI [AASHTO 8.16.6.1 . l ]  

Shear Strength Provided by Concrete [AASHTO 8.16.6.2.11 (Assumes a rect. section) 

VU-d 
factor := -- factor = 0.68 factor := if (factor > I . ,  I . ,  factor) 

/bwwAwA 
factor = 0.68 

Mu 

Fvmax := 3.5.(&.JF'c) Fvrnax = 1 9 1.7 psi 

Fvc := i f  (max(~v,) < ~vmax , rnax(l;v,), ~vmax) Fvc = 1 12.22 psi concrete shear strength 

Vc := Fvc.b-d -4 shear carried by concrete 

IF [m > -4 b o  Shear reinf. required [AASBTO 8.19.1 ( l' 

If Shear Reinforcing is required [AASHTO 8.16.6.31 

Max. shear reinf. spacing [AASHTO 8.19.1.21, AASHTO 8.19.31 

Reduciion for mar  spacing for high shear rein$ requirement: [AASHTO 8.16-6.3.81 

/ As-a, fy \ 

> [4-&.~i;c.b.d = 20.04kipd Then reduce max. spacing by 1R 

s,,,,, := if(vqeqd > 4-fii---b-d,.5.~max,smm) 

Max steel shear strength allowed: [AASHTO 8.1 6.6.3.91 

smax := min(smax) -4 smax:= 

Stirrup Spacing: [AASHTO 8.16.6.31 

~ 2 )  max stirrup spacing 

50.psi.b 

24.in 

d - 

s ax. SIIITU~ spacing: 1-4 / 



CHECK CRACK CONTROL -- [AASHTO 17.6.4.73 

Distance from compression face to 
d = 7.62 in centroid of tension reinf. 

Thickness of cover from tension 
dc := cover + 0.5.diam bar fiber to center of tension reinf. 

dc 7 Effective tension area of conc. p:= 1 +- p = 1.45 A = 5 7 i n L  
.7-(d) surrounding I bar. (1 layer of steel) 

155 kip . -  
pad,~ in 

f, = 20.89 ksi 

fsck:= if(f, 1 .6-fy,f,,.6-f,) 

fsck = 20.89 ksi 
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Designed by KJK Date 0511 8/06 Checked by Date 

AASHTO 17th Edition LFD R/C Beam Design 

REFERENCE: AASHTO 17th Edition, 2002 

biote:.hput parameters Bre in yeHow highlight. phecks for adequacy areh~blue highlight witli bprder j 
BaseUnits: f t = I L  Ib=IM sec=IT I>efinc. Units: kips := 1000-lbf degF := 1 -K 

K= I K Ibf = force ksi := l OOOpsi 
rn 

DESIGN LOCATION: WALLS M- 

MATERIAL PROPERTIES: 

CONCRETE : REINFORCING STEEL : 

F'c := 3-ksi Concrete compress~ve strength f, := 60.0-hi [Grade 601 

kips Quantity limiting distnbution 
[AASHTO 8.15.2.2 

':= 130 7 of flexural reinf. 
:= 24.0'ksi SERVICE LOAD] 

[AASHTO 8.16.8.33 
E, := 29000ks1 [AASf-ITO 8 7.21 

kips [UNIT FORCE -- 
W,:= -15- AASHTO 3.3.6 ] Flexure - strength reduction factor 

fi3 $m := [AASHTO 8.16.1.2.21 

Shear - strength reduction factor 
4 s  := .85 [AASHTO 8.16.1.2.21 

CAJXULATED MATERIAL PROPERTIES: 

K-=-EG [SERVICE LOAD] 

E = 3320.56 ks Elastic Modulus for concrete 
[AASHTO 8.7.11 

n := floe(%) + ifl.5 > (2) - floe) , ,] 1x1 Modular Ratio [AASHTO 8.1 5.3.41 

FOR F'c < 4ksi j3, = .85 
F'c < 4:ksi,.85,.85 - (F'c - 4-ksi)-.05- 

ksi [AASHTO 8.16.2.71 



DESIGN LOADS: 

0 LOAD FACTOR SERVICE LOAD 
e x  Use service load lo check 

MU :$ 2.0.&~Gfi M&x := '?.6.ki~s.fi serviceabllty requirements 

Vu := 1.3. kips Gmi, := I d.k$s-ff 

GEOMETRY: 

,' 
b := 1 .ft Width of compression flange depth := 0.833.h Gross depth of sectiorr 

REINFORCING STEEL: 
/ 

q v e ~  <? &in Clear cover to stirrups [AASHTO 8.22.11 

I 
Use# y=86 -- Mon~ent  reinforcement 

AS&O := I Total number of bars used Total Area of Reinforcing steel 

2 
Abar = 0 44 in Bar area As a:= AsNo-A bar 

diamba, = 0.75 in Bar dm. AS - a = 0 44 In2 Total area of flexure reinforcing 

Use# bar,:=O --Shear reinforcement 

AsNo, : 0 Total number of legs used Total Area of Reinforcing steel 

2 

Abars = O in 
Bar area 

diam = Oin Bar dia. bar, 

As a, := AsNo,-A bar, 
As-a, = 0 in Total area of shear reinforcing 

Calc. the dc & d to tension reinf.: 
diarr~ bar Distance From the tension face to 

dc := cover + diam + - dc = 2.38 in 
bar, 2 centroid of first layer of tension 

rein f. 

d := depth - dc p-XZq Distance from compression face to 
cenmoid of tension rein6 

ULTIMATE MOMENT CAPACITY: [AASHTO 8.16.3.11 

f~ a := As-a- ------ a = 0.86 in 
.85.F'c-b 



[wall M- S12.xmcd 1 

MAX. FLEXURE REINF. [AASHTO 8.16.3.1.1 ] 

As-a 
p := - p = 0.00481 

b-d 

MIN. FLEXURE REINF. [AASHTO 8.17.1. I ]  

b-depth 
2 CIWCKING MOMENT on the Ijasis of 

Mc := ------ . 7 .5 -&.PC Mc = 6.84 kips- ft the n~odulus of rupture for ~lorn~al weight 
6 concrete [AASIiTO 8.15.2.1 . I  1 

SERVICEABILITY REQUIREMENTS [AASHTO 8.16.81 - Use as general Check 

f h i n  = 6.26 ksi 

FATIGUE STRESS LIMITS (AASHTO 8.16.8.33 

:= .3 (r/h) of -3 is used as a default 

Max. stress range for reinf. steel 

DISTRIBUTION O F  FLEXURAL REINFORCEMENT [AASHTO 8.16.8.41 

dc := if [cover > 2 -in, dc - (cover - 2.in), dc] dc = 2.38 in Use max. cover as 2" 
,v"w 

2-dc-b 2 z 
A:= - A = 57in fs-z := - 

AsNo I - f,-, = 25-32 ksi 
Effective tension area of conc. 

(dc- A) 
3 

surrounding 1  bar 
-- formula for 1 layer of steel / 



SHEAR STRENGTH [AASHTO 8.14.6.1.11 

Shear Strength Provided by Concrete [ AAS HT0 8.16.6.2.1 ] (Assumes a rect. section) 

Vu.d 
factor := - factor = 0.4 1 factor := if(factor > I., I . ,  factor) 

#+vAuA 
factor = 0.4 1 

Mu 

1 .9 - f i i .Fc  + 2500 .~s i .~ -  factor) 109.03 
Fvc := r Fvc = ( )psi 

2-&.@c 109.54 

Fvmax := 3.5-(G-JF'c) Fvmax = 191.7psi 

Fvc := if (rnax(~v,) < ~vmax,  rnax(~v,), ~vmax) Fvc = 109.54 psi concrete shear strength 

-4 shear camed by concrete 

IF [I0.n2kipj > [Vu,,=1.5)b.pr( o Shear reinf. required [AASHTO 8.19.1 J 

If Shear Reinforcing is required (AASHTO 8.16.6.31 

Vqeqd := if(vureqd - Vc < 0.- kips ,0.00000 1 -kips, Vu,,, - VC) 

Max. shear reinf. spacing [AASHTO 8.19.1.2], AASHTO 8-19-31 

\ J . O I  1 
max stinup spacing 

Reduction for max spacing for high shear rein$ requirement: IAASHTO 8.16.6.3.81 

> 1 4 - 6 i . e ~ - b . d  = 20.04 kipd Then reduce max. spacing by 112 

s,,, := if(vqeqd > 4 - G . e c - b . d ,  5~smax,smax) 

Max steel shear strength allowed: [ AASHTO 8.16.6.3.91 

Stirrup Spacing: [AASHTO 8.16-6.31 

As-a,.f,-d 
S := 

PA' 
s = 0in 

V%e,d 

S,C,d := if(s > s ,,,, s,,,s) Max. Stirrup spacing: r~mi  / 



CHECK CRACK CONTROL - [AAStITO 17.6.4.71 

d = 7.62 in 

d, := cover + 0.5.diarnbar 

155 kip 
&= 

( I . ~ ~ , A  in 

Distance from cornpression face to 
centroid of tension reinf. 
Thickness of cover fronl tension 
fiber to centcr of tension reinf. 

2 Effective tension area of conc. 
A = 57in surrounding I bar. (I layer of steel) 

fsck = 20.89 ksi 
f, = 20.89 ksi 



3- I Kim$-Ho~ Page I 
and Associates, Inc. 

Job McDowell Road Subject Structure # I2 Btm Slab M+ ProjectNo. 091131012 

Designed by KJK Date 0511 8/06 Checked by Date--.-- 

AASHTO 17th Edition LFD RIC Beam Design 

REFERENCE: AASHTO 17th Edition, 2002 

-- 
Note: Input paramtters are in yelldw highfiglit. phedcs for adequacy are in blue highlight with border I 
BaseUnits: f t = l L  I b = I M  s e c = l T  Define Units: kips := I000. lbf degF := 1 -K  

K= I K Ibf = force ksi := IOOOpsi 
m 

DESIGN LOCATION: BOTTOM S L ~ B  M+ 

MATERIAL PROPERTIES: 

CONCRETE : 

'PC :=' 3-ksi Concrete compressive strength 

kips Quantity limiting distribution 
:= 13' - of flexural reinf In 

[AAStITO 8.16.8.43 

kips [UNIT FORCE -- 
W,:= .15.- AASHTO 3.3.6 ] 

ft3 

REINFORCING STEEL : 

f,, := 60.0-ksi [Grade 601 

[AASHTO 8 15.2.2 
:= 24.0- ksi SERVICE LOAD] 

Flexure - strength reduction factor 4, := -90 [AASHTO 8.36.1.2.23 

Shear - st~ength reduction factor 
+s := -Ii5 [AASHTO 8.16.1.2.21 

CALCULATED MATERIAL PROPERTIES: 

]fc=1.2ksl [SERVICE LOAD] 

Ec = 3320.56 ks Elastic Modulus for concrete 
[AASHTO 8.7.1 ] 

n := ) + i f  > ( - floo,(%),O, I] 1x1 Modular Ratio [AASHTO 8.15.3.41 

FOR F'c < 4ksi P I  = .85 
F'c i 4:ksi,.85,.85 - (F'c - 

[AASHTO 8.1 6.2.71 



DESIGN LOADS: 

LOAD FACTOR SERVICE LOAD 
Use servlce load to check 

'M+= := 10:kips-ft serv~ceabllty requirements 

GEOMETRY: 

/ /' b := 1 .A Wldth of cornpresslon flange depth :=.:1:.0;4 Gross depth of sectton 

REINFORCING STEEL: 

cover:= 3-in /' Clear cover to stirrups [AASHTO 8.22.11 
/ 

J 
Use # &= 6 -- Moment reinforcement 

/ 

AsNo := 2 Total number of bars used Total Area of Reinforcing steel 

Abar = 0.44 in 
2 Bar area As a := AsNo- 

%ar 

diarnbar = 0.75 in Bar dia. As-a = 0.88 in2 Total area of flexure reinforcing 

Use # bar, := 0 --- Shear reinforcement 

ASNO< := 0 Total number of legs used 
2 

A =Oin Bar area 
bar, 

diambars = 0 in Bar dia. 

Calc. the dc & d to tension reinf-: 
diam bar 

dc := cover + diam + --- dc = 3.38 in bar, 2 

d := depth - dc 

Total Area of Reinforcing steel 

As a, := ASNO,- 

As-a, = 0 in Total area of shear reinforcing 

Distance h m  the tension face to 
centroid of first layer of tension 
reinf. 

Distance from compression face to 
centroid of tension reinf. 

ULTIMATE MOMENT CAPACITY: [AASHTO 8.16.3. I] 



MAX. FLEXURE REINF. [AASHTO 8.16.3.1 - 1 1  

MIN. FLEXURE REINF. [AASHTO 8.1 7.1.1 ] 

2 CRACKWG MOMENT on the basis of 
b.depth 

MC := 7 . 5 . G . 6  Mc = 9.86 kips.ft the modulus of rupture for nonnal weight 
6 concrete [AASHTO 8.15.2.1.11 

SERVICEABILITY REQUIREMENTS [AASHTO 8.16.81 - Use as general Check 

Mmin 
fb. .= --- fc,,, := fh,- 

k 
In - 

As-a- j-d n-(I  - k) 

f ~ i , ,  = 8.86 ksi 

FATIGUE STRESS LIMITS [AASHTO 8.1 6.8 31 

f=:.3 (rlh) of .3 is used as a default 

Max. stress range for reinf. steel 

DISTRIBUTION OF FLEXURAL REINFORCEMENT [AASHTO 8.16.8.41 

dc := if [cover > 2-in,dc - (cover - 2-in) ,dc] 
NVVIl 

dc = 2.38 in Use rnax. cover as 2" 

2-dc-b A := ------ 2 z 
A = 28.5 in fs-z := --- 

AsNo I 
- f,-, = 3 1.9 ksi 

Effective tension area of coric. 
(dc- A) 

3 
surrounding 1 bar 
-- formula for 1 layer of steel 

/ 



SHEAR STRENCTtf [AASHTO 8.16.6.1 . I  ] 

Shear Strength Provided by Concrefe [AASII1'0 8.16.6.2.1 ] (Assurnes a rect. section) 

VU-d 
factor := - factor = 0.29 factor:= if(factor z I . ,  l.,factor) 

m 
Factor = 0.29 

Mu 

Fvrnax := 3.5-(&.Fc) Fvmax = 19 1.7 psi 

Fvc := if (rnax(fv,) < Fvmax , max(~v$, ~vrnax) Fvc = 110.18psi concrete shear strength 

I V C  = 1 1.4 kipsf shear carried by concrete 

IF -4 > 1-4 b o  Shear reinf required [AASHTO 8.19.1 ] / 

If Shear Reinforcing is required [AASHTO 8.16.6.3) 

Vqeqd := if (vureqd - VC < O:kips, 0.000001 .kips, Vureqd - VC) 

Max. shear reinf. spacing [AASH'TO 8.19.1 .~],'MSHTO 8.19.31 

smax := 

\ 

smax = 1 24 1 in smax := min(smax) v i  
Max stirn~p spacing 

Reduction for max spacing for high shear rein$ requirement: [AASHTO 8.16.6.3.81 

> 14-&i-mc-b.d = 22.68ki~d Then reduce max. spacing by 1/2 

Max steel shear strength allowed: [AASHTO 8.16.6.3.91 

Stirrup Spacing: [ AASHTO 8.1 6.6.31 * 
Max. S t ~ m p  spacing- Isr(bb=4ir] ' 



CflECK CRACK CONTROL -- [AASHTO 17.6.4.71 

d = 8.63 in 

d, := cover + O.S.diam bar 

155 kip &= -.- 

f, = 2 1.7 ksi 

Distance from compression face to 
centroid of tension reinf. 
Thickness of cover from tension 
fiber to center of  tension reinf. 

2 Effective tension area of  conc. 
A = 28-5 in surrounding 1 bar. (1 layer of  steel) 

fsCk = 2 1 -7 ksi > fl / 
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C%)R1C'RE7'E BOX 
DESIGIV INP(JT 

KIMLE Y-HORN AND 
ASSOCIA TES, INC. 

Concrete Box Mentber Desijin Forces: STRUCTURE 13 

Wall Information (Ass~tt~res &sign us a carltilevered retainirtf wall): 

Wall Height: hWall := 9.5.It 

Lateral Soil Pressure: 

Soil angle of internal friction: $ := 30.deg 

Unit weight of soil: y := 125-pcf 

Page I 



MCDO WELL ROAD 
PROJECT #: 091131012 

CONCRETE BOX 
DESIGN INPUT 

KIMLE Y-IIORIV A N D  
ASSOCIA TES, INC. * 

Bottonl Slab Information (Assumes design a one-wav siniplt. spun): 

Design of bottom slab based on soil pressure. Soil pressure calculated assuming all loads are evenly 
distributed over the area of the bottom slab. 

Design Bottom Slab Span: 

Design Bottom Slab Thickness: tbslab := 15-in 

Area of Bottom Slab areabslab := 144-ft 
2 

(8' x 18') 

I Perimeter of BOX Structure: penm := 72-ft (conservat~vely assume 18' x 18') 

I Design Wall Thickness: fwall := 12-in 

Design Wall Height: 

I Load from Wall Selfweight: 

Ignore Bottom Slab Selfweight since it will cancel itself out in the design 

0; Total Load for soil pressure calculations: 

Ptotal:' P1va11 

Soil Pressure for Design of Bottom Slab: 

Ptotal 
soilpres := ---- 

areabslab 

I Positive Moment at Midspan of Bottom Slab: 

2 
soilpres. I fi-lbsTab 

M := 
8 

Mu:= 1.3M 

Shear at End of wall: 

soilpres. I ft- lhslab 
V := 

7 
L 

PtOtai = 102.6 kip 

soilpres = 0.7 12 ksf 

M = 7.214kfi J 

Mu = 9.378 kft J 

V, = 4.168 kip 
1 .' 

Drsigrrrd l@: S u b r i t ~ a  .hTuufe/d 
Checked Blc Krvitr Kitnrtt Page 2 
Dare: 3/30/2006 
Filmante: K:lRdnyISrr1rcttrral1i~IcD~tn~~~Ii Rnud 
I Design\S~rucrur~~ I JI 



AASIIrTO IiEINFORCED 
CONCRE'I'E REAM DESIGN (LFD) 

ENGLISH UNITS 

REFERENCE: MSCITO 171li edition. 2002 

Revision # Revised By Date Checked Bv Date De>i.~p! j _ n  o f  Revisior~ 
I BZS 12/39:04 DAC 12129104 I lpdatc of l 'onr~a~ring 



I 3-0 tiimley-Horn Page 1 
and Assucntes, Inc. 

Job McDowell Road Subject -Structure # 13 Btrn Slab M f ProjectNo. 091131012 

lles~gned by KJK [late -03.30i06 - Checked by Date 

- .- - . - . - - ------ -- 

AASf-IT0 17th Edition LFD R/C Beam Design 

REFERENCE: AAStITO 17th Edition, 7002 

Note: Input parameters are in yellow highlight. kbecks for adequacy are in blhe hi&light witfi border I 
Base l l n ~ t s  ft = 1 l Ib = I hl hec = I T  Define Units kips := 1000-lbf degF := 1 . K  

K =  l K  I b f = f o r c e  ksi .= l0OOps1 

DESIGN LOCATION: BTM SLAB M 

MATERIAL PROPEKFIES: 

CONCRETE : 
1 

F'c := 3-ksi Concrele compressive strength 

kips duarltitv lirrliting distribution 
:= I ' j O  of flexural reinf. in 

[x.Ast-rTo 8.16.8.4) 

/ 
kips ICINII FORCE - -  

W,:= .IS-- AASHTO 3.3.6 I 
ft 

REINFORCING STEEL : 
/ 

J 
fy := 60.0-ksi [Grade 601 

/' 

/ [AASHTO 8.15.2.2 
fs := 24.0-ksi SERVICE LOAD] 

Flexure - strength reduction factor 
I$, := -90 [A4SHTO 8.1 6.1.2.21 

Shear - strength reduction faclor tBs := -85 [AASHTO 8.1 6.1.2.21 

CALCULATED MATERlAl,  PROPERTIES: 

fc := -4. F'c 
Ifcz-i%i [SERVICE LOAD] 

E - 3320.56 ks Elastic Modulus for concrete 
[(ASHTO 8.7.11 

n := f l o o ( z ]  + i f .  > ( 1  - f l o o ( 2 ) , 0 ,  I] 1- Modular Ratio [AASHTO 8.15.3.41 

FOR F'c < 4ksi 0, = .85 
F'c 5 3.-ksi,.t75,.85 - (F'c - 

[AASHTO 8.16.7.71 



1)ESIGN LOADS: 

LOAD FACTOR SERVICE L.OAL1 
l lsc sc~vice  load to check 

M,,, := 8.kips-fi sefiiceabiity requirements 

GEOMETRY: 

t~ := 1-ft Width ofcompression flange depth := 1.25.ft Gross depth of sectior~ 

REINFORCING STEEL: 

cover := 3-in Clear cover to stinups [ AASHTO 8.22.1 ] 

Use # bar :== 6 --- Moment reinforcement 

AsNo := 1 Total number of bars used Total Area of Reinforcing steel 

L 
Abar = 0.44 in Bar area As a I= AsNo-A 

bar 
diam = 0.75 in Bar dia. As_a - 0.44 in* Total area of flexure reinforcing 

bar 

Use # bar, := 0 --- S l ~ c a r  reinfurcenient 

AsNo, := 0 Total riuniber of legs used Total Area of  Reinforcing steel 

= Oin 
2 

*bar, 
Bar area 

diam = 0 in Dardia. 
bar, 

.4s a, := ASNO,- 
%ar, 

As-a, = 0 in- Total area of  shear reinforcing 

Calc. the dc & d to tension reinf.: 

diam 
bar Distance from ttie rension face to 

d c  := cover t d i a ~ n  + --- dc = 3.38 in 
bar, 2 centroid o f  first layer of tension 

reinf. 

d := depth - dc Distance from compression face to 
centroid o f  tension reinf. 

ULTIM.4TE MOMENT CAPACITY: IAASHTO 8.1 6.3. I] 



As-a 
p := - p = 0.003 1 5 

b-d 

MIN. FLEXURE REINF. [AAStITO 8.17.1.1 1 

2 CKACKFNC; MOMENT on the basis of 
b-depth 

MC := ------- - 7 .5 .Gi - f i c  Mc = 15.4 kips.ft the modulus of rupture for normal weight 
6 concrete [..\AS14 TO 8.15.2.1.1j 

SERVICEABILITY REQUIREMENTS [AASHTO 8.16 81 - Use as general Check 

Mrnin k 
fslnin := --- fcrnax I =  f$nax- 

As-a. j-d ,' n-( 1 - k )  

fs,,,;,, = 20.19 ksi 

FATIGUE STRESS LIMITS {AASHTO 8.1 6.8.31 

rh := -3 (rih) of .3 is used as a default 

fj.:= 21.-ksi - 0.33-f%in + 8:ksi-rh 

Max. stress range for reinf. steel 

DISTRlBUTlON OF FI,EXURAI, RElNFORCEMENT [AASHTO 5.16-8.41 

dc:= ifIcover> 2-in,dc - (cover - 2-in),dcj dc = 2.38 in Use max. cover as 2" 

- 
Effective tension area of conc. 

(dc- A) 
3 

surrounding I bar 
-- fonnula for i layer of steel 

f, - , = 25.32 ksi 



SHEAR STRENGTH [AASiiTO 8.16.6.1 . I ]  

Vureqd = 5.88 kip 

Sheur Strength Provided by Cotrcretc [/\ASHTO 8.16.6.2.1 1 (Assu~nes a rcct. sectior~) 

Vu.d 
factor := - factor = 0.48 factor:= if(factor ..> I . 1 ,Saclor) factor - 0.48 

M u  

Fvmax = 19 1.7 psi 

J'vc := if.(~nax(~v,) < Fvrnax. r n a x ( ~ v , )  ,~vrnax)  F v c  = 109.54 psi concrete shear strength 

I V C  = I 5  28 kind shear canied by concrete 

IF [-j > -4 5.880 Shear reinf. required [AASHTO 8-19 1 1  

IfSliear Reinforcing is required [AASHTO 8.16.6.31 

Max. shear reinf. spacing [AASHTO 8.19.1.21, AASHTO 8.1 9.31 

/ As-a,-fy \ 

50-psi-b 

smax := 2 4 . 1 ~  
SmaX = [i, ] in smax := midsmax) 

d - 
( 2 / max stinup spacing 

Reductiorrfor mrrv spacirrg for high sltear rein$ requirement: [AASI-IT0 8.16.6.3.81 

IF lvr,d=o{ > 14-&-@c-b.d = 30 ~$4 Then reduce n ~ a x  spacing by 112 

&far steel sheur strerrgth ullowed: [AASHTO 8.16.6.3.91 

Stirrup Spacing: [ AASHTO 8.16.6.31 



C'IIECK CRACK CON'I'HOI, -- [AASII'I 0 17.6.4.71 

d = 1 1.67 in 

d, := cover + 0.5-diam bar 

(1, 7 [ j f fcc t~ \ ,e  terision arca of  cone. 
@ : =  I + - 15 = 1.4 1 i\ = 57 in- 

.7.(d) 
surrounding I bar. ( I layer  of steel) 

155 kip 
f -- 
9 '- 

fs,k = 18.98 ksi 
fs = 18.98 ksi 



Kimlcy-Horn and Assocaites. Inc. 
7878 N. 16th Street 
Suite 300 
Phoenix. AZ 85020 

Title Wall Design - Structure 13 Page - -- 
Job# 091131012 Dsgnr KJK Date MAR 30,2006 
Oesu~plion 

Since open box design walls as cantilevered retaining 

This Walt in File. K:\Rdwy\Structural\McDowell Road\Desigi 
Retatn Pro 2005 1 -0ecen1ber-2005 ( c )  1989-2005 . . 
www.reta~r~pm.com/support for latest release Cantilevered Retaining Wall Design 
Registration ll : RP-1146815 2005003 

Code: AASHTO 

...................... ................. . . . .  . . . .  .....-....................................... . ., 
i Criteria I [ ~ i i l - ~ a t a  1 Footing Dimensions 8 Strengths I 

Allow Soil Bearing = 2.000 0 psf Toe Width - 4 25ft Retained I {eight 
- oo 7 Rankine Soil Presure calculation t Ice1 Width Wall height above soil = 0.50 H = ..__!Po. 

Soil Frict~on Angle = 34 0 deg Total Footing Width - 5 25 
Slope Behind Wall = 0 0 0 . 1  Active Pressure Ka'Gamma- 33 9 psfllt ~~~l~~~~ ~ h i ~ k ~ ~ ~ ~  = 15 00in.I 
tie~yht of Sotl over Toe = 0 00 in Passive Pressure Kp'Gamma 424 S psflft 

; 120.00 pcf Key Widt" Soil Density 0 00 in 
Key Depth - - 0 00 in 

FoottngllSoil Friction = 0 300 
- 0.55 Key Distance from Toe = 0 0 0 n  

Wind on Slem 0 0 psf Soil height to ignore 
for passive pressure = 0 00 in fc  3.000psi Fy = 60.000psi Vertical component of active F ooticig Conaele Density = 1 50 00 pcf 

lateral soil pressure options MII~ As % = 0.0018 
USED for Soil Pressore Cover @ Top = 2.00in @ Btm.= 3 00 in 

NOT USED for Sliding Resistance. 
NO r USED for Overturning Reststance 
.................. -- .. . - - - - . - . 

7 I Surcharge Loads j Lateral Load Applied to Stem 1 Adjacent Footing Load 
L I 

Surcharge Over Heel = 120 0 psf Lateral Load - 0 0 #lR Adjacent Fooling Load = 0.0 lbs 
NOT Useti To Resist Sliding 8 Overturning . ~ ~ , ~ t ~ t  to lop = 0.00 R fooling Width - OOOR 

Surcharge Over Toe = 0 0 psf .. Heiylil to Bottom = 0 00 ft Lccenlricity 0 00 in 
NOT Used for Sliding 8 Overturning 

Î -- ............ -- Wall to Ftg CC Dist = ooof t  

LAxial Load Applied to Stem Footirig Type Line Load 
Base AbovelBelow Soil - 

Axial Dead Load - - - 0 0 lbs at Back of Wall 
0 0 ft 

Axial Live Load - - 0 0 lbs 
Axial Load Eccentridty = 0 0 in Poisson's Ratio = 0 300 

............. , ,. - -- -. -- - --. . - 
*Design Summary I Stem Construction - TOP Stem . - - -. -- ...- .- 

Slern OK - Wall Stability Ratios Design Height Above Ftg ft = 0 00 
Overturning - - 

1 19 Ratio < 1.5! Wall Material Above "HI" = Conuete 
Slab Resists All Sliding ! Ow Thtchncss = 1 2 . 0 0 ~  

Rebar Size = # 6 /  
Total Bearir~y Load = 2.954 Ibs Rebar Spacing = 1 2 . 0 0 1  

resultant ecc. - ... 13.82 in Rebar Placed at = Edge / 
Design Data -- .. 

Soil Pressure @ Toe = 1.337 psf OK hlFB + falFa = 0.510 
Soil Pressure @ Heel = 0 psf OK 

Total Force @ Section lbs = 2.838.1 
Allowable = 2.000 psf ... Soil Pressure Less Than Allowable Moment Actual f t4  = 9.288 2 

. ACI Factored @ Toe = 1.41 7 psf Momenl ..Allowable = 18.200 8 

ACI Faclored @ Heel = 0 psf Shear.. ..Actual psi = 24.6 
..... Footing Shear @ 1-oe = 15.4 psi OK Shear Allowable psi = 82 2 

Fooling Shear @ Heel = 0.0 psi OK Wall Weight = 150.0 
Allowable - - 93.1 psi Rebar Depth 'd' in = 963  

Sliding Calcs Slab Resists All Sliding ! 
L.AP SPLICE IF ABOVE in = 25.63 

Lateral Sliding Force = 2,103.4 Ibs I A P  SPLICE IF BELOW in = 

less 100% Passive Force = - 331.6 Ibs 
HOOK EMBED INTO FTG in = 6.00 

Masonry Data less 100% Friction Force = - 722 8 Ibs 
'k rm psi = 

Added F o r e  Req'd = 1.049.0 Ibs NG 0 1, psi = 
.... for 1.5 : 1 Stability = 2,100.7 Ibs NG Soiid Grouting - - 

Special Inspeclion Load Factors - -  
- 

Modular Ratio 'n' - 
Building Code AASHTO 

- 
Short Term Factor - 

Dead Load 1.300 
- 

Eqciiv Solid Thick - 
Live Load 2.170 

- 

Earth. H 1.690 
Masonry Block Type = Medium Weight 

Concrete Data ....... ..... 
Wind, W 1.300 f c  psi = 3.000 0 

Seismic, E 1.000 FY psi = 60.000.0 



Kimley-Horn and Assocaites. lnc. 
7878 N. 16th Street 
Suite 300 
Phoenix. AZ 85020 

Tltle Wall Design - Structure 13 Page - - - 
Job# 091131012 Dsgnr KJK Date MAR 30,2006 
Descnpbon 

Since open box des~gn walls as cantilevered reta~ncng 

0 This Wall i n  File: K:\Rdwy\Structural\McDowell Road\Oesigt 
:Ian Pro 2005 1 Oeck:ri>ber-2005, (c) 1989-2005 

www rctainpro.codsupport for lalest release Cantilevered Retaining Wall Design Code: AASHTO 
Registration # : RP-1146815 2005003 

- - - - -- - - - -. -- 7 
Footing Design Results 

Toe Heel - - 
Factored Presiure = 1.41 7 0 psf 
Mu llpward = 8.697 0 R-# 
Mu Downward = 2 201 0 f i 4  
Mu Destgn = 6 495 0 R-# 
Actual I Way Shear = 15 40 0 00 psc 
Allow I Way Shear = 93 1 l o 00 psi Other Acceptable S ~ z e s  & Spac~ngs  
Toe Retnforung = # 6 @ 12 00 tn Toe #Q@ 9 75 cn, #5@ 15 00 m, #6@ 21 50 in. #7@ 29 00 m #8@ 38 25 m #9@ 48 
Heel Re~nforung = # 6 @ 12 00 tn Heel Not req'd. Mu c S ' Fr 
Key Re~nforctng = None Spec'd Key No key defined 
- - - - - - -- - - - - -- -- - - - - -- - - - - - -- --- - - -. - - . - . - - 
Summary of Overturning & Resisting Forces 8 Moments I 

Item . . .- . . - - - - 
Heel Active Pressure = 
Toe Active Pressure = 
Surcharge Over Toe = 
Adjacent Foolccig Load = 
Added Lateral Load = 
Load @ Slem Above Soil = 

..... OVERTURNING ..... 
Force Distance Moment 

Ibs ft fi# 
- - - - - . 

2.129.9 3.70 7.871 2 Soil Over Heel 
-26 5 0.42 -11 0 Sloped Soil Over Heel = 

Surcharge Over Heel = 
Adjacent Fooling Load = 
Axial Dead Load on Stem = 
Soil Over Toe - 

Surcharge Over Toe - 

..... RESISTING ..... 
Force Distance Moment 

tbs fi fi -# 
. . . . - --- - - - - . . - -- - - -. - . - 

5.25 

Stem Weightts) = 1.425 0 4 75 6 768 8 
- Earth 0 Stem Transittons - - 

Total = 2.103 4 O.T.M. = 7,860 2 Foollng Weighl - 984 4 2 63 2 584 0 
ResistinglOverturning Ratio = 1.19 Key Wetgtrl 

Verl Component 
Vecttcal Loads used for Soil Pressure = 2.954 2 Ibs -- - - - - . -- - - . 

Total= 2 4094 Ibs R M.= 9.352 7 
Verttcal component of achve pressure used for sot1 pressure 

DESIGNER NOTES: 



Sl~ding Restraint 

Heel See Appendix A 

L- 5'-3" 



Sliding Restraint 



RCP D-LOAD 
CALCULATIONS 



D-LOAD CALCULATIONS 
RCP IN SRP EASEMENT 

McDowell Road Basin and 
Storm Drain Project 

Prepared By: 
Kirnley-Horn and Associates, Inc. 

7878 N. 1 6 ' ~  Street 
Suite 300 

Phoenix, AZ 85020 

Date: September 26,2006 

a=n Kimley. Horn 
and Amdat:es, Inc. 

Design Specification: 
I. Standard Specifications for Highway Bridges, 17* Edition - 2002. 
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Mc L)owell Road 
Drain age 
Job #: 091 131012 

D-load Calculation 
48" RCP 

Kimley-Horn and 
Associates, Inc. 

DESIGN CRITERIA: 

Specifications: 

1 .  AASHTO "Standard Specificatrons For Highway Bridges". 17th Edition, 2002 

Constants: 

Ibf Ibf 
plf - - psf = - 

ft 
fi2 

sy 5 yd 
2 

cy 3 yd 
3 

kip 
kip - 1000-lbf klf E - 

ft 

kfi  3 kip- ft kin = kip-in 

Unit Weights: 

Concrete: wc = 1 50. pcf 

Steel: w, I 490-pcf 

Earth: we 5 120-pcf 

Water: w, z 62.4-pcf 

ibf Ibf 
pcf = - PSI z - 

fi3 in 
2 

sf = ft 2 

kip 
ksf = - 

kip 
hi z - 

Designed By.- Kevin Kimm 
Checked By: Dave Leistiko 
Date: 9/26/2006 
Fi1ename:pipe-d-loading-48.xmcd 
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McDotvell Road 
Drairtage 

D-load Calculation 
48" RCP 

Kimley-Horn and 
Associates, Inc. 

Job #: 091131012 

I 
GENERAL DESIGN INFORMATION: 

Pipe Outs~de Diameter: Pipe00 := 59.5in Assumes Wall C RCP 

Pipe Inside Diameter: pip el^ := 48in S, := P l p e l ~  

Depth of Earth Cover: H := 3.5fl 

Unit Weight of Earth: ysoji := 140pcf 

Type of Installation: Trench 

1 EARTH LOADS: 

Loads (AASHTO 16.4.4.2): 

Earth Load - AASHTO 16.4.4.2.1 . I  (WE) 

WE := F,-w-Bc-ti 

F, := 1.40 Per Figure 16.4A -assumes Installation Type 3 

w = 140pcf 

B, := P i p e o ~  Out-to-out horizontal span of pipe 

H = 3.5 ft 

WE := F,- w B,- H WE = 3401 -42 plf 

Designed By: Kevin Kimm 
Checked By: Dave Leis~iko 
Date: 9/26/2006 
Filenon1e:pipe-d-loariing-48~xrncd 
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McDowell Road 
Drainage 
Job #: 091 131012 

D-load Calculation 
48" RCP 

Kimley-Horn and 
Associates, Inc. 

Live Load - AASHTO 16.4.4.2.3 (WC) 

Outrigger Pressure at Top of Soil (Presto,) PrestOp := 320pst 

Outrigger Diameter (Dia,,,,) DiaOut, := 27in 

I 
Outrigger Area (A,,,,) 

I Outrigger Diameter at Top of Pipe (Diatpipe) := DiaOut, + 1.75- ti Diavipe = 100.5 i r ~  

Outrigger Area at Top of Pipe (Atpipe) 

Prestop. Aouu 
Outrigger Pressure at Top of Pipe (Prestpipe) Presplpe : = Prestpjpe = 3325.89 psf 

Atpipe 

WL := Presplpe-B, WL = 16490.87plf 

Indirect Design Method Based on Pipe Strength and Load-Carrying Capacity (AASHTO 16.4.4.2): 

Loads - AASHTO 16.4.5.1 (0) 

0-load of the pipe (D) ,,:= (;).(w~ + wf + "I:) 
f3 t-e B ~ L L  

I Earth Load Bedding Factor (Bk) Bfe := 2.2 Per Table 16 4E - assumes installation Type 3 

Live Load Bedding Factor (ElfLL) BnL := 2.2 Per Table 16.4F -assumes Fill Height = 3.5 ft 

WE + Wf 
D = 2349.59 psf 

Therefore, spec& Class Y -. RS;P@~~ , ,  AS?@ c-76 and . provide $ 

, " - % "  , - r  

a minimbm of 3.5 ft of cdver. , - f , : ; .  i . ; 
2 r 

Designed By. Kevin Kimm 
Checked By: Dave Lekiiko 
Date: 9/26/2006 
Fi1ename:pipe-d-loading_48.xmcd 
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McDo well Road 
Drairr age 
Job #: 091131012 

D-load Caiculation 
2 - 54" RCP 

Kim ley-Horri arid 
Associates, Inc. 

DESIGN CRITERIA: P 
Specifications: I 

1. AASHTO "Standard Specifications For Highway Bridges". 17th Edition. 2002. 

Constants: 

Ibf Ibf lbf 
plf - - psf =- - pcf = - . Ibf 

PSI = - 
ft 

ft2 ft' 
. 2  
in 

kip 
kip = 1000.lbf klf = - 

ft 

kft = kip.fi kin = kip-in 

Unit Weights: 

Concrete: wc ( ~ o - P c ~  

Steel: ws = 490-pcf 

Earth: we - 120-pcf 

Water: w, 62.4.pcf 

kip kip 
ksf = - ksi F - 

ft2 
2 

in 



McDowell Road 
Drainage 
Job #: 091131012 

D-load Calculation 
2 - 54" RCP 

Kimley-Horn and 
Associates, Inc. 

GENERAL DESIGN INFORMATION: 

Pipe Outside Diameter: Pipe00 := 66.5in Assumes Wall c RCP 

Pipe inside Oiameler: PipejD := 54in Si := PipefD 

Depth of Earth Cover: H := 3.5ft 

Unit Weight of Earth: ysoil := 140pcf 

Type of Installation: Tfench 

EARTH LOADS: 

Loads (AASHTO 16.4.4.2): 

Earth Load - AASHTO 16.4.4.2.1.1 (WE) 

WE := F,-W-B,-H 

F,:= 1.40 Per Figure 16.4A - assumes inslallatton Type 3 

w = 140pcf 

B, := Out-toout horizontal span of pipe 

H = 3.5 ft 

WE := F,.w-B,-H WE = 3801 -58 plf 

Fluid Load - AASHTO 16.4.4.2.2 (Wf) 

Wf = 992.43 plf 

Designed By: Kevin Kimm 
Checked By: Dave Leistiko 
Date: 9/26/2006 
Filenanze.pipe-d-loading-2-54.xmcd 
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McDowell Road 
Drainage 
Job #: 091131012 

D-load Calculation 
2 - 54" RCP 

Kimley-Horn and 
Associates, Inc. 

Live Load - AASHTO 16.4.4.2.3 (WC) I 
Outrigger Pressure at Top of Soil (Pres,,,) PrestOp := 320ps1 

Outrigger Diameter (Dia,,,,) DiaOut, := 27in I 
Outrigger Area (A,,,,) 

Outrigger Diameter at Top of Pipe (Diqpipe) Diatpipe := DiaOut, + 1.75- tI Diatpipe = 100.5 in 

Outrigger Area at Top of Pipe (Alpipe) 

Pres1Op-Ao"tT 
Outrigger Pressure at Top of Pipe (Prestplpe) Prestpipe := Prestpipe = 3325.89 psf 

* ~ P I P ~  

Indirect Desiqn Method Based on Pipe Strength and Load-Carrying Capacity (AASHTO 16.4.4.2): 

Loads - AASHTO 16.4.5.1 (0) 

0-load of the pipe (D) 

Earth Load Bedding Factor (B,,) Bfe := 2.2 Per Table 16.4E - assumes Installation Type 3 

Live Load Bedding Factor (BfLL) BfLL := 2.2 Per Table 16.4F - assumes Fill Height = 3.5 ft 

WE + Wf 
D = 2345.96 psf 

Therefore, specify Clas~  O RCP2per ASTM'~; 76 arid;provide 
. < ?  - . :$,* -9 , 

a minimum of 3.5 ft bf 'cover: ' ' . ,  :- .; ; % ? P A  ., h ;: 
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McDowell Road 
Drainage 
Job #: 091131012 

D-load Calculation 
3 - 42" RCP 

Kimley- Horn and 
Associates, inc. 

Ibf 
pcf = - Ibf 

ps1 = - 
ft3 

2 
in 

s f  E ft 
2 

kip 
ksf = - 

fi2 

kip 
ksj = - 

in 
2 

DESIGN CRITERIA: 

Specifications: 

1. AASHTO "Standard Spec~ficat~ons For Highway Bridges". 17th Editton. 2002. 

Constants: 

lbf 
plf = - Ibf 

psf - 
ft 

f t2 

2 
sy  = yd cy  - yd 

3 

k l ~  
k ~ p  1000 Ibf klf E - 

ft 

kft k ~ p -  ft k ~ n  3 kip in 

Unit Weights: 

Concrete: wc =_ 1 5 0 - ~ ~ f  

Steel: ws E 490-pcf 

Earth: we r 120-pcf 

Water: w, -= 62.4-pcf 
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McDowell Road 
Drainage 
Job #: 091131012 

D-load Calculation 
3 - 42" RCP 

Kimley-Horn and 
Associates, Inc. 

GENERAL DESIGN INFORMATION: 

Pipe Outside Diameter: Pipw~ := 52.Sin Assumes Walt c RCP 

Pipe Inside Diameter: pip el^ := 42in S; := pip el^ 

Depth of Earth Cover: H := 9.5ft 

Unit Weight of Earth: yso,l := I4Opcf := Ysoil 

Type of Installation: Trench 

EARTH LOADS: 

Loads (AASHTO 16.4.4.2): 

Earth Load - AASHTO 16.4.4.2.1.1 (WE) 

WE:= F,-w-B,.H 

F,:= 1.40 Per Figure 16.4A - assumes Installation Type 3 

w = 140pcf 

8, := P i p e o ~  Out-to+ut horizontal span of pipe 

H = 9.5 fi 

WE := F,.w.B,-H WE = 8 146.25 plf 

Fluid Load - AASHTO 16.4.4.2.2 (Wf) 

Wf = 600.36 plf 
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McDowefl Road D-load Calculation 
Drainage 3 - 42" RCP 
Job #: 091131012 

Kim ley-Horn and 
Associates, lnc. 

Live Load - AASHTO 16.4.4.2.3 (WL) 

Outrigger Pressure at Top of Soil (Pres,,,) PrestOp := 320psi 

Outrigger Diameter (DiaOut,) DiaOut, := 27111 

Outrigger Area (A,,,,) 

I Outrigger Diameter at Top of Pipe (Diq,,,,) Diatpjpe := D I ~ , , ~  + 1.75- H Dialpipe = 226.5 in 

Outrigger Area at Top of Pipe (Atpioe) 

Prestop.Aoutr 
Outrigger Pressure at Top of Pipe (PrestPlp,) Prestpjpe := Prestpipe = 654.79 psf 

* ~ P I P ~  

WL := Prestplpe-6, WL = 2864.72 plf 

I Indirect Design Method Based on Pipe Strength and Load-Carryinq Capacity [AASHTO 16.4.4.2): 

I Loads - AASHTO 16.4.5.1 (0) 

0-load of the pipe (0) 

Earth Load Bedding Factor (Bf,) Bie := 2.2 Per Table 16 4~ - assumes Instaltation fype 3 

Live Load Bedding Factor (ElfCL) B ~ L ~  := 2.2 Per Table 16 4F - assumes FIU Height = 9.5 f i  

WE + W f  
D : )  +>) D = 1507.96 psf 

B fe B KL 

~heref@e,:specify~~1ass V RCP per KSTM C Z6. 
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