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FROM : 

JOB NO: 
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Entellus,M CC: 

Laura Fritschi 

Jacob Sweeting 

I 15 .076F (ST83 130249) 

12/21/2005 

File 
2255 North 44'h Street, Suite 125 

Phoenix, AZ 85008-3299 
Ph (602) 244-2566 

PROJECT NAME: 9th Avenue Storm Drain: ACDC- Peoria 

Fax (602) 244-8947 

Final Drainage Report 

RE: Drainage Analysis 

1. Project Description 
This technical memorandum summarizes the hydrologic anal ysis and 
hydraulic design performed fo r the design of the 9th A venue Storm Drain 
System, from Peoria A venue to the A CDC. This project is a cooperative 
effort between the Flood Control District of Maricopa County (District) and 
the City of Phoenix (City) . 

The Sunnyslope Candidate Assessment Report (hereinafter referred to as the 
CAR ) (Ref 1), was prepared by the District and includes conceptual solutions 
for drainage problems identified throughout the study area. The 9 th A venue 
storm drain system was one of the conceptual solutions proposed in the CAR. 
Attachment A is an exhibit showing the project vicinity. 

2. Existing Conditions 
The total contributing drainage area to the proposed storm drain system is 
approximately one square mile. The watershed includes a significant amount 
of mountain runoff, as well as the outfl ows from two upstream fl ood control 
dams. 

A detailed summary of the existing drainage conditions in the vicini ty of this 
project was included in the CAR. The CAR also summarized several ex isting 
drainage problems or undesirable conditions as shown below: 

1. Runoff ponds along the inside edge of the curve in 7 th A venue at the 
southwest corner of Mountain View Park (7 th A venue about Yz mile south 
of Peoria A venue), causing long standing nuisance and maintenance 
problems. The watershed contributing to this runoff extends up into the 
North Mountain Preserve, and incl udes the di scharge from the upstream 
East Park Flood Control Dam. 
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2. The discharge from the northwest flood control dam at Peoria and i 11 

Avenues is conveyed through private property in a series of culverts and 
short channel drains into 11th Avenue and is collected in the existing 11th 
A venue storm drain. This channel also creates undesirable dip sections in 
the street crossings at North Lane and at Cochise Drive. 

3. Overflow from the detention basin at the middle school at 91
h Avenue and 

Cheryl Avenue discharges across private property, through a 60-inch 
culvert, then into a channel that eventuall y discharges downstream into 
Cinnabar A venue. 

4. The ih A venue storm drain, upstream of Cheryl A venue, discharges 
across private property through a series of cui verts and short channel 
sections, eventually sp illing out into 9th Avenue. 

5. The discharge from the southeast flood control dam (combined with 
substantial downstream local runoff) discharges through Mountain View 
Park, across private property and down 9th Avenue to the ACDC, creating 
a significant flooding potential. 

Attachment B includes a map from the CAR that has been reproduced and 
labeled with the various conditions listed above. 

3. Proposed Conditions 
A Memorandum of Understanding (MOU) between the District and the City 
summarized the proposed storm drain system as fo llows: 

The 9th A venue storm drain would collect and convey the 10-year flood from 
Peoria A venue downstream to the A CDC. 

The new 9th A venue storm drain will include four laterals. The first is a short 
run in North Lane, west of 9th Avenue, which will collect the f low that 
currently flows through private property in an undersized cu lvert. The North 
Lane lateral will allow the downstream privately owned cul vert to be 
abandoned. The second is in Cheryl Drive from 9th Avenue to i 11 Aven ue; 
collecting flow from the existing channel outfall at ih A venue and Cheryl 
A venue. The Cheryl A venue lateral would also coll ect flows from the 
intersection at 8th Aven ue, allowing the downstream private culvert to be 
abandoned. The third lateral is in Cinnabar A venue from 9th A venue to 7th 

A venue. This lateral will collect a significant concentration of runoff at the 
south west corner of Mountain View Park, which includes the discharge from 
the upstream flood control dam. This lateral will also collect the discharge 
from the mjddle school detention basin at 9th A venue, allowing the 
downstream, privately owned 60-inch culvert to be abandoned. The fourth 
lateral , in Cochise Street, will connect to the ex isting 11 th Avenue storm drain. 
It will drain the low spot in Cochise Street and allow the downstream, 
privately owned cul vert to be abandoned. 
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Attachment B includes an exhibit showing the proposed layout of the storm 
drain and laterals. 

4. Off Site Flows - Hydrology Modeling 
The CAR presented peak flows for the proposed storm drain system estimated 
using a flow versus area relationship based on the 1994 ACDC ADMS 
Hydrology Report (Ref 2) . These approximate flows were adequate for 
developing a conceptual layout of the storm drain system. However, a more 
detailed estimate of the peak flows was needed to design the system of inlets 
and pipes. 

The U.S. Army Corp of Engineers ' computer program HEC-1 (Ref 3), was 
used to develop the rainfall-runoff hydrology models for this project. The 
procedures and modeling parameters were based on the Draft Drainage 
Design Manual for Maricopa County - Volume 1 - Hydrology (hereinafter 
referred to as the Hydrology Manual) (Ref 4) . 

The hydrology models were created in order to model offs ite flows entering 
the storm drain system. However, local drainage areas were also included in 
the hydrology models in order to develop design flows used for preliminary 
sizing of the pipe. The local drainage areas will be revisited later using the 
rational method when designing the inlets. 

Two models were created to estimate off-site flows for this project: 1 0-year 6-
hour and 100-year 6-hour. The storm drain system was sized in order to 
convey the peak flows estimated using the l 0-year model. The 100-year 
model was used to verify that the City' s dry lane requirements were met. The 
6-hour duration storm controls in this watershed and was used for both 
models. Areal reduction was not used in the models because the watershed 
area is relatively small (less than 1 square mile). Maps showing delineated 
watershed are included in Attachment C. 

4.1. Precipitation 

4.2. 

Precipitation data was obtained from the NOAA Atlas 2, Volume VIII 
Arizona (Ref 5), and selected isopluvial maps for Maricopa County, 
which are located in The Hydrology Manual. This information was 
used in the Precipitation Frequency (PreFre) module of the DDMS 
program (Ref 6). Copies of the isopluvial maps, as well as the PreFre 
output are included in Attachment D. 

Subbasin Delineation 
In order to determine peak flows at key locations, the 0.91 square mile 
watershed was delineated into twenty-two subbasins. The subbasin 
boundaries and lengths were delineated in ArcMap (Ref 7) using 2004 
Color Aerial Photography (Ref 8), and 2 foot Contours (Ref 9), 
provided by the District. The subbas in boundaries and lengths were 
imported into WMS 7.1 (Ref 10) and the subbasin parameters were 
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extracted. A map showing the delineated subbasins 1s included m 
Attachment C. 

4.3. Rainfall Losses 
The Green-Ampt method was used to determine rainfa ll losses 
throughout the project watershed. The digital GIS formats of the MAG 
General Plan (Ref 11), and the Soil Conservation Service Soil Survey 
for Ma ricopa County (Ref 12), were obtained from the District and 
imported into WMS . Because the area is completely developed, there 
were no significant differences between the landuse information 
included in the General Plan and the existing landuse in the area. The 
Green-Arnpt parameters fo r each subbasin were generated in WMS 
using District parameter tables along with the land use and soil 
info rmation. Maps showing the landuse and soils data are included in 
the Attachment E. 

4.4. Unit Hydrograph 
The excess ru noff in each subbasin was routed to the subbasin 
concentration point using the Clark Unit Hydrograph. WMS was used 
to estimate the Clark Uni t Hydrograph time of concentration and 
storage coefficient fo r each subbasin. In order to estimate these 
parameters, WMS required the adjusted slope, length and resistance 
coefficient fo r each subbasin . The length and slope of each subbasin 
were estimated using ArcMap. The slopes were adjusted using Table 
5.2 fro m The Hydrology Manual. The resis tance coefficient (Kb) fo r 
each subbasin was estimated using the criteria shown in Table 5.3 of 
The Hydrology Manual. The parameters used to estimate the Clark 
Unit Hydrograph have been summarized on a table included in 
Attachment F . 

4.5. Routing Parameters 
Normal depth routing was used to route the discharges from the darn 
outlets, through downstream subbasins via natural washes. The 
geometries of these washes were modeled using eight point cross 
secti ons developed from the project topography. The route slopes were 
estimated using the project topography as well. The Manning's 
roughness coefficients and route lengths were estimated using the 
aerial photography provided by the District. 

Kinematic wave routing was used to route flows through the proposed 
storm drain system. The slopes used fo r each route were estimated 
using the project topography and represent an estimate of the existing 
ground slope. It is li kely that the proposed slope will be diffe rent than 
the routing slopes used in the hydrologic model which is acceptable 
because the peak flows are virtuall y unaffected by the pipe slopes. 
Furthermore, the pipe sizes used in the routing parameters were ini tial 
estimates based on the CAR, and will be different than those used in 
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the final des ign. Data used fo r the routing has been included m 
Attachment G. 

4. 6. Storage 
Discharges from the two flood control dams upstream from the storm 
drain system were estimated using relevant portions of the East and 
West Park Dam Saf ety Analysis Models (Ref 13). The upstream 
subbasin boundaries and storage routing routines fo r each dam were 
extracted from the models and inserted into the model developed for 
this project. 

4. 7. Results 
The design flows obtained fro m the 10-year hydrology models were 
used to estimate the required pipe sizes throughout the system. The 
HEC-1 input and outpu t have been included as Attachment H. 
StormCAD Vers ion 5.5 (Ref 14) was used to determine the requi red 
pipe sizes based on the City ' s design criteri a. Output from the software 
showing calculations for the size selection is included in Attachment 
I. 

5. On-Site Hydrology I Drainage 
The peak 10-year flows from the local drainage areas were determined by 
delineating subbas ins within the project area along 9th Ave. The Rational 
Method was used determine the 1 0-year peak flows fro m each of the local 
subbasins. Off-site sub-basin flows that contributed to the 9th Ave. storm drain 
were determined using HEC-1. The Local Hydrology and Catch Basins 
exhibit in Attachment C shows the location of each catch basin and the local 
and off-site subbasins that contribute flow to them. Attachment J includes a 
spreadsheet that shows hydrologic and hydraulic results for the local peak 
flows and catch basins. The table includes estimates of catch basin 
interception and fl ow by. 

6. Hydraulics 

6.1. Main Storm Drain Sizing 
The main storm drain pipe was sized using results from the off-site and 
local hydrology estimates and hydraulic modeling software (see 
section 4.7). The hydraulic grade line fo r the 10-year event is shown 
on the plans and is summarized in Attachment I. It should be noted 
that all pipes were sized using the 1 0-year peak flows, except the 
lateral on Cochise Drive. This lateral connects to the ex isting 11th 
A venue storm drain system. The capacity of the existing storm drain 
limited the size of the proposed lateral on Cochise Dri ve to 18", 
whereas a 24" pipe would more effecti vely convey the 10-year peak 
flow. 
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Design constraints fo r sizing the pipes were: 
• 10-year peak flows 
• Ex isting storm drains 
• Hydraulic grade line at 1ft. or more below proposed grade 
• Maximum 10-year veloc ity of 20 fps. 

The StormCAD output included in Attachment I shows the average 
velocity in all pipes to be less than 20 fps. Some of this flow is in the 
supercritical flow range and has the potential to create a hydraulic 
jump within the storm drain. Effec ts of possible hydraulic jumps 
occurring on the pipe were considered when plac ing manholes and 
catch basins. 

6.2. Catch Basin I Inlet Design 

The amount of f1ow that was intercepted by each catch basin was 
determined using Flow Maste r 2005 (Ref 15) and the results are 
summarized in Attachment J. The catch basins were designed using 
guidelines from the City of Phoenix's Strom Water Policies. Catch 
basins were generall y pl aced as follows: 

• At existing sumps or low points 
• Where the 2-year or 100-year fl ows were expected to 

exceed the City's dry lane I flow depth requirements 
• Curb returns (where applicable) 

The typical catch basin used was the type "M" (curb openings) from 
the City of Phoenix supplement. Catch basins type "N" (City of 
Phoenix), or the type "G" (MAG) were used where grated inlets were 
more applicable than curb openings . 
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The table below lists design fl ows at key locations throughout the storm drain 
system. The "Map ID" column refers to the "Proposed Storm Drain System 
Layout" map which is included with Attachment A. 

Design Peak Flows and Pipe Sizes 

Location Design Description ID 
Desifcn 

Flow cfs) 
Cochi se Dr. , Dip at 10'" Ave. A li gn. to J J'" Ave. Headwall-Inlet S7 10 

Peori a Ave. and 9'" Ave. Join to Ex isting Cul vert C2 70 

9th Ave., Peoria Ave. - North Ln . Main Pipe CSDl 90 

Wash Cross ing at North Ln., Just West o f 9'11 Ave . Headwall -Inlet/Lateral S4 5 

Pipe Size 
(in) 

18 

N/A 

36 

24 

9'" Ave. and North Ln . at School Entrance Catch Basin S6 See Attachment J 
9111 Ave. , North Ln.- Cheryl Dr. Main Pipe CSD2 90 42 

7111 Ave. and Cheryl Dr. Join to Ex isting Cul vert S3 100 24 X 36 

Cheryl Dr. , 7111 Ave.- D ip at 8111 Ave. Align. Lateral Pipe C IO 130 48 

9111 Ave. and Chery l Dr. From School Bas in Join to Ex isting Cul vert S9 30 60 (Existing) 

Cheryl Dr. , Dip at 8'" Ave. Align. - 9'" Ave. Lateral Pipe C9* 130 48 

9111 Ave ., Cheryl Dr.- C innabar Ave. Main Pipe CSD3 220 54 

Be nd in 7 111 Ave. at SW Corne r of Mtn. View Park Catch Basin Sl 7 See Attachment J 
7'11 Ave., Bend to C innabar Lateral Pipe S17 120 48 

7'" Ave. and Cinnabar Ave. Head wall/Inlet Cl4b See Attachment J 
Cinnabar Ave ., 7'" Ave.- Dip 8111 Ave. Align. Lateral Pipe C l3 120 54 

Cinnabar Ave. , Dip at 8'" Ave. Align.- 9111 Ave. Lateral Pipe Cl 2* 120 54 

9111 Ave., C innabar Ave.- Mountain View Rd. Main Pi pe CS D4 340 66 

9111 Ave., Mtn. View Rd .- Purdue Ave. Align. Ma in Pipe CSD5 380 66 

9111 Ave . a nd Voge l Ave. Catch Basin S l9 See Attachment J 
9111 Ave., Purdue Ave. Align.- Vogel Ave. Main Pipe CSD6 380 66 

9111 Ave., Voge l Ave.- Hatcher Rd. Main Pipe S20 380 66 

9'11 Ave., Vogel Ave. - H atcher Rd. Main Pipe CSD7 380 66 

9'11 Ave ., Hatcher Rd. - ACDC Main Pipe CSD8 380 72 
Note: All tlows were rounded to the nearest 5 cf s. Loca l fl ows were Included Ill hydro logy models 
but are not shown on thi s tab le. 
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ATTACHMENTS 

A. Vicinity Map 
B. Proposed Storm Drain Layout/ Map from CAR 
C. Hydrology Maps 
D. Precipitation Data 
E . Soil and Landuse Data 
F. Clark Unit Hydrograph Data 
G . Hydraulic Routing Data 
H. HEC-1 Input/Output 
I. StormCAD Output 
J. Hydrology I Hydraulics Supporting Data 
K. Electronic Files 
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I Primary Zone Number: 

Short Duration Zone Number: 
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Flood Control District of Maricopa County 
SUNNYSD - 9th Avenue Storm Drain from Peoria Avenue to ACDC 

Rainfall Data 

7 Latitude: 0.0 Elevation: 0 

8 Longitude: 0.0 

Point Values (in) 

Duration 2-Yr 5-Yr 10-Yr 25-Yr 

5MIN 0.33 0.42 0.49 0.58 

10MIN 0.49 0.64 0.74 0.88 

15MIN 0.59 0.80 0.93 1.12 

30MIN 0.79 1.06 1.25 1.52 

1 HOUR 0.96 1.31 1.56 1.89 

2HOUR 1.04 1.44 1.70 2.07 

3HOUR 1.10 1.52 1.80 2.19 

6HOUR 1.20 1.67 1.99 2.43 

12 HOUR 1.30 1.84 2.20 2.69 

24 HOUR 1.40 2.00 2.40 2.95 

I 
(_ 

50-Yr 

0.65 

0.99 

1.27 

1.72 

2.15 

2.36 

2.50 

2.76 

3.07 

3.38 

f!et;l· ~i~c': ;. clt.lc. 
,/I:'·-/ .·l:t;' ~ l>f·>·~·· 

/ .J I"' I' •'. • • ,.lj 1 .. : J'.l I 
;.. .... . 

100-Yr 

0.72 

1.11 

1.42 

1.92 

2.40 

2.64 

2.80 

3.10 

3.45 

3.80 

- -4/26/2005 
'\ 

( ()0-~lr' "' r_ 

(raindala) 
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Drainage TechnicaiiVIemordandum 
Soil Data (SCS Soil Survey) 

9th Avenue Storm Drain - Peoria to ACDC 

CO, Cl1eriono·Aock outcrop complex 

CrB, Coolidge gravelly sandy loam, 1 to 3 percent 

EbD. Ebon gravelly loam, 0 to 8 percent slopes 

GgA. Gilman loan. 0 10 1 percent slopes 

LeA, Laveen loam, 0 10 1 percem slopes 

~~J!~ PsB. Pinal loam, 1 to 3 percent slopes 

AS , Rock outcrop·Cherioni complex 

~ 
En tell us·· 

N 

A 
Not To Scale 
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Drainage Technical Memordandum 
Landuse Data {MAG General Plan) 

9th Avenue Storm Drain - Peoria to ACDC 

~r.l;'I!UIIJI'I'!P'~Ilirn~~~~J.ant:l u~;e Code and Description 
150, Small Lol Residenlial- Single Family (4-6 duper acre) 

100, ~ligll Densi1y Residen1ial- Mulli Family (10-15 duper acre) 

.miTJit::~ 190, Very High Densily Residenlial- Mul!i Family(> 15 duper acre) 

"WW~fflo...ol 220. Neighbort1ood Commercial (50.000 to 100,000 sq. fl.) 

230, Community Commercml (100,000 10 500,000 sq. ft.) 

..Oiiiiiii:Wi.4iio.._. 520, Educalionat (Publtc sclloots. privale schools and untverstlies) 

~ 
Entellus· 

N 

Not To Scale 

550, Public Facilities (Includes community cente rs, power sub-stations , librari cs. city t1alls, police I fire stations and other government 
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Entellus Inc. BY JCS DATE 
CLIENT COP and FCD 

JOB 9th Avenue Storm Drain JOB No. 115076F 

Landuse and Soil Parameters 
This information was obtained from the District and imported into WMS in order to generate the Green and Ampt Parameters. 

The District Tables were clipped to only show the landuse and soil types present in the study area. 

Soil Code Description Soil Name XI<SAT AT IMP 
651202720 Antho gravelly sandy loam, 0 to 1 percent slopes AdA 0.4 0 
6512448 Cheriono-Rock outcrop complex co 0.29 20 

651245522 Coolidge gravelly sandy loam, 1 to 3 percent slopes CrB 0.4 0 
651282326 Ebon gravelly loam, 0 to 8 percent slopes EbD 0. t 0 
6512857 Estrella loam Es 0.25 0 
6513229 Gi lman fine sandy loam Ge 0.26 0 

651323320 Gilman loan, 0 to 1 percent slopes GgA 0.25 0 
651422520 Laveen loam, 0 to 1 percent slopes LeA 0.25 0 
651505722 Pinal loam, 1 to 3 percent slopes PsB 0.26 0 
651542120 Ri llito sandy loam, 0 to 1 percent slopes RaA 0.39 0 

6515456 Rock outcrop-Cherioni complex RS 0.4 65 
651585522 Tremant-Rill ito complex, 1 to 3 percent slopes TrB 0.13 0 

Landuse Code Description lA RTIMP Percent Veg 
150 Small Lot Residential -Single Family (4-6 du per acre) 0.25 35 50 
180 High Density Residential- Multi Family (10-15 duper acre) 0.25 65 50 
190 Very High Density Residential - Multi Family(> 15 duper acre) 0.25 85 50 
220 Neighborhood Commercial (50,000 to 100,000 sq. ft.) 0.1 80 65 
230 Community Commercial (100,000 to 500,000 sq. ft. ) 0.1 80 75 
320 Industrial 0.15 55 60 
520 Educational (Public schools, private schools and universities) 0.29 45 80 
550 blic Facilities (Includes community centers, power sub-stations, librarie~ 0.1 80 75 
710 Active Open Space (Includes parks) 0.1 5 50 

6/30/2004 

% EHective 
100 
100 
100 
100 
100 
tOO 
100 
100 
100 
100 
100 
100 

Saturation 
normal 
normal 
normal 
normal 
normal 
normal 
normal 
normal 
normal 
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Entellus Inc. BY JCS DATE 6/30/2004 

CLIENT COP and FCD 
JOB 9th Avenue Storm Drain JOB No. 11 5076F 

Clark Unit Hydrograph Parameters 
The information shown on the table below was inputted into WMS in order to generate the Clark Unit Hydrograph Parameters. 

100-Year Precipitation 10-Year Precipitation 
Upstream Downstream Adjusted Subbasin 

Length Elevation Elevation Slope Slope1 Roughness Area Tc Tc 
Subbasin ID (Miles) (Feet) (Feet)· (Feet/Mile) (Feet/Mile) 11 Kb" (Sq.Miles) Hours Rs Hours Rs 

S1 1.3 2100 1316 603 313 D 0.5385 0.542 0.329 
S2 0.32 1342 1303 122 122 A 0.0283 0.15 0.138 
S3 0.624 1760 1286 718 313 c 0.0861 0.3 0.27 
S4 0.056 1302 1296 107 107 A 0.00 17 0.083 0.088 
S5 0.104 1306 1296 96 96 A 0.0012 0.104 0.224 
S6 0. 123 13 10 1296 114 11 4 A 0.003 0.104 0.153 
S7 0.094 1295 1284 117 117 A 0.0049 0.088 0.077 
S8 0. 18 1310 1281 161 161 A 0.0032 0.113 0.21 6 
S9 0.31 1310 1280 97 97 A 0.0183 0.163 0. 188 

S1 0 0. 152 1297 1284 86 86 A 0.0065 0.121 0.137 
8 11 0.165 1283 1268 91 91 A 0.0073 0.125 0.143 
8 12 0. 101 1280 1268 119 119 A 0.0018 0.096 0. 16 
S13 0.141 1284 1272 85 85 A 0.0085 0.11 7 0. 107 

S14a 0.538 2 100 1348 1398 313 0 0.082 0.329 0.242 
S14b 0.464 1420 1274 315 268 c 0.0624 0.271 0.228 
S15 0.138 1272 1258 101 101 A 0.0068 0.108 0.11 
S16 0.313 141 8 1254 524 305 c 0.0197 0.221 0.256 
S17 0.16 1288 1270 113 113 B 0.0126 0.158 0.113 
S18 0.083 1270 1250 241 233 A 0.0015 0.083 0.128 
S19 0.141 1418 1250 11 91 313 0 0.0046 0. 183 0.252 
S20 1.51 1248 1242 40 40 A 0.005 0.154 0.209 
S21 0. 168 1242 1234 48 48 A 0.0067 0.154 0. 192 

1 
The Slope we re adjusted using Table 5.2 f rom the District Hydrology Manual 

2 
Kb values were estimated using the criter ia in Table 5.3 f rom the District Hydrology Manual 
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ATTACHMENTS 

A. Vicinity Map 
B. Proposed Storm Drain Layout/ Map from CAR 
C. Hydrology Maps 
D. Precipitation Data 
E. Soil and Landuse Data 
F. Clark Unit Hydrograph Data 
G. Hydraulic Routing Data 

HEC-1 Input/Output 
I. StormCAD Output 
J. Hydrology I Hydraulics Supporting Data 
K. Electronic Files 
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FLOOO HYDROGRAPH PACKJ\GP. I 118C-1) U.S. ARMY COR PS OF ENGINEERS 
HYDROLOGIC ENGINEERING CENTE:R 

609 SECOND STREET 
JUN 199t:l 

VERSION 4.1 

RUN DATE: 18NAY05 TII'l E 09:44:09 

Di\V I S, CM.I FORNIA 95616 
(9 16) 755-1104 

X xxxxx..xx x.xxxx 
X X XX 
X X 

X XXX XXX xxxx X xxxx>: 
X X X X 
X X X X 
X X XXX. X XXX xxx.xx XXY. 

THIS P ROGRAf1 REPLACES ALL PREVIOUS VERSIONS OF HEC-l KlJ0\1/N i'>S HEC l (JAN 73), HECIGS, HEClDB, AND HEClKi'L 

THE DEFINITIONS OF VARIABLES -RTUIP- AND -R'I'lOR- IIAVE CllANG£D fROM THOS E USED 1'1! '11-l TilE: 1973-STYLE INPUT STKUCTUK E. 
THE DEFINITION OF - Ar1SK..K- ON Rf.I-CAliD \>lJ\.S CHl\NGED l'iiTH REVISIONS DATED 28 SEP 81. THIS IS '11iE PORTRJ\N77 VERSION 

NEW OPTIONS: DA!'li:IREAK OUTf 'LOW SUB!-IERGENCE , S INGLE EVENT O.l\MJ,GE CALCULATJON, DSS : WRITE STA(;E FRgQUENCY, 
DSS:READ T IME SERIES AT DES I RED CALCULI\TION INTERVJ\L LOSS Ri'\TE:GREEN AND f\I'·IPT INFILTRI\TION 
KJNEHATIC liAVE: N E~·I FINITE DIFFERENCE ALGORI THH 

LINE 

10 
11 
12 
l) 

14 
1 5 
16 
1 7 
1 8 
19 
20 
2 1 
22 
23 
24 
25 
26 
27 
29 
29 

30 
Jl 

32 
J J 
)4 

)5 

36 

37 

LINE 

HEC-1 HJPtrf 

I D. . .. . 1. ..?. ...... 1. .4 . 5 . . . . . . . . 1 . A . . . 9 . . 10 

ID 
ID 
10 
10 
ID 
I D 
ID 
ID 
ID 
I D 
ID 
ID 
ID 
1D 
1D 
ID 
ID 
ID 
ID 
lD 
ID 
ID 
I D 
ID 

ID 
ID 
ID 
lU 
ID 

1'1' 
I O 

Cit r· of Phoenix and the Flood Contro l District of Naricopa County 
COPU 5'1'831]024.9, FCDitS80.0~.20 

9th Avenue Storm Drain (L um Peoria Avenue to ACDC (Sunllyslopc Stot:"m Dt·ai 

EVEN'!': 

RAINFALL DISTRIBUTION, 
Tit-lE 01-'' CONCI!:NTRATION: 
INPUT PILE NAME: 
DATE: 

10 Year - G hour 
Per Flood Control Distri ct. o( NaL· icopa County H 
Per: Ar i zona r.:epart.ment of. 'l'ranspor. t ation Hydro l 
l OySunnySD. hcl 
Hay 2005 

PREPARED BY: Entellus Inc. 
ADDRESS : ?.255 N . 44. th Stt:eet 

Phoenix, JVUZONA 85008 
TEL, (602) 241-2566 
PAX' 1602)2 44-8 947 

NOTES BY ENTELI.US: 
Reg ard i ng 1.unoff rou ting through the proposed ~;;corm dL·ain system, all p i 
based on a preliminary estimate of the requit·ed pipe size. The pipe siz.e 
not neces~;arily t he pipe si:.:e proposf!d for the sys tem. The pipe slop~ wa 
using t he existing grade det.~rmined using the District provided 2' cou to 
sho·.vn in the model are not necessad ly the proposed slopes. 

Green c1nd Ampt parameters \·Jere estimated u5ing ~~ f-1S ·7 .1, wi t h the SCS Soi 
t h e HAG General J:llan. 

Clark Unit Hydroyraph pucamet:ers wen~ estimated usiny hN5 7 .1 . 

600 

The peak flov: in S7 is the design flow fo:· the inlets and pipe along 
• Cochis~ Drive. 

KK 
KO 

8" 
PH 
LG 

57 

O.OO-i9 

0 25 0. 2 l 

0. 0 22 

. li 9 . 91 1 . 56 
6. q o. 1se 35.0 

-• 10 Yet.tr Clack Unit llydrog1-·aph PaL·armH.en: 
i.JC . OHI:l . 077 

HF:C-1 fNPUT 

10 ....... 1. . 2. . . ] . .4. 

I 70 I 80 I. 9S 

. 8. . . I G 

PAGE 

PAGE ?. 
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38 
39 
40 
41 

42 

43 

•• 
15 
4 6 
1 '/ 

48 

49 
50 
51 
5 2 
53 

54 
55 
56 
57 

58 

59 
60 

l.I NE 

6 1 
62 
63 

64 
65 
66 
G'l 

69 

G9 
70 

71 
72 
73 
74 

75 

KJ( Sl 
KO 0 0. 0 ?.7. 
BA . 53 US 
LG 0 .1.15 0 . 25 4. 915 0. 262 46 . 99 1 

10 Yeat· Clark Unit Hydrograph P~t·ame tet·s 

uc . 5<!2 . 329 

The stage, storage, discharge operation beloo,.; was obtained from the Hest Park 
Dam Safety Analysis Model created by Pt·imaTech. The t·ating curve represent!; 
r:he our.flo~o-~ from the pri ncipa l outlet pipe. 

KK I·! PO 
KN R1..moff .is stored behind Viest Park Dam. 
RS 1 STOR 0 - 1 
SV 0 0 1. 50 6. 20 28 . OS 53 . 80 109 .10 109 .10 131 . 90 157 . 65 
SE 13 1 3 . 4 1317 00 1320.00 132G . 00 1330 00 1336 . 00 1336 . 10 1338 . 00 1340 00 
so 0. 0 14 .31 19. 36 26 . 73 30 . 67 35 78 •IS . 42 892 . 79 2458 . 42 

Rl routeR runoff from the \.~est Park Dam pLincipal outlet LhrOUIJh a wash 
co tile intersection of Peoria and 9th Avenues. 

l<K 

RS 
RC 
RX 
RY 

KK 
KO 
Bl\ 
LG 

uc 

The rour.e pa1.·ameters were ext t:act'?d using t l1e 2' contouc::; snppli.ed l) y t: he 
District.. The normal depth roud ng methodology .,.1as used. 

R1 
1 FLO!i -1 

.04 . 035 . 04 1086 . 0120 
0 lJ 17 23 2'1 30 34 43 

1 0 1 

52 
0 0. 0 22 

0. 0283 
0. 25 0. 21 6 .• 0.188 65.0 

10 Year Cl a r k Unit Hydrograph Par;~mP.t:e cs 

. 150 .138 

C2 combines ~: uno f f from s ubbasin S2 and route Rl 

186 .85 
1342 . 00 
4il U!>. 3 <l 

Th e pea k flow from this concen tration point .is t he de::;i.gn [lu.,., foe Lh~ i n let 
into t he ztorm d r.::t in system at the int<Jr~ectiou ot Peoria Avenue and 9th Avenu 

KK 
HC 

C2 

Route R2 
~ The rou t e i s t h rough the proposed 9tll Avenue s t o1.·m druin between 

Peori a Avenue and No rth La ne. 
HEC-1 INPUT 

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

KK R< 
RS 1 FLOW -j 

RK 375 . 0197 .013 CIRC 

The peak f l m1 from SS is the deGign Elow !:or inl ets into 
* the 9th J\venue storm d ra in between Pcot·ia Avenue and North Lane. 

KK S5 
KO 0. 0 22 
DA 0. 0012 
LG 0. 2 0. 21 G. 4 0 2 50.0 

10 Year Clark Unit llydr:ograph Parameters 
uc . 104 224 

CSUl IStorrn Drain Reach 1) combi nes nmoEt f~:orn SS and Rl 
The peak flow at CSDl is che design flOI'>' for che 9r:t: Avenue 
scorm drain pipe het.,.1een Peoria Avenue and the Nortl: Lane, and is t.he 

K.K CSDl 
l!C 

KJ( 

KO 
BA 

LG 

tiC 

The peak flm .. · from $4 is the de!>1gn flow for iulets illto tile 
lateral pipe alan~ North Lane, ilnc1 :-.hP rlPsign flow foz: Lhe 
lateral pipe along North Lant:! . 

S-1 
0. 0 ~ 2 

0. 0017 
0. 25 0. 21 6. 4 0. l 8B )~. 0 

10 'leaL Clark Unit Hydro~Jrdph ParameterG 
0. 083 0. 088 

Route R4 

. 9 . .. 10 
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76 
77 
78 

79 
00 
81 
82 

83 

LINE 

84 
as 

86 
87 
88 

89 
9 0 
9 1 
92 

93 

9 4 
9 5 

96 
97 
98 
99 

100 

101 
102 
1 03 

l.INE 

1 0 4. 
105 
106 
10 7 

1 08 

The route is tlu·oug!J t h e proposo::>ct l<Jrernl alou~) t-ion:l1 Latte 

KK R4 

RS 1 FLO\·/ - 1 
RK 128 . 0039 .013 C IRC 

The peak (low from s ubbasi n S6 is the design floo,.: fat· the inlets clt the 
intersection o f 9th lweuue and North Lane. The inlet .. .:111 t:dt<..: h runoff. 
leaving t.he school parking let. 

KK S6 
KO 
ar, 
LG 

uc 

0 0. u 22 
0. 0030 

0. 1 0. 2 1 6. ·I 0 . 22~ so . 0 
10 Year Clark Unit Hydrograph Paramet.ers 

0.104 0.153 

CG combine::; runoff f~:om cubbain SG, Route R1 and CS 
IIEC- 1 INPUT 

IO . . . . . . 1 ....... 2 . ...... 3 . . . 4 .. ..... 5 ....•• . 6 . . ... .. 7 ..... . . 1:1. 

KK 
HC 

C6 

. 9. . . . 10 

Route RG routes r unoff concentrat ing ueur the iuter section o f North La ne 
a nd 9th Avenue to r.he inr.crsection of Cheryl Drive and 9t h Avenue, 
along 9th lwenue. The :r:our..e is through r.he proposed 9 th Avenue !>t.orm drain. 

KK 
RS 
RK 

R6 
1 

935 
FLOW 

.0171 
-1 

.013 C1RC 

The peak flow f.rom S8 i s the desiyn (low for inlets into 
t:h~ 9th ,\venue SLorm Uruiu bet..,:een Nor th I.ane and Cl1cryl Drive. 

KK sa 
KO 0. 0 22 
RA u. 00]2 
LG 0 . 25 0. 21 6. 4 0 . 181:! 35.0 

10 Year Clark Unit llydrog L·aph Parameters 
uc .113 '216 

• CSD2 (Storm Drain Reach 2) combines runoff from subbasin SB and Route R6. 
The peak tlow will be t he design f !O'ri for the 9th Avenue storm d r ain 
bee. ween North Lane and Cheryl Drive. 

KK CSD2 
HC 

KK 
KO 
BA 
LG 

uc 

The peak flow fL·u1n S3 is the design flov' C01: inlets into 
Lhe l.r.ltecal along Cheryl Dri·.Je OI:ive aL 7th Avenue . 

S] 
0 0. 0 22 

0. 0861 
0.106 0. 2!1 879 0. 215 18 . 356 

10 YC<Jr Cl.ilrk Unit. Hydt:ograph Parameter!> 
. 300 . 270 

Route R3 rour.es runof.f c.oncentracing near the lntersection ot 
Avenue and Cheryl Druve to che dip sect i on on cheryl or·uve 

KK 
RS 

RK 

a c approximacely the 8th Avenue Alignment. 
The !'Oute i !:i through the propo!:ied lateral <~long Cheryl Uri ve. 

R3 

1 
31 0 

FLO;·/ 
. 0065 

-1 

.011 CIRC 

7th 

The pe<Jk f.low ac S10 will be r.he d esign tlo·..: at che iu l er.s ,:n the dip 
section o n Cheryl Drive at approximar..ely r.he 8th Avenue allgmnen t. 

HEC - l INPU'f 

ID ....... 1 . ..... 2 .... . .. J . ~ . 6 . . .. . .•. . . 8. 

KK SlO 
KO 0 . 0 2 2 
BA 0. 0065 
LG 0. 25 o.:.d 6. 4 0 .18~ j~. u 
• 10 Year Clark Unit Hy<.lrogn:1.ph PdtomeLets 
uc . 121 .!37 

ClO combi ne!; runof£ tt·om subba!:i in SIO and Route RJ . 

. . 9 ... . .. 10 

1'he peak flow at ClO \>Jil l be the design f.lm1 fo1· the lateral along Cheryl 
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109 
110 

111 
112 
113 

114 
115 
116 
] ] 7 

llij 

119 
1 20 

121 
122 

LI NE 

123 
12 4 
1 2 5 

126 
127 
128 
129 

130 

131 
132 

133 
134 
135 
13G 

137 

138 
139 
140 

141 
142 
141 
144 

~ drive between 7th Avenue and tl1e dip section uu Chet·yl drive 

KK 
HC 

C lO 

Route RIO r outeG runotf conceu trClti ng clt th(! dif.J ~ect~on uH Chery l 
t o 9t h Aver.ue. 

Drive 

The 1:our.e is thr·ough the p roposed lateral along Cht'!ryl Drive. 

KY. R10 
ns 
RK 262 

FLOW 
. 0153 

- 1 

. 013 CIRC 

The peak flow from subbasin S9 is t:.he design flo•,, for: tile inlet s at the 
inr.P.rsect: i on ot 9t h Avenue and Chetyl Orl.ve. The ~nler. will c.a r.ch runoff 
leaving the !>Chool r::ite. 

KK 59 
KO 0.0 ::!2 
AA u . 0183 
LG 0.158 0. 21 6. 4 0. 21 62 . 572 

10 Yea1· Clark Unit llydrograph Parameters 
uc .163 .Hl8 

• C9• combines runoff ft·om subbasin 59, Rou te RlO and CO 

KK C9'* 
HC 2 

C9 comb ines runo ff from subbasin CS~2 ;:mct cg .-

KK C9 
HC 

Rouc.e R9 route::; runoff concentrating neat· c.he i ntersect i on of Che ry l Drive 
a n d 9th Avenue to the int e t-sect i on of Cin netba,- /\venue a nd 9th Avenue, 
J..l o ng 9th Avenue. The r o ute is through the propoccd 9th Avenue storm d rai n . 

I D ... . ... 1. 

KK 
RS 

RK 

R9 
1 

695 

. .. 2 ....... .1. 

FLOYl 
. 0173 

-1 
. 013 

HEC-1 I NPUT 

.. -1 •.••• .• s. . 6 ....... 7. . s . . 9.. . . 10 

CIRC 

The peak flow from Sll wil l be the U~si~u fl o.,., fe r iulets dlony 9th Avenue 
bec ween Cheryl Drive and Cinnabar Avenue. 

KK Sll 
KO 0 0. 0 22 
BA 0. 0073 
LG 0 . 25 0. 2 1 6. 4 0. 188 35.0 . 10 Year Clark Unit Bydt·ograph Paramctct·!< 
uc . 1 25 143 

CSD3 (Storm Drain Re,lch 3) combines nmoff f rom subba!-nn .Sll and Route P.9. 
Th e fl ow will be the des i gn flow fat· the 9th Avenue Storm drain 
pipe between Cheryl Drive and Cinnabar Avenue. 

KK CSD3 
HC 

The peak flow from Sl7 will be the design flo\·t f or jnlets at the bend 
" along 7th 1\venue near the sou t.hwe::>r. corn~r of t-1ount:a in View Park 

K K Sl"/ 
KO 0 0. 0 2> 
BA 0. 0126 
LG 0.1-47 0. 2~ 5. Gil 0 . 2J 30 . 9G2 

10 'lear Cl.u·k Unit Hydrograph Pardmeters 
uc . 158 . 133 

Route Rl 7 routeR runof f from t he bend ar 7rh ,\venue , north r.o t!~e l ateral 
along Ci nnabar /\venue t:hrough a proposed lateral pip•:! secti o n . 

KY. R1 7 
ns FL.Oi·l -1 
RK 257 . 0019 . 013 C!RC 

KK !.Jl1a. 
KO 
SA 0. Ot!2 
LG 0. 1 0 1 0. 25 4. . 293 0. 363 60 . 98:1 

10 Yea 1· Cl.:~rk Unit Hydrcgraph Pon~meter s by Entell u s 
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145 

L I NE 

146 
1 47 
148 
149 
1 50 
151 

152 
1 5) 

154 
155 
156 

157 

158 
1 59 
1 60 

161 

162 
163 

164 
1 65 

1 66 
1 67 
168 

LI NE 

169 
r1o 
171 
172 

1 73 

174 
175 

1 76 
1 77 
178 

uc 0.329 0.242 

The st.ilge, st.O ld<)~. lli sc: h a t·gH ope t <H.ion IJelQ\v 'Ita~ obUJ.i l :~cl f l~om t he Eas t. Pcu: k 
Dam Safety Analysis Model c rear.ecl by Pr i maTec l1 . Tlu~ ,_.at i ng <.:urve repn~senr.s 

the out flo· ... · f. r o m tile pt· incipal cu t: let pipe. 
HEC-1 INPUT 

ID .... . .• 1 .. • ... . 2 .... . . • 3. . ·1. . 5. .. . 6 ....... 7 ..... a .. . 9. .. 1 0 

KK 8PD 
Kl'l Runoff i!.> Geared b~hind \'lest ~a rk Dam. 
RS 1 STOR a -1 
sv 0. 00 0.10 a . 45 1. 30 2. 40 (j. 75 H sa 21 . 00 26 . 25 
SE 1345 . 1348.20 1350 . 00 1352 . so 1355 .00 1360.00 13GS . 00 1368 . 00 1370 . 00 
SQ 0. 00 0. 00 J. 00 9.12 11. 6 4. 15. 01) 17 . OS 18 . 1 8 390 . 01 

Rl4a t:outes runoff from t.l"1e Ea s L P-:t l:k Dam pr:incjpal o w :let t. hL·ough a '-'«511 
to the i ntersec tion ot 7th Av~nue ·J nd Cinnabur Ave nue 
ThP. cou t.:e pdJ.iHil~t:.ers '.-I (;! J.-~ ~ xtrac.:ecJ u!::l l\9 tilt: 2' conLou n:: :-; u ~pU~d by tht 

KK 

RS 

RC 
RX 
RY 

KK 

KO 
BA 

LG 

uc 

Dist.J.·ir.t. The normal rtepr.h t·out i ng methoctol ogy was ll!if!: rl. 

Rl·l a 
1 FLOW 

. 04 . 035 
0 10 
s l 

Sl4b 

0. 062-4 
0.105 0. 25 

10 Year Cl.Jrk Un ic 
. 271 -2 29 

-1 

. 04 
:w 

1 

0. 0 

5. 556 

20)·1 
2U 

a 

0. 239 

. 0363 
J4 

1 

22 

25. 56 
Hydroqra ph Parameter s 

50 
2 

'10 

3 
tiU 

4 

The flow at. Cl<ib •,o~ill be t he de::;ign flo"J Lor the inlet!; at 7 th Avenue and 
Ci n nabar Ave n ue. 
Cl4 combi nes runoff ft·c m s ubbasin Sl 4b and Route Rl·la . 

KK Cl4b 
HC 

Cl 1 combine£ r u no ff t rem subbas i n Cl•l b and Rout~ Rl 7. 

KK 
HC 

C1 4 

Route Rl4 r o utes runoff fro m the inte r s ection ot 7t h Avenue and Cinnaba r 
/'.venu e along 7th Avenue to c: h e dip section c: hro ug h t he propooed lateral . 

KK 
RS 
RK 

Rl4 

219 
-1 

- OlJ CI!i.C 

The peak flow rrom SlJ ~lill b e the tlesign fl ow tot· t.he tnlets into c.he 
Cinnabar Avenue l ate L·al at the: dip section. 

HEC- 1 HlPUT 

!D. .. . . l. .. . 2" .. . . ) . _.; _ , <; . 6 . . 7 . B . 

KK SlJ 

KO G. 0 22 .,, 0-0005 

'"' 0 . 25 0. 21 6 . 4 0. 1 88 35.0 
10 Year Clark Unit Hydroc::p: aph Pa r a111etec!-i 

uc . 11 7 .10'/ 

Cl3 t:onlbines runoff frcm ~ ubbd!:iln 5 13 dud RuuL~ Rl<J. The flow at 
CJ 3 ~1ill be the design flow for the late ral pipe along C1nnabar 
between r.he 'Jt h /\venue a nd the dip sec..:c:ion a c: approxima r.ely t he 
St. h Avenue a li g nme nt . 

KK 
HC 

ClJ 

RoutE:! R13 route': 1:unoff from t.he t.lif-1 !..:er.t.icn on Cinnab.n· 

... 9. 

Ave nue dlong Cinn.:~ba r Avenue t.J1rou9h r.he pr.opo sed l. a t ecr~l ro 9r h /Wenut: . 

KK 
RS 

RK 

Rl) 

390 
fL0\·1 -1 

. 0103 0. OJ.) CIRC 

The flo\•/ at 5 12 will be Lhe des1gn flo.,.1 t or th~ Hi le r. .!.> along 

34 . 00 
1372 . 70 
1359. 12 

.... .10 

PM~E i 

PAG~ 8 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

179 
1 8 0 
101 
182 

193 

J 04 
185 

186 
187 

l.INP. 

186 
1 89 
190 

191 
192 
193 
194 

195 

196 
197 

1 9 8 
199 
2 0 0 

201 
202 
203 
204 

205 

20 6 
207 

LINE 

206 
209 
210 

• CinnabaL· Avenue between the dip ::>cction and :Jr.h A•Jc nuc 

KK 512 

KO 0 
Eli\ 0 .001 8 
LG 0. 2~ o.:a 

0. {,) 22 

G. <l 0 .10 8 JS. 0 
• 10 Year Clork Uuit Hydrograph Pa rumecers 
uc .0096 160 

Cl2~ combines r uno ff from subbasin Sl4 and I<oute Kl'l. The flow at 
Cl 2 .. ~.;j 11 be che design flow f o r the lateral pitJe dloug Cin nabdr 
Avenue b~t·Heen the dip section and ~th Avenue. 

KK 

HC 

KK 

HC 

C12• 

Cl.2 combi nes J·unotf from Cl 2• nnd Rll 

Cl2 

Route Rl2 routes runoff from c.he the intersecr.ion of Cinna ba r and 
9th Ave nue::> along 9th AvenuC! to Hounr.ai n Vi e•,,. 
T h e route i~ through Lhe prQposed 9tll Avenue ~t tn·m Uroin. 

HEC- 1 INPUT 

!D . . 1 . . 2 . . 3 . .. 4 . 5 . E . . 7 . 

KK Hl 2 
R5 F'LOW - l 

RK 61) . 0163 . 013 CIRC 

The flo~s at Sl~ "'ill be t h e de:-;ig n tlo ..,, tor inlets along 9 tll 
Av enue between Cinnabar Avenue a nd MO\.IIItii ..Ln View Road . 

KK 515 
KO 0 0. 0 2:.! 

OA 0. OOG 0 
LG 0 . 2~ 0. 25 5. JOS 0 . 254 JS. 0 

10 Year Clark Unit Hydrograp h Par.:unet:.ers 

uc . l OS . 110 

CSD4 combines runoff fro m 515 cmd R12 
The flow will be the design flow f o t.· the ~th Avenue Storm 
drain bee: wee n Ci nnabar Avenue and f·lountain View Road. 

KK 
HC 

C5D•I 

Route RSD4 

. 8 .. 

The route is through the propose d 9t)l Avenue sr.orm dt·ain bet. t·leen 
the Nountu i n View Road und the Purdue Avcnu(: alignment. 

KJ( 

RS 
RK 

RSD-1 

r. 7B 
FLO\~ ·1 

. 008 4 . 01) CIRC 

The flow at Sl6 will be the des~gn flcr.·m fo r· 111lets along 

.. 

9th Avenue between Nountain view Road and the Purdue Avenue alignment. 

KK 516 
KO 

BA 

LG 

uc 

0 0.0 22 
0 .0197 

0. 25 0. 25 4. 676 0. 316 50 . 6JoJ 
10 Year Cl ark Unit Hyd rograph Paramer.e rs 

. 221 . 256 

C:SDS (Storm Drain Re ach 5) comb jnes JUno ff from .:; 16 anct RlS 
The pcul< tl ow at CSD6 is the de~ign rlo1" (or til(! Yth Avenue 

. 9 .. .. 

st:..orm drain pipe between Nountain Vi co,., Rood a nd !:.he Purd\H;! iiV€1lUt-: dliguruent:. 

KK 
HC 

C505 

l~out:e R.SDS 
The lOULe .i s LilL"Ough thE:' ~n opose:d 9t:.h hV.:!IlU ~ SUH III UC<:t.ill iJC!tWC!ell 
t.hP. Purdue l•.venue n l ignment and Vogel 1\.vP.nlle: 

HEC·l INPtrr 

ID. .l . .. :l .... .. . J- . . 1. . . 5. . t -- "1. . 0 

KK 
R5 

IlK 

RSDS 

1 
H3 

fLOW 
.01 88 .0.13 C:IRC 

. . 9 . 

PAGE 9 

.10 

PAGE 10 

.. 10 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

211 
212 
213 
211 

215 

216 
217 
218 
219 

220 

221 
222 

nJ 
224 
225 

226 
/.27 
228 

229 

230 

I. IN~ 

231 
232 

233 
234 
235 

236 
237 
2)6 
239 

2'10 

The peiik flm; fr:om S18 is the cl~~ign flow fm: tolets int.:o 
t.he 9th Avenue .G torm dt·,;lin UetY:e~n t:he Pu.t.ud ("; Avenue al ignmenc etnd Vogel Avf:!nu 

KK S18 
KO 0. 0 , 
EA i}. 0015 

LG 0. 25 0 . 25 J. 95 0.' 35. 0 

10 Year- Clark Unit Hydrograph Parametet:s 
uc 0. 083 0. 128 

The. peak tlo11J trcm Sl9 is the d.:!sign tlow for ln]ets into 
thP. 9th Avenue st.onn drai n at Vog~l Avez oue. 

KK 
KO 

519 

BA 0. 0046 
LG 0. 25 

u. 0 

0.25 '1.207 0.413 SO.lOG 
~r 10 Year Clark Unit Hydrograph Parameters 
uc .133 .252 

CSD6 lSt.orm Drain Reach 6) combines runoff from Sl!l , .S19 and HSDS 
The pr?ak flow at CSD6 is the t.le::;ig n flow (uL tlz~ 9Lh Avt?nul:! 
::>torm dr.:.in pipe b et.wee n t-lount.uin V.iew Roart and Vogel Avenue. 

KK CSD6 
HC 3 

Rout.e RSD6 
The r ou t<.! is Lhrough the propoSt!d 9th Avenue storm drain betNeen 
Vogel Avenue und Hatcher Road. 

KK 
RS 
RK 

RSD6 
1 

76 1 
FLOI·l 

. OJOS 
-1 

.013 CIRC 

The peak flow from S20 is the dCSl9ll flc~·.' (cr 1nlets intu 
the 9ch Avenue ~torm d1:ain betvteen Vogel 1\vcnue a nd Hacchcr Road. 

KK 520 
KO 0 0. 0 12 
BA 0. 0050 
LG 0. 202 0.25 4. 67'1. 0. 382 •J'i . 563 

10 Year Clark Unit Hydrograph Paramecer s 
uc 1 5 4 . 209 

CSD7 {Storm Drai n Reach 7) combine~ runoff from 520 and RSD6 
The peak flow at CSD7 is the design flow f or the 9th Avenue 
storm drain pipe bee ween Vogel 1\venue a nd Hac.cher Read. 

ID .. ..•.• 1 . ... .2. 

KK 
HC 

CSD7 

Rouce RSD7 

. . ) . 

HEC·l INPUT 

. . 4. .. 5. . G. . 7 . . B . 

The route is through the ~ropos~d 9th Av~nue storm dLain beL~<Jeen 
Hatcher Road and the ACOC. 

KK 
RS 
RK 

P.SD7 

J 
'188 

FLOH 
. 0102 

-1 
.013 C IRC 

The peak flow trom S21 i~ the desigu flO'.>.' fat· iulecs into 
the 9th Avenue :.term drain between llat c.her Road and the /\CDC 

K.K S21 
KO 
BA 0.006"/ 
LG 0 . 1> 0. 25 

u. 0 

... 8 0. 3!!~ 'j5. 0 
• 10 '/car CLH:k Uni r. Hyt.lz:u(;:!ld!Jh Pare;met.el· ~ 

uc .154 .192 

CSD8 lStot:m Drain Reach Sl combl nE~ runoff from 521 und RSC7 
The peak flow rtc. CSD8 is r.he desigu flow toJ Llu: 9Lh Avt!nu~ 
storm dra in pipe bcl' ... ·een H<lLCher und t l\ e: . .t.CDC . dU~ 15 the 
o urfl o w inLo chc .\CDC 

KK CSDB 
HC 

... 9. . ... 10 

PAGE 11 



I 
I 

24) zz 

I SCHEt-1ATTC DIAGP..AN OF' STREII.t·t N£T)·i0RK 
INPUT 

LINE IV) P.OUTING l·- - >) DIVERSION OR PU1·1P FLOi·: 

NO . 1.) CO NNECTOR I<---> RI::'I'URN OF Lll\fERTED OR PO!'IP F:D Fl.O» 

I 32 S7 

38 S l 
v 
v 

I 
43 WPD 

v 
v 

4 9 Rl 

I 
54 S2 

59 C2 . ...... . . .. 
v 
v 

Gl R 2 

I 6 4 S5 

69 CSDl. 

I 7l .S•l 
v 
v 

76 R4 

I 79 SG 

84 CG. ··· ····· · ··· ····· ·· ···· 

I 
v 
v 

86 R6 

89 sa 

I 9 4 CSD2. 

96 SJ 

I 1 0 1 R3 

104 SlO 

I 1 09 ClO. 
v 
v 

111 RJO 

I 114 59 

119 C9•. 

I 121 C9. 
v 
v 

1 2 3 R9 

I 
126 Sll 

Ll1 CSDJ . 

I 
133 $17 

v 
v 

138 Rl"l 

I 
I 



I 
I 

141 Sl ·la 
v 

I 116 E PD 

v 

152 R l 4. o;~ 

I 157 51-tb 

16 2 Cl-i.b . 

I 164 Cl4. 

166 R14 

I 169 S l3 

111 Cl3. . . . . . . . . . . . 
v 

I 176 Rl3 

17 9 5 1 2 

I 181 Cl?. '". 

186 Cl2. 

I 
188 R1 2 

191 51 5 

I 
196 CSD4. -- · -· · · ·· · 

1 98 RSD·l 

201 5 1 6 

I 206 C5DS . . . . . . . . . . . . 
v 

208 RSDS 

I 211 S lO 

216 515 

I 221 CSD6. 
v 
v 

223 RSD6 

I 226 520 

231 CSD~I. 

v 

I 233 R$07 

23 6 S2 1 

I 241 csns. 

( "• ) RUNOFF J\LSO COMPUTED AT THIS LOCAT I ON 

I 
I 
I 



I 
I 
I 

OPERATION 

I HYDROGRAPH AT 

HYDROGRAPH AT 

I ROUT8D TO 

ROUTED TO 

I HYDROGRAPH l'~T 

2 COMB 1 NED AT 

I ROUTED TO 

HYOROGRAPH AT 

I 2 C0f•1BINED AT 

HYDROGRAPH AT 

I ROUTED TO 

HYDH.OGRJ\PH f>'l' 

I 3 COHO JNED AT 

ROUTED TO 

I HYDROGRAPH AT 

2 COI~BINED A1' 

I HYDROGRAPH AT 

ROUTED TO 

I HYDROGRAPH AT 

2 C.:Ot>lBINED AT 

I ROUTED TO 

HYDROGRAPH AT 

I 2 COI-IBINEU AT 

2 COI-18INEO AT 

I 
ROUTi:":D TO 

1-lYDROGRAPH AT 

2 C0 1·1BINED I•T 

I HYDROGRAPH 1\.T 

I 
I 

STATION 

S7 

Sl 

Rl 

S2 

C2 

R2 

.ss 

CSDl 

S 4 

R4 

56 

C6 

1<6 

SB 

CSD2 

33 

R3 

5 1 0 

C l O 

R10 

59 

C9• 

C9 

R9 

Sll 

CSIJ3 

517 

PEAK 
FLOW 

12. 

520. 

23. 

2J. 

57. 

70. 

70. 

2 . 

72. 

4 . 

4. 

6. 

8 1. 

81. 

5. 

86. 

96. 

96. 

12. 

10•1. 

lOC 

32. 

1)0 

205. 

205 

lJ. 

216. 

23. 

RUNOfF SUt-it·1i\HY 
FLO:</ IN CUBIC FEET PER SECOND 

T I I·IS I N !lOURS. i1REio. I N SQtJAR E Hlt,F.B 

Tif.IE OF' 
PE!\1< 

) .10 

3. 4 '/ 

4 . 95 

•t . 98 

15 

J 1 s 

3 .17 

j .!J 

3.17 

3 .lG 

) . 1 0 

3. ] ) 

3. 1 5 

) .1 7 

3 . j 5 

3. 17 

3. 26 

3 .>8 

) . 13 

3. 28 

3. 28 

3 ,]'7 

J. /.7 

) . 22 

3.13 

3.15 

AVERiiGE FLm·t FOR i·lAXlt-ll!H PGR! OD 

6- HO\JR 2 <1 - HOIJR 7?. - HOUR 

1. 0. 0. 

• 6. 4 6. 

22. 16 . 16. 

22. 16. 16. 

5. J. 3. 

26 . ! 9 . 19. 

26. 19 . 19 

0 . 0. 0 . 

26 . 19. 19. 

0 . 0. 0. 

0. 0 . 0. 

1. 0. 0. 

26. 19. 19. 

26 . 19. 19. 

0. 0. 0. 

27 . 20. 20. 

9. G . 

9. 6. 6. 

1. l. 1. 

10. G . 6. 

10. 6. 

2. 

11. 8. 

39 ;:n 28. 

.l9. lB 28. 

l. 

40. 2S . 

2. 

BASIN 
ARl::/\ 

.00 

. 51 

. OJ 

. 57 

. 57 

. 00 

. 57 

.00 

.00 

. 00 

. 57 

. 57 

. 00 

. 58 

. 09 

. 09 

. 01 

. 09 

.09 

. 02 

. Jl 

. 69 

. 69 

01 

. 69 

01 

HAXII1UJ.1 
STAGE 

1J i!2. 'IS 

1.1!) 

TlNi!: OF 
H~X S TI'~GI!: 

". 97 

5. 02 



I 
I 

ROUTED TO 
R17 23. J . 1 7 1. 1. 01 

I IIYDROGRAPH hT 
S l'la 10 9. J . JO u. B. . 08 

ROUTED 'l'C 
EPD 12 'L 08 10. .. . OB 

I 
lJS5.0 <1 '1.. Ot1 

ROUTED TO 
Rl.Ja 12. •1. 23 10. 0. . OB 

. 6 3 4. 27 

I 
IIYDROGRAPH AT 

.514b 79 l . 25 4. ·1. . 06 

COt•lBINF.D AT 

Cl'lb 8S. 3. 27 16. ll . 11. .14 

2 COJ'IO !NED J\'1' 

I Cl4 103. 3. 2} 18 . 12. 12 . .16 

ROUTED TO 
fH·I 10 3 . 3. 2!::1 a. 1 2. 12 . . lG 

H YI)RQCRAPH l\'l' 

I 
S 1 3 1 R. 1. 1 ?. 1. l. 1. . OJ 

2 COMBINED A1' 
r:u l l 'i . 3. 7.2 19. 1~. 1~. . 17 

ROUTED TO 

I 
Rl3 11'1. . 23 19. 12 . 12. .17 

BYDROGRAPII AT 
512 3. 3. 07 0. 0 . . 00 

2 COMBINED AT 

I 
C12 • 11 7 ' ?.l 19. D. 1). .1 7 

2 COMBINED AT 

C l ?. 332 3. 2/. 59. 41. •11. • BG 

ROUTED 1'0 
Rl2 332. 3. 22 59 . H 1 1. . 86 

I H'iOROGRAPH AT 

SIS H. 3 . 12 1. 1. J. . 01 

2 COMBINED AT 

CSO•l 34.2. 3. 22 60. 11. 41. . 87 

I ROUTED TO 
RSD'l HI. 3. 22 60. 41. 41. . 87 

HYDROGRAPH AT 

Sl6 2';1 . 3. 23 3. 2. 2 . . O:l 

I 2 C01·1DINED AT 
CSDS 368. ] . 22 6J. •13. 13. . 89 

ROUTED TO 
RSDS J68. j. 22 63 . 43. 43 . . 89 

I HYDROGRAPB AT 
SIB 3. 3 .10 0 . 0 . 0 . . 00 

HYDROGRAPII AT 
Sl9 6. 3. 20 I. 0. . 00 

I 3 COJ·1BINED ll.T 
CSDG 375. 3 . 22 64 ·1'1 . <J.•l . 89 

ROUTED TO 
RSD6 375. 3. 2] 6 ·1. ... 4•1 . . 89 

I 
ll'iOROGRAPH AT 

S20 7. 3.17 1. 0. . 00 

2 COMBI NED AT 
CS07 382. 3 . 23 64 . 4 •1. " . 90 

I 
ROUTF.V TO 

RS07 381. 3. 23 64 44 44 . . 90 

!iYDROGRAPH AT 
S~l 11 .L 1 7 i. . 01 

I 
2 COf>!B INI::D AT 

CSDB 391 3. 2] G>. <> . •IS 9 1 

I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

ATTACHMENTS 

A. Vicinity Map 
B. Proposed Storm Drain Layout/ Map from CAR 
C. Hydrology Maps 
D. Precipitation Data 
E. Soil and Landuse Data 
F. Clark Unit Hydrograph Data 
G. Hydraulic Routing Data 
H. HEC-l Input/Output 

StormCAD Output 
1. Hydrology I Hydraulics Supporting Data 
K. Electronic Files 

1':\ I lU I\ I I )IJ7(,J ·\ J)Jaina!!..: lkpon\ l )raina~~-T~dl_fi·h:mll· lk\ J:-.l.!t1 I 2·J(,.fl:' .t1m· 



- - - - - - - - - - - - - - - -
Calculation Results Summary 

=== ================================================ ============== 
Scenario : Base 

>>>> Info : Subsurface Network Rooted by : ACDC Outlet 
>>>> Info: Subsurface Analysis iterations : 1 
>>>> Info: Convergence was achieved . 

>>>> Info: Subsurface Network Rooted by: Manhole 21 
>>>> Info : Subsurface Analysis iterations : 1 
>>>> I nfo : Convergence was achieved . 

CALCULATION SUMMARY FOR SURFACE NETWORKS 

Label Inlet I Inlet Total Total Capture Gutter Gutter 
Type Intercepted Bypassed Efficiency Spread Depth 

Flow Flow ( %) (ft) (ft) 
(cfs) (cfs) 

----------- -------- ----- --------------- ---------------------- ------------ - ---------- - ----------- -------- --------
Manhole 7 : 0=380 cfs Generic Inlet Generic Default 100% 0.00 0.00 1 00 . 0 0.00 0.00 
Manhole 11 : 0=340 cfs Generic Inlet Generic Default 100% 0.00 0.00 100.0 0 . 00 0 . 00 
Manhole 13: 0=220 cfs Generic Inlet Generic Default 100 % 0.00 0.00 100.0 0 . 00 0.00 
Manhole 23 : 0=130 cfs Generic Inlet Generic Default 100 % 0.00 0.00 100.0 0.00 0 . 00 
Manhole 26A: 0=120 cfs Generic Inlet Generic Default 100 % 0.00 0 . 00 100.0 0 . 00 0.00 
Manhole 18: 0=90 cfs Generic Inlet Generic Default 100% 0 . 00 0 . 00 100.0 0 . 00 0 . 00 

I Manhole 19A: 0=5 cfs Generic Inlet Generic Default 100 % 0 . 00 0 . 00 100 . 0 0 . 00 0.00 
I Manhole 20 : 0=10 cfs Generi c Inlet Generic Default 100 % 0 . 00 0 . 00 100 . 0 0 . 00 0 . 00 

-

---------- ------------- --------- --------- ------- - ---- ------------- ---- ----------------------- ---------------------- ------

CALCULATION SUMMARY FOR SUBSURFACE NETWORK WITH ROOT: ACDC Outlet 

Label Number 
of 

Sections 

Section 
Size 

Section 
Shape 

Length 
(ft) 

Total 
System 

Flow 

Average 
Velocity 

(ft/s) 

Hydraulic 
Grade 

Upstream 

Hydraulic 
Grade 

Downstream 
(cfs) (ft) (ft ) 

-~~~ ~ ~---- -- --------~- -~~-}~~~ - -~}~~~~~~- -:~~~~~- -~~~~~~- ----~ ~~ ~ ~ ~ r -- ~~~~~~~~- ---~ ~ ~~~~~~-
9th-3 1 66 inch Circular 435 . 00 380 . 00 18 .3 31 1, 232.78 1,226 . 54 
9th-4 1 66 inch Circular 86 . 00 380.00 15 ... 99 1, 235.07 1,233 . 96 
9th-5 1 66 inch Circular 579 . 00 380.00 15 . 9 9 1 , 243 . 59 1,236. 18 
9 t h-6 1 66 i nch Circular 1 05 . 00 380.00 1 5 . 9 9 1, 24 5 . 14 1,243.79 
9 th- 7 1 66 inch Circul a r 411 . 00 380 . 00 1 5 . 99 1,250 . 60 1,245 . 34 

- -

Title: 9th Avenue Storm Dra in System Project Engineer: Jacob Sweeting 
StormCAD v5 .5 [5.5006] 

Page 1 of 3 

p:\ ... \modeling\stormcad\9th ave sorm drain .stm Entellus, Inc. 

12/16/05 04:03:15 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA +1·203-755-1666 



- - - - - - - - - - - -
Calculation Results Summary 

9th-8 
9th-8b 
9th-9 
9th-9A 
9th-10 
9th-ll 
Ci nnabar-1 
9th-12 
Cinnabar-2 
Cheryl-1 
9th-13 
7th-1 
Cheryl-2 
9th-14 
7th-2 
Cheryl-3 
9th-15A 
9th- 1 5 
9th-1 6 
9th-18 
9th-17 
9th -1 9 

1 66 inch 
1 66 inch 
1 66 inch 
1 66 inch 
1 66 inch 
1 54 inch 
1 54 inch 
1 54 inch 
1 54 inch 
1 48 inch 
1 42 inch 
1 48 inch 
1 48 inch 
1 42 inch 
1 48 inch 
1 48 inch 
1 42 inch 
1 36 inch 
1 36 inch 
1 36 inch 
1 36 inch 
1 36 inch 

Circular 
Circular 
Circular 
Circular 
Circular 
Circular 
Circular 
Circular 
Circular 
Circular 
Circular 
Circular 
Circular 
Circular 
Circular 
Circular 
Circular 
Circular 
Ci rcular 
Circular 
Circular 
Circular 

261 . 00 
329.00 
173.00 

74.00 
37.00 

254.00 
418.00 
397.00 
246 . 00 
325.00 
19.00 

176.00 
55.00 

269.00 
123.00 
242.00 

52.00 
330 . 00 
325 . 00 
113 . 00 
205 . 00 
24.00 

340.00 
340 . 00 
340.00 
34 0 . 00 
340.00 
220.00 
120 . 00 
220.00 
120.00 
130 . 00 

95.00 
120.00 
130 . 00 

95.00 
120.00 
130 . 00 

95.00 
95.00 
95.00 

5.00 
90 . 00 

5.00 

14 .31 
14 .31 
14 .31 
14 .3 1 
14 .31 
13 . 8 3 

7 .5 5 
19 .07 

7 .55 
10 .35 

9 . 87 
9. 55 

10 .35 
15. 32 

9 .5 5 
19 .3 3 
15 . 0 9 
14 . 63 
13 .4 4 

0 . 71 
12 . 73 

0 . 71 

Label Total Ground Hydraulic Hydraulic 
System Elevation Grade Grade 

Flow (ft) Line In Line Out 
(cfs) (ft) (ft ) 

--- -- ------------- - - ---- ------ -- ------- -- - - ------- ---- -- - - -------
ACDC Outlet 380 . 00 1,229 . 00 1,2 1 6 . 87 1, 216.87 
Manhole 1 380 . 00 1,230 . 31 1, 2-23.97 1 , 222.<10 
Manhole 2 380 . 00 1,2 36 .3~ 1 , 2 2 6.9 2 1 ,226 . 76 
Manhole 3 380 . 00 1,24-1 . 21 1 , 233 . 96 1 ,232 .,.] 8 

I Manhole 4 380 . 00 _1 , 242 .3.9 1, 2.3 6 . 1 8 1, 235.07 
I Manhole 5 380 . 00 1 , 2 4 9 . 6.0 1, 243 . 79 1 ,243 . 5 9 

Manhole 6 380 . 00 1, 2-5 0 . !06 1,2 45 c-34 1 , 245 .14 
Manhole 7 : Q=380 cfs 380 . 00 1,25 6 . 20 1, 2 5 0 .8.0 1, 250 . 60 
Manhole 8 340 . 00 1 ,2 5 8 . 8 7 1 ,253 .5 2 1, 253 . 47 
Manhole 9 340 . 00 1 ,263 . 4 6~ 1, 256.-90 1, 256.90 
Man hole 9A 340 .00 1,267_. 16 1 ,258.83 1-, 258 . 6 7 
Manhole 10 340.00 1, 266.95 1 ,259.59 1,25.9.59 
Manhole 11 : Q=340 cfs 340.00 1,267 . 49 1,262.8 3 1,25 9 . 97 
Manho l e 1 2 220 . 00 1 ,2 73 . 0~ 1,266.16 1,266.01 
Manhole 24 120 . 00 1_,270.38 1, 264.43 1,264. 39 
Manhole 13: Q=220 cfs 220.00 1,2 80 . 3 5 1,274.65 1,271 .77 
Manh o l e 25 120.00 1,274 . 00 1 ,2 E(5 . 39 1,2 65.35 
Manho l e 21A 130.00 1 , 282 . 93 1,277 . 31 1,277. ~ 1 

Title: 9th Avenue Storm Drain System 
p:\ ... \modeling\stormcad\9th ave sorm drain .stm Entellus, Inc. 

1,253.47 
1,256.90 
1,258.67 
1,259 . 59 
1,259 . 97 
1,266 . 01 
1,264 . 39 
1,271 . 77 
1,265.35 
1,2 77.31 
1,274 .82 
1,266.62 
1,277.76 
1 , 276 . 99 
1,267.88 
1,280 . 34 
1,277.91 
1,284.43 
1,291.10 
1,292 . 79 
1,296 . 52 
1,292 . 79 

- -
1,250.80 
1,253 .52 
1,256 . 90 
1,258.83 
1,259.59 
1,262.83 
1,262.83 
1,266 . 16 
1,264.43 
1 , 274.65 
1,274.65 
1 ,265.39 
1,2 77 .3 1 
1,274 . 90 
1,267 . 02 
1,277 . 81 
1,277.08 
1,278.00 
1,284 . 43 
1,292.79 
1,292.79 
1,292 . 79 

12/16/05 04:03:15 PM © Haestad Methods, Inc. 37 Brookside Road Waterbu ry , CT 06708 USA +1 -203-755-1 666 
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Project Engine e r: Jacob Sweeting 
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- - - - - - - - - - - - - -
Calculation Results Summary 

Manhole 14 95.00 1,280.'76 1,274.9 0 1, 274!.82 
Manhole 26 120.00 i: ' 2 7 0. 7-9 1 ,267 . 02 1~266.62 

Manhole 22 130 . 00 1, Z81 . 67 1,277 . 81 1,277.76 
Manho l e 15A 95 . 00 1,286.16 1,277 . 08 1 ,276 . 99 
Manho l e 26A : 0=120 cfs 1 20.00 1,269 . 97 1, 267.9 5 1,267.8 8 
Manhole 23: 0=130 cfs 130 . 00 1,286 .0 0 1,280 . 44 1 ,280.34 
Ma nhole 1 5 95 . 00 1,286 . 81 1,278.00 1 , 277 . 91 
Man hole 16 95 . 00 1,291.8 8 1,284.43 1 ,284 . 43 
Manhole 17 95.00 1, 296 .16' 1, 2 92.79 1, 291.10 
Manhole 19 5.00 1,293 . 96 1,2 92.79 1 ,292.79 
Manhole 18: 0=90 cfs 90.00 1,299 . 30 1,296.64 1 ,296.52 
Manhole 19A : 0=5 cfs 5.00 1,293.27 1,292 . 79 1,292 . 79 

---- --- - ----------------- ---------------- - -------- - - - - - ------- ----- - - --

CALCULATION SUMMARY FOR SUBSURFACE NETWORK WITH ROOT : Manhole 21 

Label Number Section Section Length Total Averag e Hydraulic Hydraulic 
of Size Shape (ft) System Ve l oc i ty Grade Grade 

Sections Flow (ft/s) Upstream Downstream 
(cfs) (ft) (ft) 

- - ---- -- --- ------ --- - --------- ---------- - - - - - -- - -------- -- - ------ - -- - - - ------ --------- - --
Cochise 1 1 18 inch Circular 271 . 00 10 . 00 5 . 66 1,279.14 1 , 276 . 68 

- - - ----- - ----- - ----- ----- -- --------------------- - - - ---- --- - - - --------- - -- -- --- -- ---------- -- - - -- - --

I Label I Total Ground Hydraulic Hydraul ic 
I I System Elevation Grade Grad e 
I I Flow ( ft) Line I n Line Out 
I I (cfs) (ft) (ft) 
1---- ---- --------------1- --- -- -- ----------- ---------- - ------- -- --
1 Manhol e 21 I 10 . 00 1,284 . 65 1,275.18 1 , 275. 1 8 
I Man hole 20 : 0=10 cfs I 10 . 00 1,283 . 70 1,279 . 16 1,279.14 

==== === ========================================== == ===== ====== === 
Comple t e d: 12/16/2005 03 : 54 : 48 PM 

Title: 9 th Avenue Storm Drain Sys tem 
p :\ ... \m odeling\stormcad\9th ave sorm dra in .stm 
12/ 16/05 04:03 :1 5 PM 

Entellus, Inc. 
© Haestad Methods , Inc. 37 Brooks ide Road Waterbury, CT 06708 USA +1-203-755-1666 

- - - - -

Project Engineer: Jacob Sweeting 
StormCAD v5.5 [5 .5006] 
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ATTACHMENTS 

A. Vicinity Map 
B. Proposed Storm Drain Layout/ Map from CAR 
C. Hydrology Maps 
D. Precipitation Data 
E. Soil and Landuse Data 
F. Clark Unit Hydrograph Data 
G. Hydraulic Routing Data 
H. HEC-1 Input/Output 
I. StormCAD Output 
J. Hydrology I Hydraulics Supporting Data 
K. Electronic Files 
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I 
I Entellus Inc. 

CLIENT COP and FCD 

I 
JOB 9th Avenue Storm Drain 

HYDROLOGY 

I 100-Year 10-Year Upstream Downstream 
10-Year Peak 

Subbasin ID 
Area 

Runoff Runoff Elevation Elevation 
Flow Length 

Slope% Su rface Type Street 
(Ac) 

Coefficient Coefficient (ft) (ft) 
(ft) Flow (cfs) 

I 
50 0.75 0.95 0.85 1320.00 1303.19 780.00 Paved Street 4 9th Rt. 

51 0.75 0.95 0.85 1320.00 1303.22 780.00 Paved Street 3 9th Rt. 

52 0.30 0.95 0.85 1303.22 1298.07 250.00 0.02 Paved Street 2 9th Rt. 

9th Rt. 

I 84 0.52 1298.07 1293.67 351 .00 0.01 Paved Street- School Site 3 9th Rt. 

59 0.12 0.95 0.85 1298.07 1293.67 351.00 0.01 Paved Street 0.6 9th Rt. 

9th Rt. 

I 85 0.44 1293.67 1289.37 287.00 0.01 School Site 2 9th Rt. 

60 1.30 0.92 0.85 1298.50 1280.56 1190.00 0.02 Paved Street 4.2 9th Rt. 

9th Rt. 

I 9th Rt. 

68 2.70 0.70 0.56 1282.72 1274.50 530.00 0.02 Single -family & Multi-family 9.0 9th Rt. 

From Cheryl 0.0 9th Rt. 

I 70 1.20 0.95 0.85 1277.00 1267.79 420.00 0.02 Single -family & Multi-family 6 9th Rt. 

9th Rt. 

I 
9th Rt. 

73 0.54 0.95 0.85 1272.00 1258.48 890.00 0.02 Paved Street 2 9th Rt. 

From Cinnabar 7 9th Rt. 

74 3.26 0.75 0.60 1272.45 1258.48 680.00 0.02 Single -family & Multi-family 11 9th Rt. 

I 9th Rt. 

9th Rt. 

I 
S16 (Partial) 11 .70 n/a n/a n/a n/a n/a n/a n/a 25 9th Rt. 

77 0.30 0.95 0.85 1258.83 1251.87 510.00 0.01 Paved Street 1 9th Rt. 

9th Rt. 

I 
79 0.32 0.95 0.85 1260.00 1250.03 560.00 0.02 Pavement, Driveways, Rock Yards 1 9th Rt. 

S18 3. 10 n!a n/a n/a n!a n!a n!a n!a 3 9th Rt. 

9th Rt. 

I 
80 2.20 0.95 0.85 1260.00 1242.61 11 60.00 0.01 Paved Street 9 9th Rt. 

9th Rt. 

9th Rt. 

I 83 0.71 0.95 0.85 1241 .35 1238.31 260.00 0.01 Paved Street 4 9th Rt. 

9th Rt. 

I 
I 
I 
I 

CB# Station of Structure 

EXIST 1 STA. 62+19 

CB14.1 STA.58+45.00 15.5' RT. 

CB13.3 STA.55+63.00 15' RT 

CB12.2 STA.50+31 .60 16.4' RT. B/C 

CB11 .5 STA.46+65.00 16.2' RT. B/C 

CB11 .4 STA.44+ 71.40 16.2' RT. B/C 

CB11 .2 STA.43+75.25 16.2' RT. B/C 

CB10 .2 STA.41+27.00 16.3' RT. B/C 

CB9.2 STA.37+98.00 16.3' RT. B/C 

CBB.S STA.32+54.03 16.1' RT. B/C 

CBB.4 STA.31+25.43 16.1 ' RT. B/C 

CB8.2 STA.30+21 .00 16.1' RT. B/C 

CB7.1 STA.24+70.88 16.3' RT. B/C 

CB5.1 STA.21+36.28 19.7' RT. B/C 

BY:GA 
CHECKED: JS 
JOB No. 115076F 

HYDRAULICS 

Proposed Structure Type 

Concrete Catch Basin, Type "M-1 , L=6-Ft", 
Phx. Supp. Detail P-1569- 1 

Concrete Catch Basin, Type "G", M.A. G. 
Detail 53 7 - Double 

Concrete Catch Basin, Type "G", M.A.G. 

Detail 537 - Double 

Concrete Catch Basin, Type "M", Phx. Supp. 
Detail P- 1569- 1 

Concrete Catch Basin, Type "M-2, L= 17-Ft", 
Phx. Supp. Detail P-1 569-1 

Concrete Catch Basin, Type "M-2 , L= 17-Ft", 
Phx. Supp. Detail P- 1569-1 

Concrete Catch Basin, Type "M", Phx. Supp. 
Detail P- 1569-1 

Concrete Catch Basin, Type "M", Phx. Supp. 
Detai l P-1569-1 

Concrete Catch Basin, Type "M-1 , L= IO-Ft", 
Phx. Supp. D etail P- 1569- 1 

Concrete Catch Basin, Type "M- 1, L= l O-Ft", 

Phx. Supp. D etail P-1569- 1 

Concrete Catch Basin, Type "M-1 , L= l 7-Ft", 
Phx. Supp. Detail P-1 569- 1 

Concrete Catch Basin, Type "N, Single", Phx. 
Supp. Detai l P-1 570 

Concrete Catch Basin, Type "M -2, L= I7-Ft", 
Phx. Supp. Detail P-1 569-1 

Concrete Catch Basin, Type "M-1 , L- 6-Ft", 

Phx. Supp. D etail P-1569-1 

Modeled 

Grade 

Grade 

Grade 

Grade 

Grade 

Grade 

Grade 

Grade 

Grade 

Grade 

Grade 

Grade 

Grade 

Grade 

DATE 12/14/2005 
DATE 12/14/2005 

Cummualitive Flow 
Catch Basin 
Interception 

(cfs) 
(cfs) 

4 

7.00 

9.00 

9.00 3.29 

8.3 1 

8.9 1 

8.9 1 4.44 

6.67 

10.87 

10.87 4.04 

6.83 1.03 

14.80 

14.80 13.06 

7.74 

7.74 7.74 

0.00 0 

2.00 

9.30 

20.30 

20.30 1.7 

18.60 6.58 

37.02 

38.02 

38.02 10.99 

28.03 

31.03 

3 1.03 12.56 

27.47 

27.47 8.20 

19.27 17.17 

6.10 

6. 10 3.10 

Flow By 
(cfs) 

4.00 

7.00 

9.00 

5.71 

8.31 

8.91 

4.47 

6.67 

10.87 

6.83 

5.80 

14.80 

1.74 

7.74 

0 00 

0.00 

2.00 

9.30 

20.30 

18.60 

12.02 

37.02 

38.02 

27.03 

28.03 

31.03 

18.47 

27.47 

19.27 

2.10 

6.10 

3.00 



I 
I 
I 65 1.10 0.95 0.85 1296.20 1285.70 550.00 0.02 Pavement, Driveways , Rock Yards 5 Cheryl 5.00 5.00 

66 0.10 0.95 0.85 1286.68 1285.12 75.00 0.02 Paved Street 1 Cheryl 6.00 6.00 

I Cheryl CB18.2 STA.22+77.00 18.4' RT. B/C 
Concrete Catch Basin , Type "N, Single", Phx. 

Grade 6.00 3.32 2.68 
Supp. Detai l P- 1570 

Cheryl CB18.1 STA.22+50.00 18.5' LT. B/C 
Concrete Catch Basin , Type "M- 1, L=3-Ft", 

Grade 2.68 1.21 1.47 
Ph x. Supp. Detail P-1 569- 1 

I 
64 4.16 0.75 0.60 1296.50 1281.42 216.00 0.07 Paveme nt , Driveways, Rock Yards 15 Cheryl 16.47 16.47 

ABT Inc. TF-14 Heavy Duty Grated Trench 
Cheryl CB17.4 STA.20+35.00 17.7' RT. Drain w/ 1901 Catch Basin, Per Special Grade 16.47 9.35 7.12 

I 
Provisions (Or Approved Equi valent) 

Cheryl CB17.2 STA.19+43.90 18.5' LT. B/C 
Concrete Catch Basin, Type "M", Phx. Supp. 

Grade 7. 12 0.96 6.16 
Detail P-1569-1 

I 
Cheryl CB1 7.3 STA.19+77.82 86.3' RT. 

Concrete Catch Basin , Type "G", M.A. G. 
Sag/ Sump 6.16 6.16 0.00 

Detai l 537- Double 

67 0.25 0.95 0.85 1285.94 1280.70 160.00 0.03 Paved Street 2 Cheryl 2.00 2.00 

Cheryl CB17 .1 STA.17+16.90 18.5' LT. B/C 
Concrete Catch Basin, Type "M-2, L= IO-Ft ", 

Grade 2.00 2.00 0.00 
Phx. Supp . Detail P-1569- 1 

I 
C14b 92.48 nla nla nla nla nla nla nla 85 7th 85.00 85.00 

I 
7th CB21 .6 STA.105+62.40 23 .2' RT. 

Concrete Catch Basin , Type "G", M.A.G. 
Ditch 85.00 25.07 59.93 

Detail 537 - Double 

7th CB21 .5 STA.104+00.00 21 .9' RT . 
Concrete Catch Basin , Type "G", M.A.G. 

Grade 59.93 11 .64 48 .29 
Detai l 537- Double 

I 
7th CB21 .4 STA.102+77.09 80.3' RT. 

Concrete Catch Basin , Type "G", M.A.G. 
Sag/ Sump 48.29 12.00 36.29 

Detai l 537 - Doubl e 

7th CB21.3 STA.102+68.68 91 .5' RT. 
Concrete Catch Basin, Type "G", M.A.G. 

Sag/ Sump 36.29 12.00 24 .29 
Detail 537 - Double 

I 
7th CB21.2 STA.102+61 .91 103.8' RT. 

Concrete Catch Basin, Type "G", M.A. G. 
Sag/ Sump 24.29 12.00 12.29 

Detail 537- Double 

7th CB21 .1 STA.1 02+55.85 116.4' RT. 
Concrete Catch Basin, Type "G", M.A.G. 

Sag / Sump 12.29 12.29 0.00 
Detai l 537 - Double 

I 71 5.50 0.75 0.60 1285.25 1270.65 710.00 0.02 Single -family & Multi-family 19 Cinnabar 19.00 19.00 

72 0.25 0.95 0.85 1273.75 1270.00 250.00 0.02 Paved Street 2 Cinnabar 21.00 21 .00 

Cinnabar CB20.1 STA.20+74.00 16.4' RT. B/C 
Concrete Catch Basin, Type "G", M.A. G. 

Grade 21.00 6.17 14.83 
Detai l 537 - Double 

I Cinnabar CB19.1 STA.17+50.00 18 .3' RT. B/C 
Concrete Catch Basin, Type "N, Triple", Phx. 

Grade 14.83 7.53 7.30 
-·-

Supp. Detail P-1570 
.. 

I 
53 0.33 0.95 0.85 1302.77 1298.10 170.00 0.03 Paved Street 2 9th Lt. 2.00 2.00 

I 
9th Lt. EXIST 2 STA. 62+19 

Concrete Catch Basi n, Type "N, Triple", Phx. 
Grade 2.00 1.72 0.28 

Supp. Deta il P-1570 

54 0.11 0.95 0.85 1298.10 1293.71 230.00 0.02 Pavement 1 9th Lt. 1.28 1.28 

55 0.10 0.95 0.85 1296.46 1292.36 142.00 0.03 Paved Street 1 North 2.28 2.28 

I 
North CB15.1 STA.16+26.25 18 .5' RT. B/C 

Concrete Catch Basin, Type "M", Phx. Supp. 
Grade 2.28 0.58 1.70 

Detail P-1569-1 

North CB15.2 STA.15+25.92 20 .3' RT. 
Concrete Catch Basin , Type "G", M.A. G. 

Sag / Sump 1.70 1.7 0.00 
--L___. 

Detail 537- Double 

I 
I 
I 



I 
I 58 0.34 0 .95 0.85 1295.34 1291.65 266 .00 0.01 Pavement, Driveways , Rock Yards 2 9th Lt. 2.00 2.00 ! 

I 
9th Lt, I, CB13.5 STA. 57+73.00 16.4' LT. B/C 

Concrete Catch Basin , Type "N, Triple", Ph x. 
Grade 2 .00 1.66 0.34 

Supp. Detai l P- 1570 

9th Lt. CB13.4 STA.57+47 .10 37.5' LT. B/C 
Concrete Catch Basin , Type "N, Si ngle", Phx. 

Grade 0 .34 0.34 0.00 
Supp. Deta il P-1570 

57 2.40 0.75 0.60 1292.36 1283 .44 360.00 0.02 Single -fa mily & Multi-family 8 Cochise 8.00 8.00 

I 
56 0.20 0.95 0.95 1291.65 1283.44 332.00 0.02 Paved Street 1 Cochise 9 .00 9.00 

62 0.20 0.95 0 .95 1291.22 1283.22 352.00 0.02 Paved Street 1 Cochise 10.00 10.00 

Cochise CB16.1 STA.13+12.00 18' RT. 
Concrete Catch Basin, Type "G", M.A. G. 

Grade 10.00 3.83 6.17 
Detail 537 - Double 

I 
Cochise CB16.2 STA.10+40.80 15.2' LT. B/C 

Concrete Catch Basin , Type "N, Single", Phx. 
Grade 6 . 17 3.37 2.80 

Supp. Deta il P- 1570 

I 61 0.50 0 .95 0.85 1291.22 1287.11 270.00 0.02 Pavement, Driveways , Rock Yards 3 9th Lt. 3.00 3.00 

I 
9th Lt. CB13.2 STA. 54+43.00 16.4' LT. B/C 

Concrete Catch Basin , Type "N, Tripl e", Phx. 
Grade 3 .00 2 3 2 0.68 

Supp. Deta il P- 1570 

9th Lt. CB13.1 STA.54+15.94 37.5' LT. B/C 
Concrete Catch Basin , Type "N, Single", Phx. 

Grade 0.68 0.66 0.02 
Supp. Deta il P- 1570 

63 0 .60 0.95 0 .85 1286.23 1280.50 270.00 0.02 Paveme nt, Driveways, Rock Ya rd s 3 9th Lt. 3.02 3.02 

I 9th Lt. CB12.3 STA.51 +1 9.00 16.5' LT. B/C 
Concrete Catch Basin, Type "N, Tri ple", Phx. 

Grade 3.02 2.34 0.68 
Supp. Detail P- 1570 

9th Lt. CB12.1 STA.50+21.60 16.3' LT. B/C 
Concrete Catch Basin, Type "M", Ph x. Supp . 

Grade 0.68 0 .35 0.33 
Detai l P- 1569-1 

I 69 1.10 0 .95 0 .85 1279.58 1267.50 630 .00 0.02 Pavement, Driveways, Rock Yards 5 9th Lt. 5.33 5.33 

9th Lt. CB11 .3 STA.44+54.10 16.3' LT. B/C 
Concrete Catch Basin, Type "M- 1, L= 17-Ft", 

Grade 5.33 4.6 0 .73 
Phx. Supp . Detai l P- 1569- 1 

I 
9th Lt. CB11 .1 STA.43+75 .25 16.3' LT. B/C 

Concrete Catch Basin, Type "M", Phx. Supp. 
Grade 0 .73 036 0.37 

Deta il P- 1569-1 

75 0.37 0 .95 0.85 1267.03 1263.40 300.00 0.01 Pavement , Driveways, Rock Yard s 2 9th Lt. 2.37 2.37 

I 
9th Lt. CB10.3 STA.41+27 .00 16.9' LT. B/C 

Concrete Catch Basin , Type "M-1 , L- 10-Ft", 
Grade 2.37 2 .24 0 .13 

Phx. Supp . Deta il P-1569- 1 

9th Lt. CB10.1 STA.40+43 .80 16.9' LT. B/C 
Concrete Catch Basin , Type "M", Phx. Supp . 

Grade 0. 13 0. 13 0.00 
Detail P- 1569- 1 

76 0.23 0 .95 0.85 1263.12 1258.06 300.00 0.02 Pavement, Driveways, Rock Ya rds 1 9th Lt. 1.00 1.00 

I 9th Lt. CB9.1 STA. 37+98.00 16.5' LT. B/C 
Concrete Catch Basin , Type "M-1 , L= I O-Ft", 

Phx. Supp . Deta il P-1569- 1 
Grade 1.00 I 0.00 

78 1.00 0 .95 0.85 1258 .13 1250.11 660 .00 0 .0 1 Pave me nt, Driveways, Rock Ya rd s 4 9th Lt. 4 .00 4.00 

I 9th Lt. CB8.3 STA.31+25.4316.6' LT. B/C 
Concrete Catch Basin , Type "M- 1, L= 17- Ft", 

Grade 4 .00 3.96 0 .04 
Phx. Supp. Detai l P-1569-1 

9th Lt. CB8.1 STA.30+21 .00 16.6' LT. B/C 
Concrete Catch Basin , Type "N, Single", Phx. 

Grade 0.04 0.04 0.00 
Supp. Deta il P- 1570 

I 
81 1.00 0.95 0.85 1249.58 1242.80 580.00 0.01 Pave ment, Driveways, Rock Yards 5 9th Lt. 5.00 5.00 

9th Lt. CB7.3 STA.26+00.00 17.2' LT. B/C 
Co ncrete Catch Basin, Type "N, Triple", Phx. 

Grade 5.00 3 .45 1.55 
Supp. De ta il P- 1570 

I 
9th Lt. CB7.2 ST A.25+00.00 16.4' LT. B/C 

Concrete Catch Basin, Type "N, Triple", Phx. 
Grade 1.55 1.34 0.21 

Supp. Deta il P-1570 

82 0.71 0.95 0 .85 1241.36 1238.3 1 250 .00 0.01 Paved Street 4 9th Lt. 4 .21 4 .21 

9th Lt. CB5.2 STA.21+46.36 20 .1' LT. B/C 
Concre te Catch Basin , Type "M-1 , L=6-Ft", 

Grade 4 .2 1 2 .54 1.67 
Phx. Supp . Deta il P- 1569- 1 

I 
I 
I 
I 
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Worksheet for EXIST 1 

Project Description 

Flow Element: 

Solve For: 

Input Data 

Discharge: 

Slope: 

Gutter Width: 

Gutter Cross Slope: 

Road Cross Slope: 

Manning Coefficient: 

Curb Opening L ength : 

Local Depression: 

Local Depression Width : 

~~~Its 
Efficiency: 

Intercepted Flow: 

Bypass Flow: 

Spread: 

Depth: 

Flow Area: 

Gutter Depression: 

Total Depression: 

Velocity: 

Equivalent Cross Slope: 

Length Factor: 

Total Interception Length: 

Curb Inlet On Grade 

Efficiency 

9.00 

0.02000 

1.50 

0.04 

0.02 

0.015 

7.20 

2.00 

1.50 

36.54 

3.29 

5.71 

13.96 

0.31 

1.97 

0.03 

0.20 

4.56 

0.05735 

0.22 

32.25 

ft'/s 

ft/ft 

ft 

ft/ft 

ft/ft 

ft 

in 

ft 

% 

ft'/s 

ft'/s 

ft 

ft 

ft2 

ft 

ft 

ft/s 

ft/ft 

ft 



I 

Worksheet for CB14.1 
I 

Project Description I 
Flow Element: Grate Inlet On Grade 

Solve For: Efficiency I 
Input Data 

Discharge: 8.91 ft'/s I Slope: 0.01000 ftlft 

Gutter Width : 2.00 ft 

Gutter Cross Slope: 0.04 ft/ft I Road Cross Slope: 0.02 ft/ft 

Manning Coefficient: 0.015 

I Grate Width : 2.00 ft 

Grate Length : 4.00 ft 

Grate Type : P-50 mm (P-1-7/8") 

I Clogging: 50.00 % 

Options 

Grate Flow Option : ExcludeNone I 
~e!lults 
Efficiency: 37.21 % I Intercepted Flow: 3.32 ft'/s 

Bypass Flow: 5.59 ftl/s 

Spread : 15.77 ft I Depth: 0.36 ft 

Flow Area : 2.53 ft2 

Gutter Depression: 0.04 ft I Total Depression: 0.04 ft 

Velocity: 3.52 ft/s 

I Splash Over Velocity: 8.13 ft/s 

Frontal Flow Factor: 1.00 

Side Flow Factor: 0.06 

I Grate Flow Ratio: 0.33 

Active Grate Length : 2.00 ft 

I 
I 
I 
I 
I 



I 
I Worksheet for CB13.3 

I Project Description 

Flow Element: Grate Inlet On Grade 

I 
Solve For: Efficiency 

Input Data 

Discharge: 10.87 ft'/s 

I Slope: 0.02000 ftlft 

Gutter Width: 2.00 ft 

I 
Gutter Cross Slope: 0.04 ftlft 

Road Cross Slope: 0.02 ftlft 

Manning Coefficient: 0.015 

I 
Grate Width: 2.00 ft 

Grate Length : 4.00 ft 

Grate Type: P-50 mm (P-1-7/8") 

I Clogging: 50.00 % 

Options 

I 
Grate Flow Option : ExcludeNone 

Besults• . " 
Efficiency: 37.19 % 

I Intercepted Flow: 4.04 ft'/s 

Bypass Flow: 6.83 ft'/s 

Spread: 14.90 ft 

I Depth : 0.34 ft 

Flow Area: 2.26 ft2 

I 
Gutter Depression : 0.04 ft 

Total Depression : 0.04 ft 

Velocity: 4.80 ft/s 

I Splash Over Velocity: 8.13 ft/s 

Frontal Flow Factor: 1.00 

Side Flow Factor: 0.04 

I Grate Flow Ratio : 0.35 

Active Grate Length : 2.00 ft 

I 
I 
I 
I 
I 



I 
I 

Worksheet for CB12.2 

Project Description I 
Flow Element: Curb Inlet On Grade 

Solve For: Efficiency I 
Input Data 

Discharge: 6.83 ft'ls 

Slope: 0.02000 ftlft I 
Gutter Width : 1.50 ft 

Gutter Cross Slope: 0.04 ftlft 

Road Cross Slope: 0.02 ftlft 
I 

Manning Coefficient: 0.015 

Curb Opening Length: 2.40 ft 

Local Depression : 2.00 in 
I 

Local Depression Width: 1.50 ft 

Results I 
Efficiency: 15.11 % 

Intercepted Flow: 1.03 ft'ls 

Bypass Flow: 5.80 ft'ls 
I 

Spread: 12.56 ft 

Depth: 0.28 ft I 
Flow Area : 1.60 ft2 

Gutter Depression: 0.03 ft 

Total Depression: 0.20 ft I 
Velocity: 4.26 ftls 

Equivalent Cross Slope: 0.061 30 ftlft 

Length Factor: 0.09 I 
Total Interception Length : 27.59 ft 

I 
I 
I 
I 
I 
I 
I 
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I 

Worksheet for CB11.5 

Project Description 

Flow Element: 

Solve For: 

lnpt tData 

Discharge: 

Slope: 

Gutter Width: 

Gutter Cross Slope: 

Road Cross Slope: 

Manning Coefficient: 

Curb Opening Length: 

Local Depression: 

Local Depression Width : 

Efficiency: 

Intercepted Flow: 

Bypass Flow: 

Spread: 

Depth: 

Flow Area: 

Gutter Depression: 

Total Depression: 

Velocity: 

Equivalent Cross Slope: 

Length Factor: 

Total Interception Length : 

Curb Inlet On Grade 

Efficiency 

14.80 

0 .02000 

1.50 

0.04 

0.02 

0.015 

29.60 

2.00 

1.50 

88.21 

13.06 

1.74 

16.87 

0.37 

2.87 

0.03 

0.20 

5.15 

0.05110 

0.70 

42.58 

ft'/s 

ftlft 

ft 

ftlft 

ftlft 

ft 

in 

ft 

% 

ft'/s 

ft'/s 

ft 

ft 

ft2 

ft 

ft 

ft/s 

ftlft 

ft 



I 
I 

Worksheet for CB11.4 

Project Description 
I 

Flow Element: Curb Inlet On Grade 

Solve For: Efficiency I 
Input Data 

Discharge: 7.74 ft'/s 

Slope: 0.02000 ft/ft I 
Gutter Width : 1.50 ft 

Gutter Cross Slope: 0.04 ft/ft 

Road Cross Slope: 0.02 ft/ft 
I 

Manning Coefficient: 0.015 

Curb Opening Length : 29.60 ft I 
Local Depression: 2.00 in 

Local Depression Width : 1.50 ft 

Results I 
Efficiency: 99.98 % 

Intercepted Flow: 7.74 ft'/s 

Bypass Flow: 0.00 ft'/s 
I 

Spread: 13.19 ft 

Depth: 0.29 ft I 
Flow Area: 1.76 ft2 

Gutter Depression: 0.03 ft 

Total Depression : 0.20 ft I 
Velocity: 4.39 ft/s 

Equivalent Cross Slope: 0.05874 ft/ft 

Length Factor: 0.99 I 
Total Interception Length : 29.83 ft 

I 
I 
I 
I 
I 
I 
I 
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I 

Worksheet for CB11.2 

Project Description 

Flow Element: 

Solve For: 

lnputData 

Discharge: 

Slope: 

Gutter Width : 

Gutter Cross Slope: 

Road Cross Slope: 

Manning Coefficient: 

Curb Opening Length : 

Local Depression: 

Local Depression Width: 

~R~~ult~ 
Efficiency: 

Intercepted Flow: 

Bypass Flow: 

Spread: 

Depth: 

Flow Area: 

Gutter Depression: 

Total Depression: 

Velocity: 

Equivalent Cross Slope: 

Length Factor: 

Total Interception Length: 

Curb Inlet On Grade 

Efficiency 

0.01 

0 .02000 

1.50 

0 .04 

0.02 

0.015 

2.40 

2.00 

1.50 

100.00 

0.01 

0 .00 

0.70 

0.03 

0.01 

0.03 

0.20 

0 .99 

0.15271 

2.33 

1.03 

ft'/s 

ftlft 

ft 

ftlft 

ftlft 

ft 

in 

ft 

% 

ft'ls 

ft'ls 

ft 

ft 

ft2 

ft 

ft 

ft/s 

ftlft 

ft 



I 
I 

Worksheet for CB1 0.2 

Project Description 
I 

Flow Element: Curb Inlet On Grade 

Solve For: Efficiency I 
Input Data 

Discharge: 20 .30 ft'/s 

Slope: 0.02000 ftlft 
I 

Gutter Width : 1.50 ft 

Gutter Cross Slope: 0.04 ftlft 

Road Cross Slope: 0.02 ftlft 
I 

Manning Coefficient: 0.015 

Curb Opening Length : 2.40 ft I 
Local Depression : 2.00 in 

Local Depression Width: 1.50 ft 

Res ults 
I 

'. 
Efficiency: 8.36 % 

Intercepted Flow: 1.70 ft'/s 

Bypass Flow: 18.60 ft'/s 
I 

Spread: 19.02 ft 

Depth : 0.41 ft I 
Flow Area: 3.64 ff 
Gutter Depression : 0.03 ft 

Total Depression : 0.20 ft I 
Velocity: 5.57 ft/s 

Equivalent Cross Slope: 0.04767 ftlft 

Length Factor: 0.05 I 
Total Interception Length: 50 .70 ft 

I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Worksheet for CB9.2 

Project Description 

Flow Element: 

Solve For: 

Input Data 

Discharge : 

Slope: 

Gutter Width : 

Gutter Cross Slope: 

Road Cross Slope: 

Manning Coefficient: 

Curb Opening Length: 

Local Depression : 

Local Depression Width : 

Results 

Efficiency: 

Intercepted Flow: 

Bypass Flow: 

Spread: 

Depth : 

Flow Area: 

Gutter Depression : 

Total Depression: 

Velocity: 

Equivalent Cross Slope: 

Length Factor: 

Total Interception Length : 

Curb Inlet On Grade 

Efficiency 

18.60 

0.02000 

1.50 

0.04 

0.02 

0.015 

10.40 

2.00 

1.50 

35.36 

6.58 

12.02 

18.40 

0.40 

3.41 

0.03 

0.20 

5.45 

0.04858 

0.22 

48.32 

ft'/s 

ft/ft 

ft 

ft/ft 

ft/ft 

ft 

in 

ft 

% 

ft'/s 

ft'/s 

ft 

ft 

ft2 

ft 

ft 

ft/s 

ft/ft 

ft 



I 
I 

Worksheet for CB8.5 

Project Description I 
Flow Element: Curb Inlet On Grade 

Solve For: Efficiency I 
Input Data 

Discharge: 38 02 ft'/s 

Slope: 0.01000 ft/ft I 
Gutter W idth: 1.50 ft 

Gutter Cross Slope: 0.04 ft/ft 

Road Cross Slope: 0.02 ft/ft 
I 

Manning Coefficient: 0.015 

Curb Opening Length : 10.40 ft I 
Local Depression: 2.00 in 

Local Depression Width : 1.50 ft 

Results I 
Efficiency: 28.91 % 

Intercepted Flow: 10.99 ft'/s 

Bypass Flow: 27.03 ft'/s 
I 

Spread: 27.48 ft 

Depth : 0.58 ft I 
Flow Area : 7.57 ft2 

Gutter Depression: 0.03 ft 

Total Depression: 0.20 ft I 
Velocity: 5.02 ft/s 

Equivalent Cross Slope: 0.03926 ft/ft 

Length Factor: 0.17 I 
Total Interception Length : 60.22 ft 

I 
I 
I 
I 
I 
I 
I 
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I 
I 
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I 

Worksheet for CB8.4 

Proiect Description 

Flow Element: 

Solve For: 

Input Data 

Discharge: 

Slope: 

Gutter Width : 

Gutter Cross Slope: 

Road Cross Slope: 

Manning Coefficient: 

Curb Opening Length: 

Local Depression: 

Local Depression Width : 

Results 
; ' 

Efficiency: 

Intercepted Flow: 

Bypass Flow: 

Spread: 

Depth : 

Flow Area: 

Gutter Depression: 

Total Depression: 

Velocity: 

Equivalent Cross Slope: 

Length Factor: 

Total Interception Length : 

Curb Inlet On Grade 

Efficiency 

31 .03 

0.02000 

1.50 

0.04 

0.02 

0.015 

16.00 

2.00 

1.50 

40.48 

12.56 

18.47 

22.33 

0.48 

5.01 

0.03 

0.20 

6.19 

0.04364 

0.25 

63.89 

ft'/s 

ft/ft 

ft 

ft/ft 

ft/ft 

ft 

in 

ft 

% 

ft'/s 

ft'/s 

ft 

ft 

ft 

ft 

ft/s 

ftlft 

ft 



I 
I 

Worksheet for CB8.2 

I I Project Description 

I 
Flow Element: Grate Inlet On Grade 

I Solve For: Efficiency 

Input Data 

I Discharge: 27.47 ft'/s 

Slope: 0.01000 ft/ft 

Gutter Width : 1.50 ft 

I Gutter Cross Slope: 0.04 ft/ft 

Road Cross Slope: 0.02 ft/ft 

Manning Coefficient: 0.015 

I Grate Width : 2.00 ft 

Grate Length : 3.00 ft 

Grate Type: P-50 mm (P-1-7/8") 

I Clogging : 50.00 % 

Options 

I Grate Flow Option: ExcludeNone 

Results 

Efficiency: 29.87 % I Intercepted Flow: 8.20 ft'/s 

Bypass Flow: 19.27 ft'/s 

Spread: 24.31 ft I Depth: 0.52 ft 

Flow Area: 5.93 ft2 

I Gutter Depression: 0.03 ft 

Total Depression: 0.03 ft 

Velocity: 4.63 ft/s 

I Splash Over Velocity: 6.99 ft/s 

Frontal Flow Factor: 1.00 

Side Flow Factor: 0.02 I Grate Flow Ratio : 0.28 

Active Grate Length : 1.50 ft 

I 
I 
I 
I 
I 



I 
I Worksheet for CB7 .1 

I Project Description 

Flow Element: Curb Inlet On Grade 

Solve For: Efficiency 

I Input Data 

Discharge: 19.27 ft'/s 

I Slope: 0.01000 ft/ft 

Gutter Width: 1.50 ft 

Gutter Cross Slope: 0.04 ft/ft 

I Road Cross Slope: 0.02 ft/ft 

Manning Coefficient: 0.015 

Curb Opening Length : 29.60 ft 

I Local Depression: 2.00 in 

Local Depression Width : 1.50 ft 

I R~sults . .: 

Efficiency: 89.09 % 

Intercepted Flow: 17.17 ft'ls 

I Bypass Flow: 2.10 ft'/s 

Spread: 21.27 ft 

Depth: 0.46 ft 

I Flow Area: 4.55 ft2 

Gutter Depression: 0.03 ft 

I 
Total Depression: 0.20 ft 

Velocity: 4.24 ft/s 

Equivalent Cross Slope: 0.04481 ft/ft 

I Length Factor: 0.71 

Total Interception Length: 41 .81 ft 

I 
I 
I 
I 
I 
I 
I 



I 
I 

Worksheet for CB5.1 

Project Description I 
Flow Element: Curb Inlet On Grade 

Solve For: Efficiency I 
Input Data 

Discharge: 6. 10 ft3/s 

Slope: 0.01000 ftlft I 
Gutter Width : 1.50 ft 

Gutter Cross Slope: 0.04 ftlft 

Road Cross Slope: 0.02 ftlft 
I 

Manning Coefficient: 0.015 

Curb Opening Length: 7.20 ft I 
Local Depression: 2.00 in 

Local Depression Width : 1.50 ft 

Results I 
Efficiency: 50.80 % 

Intercepted Flow: 3.10 ft3/s 

Bypass Flow: 3.00 ft3/s 
I 

Spread: 13.74 ft 

Depth: 0.31 ft I 
Flow Area: 1.91 ft2 

Gutter Depression: 0.03 ft 

Total Depression: 0.20 ft I 
Velocity: 3.19 ftls 

Equivalent Cross Slope: 0.05793 ftlft 

Length Factor: 0.33 I 
Total Interception Length: 22.11 ft 

I 
I 
I 
I 
I 
I 
I 



I 
I Worksheet for CB18.2 

I Project Description 

Flow Element: Grate Inlet On Grade 

I 
Solve For: Efficiency 

Input Data 

Discharge: 6.00 ft' /s 

I Slope: 0.02000 ft/ft 

Gutter Width : 1.50 ft 

I 
Gutter Cross Slope: 0.04 ft/ft 

Road Cross Slope: 0.02 ft/ft 

Manning Coefficient: 0.015 

I 
Grate W idth: 2.00 ft 

Grate Length: 3.00 ft 

Grate Type: P-50 mm (P-1-7/8") 

I Clogging: 50.00 % 

!)ptions 

I 
Grate Flow Option: ExcludeNone 

"Results 

Efficiency: 55.41 % 

I Intercepted Flow: 3.32 ft'ls 

Bypass Flow: 2.68 ft'/s 

I 
Spread: 11.95 ft 

Depth: 0.27 ft 

Flow Area : 1.45 ft2 

I 
Gutter Depression : 0.03 ft 

Total Depression : 0.03 ft 

Velocity: 4.13 ft/s 

I Splash Over Velocity: 6 .99 ft/s 

Frontal Flow Factor: 1.00 

Side Flow Factor: 0.03 

I Grate Flow Rat io: 0.54 

Active Grate Length: 1.50 ft 

I 
I 
I 
I 
I 



I 
I 

Worksheet for CB18.1 

Project Description 
I 

Flow Element: Curb Inlet On Grade 

Solve For: Efficiency I 
Input Data 

Discharge: 2.68 ft'/s 

Slope: 0.02000 ft/ft 
I 

Gutter Width : 1.50 ft 

Gutter Cross Slope: 0.04 ftlft 

Road Cross Slope: 0.02 ftlft 
I 

Manning Coefficient: 0.015 

Curb Opening Length : 4.60 ft I 
Local Depression : 2.00 in 

Local Depression Width: 1.50 ft 

Results 
I 

Efficiency: 45.30 % 

Intercepted Flow: 1.21 ft'/s 

Bypass Flow: 1.47 ft'ls 
I 

Spread : 8.73 ft 

Depth: 0.21 ft I 
Flow Area : 0.79 ft' 

Gutter Depression: 0.03 ft 

Total Depression : 0.20 ft I 
Velocity: 3.41 ft/s 

Equivalent Cross Slope: 0.07774 ft/ft 

Length Factor: 0.28 I 
Total Interception Length : 16.15 ft 

I 
I 
I 
I 
I 
I 
I 



I 
I Worksheet for CB17.4 

I Project Description 

Flow Element: Grate Inlet On Grade 

Solve For: Efficiency 

I Input Data 

Discharge: 16.47 ft'ls 

I Slope: 0.05000 ft/ft 

Gutter Width : 1.50 ft 

Gutter Cross Slope: 0.04 ft/ft 

I Road Cross Slope: 0.02 ft/ft 

Manning Coefficient: 0.015 

Grate Width : 1.00 ft 

I Grate Length : 16.00 ft 

Grate Type: P-50 mm (P-1-7/8") 

I 
Clogging : 50.00 % 

Options 

Grate Flow Option: Exclude None 

I ~ ,. 
<ResuHs 

Efficiency: 56.75 % 

I Intercepted Flow: 9.35 ft'ls 

Bypass Flow: 7.12 ft' /s 

Spread: 14.76 ft 

I Depth: 0.33 ft 

Flow Area: 2.20 ftl 

Gutter Depression: 0.03 ft 

I Total Depression: 0.03 ft 

Velocity: 7.47 ft/s 

I 
Splash Over Velocity: 21 .38 ft/s 

Frontal Flow Factor: 1.00 

Side Flow Factor: 0.47 

I 
Grate Flow Ratio: 0.18 

Active Grate Length : 8.00 ft 

I 
I 
I 
I 
I 



I 
I 

Worksheet for CB17.2 

Project Description 
I 

Flow Element: Curb Inlet On Grade 

Solve For: Efficiency I 
Input Data 

Discharge: 7.12 ft' /s 

Slope: 0.03000 ftlft 
I 

Gutter Width : 1.50 ft 

Gutter Cross Slope: 0.04 ftlft 

Road Cross Slope: 0.02 ftlft 
I 

Manning Coefficient: 0.015 

Curb Opening Length: 2.40 ft I 
Local Depression: 2.00 in 

Local Depression Width : 1.50 ft 

Results I 
Efficiency: 13.52 % 

Intercepted Flow: 0.96 ft'/s 

Bypass Flow: 6.16 ft'/s 
I 

Spread: 11.81 ft 

Depth : 0.27 ft I 
Flow Area: 1.42 ft2 

Gutter Depression: 0.03 ft 

Total Depression: 0.20 ft I 
Velocity: 5.02 ftls 

Equivalent Cross Slope: 0.06379 ftlft 

Length Factor: 0.08 I 
Total Interception Length: 30.96 ft 

I 
I 
I 
I 
I 
I 
I 
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I 
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Worksheet for CB17.3 

Project Description 

Flow Element: 

Solve For: 

Input Data 

Discharge: 

Gutter Width : 

Gutter Cross Slope: 

Road Cross Slope: 

Grate Width : 

Grate Length : 

Local Depression: 

Local Depression Width : 

Grate Type: 

Clogging : 

R~.s,ults • 
Spread: 

Depth : 

Gutter Depression: 

Total Depression: 

Open Grate Area: 

Active Grate Weir Length: 

Grate Inlet In Sag 

Spread 

6.16 

2.00 

0.04 

0.02 

2.00 

4.00 

6,00 

10.00 

P-50 mm (P-1-7/8") 

50.00 

6.69 

0.11 

0.04 

0.54 

3.60 

6.00 

ft'ls 

ft 

ft/ft 

ft/ft 

ft 

ft 

in 

ft 

% 

ft 

ft 

ft 

ft 

ft2 

ft 



I 

Worksheet for CB17.1 
I 

Project Description I 
Flow Element: Curb Inlet On Grade 

Solve For: Efficiency I 
Input Data 

Discharge: 2.00 ft3/s 

Slope: 0.03000 ftlft I 
Gutter Width: 1.50 ft 

Gutter Cross Slope: 0.04 ftlft 

Road Cross Slope : 0.02 ftlft 
I 

Manning Coefficient: 0.015 

Curb Opening Length : 18.40 ft 

Local Depression: 2.00 in 
I 

Local Depression Width : 1.50 ft 

Results I 
Efficiency: 100.00 % 

Intercepted Flow: 2.00 ft'ls 

Bypass Flow: 0.00 fills 
I 

Spread: 7.17 ft 
Depth : 0.18 ft 

Flow Area : 0.54 ft2 
I 

Gutter Depression: 0.03 ft 

Total Depression: 0.20 ft I 
Velocity: 3.72 ft/s 

Equivalent Cross Slope: 0.08852 ftlft 

Length Factor: 1.23 I 
Total Interception Length: 14.92 ft 

I 
I 
I 
I 
I 
I 
I 



I 
I Worksheet for CB21.6 

I Project, Description 

Flow Element: Ditch Inlet On Grade 

Solve For: Efficiency 

I Input Data 

Manning Coefficient: 0,025 

I Slope: 0,04000 ft!ft 

Left Side Slope: 6 ,00 ft!ft (H:V) 

Right Side Slope: 6 ,00 ft!ft (H:V) 

I Bottom Width: 2,00 ft 

Discharge: 85,00 ft'/s 

Grate Width : 2 ,00 ft 

I Grate Length : 4,00 ft 

Grate Type: P-50 mm (P-1 -7/8") 

I 
Clogging : 50,00 % 

RT~u~~,, 
Efficiency: 29,50 % 

I Intercepted Flow: 25,07 ft'/s 

Bypass Flow: 59,93 ft'/s 

Flow Area: 9,78 ft2 

I Wetted Perimeter: 15,63 ft 

Top Width: 15,45 ft 

I 
Velocity: 8,69 ft/s 

Splash Over Velocity: 8,13 ft/s 

Frontal Flow Factor: 0,95 

I Side Flow Factor: 0,10 

Grate Flow Ratio: 0,23 

Active Grate Length: 2,00 ft 

I Critical Depth : 1,50 ft 

Critical Slope: 0,00987 ft!ft 

Froude Number: 1,93 

I Flow Type: Supercritical 

Specific Energy: 2,30 ft 

Velocity Head: U7 ft 

I Depth : U2 ft 

I 
I 
I 
I 



I 
I 

Worksheet for CB21.5 

Project Description I 
Flow Element: Grate Inlet On Grade 

Solve For: Efficiency I 
Input Data 

I Discharge: 59.93 ft'/s 
Slope: 0.04000 fllft 

Gutter Width : 2.00 ft 

I Gutter Cross Slope: 0.04 fllft 

Road Cross Slope: 0.02 fllft 

Manning Coefficient: 0.015 

I Grate Width : 2.00 ft 

Grate Length : 4.00 ft 

Grate Type : P-50 mm (P-1-7/8") 

I Clogging : 50.00 % 

Options 

Grate Flow Option: Exclude None I 
Results 

Efficiency: 19.43 % I Intercepted Flow: 11 .64 ft'ls 

Bypass Flow: 48.29 ft'/s 

I Spread: 25.06 ft 

Depth: 0.54 ft 

Flow Area : 6.32 ft2 

I Gutter Depression: 0.04 ft 

Total Depression : 0.04 ft 

Velocity: 9.48 fils 

I Splash Over Velocity: 8.13 fils 

Frontal Flow Factor: 0.88 

Side Flow Factor: 0.01 

I Grate Flow Ratio : 0.21 

Active Grate Length : 2.00 ft 

I 
I 
I 
I 
I 
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I 

Worksheet for CB21.4- 21.1 

Project Description 

Flow Element: 

Solve For: 

Input Data 

Discharge: 

Gutter Width : 

Gutter Cross Slope: 

Road Cross Slope: 

Grate Width : 

Grate Length: 

Local Depression: 

Local Depression Width : 

Grate Type: 

Clogging: 

Results . 

Spread: 

Depth: 

Gutter Depression: 

Total Depression: 

Open Grate Area: 

Active Grate Weir Length : 

Grate Inlet In Sag 

Spread 

48.29 

2.00 

0.04 

0.02 

2.00 

16.00 

18.00 

10.00 

P~50 mm (P-1-7/8") 

50.00 

7.83 

0.00 

0.04 

1.54 

14.40 

18.00 

ft'/s 

ft 

ftlft 

ftlft 

ft 

ft 

in 

ft 

% 

ft 

ft 

ft 

ft 

ft2 

ft 



I 
I 

Worksheet for CB20.1 

Project Description I 
Flow Element: Grate Inlet On Grade 

I Solve For: Efficiency 

Input Data 

I Discharge: 21 00 ft'/s 

Slope: 0.02000 ftlft 

Gutter Width : 2.00 ft 

I Gutter Cross Slope: 0.04 ftlft 

Road Cross Slope: 0.02 ftlft 

Manning Coefficient: 0.015 

I Grate Width : 2.00 ft 

Grate Length : 4.00 ft 

Grate Type: P-50 mm (P-1-7/8") 

I Clogging : 50.00 % 

Options 

I Grate Flow Option: ExcludeNone 

Results 

Efficiency: 29.40 % I Intercepted Flow: 6.17 ft'/s 

Bypass Flow: 14.83 ft'/s 

Spread: 19.19 ft I Depth: 0.43 ft 

Flow Area: 3.72 ft2 

I Gutter Depression : 0.04 ft 

Total Depression : 0.04 ft 

Velocity: 5.64 ft/s 

I Splash Over Velocity: 8.13 ft/s 

Frontal Flow Factor: 1.00 

Side Flow Factor: 0.03 

I Grate Flow Ratio: 0.27 

Active Grate Length : 2.00 ft 

I 
I 
I 
I 
I 



I 
I Worksheet for CB19.1 

I Project. Description 

Flow Element: Grate Inlet On Grade 

I 
Solve For: Efficiency 

Input Data 

Discharge: 14.83 ft3/s 

I Slope: 0.02000 ft!ft 

Gutter Width: 1.50 ft 

I 
Gutter Cross Slope: 0.04 ft!ft 

Road Cross Slope: 0.02 ft!ft 

Manning Coefficient: 0.015 

I 
Grate Width : 2.00 ft 

Grate Length : 9.00 ft 

Grate Type: P-50 mm (P-1 -7/8") 

I Clogging: 50.00 % 

Options 

I 
Grate Flow Option: ExcludeNone 

Hes.ults . 
Efficiency: 50.80 % 

I Intercepted Flow: 7.53 ft3/s 

Bypass Flow: 7.30 ft3/s 

Spread: 16.89 ft 

I Depth: 0.37 ft 

Flow Area: 2.88 ft2 

I 
Gutter Depression: 0.03 ft 

Total Depression: 0.03 ft 

Velocity: 5.16 ft/s 

I 
Splash Over Velocity: 12.28 ft/s 

Frontal Flow Factor: 1.00 

Side Flow Factor: 0.18 

I Grate Flow Ratio: 0.40 

Active Grate Length : 4.50 ft 

I 
I 
I 
I 
I 



I 

Worksheet for EXIST 2 
I 

Project Description I 
Flow Element: Grate Inlet On Grade 

Solve For: Efficiency I 
Input Data 

I Discharge: 2.00 ft'/s 

Slope: 0.03000 ftlft 

Gutter Width : 1.50 ft 

Gutter Cross Slope: 0.04 ftlft I Road Cross Slope: 0.02 ftlft 

Manning Coefficient: 0.015 

I Grate Width : 2.00 ft 

Grate Length : 9.00 ft 

Grate Type : P-50 mm (P-1 -7/8") I , Clogging : 50.00 % 

Options 

Grate Flow Option: ExcludeNone I 
Results 

Efficiency: 85.84 % I Intercepted Flow: 1.72 ft'/s 

Bypass Flow: 0.28 ft'/s 

Spread: 7.17 ft I Depth: 0.18 ft 

Flow Area : 0.54 ft2 

I Gutter Depression: 0.03 ft 

Total Depression: 0.03 ft 

Velocity: 3.72 ftls 

I Splash Over Velocity: 12.28 ftls 

Frontal Flow Factor: 1.00 

Side Flow Factor: 0.29 

I Grate Flow Ratio: 0.80 

Active Grate Length : 4.50 ft 

I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Worksheet for CB15.1 

Project Description 

Flow Element: 

Solve For: 

Input. Data 

Discharge: 

Slope: 

Gutter Width : 

Gutter Cross Slope: 

Road Cross Slope: 

Manning Coefficient: 

Curb Opening Length: 

Local Depression: 

Local Depression Width: 

Results 

Efficiency: 

Intercepted Flow: 

Bypass Flow: 

Spread: 

Depth: 

Flow Area: 

Gutter Depression : 

Total Depression : 

Velocity: 

Equivalent Cross Slope: 

Length Factor: 

Total Interception Length : 

Curb Inlet On Grade 

Efficiency 

2.28 

0.03000 

1.50 

0.04 

0.02 

0.015 

2.40 

2.00 

1.50 

25.22 

0.58 

1.70 

7.56 

0.18 

0.60 

0.03 

0.20 

3.83 

0.08552 

0.15 

16.10 

ft'/s 

ftlft 

ft 

ft/ft 

ft/ft 

ft 

in 

ft 

% 

ft'/s 

ft'/s 

ft 

ft 

ft 

ft 

ft/s 

ft/ft 

ft 



I 

Worksheet for CB15.2 
I 

Project Description I 
Flow Element: Grate Inlet In Sag 

Solve For: Spread I 
Input Data 

Discharge: 1.70 ft'/s 
Gutter Width : 2.00 ft I 
Gutter Cross Slope: 0.04 ft/ft 
Road Cross Slope: 0.02 ft/ft 
Grate Width : 2.00 ft 

I 
Grate Length : 4.00 ft 
Local Depression: 6.00 in 
Local Depression Width : 10.00 ft 

I 
Grate Type: P-50 mm (P-1-7/8") 

Clogging: 50.00 % I 
Results 

Spread: 5.46 ft 
Depth: 0.00 ft 

I 
Gutter Depression: 0.04 ft 
Total Depression: 0.54 ft 
Open Grate Area : 3.60 ft2 

I 
Active Grate Weir Length : 6.00 ft I 

I 
I 
I 
I 
I 
I 
I 
I 



I 
I Worksheet for CB13.5 

I Project Description 

Flow Element: Grate Inlet On Grade 

Solve For: Efficiency 

I Input Data 

Discharge: 2.00 ft'/s 

I Slope: 0.01000 ft/ft 

Gutter Width : 1.50 ft 

Gutter Cross Slope: 0.04 ft/ft 

I Road Cross Slope: 0.02 ft/ft 

Manning Coefficient: 0.015 

I 
Grate Width : 2.00 ft 

Grate Length: 9.00 ft 

Grate Type: P-50 mm (P-1-7/8") 

I 
Clogging: 50.00 % 

Options 

Grate Flow Option: Exclude None 

I Results· 
"'· Efficiency: 83.08 % 

I Intercepted Flow: 1.66 ft'/s 

Bypass Flow: 0.34 ft'/s 

Spread: 8.92 ft 

I Depth: 0.21 ft 

Flow Area: 0.82 ft2 

Gutter Depression: 0.03 ft 

I Total Depression: 0.03 ft 

Velocity: 2.44 ft/s 

I 
Splash Over Velocity: 12.28 ft/s 

Frontal Flow Factor: 1.00 

Side Flow Factor: 0.46 

I 
Grate Flow Ratio: 0.69 

Active Grate Length : 4.50 ft 

I 
I 
I 
I 
I 



I 

Worksheet for CB13.4 
I 

Project Description I 
Flow Element: Grate Inlet On Grade 

Solve For: Efficiency I 
Input Data 

Discharge: 0.34 ft'/s I Slope: 0.01000 fllft 

Gutter Width : 1.50 ft 

Gutter Cross Slope: 0.04 fllft I Road Cross Slope: 0.02 fllft 

Manning Coefficient: 0.015 

I Grate Width : 2.00 ft 

Grate Length : 3.00 ft 

Grate Type: P-50 mm (P-1 -7/8") 

I Clogging: 50.00 % 

Options 

Grate Flow Option: ExcludeNone I 
Results 

Efficiency: 102.71 % I Intercepted Flow: 0.35 ft'/s 

Bypass Flow: -0.01 ft'/s 

Spread: 4.27 ft I Depth: 0.12 ft 

Flow Area : 0.21 ft2 

Gutter Depression: 0.03 ft I Total Depression: 0.03 ft 

Velocity: 1.65 fils 

I Splash Over Velocity: 6.99 fils 

Frontal Flow Factor: 1.00 

Side Flow Factor: 0.12 

I I Grate Flow Ratio: 1.03 

Active Grate Length : 1.50 ft 

I 
I 
I 
I 
I I 



I 
I Worksheet for CB16.1 

I Project Descr:iption 

Flow Element: Grate Inlet On Grade 

I 
Solve For: Efficiency 

Input-Data 

Discharge: 10.00 ft'/s 

I Slope: 0.02000 ftlft 

Gutter Width: 2.00 ft 

Gutter Cross Slope: 0.04 ftlft 

I Road Cross Slope: 0.02 ftlft 

Manning Coefficient: 0.015 

I 
Grate Width: 2.00 ft 

Grate Length : 4.00 ft 

Grate Type: P-50 mm (P-1-7/8") 

I 
Clogging: 50.00 % 

0'i:1tions'.~~" 
i· "t.~ .-.}- ' ; 

I 
Grate Flow Option: ExcludeNone 

• ~·· ; ., ':ttr 
-ResultS·,;. , ' 
;, +j..;.l.'&;_'i '\ ,. \t t'!:i:. 
Efficiency: 38.29 % 

I Intercepted Flow: 3.83 ft'/s 

Bypass Flow: 6.17 ft'/s 

Spread: 14.43 ft 

I Depth: 0.33 ft 

Flow Area: 2.12 ft2 

I 
Gutter Depression: 0.04 ft 

Total Depression: 0.04 ft 

Velocity: 4.71 ft/s 

I 
Splash Over Velocity: 8.13 ft/s 

Frontal Flow Factor: 1.00 

Side Flow Factor: 0.04 

I Grate Flow Ratio: 0.36 

Active Grate Length : 2.00 ft 

I 
I 
I 
I 
I 



I 
I 

Worksheet for CB16.2 

Project Description I 
Flow Element: Grate Inlet On Grade 

Solve For: Efficiency I 
Input Data 

Discharge: 6.17 ftl/s I Slope: 0.02000 ftlft 

Gutter Width : 1.50 ft 

Gutter Cross Slope: 0.04 ftlft I Road Cross Slope: 0.02 ftlft 

Manning Coefficient: 0.015 

I Grate Width : 2.00 ft 

Grate Length : 3.00 ft 

Grate Type: P-50 mm (P-1-7/8") 

I Clogging: 50.00 % 

Options 

I Grate Flow Option: ExcludeNone 

R~sults 

Efficiency: 54.60 % I Intercepted Flow: 3.37 ftl/s 

Bypass Flow: 2.80 ft'/s 

Spread : 12 09 ft I Depth: 0.27 ft 

Flow Area : 1.48 ft2 

Gutter Depression: 0.03 ft I Total Depression : 0.03 ft 

Velocity: 4.16 ft/s 

I Splash Over Velocity: 6.99 ft/s 

Frontal Flow Factor: 1.00 

Side Flow Factor: 0.03 

I Grate Flow Ratio: 0.53 

Active Grate Length : 1.50 ft 

I 
I 
I 
I 
I 



I 
I Worksheet for CB13.2 

I Project Description 

Flow Element: Grate Inlet On Grade 

I 
Solve For: Efficiency 

Input Data 

Discharge: 3.00 ft'/s 

I Slope: 0.02000 ftlft 

Gutter Width : 1.50 ft 

Gutter Cross Slope: 0.04 ftlft 

I Road Cross Slope: 0.02 ftlft 

Manning Coefficient: 0.015 

I 
Grate Width : 2.00 ft 

Grate Length: 9.00 ft 

Grate Type: P-50 mm (P-1-7/8") 

I 
Clogging: 50.00 % 

q~,t!o-~~ · :~. " ' 
Grate Flow Option: Exclude None 

I ~tisults ~-. 
•, :,:.!.. . ·.""' ~ 

Efficiency: 77.49 % 

I Intercepted Flow: 2.32 ft'/s 

Bypass Flow: 0.68 ft'/s 

Spread: 9.13 ft 

I Depth: 0.21 ft 

Flow Area: 0.86 ft2 

Gutter Depression: 0.03 ft 

I Total Depression: 0.03 ft 

Velocity: 3.50 ft/s 

I 
Splash Over Velocity: 12.28 ft/s 

Frontal Flow Factor: 1.00 

Side Flow Factor: 0.31 

I 
Grate Flow Ratio: 0.67 

Active Grate Length : 4.50 ft 

I 
I 
I 
I 
I 



I 
I 

Worksheet for CB13.1 

Project Description I 
Flow Element: Grate Inlet On Grade 

Solve For: Efficiency I 
Input Data 

Discharge: 0.68 ft'/s I' Slope: 0.02000 ftlft 

Gutter Width : 1.50 ft 

Gutter Cross Slope: 0.04 ftlft I Road Cross Slope: 0.02 ftlft 

Manning Coefficient: 0.015 

I Grate Width : 2.00 ft 

Grate Length : 3.00 ft 

Grate Type: P-50 mm (P-1-7/8") 

I Clogging : 50.00 % 

Options 

Grate Flow Option: ExcludeNone I 
Results 

Efficiency: 97.42 % I Intercepted Flow: 0.66 ft'/s 

Bypass Flow: 0.02 ft'/s 

Spread: 5.01 ft I Depth: 0.13 ft 

Flow Area: 0.27 ft2 

I Gutter Depression : 0.03 ft 

Total Depression: 0.03 ft 

Velocity: 2.49 ftls 

I Splash Over Velocity : 6.99 ftls 

Frontal Flow Factor: 1.00 

Side Flow Factor: 0.06 

I Grate Flow Ratio: 0.97 

Active Grate Length : 1.50 ft 

I 
I 
I 
I 
I 



I 
I Worksheet for CB12.3 

I Project Description 

Flow Element: Grate Inlet On Grade 

Solve For: Efficiency 

I Input Data 

Discharge: 3.02 ft'/s 

I Slope: 0.02000 ft/ft 

Gutter Width : 1.50 ft 

Gutter Cross Slope: 0.04 ft/ft 

I Road Cross Slope: 0.02 ft/ft 

Manning Coefficient: 0.015 

I 
Grate Width: 2.00 ft 

Grate Length: 9.00 ft 

Grate Type: P-50 mm (P-1 -7/8") 

I 
Clogging : 50.00 % 

p ptions 

Grate Flow Option: ExcludeNone 

I Results 
• ,.':!'. 

Efficiency: 77.38 % 

I Intercepted Flow: 2.34 ft'/s 

Bypass Flow: 0.68 ft'ls 

Spread: 9.15 ft 

I. Depth: 0.22 ft 

Flow Area: 0.86 ft' 

Gutter Depression: 0.03 ft 

I Total Depression: 0.03 ft 

Velocity: 3.50 ft/s 

I 
Splash Over Velocity: 12.28 ft/s 

Frontal Flow Factor: 1.00 

Side Flow Factor: 0.31 

I 
Grate Flow Ratio: 0.67 

Active Grate Length: 4.50 ft 

I. 
I 
I 
I 
I 



I 

Worksheet for CB12.1 
I 

Project Description I 
Flow Element: Curb Inlet On Grade 

Solve For: Efficiency I 
Input Data 

Discharge: 0.68 ft'/s 

Slope: 0.02000 ftlft I 
Gutter Width : 1.50 ft 

Gutter Cross Slope: 0.04 ftlft 

Road Cross Slope: 0.02 ftlft I 
Manning Coefficient: 0.015 

Curb Opening Length : 2.40 ft 

Local Depression : 2.00 in 
I 

Local Depression Width : 1.50 ft 

Results I 
Efficiency: 50.98 % 

Intercepted Flow: 0.35 ft'/s 

Bypass Flow: 0.33 ft'/s I 
Spread: 4.98 ft 

Depth : 0.13 ft 

Flow Area : 0.27 ft2 
I 

Gutter Depression : 0.03 ft 

Total Depression : 0.20 ft I 
Velocity: 2.50 ft/s 

Equivalent Cross Slope: 0.11086 ftlft 

Length Factor: 0.33 I 
Total Interception Length : 7.34 ft 

I 
I 
I 
I 
I 
I 
I 



I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 
I 
I 
I 
I 

Worksheet for CB11.3 

Proje_ct Description 

Flow Element: 

Solve For: 

Input Data 

Discharge: 

Slope: 

Gutter Width : 

Gutter Cross Slope: 

Road Cross Slope: 

Manning Coefficient: 

Curb Opening Length: 

Local Depression: 

Local Depression Width: 

Results 
"'!iL_':; ... 

Efficiency: 

Intercepted Flow: 

Bypass Flow: 

Spread: 

Depth: 

Flow Area: 

Gutter Depression: 

Total Depression: 

Velocity: 

Equivalent Cross Slope: 

Length Factor: 

Total Interception Length : 

Curb Inlet On Grade 

Efficiency 

5.33 

0.02000 

1.50 

0.04 

0.02 

0.015 

16.00 

2.00 

1.50 

86.24 

4.60 

0.73 

11.42 

0.26 

1.33 

0.03 

0.20 

4.01 

0.06519 

0.67 

23.96 

ft' /s 

ftlft 

ft 

ftlft 

ftlft 

ft 

in 

ft 

% 

ft'/s 

ft'/s 

ft 

ft 

ft 

ft 

ftls 

ftlft 

ft 



I 

Worksheet for CB11.1 I 
Project Description 

Flow Element: Curb Inlet On Grade 

Solve For: Efficiency I 
Input Data 

Discharge: 0.73 ft'/s 

Slope: 0.02000 ftlft I 
Gutter Width : 1.50 ft 

Gutter Cross Slope: 0.04 ftlft 

Road Cross Slope: 0.02 ftlft I 
Manning Coefficient: 0.015 

Curb Opening Length: 2.40 ft 

Local Depression: 2.00 in I 
Local Depression Width : 1.50 ft 

Results 

Efficiency: 49.27 % 

Intercepted Flow: 0.36 ft'/s 

Bypass Flow: 0.37 ft'/s I 
Spread: 5.13 ft 

Depth : 0.14 ft 

Flow Area : 0.29 ft2 I 
Gutter Depression: 0.03 ft 

Total Depression: 0.20 ft 

Velocity: 2.54 ftls 
I 

Equivalent Cross Slope: 0.10893 ftlft 

Length Factor: 0.31 I 
Total Interception Length : 7.64 ft 

I 
I 
I 
I 
I 
I 
I 
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I 

Worksheet for CB1 0.3 

Project Description 

Flow Element: 

Solve For: 

Input Data 

Discharge: 

Slope: 

Gutter Width : 

Gutter Cross Slope: 

Road Cross Slope: 

Manning Coefficient: 

Curb Opening Length: 

Local Depression: 

Local Depression W idth: 

Results "". 
Efficiency: 

Intercepted Flow: 

Bypass Flow: 

Spread: 

Depth: 

Flow Area: 

Gutter Depression: 

Total Depression: 

Velocity: 

Equivalent Cross Slope: 

Length Factor: 

Total Interception Length: 

Curb Inlet On Grade 

Efficiency 

2.37 

0.01000 

1.50 

0.04 

0.02 

0.015 

10.40 

2.00 

1.50 

94.44 

2.24 

0.13 

9.55 

0.22 

0.93 

0.03 

0.20 

2.54 

0.07230 

0 .80 

13.01 

ft'ls 

ftlft 

ft 

ftlft 

ftlft 

ft 

in 

ft 

% 

ft'/s 

ft'/s 

ft 

ft 

ft2 

ft 

ft 

ft/s 

ftlft 

ft 



I 

Worksheet for CB10.1 I 
Project Description I 
Flow Element: Curb Inlet On Grade 

Solve For: Efficiency I 
Input Data 

Discharge: 0.13 ft'/s 

Slope: 0.01000 ft/ft I 
Gutter Width : 1.50 ft 

Gutter Cross Slope: 0.04 ftlft 

Road Cross Slope: 0.02 ft/ft I 
Manning Coefficient: 0.015 

Curb Opening Length : 2.40 ft 

Local Depression: 2.00 in I 
Local Depression Width: 1.50 ft 

Results I 
Efficiency: 99.30 % 

Intercepted Flow: 0.13 ft'/s 

Bypass Flow: 0.00 ft'/s I 
Spread: 2.70 ft 

Depth: 0.08 ft 

Flow Area: 0.10 ft2 I 
Gutter Depression: 0.03 ft 

Total Depression: 0.20 ft 

Velocity: 1.36 ft/s 
I 

Equivalent Cross Slope: 0.14210 ftlft 

Length Factor: 0.94 I 
Total Interception Length: 2.56 ft 

I 
I 
I 
I 
I 
I 
I 



I 
I Worksheet for CB9.1 

I Project Description 

Flow Element: Curb Inlet On Grade 

Solve For: Efficiency 

I Input Data 

Discharge: 1.00 ft'/s 

I Slope: 0.02000 ftlft 

Gutter W idth: 1.50 ft 

Gutter Cross Slope: 0.04 ftlft 

I Road Cross Slope: 0.02 ftlft 

Manning Coefficient: 0.015 

I 
Curb Opening Length : 10.40 ft 

Local Depression: 2.00 in 

Local Depression Width: 1.50 ft 

I Results 

Efficiency: 100.00 % 

Intercepted Flow: 1.00 ft'ls 

I Bypass Flow: 0.00 ft'ls 

Spread: 5.86 ft 

I 
Depth: 0.15 ft 

Flow Area: 0.37 ft2 

Gutter Depression: 0.03 ft 

I 
Total Depression: 0.20 ft 

Velocity: 2.72 ft/s 

Equivalent Cross Slope: 0.10058 ftlft 

I Length Factor: 1.14 

Total Interception Length : g.15 ft 

I 
I 
I 
I 
I 
I 
I 



I 

Worksheet for CB8.3 I 
Project Description I 
Flow Element: Curb Inlet On Grade 

Solve For: Efficiency I 
Input Data 

Discharge: 4.00 ft'ls 

Slope: 0.01000 ftlft I 
Gutter Width: 1.50 ft 

Gutter Cross Slope: 0.04 ftlft 

Road Cross Slope: 0.02 ftlft I 
Manning Coefficient: 0.015 

Curb Opening Length: 16.00 ft 

Local Depression: 2.00 in I 
Local Depression Width : 1.50 ft 

Results 

Efficiency: 98.92 % 

Intercepted Flow: 3.96 ft'ls 

Bypass Flow: 0.04 ft'l s I 
Spread: 11 .68 ft 

Depth: 0.27 ft 

Flow Area : 1.39 ft2 I 
Gutter Depression: 0.03 It 

Total Depression: 0.20 It 

Velocity: 2.88 ftls 
I 

Equivalent Cross Slope: 0.06423 ftlft 

Length Factor: 0.92 I 
Total Interception Length : 17.41 It 

I 
I 
I 
I 
I 
I 
I 



I 
I Worksheet for CB8.1 

I Project Description 

Flow Element: Grate Inlet On Grade 

I 
Solve For: Efficiency 

Input Data 

Discharge: 0.04 ft'/s 

I Slope: 0.01000 ftlft 

Gutter Width: 1.50 ft 

Gutter Cross Slope: 0.04 ftlft 

I Road Cross Slope: 0.02 ftlft 

Manning Coefficient: 0.015 

I 
Grate Width : 2.00 ft 

Grate Length : 3.00 ft 

Grate Type: P-50 mm (P-1-7/8") 

I 
Clogging: 50.00 % 

Optio.'?.s 

I 
Grate Flow Option: ExcludeNone 

R~s.ults 
~ 

Efficiency: 100.00 % 

I Intercepted Flow: 0.04 ftl/s 

Bypass Flow: 0.00 ftl/s 

Spread: 1.34 ft 

I Depth: 0.06 ft 

Flow Area: 0.04 ft2 

I 
Gutter Depression: 0.03 ft 

Total Depression: 0.03 ft 

Velocity: 1.08 ftls 

I 
Splash Over Velocity: 6.99 ftls 

Frontal Flow Factor: 1.00 

Side Flow Factor: 0.23 

I Grate Flow Ratio: 1.00 

Active Grate Length : 1.50 ft 

I 
I 
I 
I 
I 



I 
Worksheet for CB7.3 

.I 

Project Description I 
Flow Element: Grate Inlet On Grade 

Solve For: Efficiency I 
Input Data 

Discharge: 5.00 ft'/s I Slope: 0.01000 ftlft 
Gutter Width : 1.50 ft 

Gutter Cross Slope: 0.04 ftlft I Road Cross Slope: 0.02 ftlft 
Manning Coefficient: 0.015 

Grate Width : 2.00 ft I Grate Length : 9.00 ft 
Grate Type: P-50 mm (P-1-7/8") 

Clogging : 50.00 % I 
Options 

Grate Flow Option: ExcludeNone I 
Results 

Efficiency: 69.08 % 

I Intercepted Flow: 3.45 ft'/s 
Bypass Flow: 1.55 ft'ls 
Spread: 12.73 ft I Depth: 0.29 ft 
Flow Area: 1.64 ft2 

Gutter Depression: 0.03 ft I I Total Depression: 0.03 ft 
Velocity: 3.04 ft/s 

Splash Over Velocity: 12.28 ftls I Frontal Flow Factor: 1.00 

Side Flow Factor: 0.36 

I Grate Flow Ratio : 0.51 

Active Grate Length : 4.50 ft 

I 
I 
I 
I 
I 



I 
I Worksheet for CB7 .2 

I P~oject Description 

Flow Element: Grate Inlet On Grade 

Solve For: Efficiency 

I Input Data 

Discharge: 1.55 ft'/s 

I Slope: 0.01000 ftlft 

Gutter W idth: 1.50 ft 

Gutter Cross Slope: 0.04 ftlft 

I Road Cross Slope: 0.02 ftlft 

Manning Coefficient: 0.015 

Grate Width: 2.00 ft 

I Grate Length : 9.00 ft 

Grate Type: P-50 mm (P-1-7/8") 

I 
Clogging : 50.00 % 

0ptions 
' 

Grate Flow Option: Exclude None 

I ; ·~~ 
Results 
·t·~ . .";;. 

Efficiency: 86.64 % 

I Intercepted Flow: 1.34 ft' /s 

Bypass Flow: 0.21 ft' /s 

Spread: 8.07 ft 

I Depth: 0.19 ft 

Flow Area: 0.67 ft2 

Gutter Depression: 0.03 ft 

I Total Depression : 0.03 ft 

Velocity: 2.30 ftls 

Splash Over Velocity: 12.28 ftls 

I Frontal Flow Factor: 1.00 

Side Flow Factor: 0.49 

I 
Grate Flow Ratio: 0.74 

Active Grate Length: 4.50 ft 

I 
I 
I 
I 
I 



I 

Worksheet for CB5.2 I 
Project Description I 
Flow Element: Curb Inlet On Grade 

Solve For: Efficiency I 
Input Data 

Discharge: 4.21 ft'/s 

Slope: 0.01000 ft/ft I 
Gutter Width : 1.50 ft 

Gutter Cross Slope: 0.04 ft/ft 

Road Cross Slope: 0.02 ft/ft I 
Manning Coefficient: 0.015 

Curb Opening Length : 7.20 ft 

Local Depression: 2.00 in I 
Local Depression Width : 1.50 ft 

Results 
> I 

Efficiency: 60.34 % 

Intercepted Flow: 2.54 ft'/s 

Bypass Flow: 1.67 ft'/s I 
Spread: 11 .91 ft 

Depth: 0.27 ft 

Flow Area: 1.44 ft2 I 
Gutter Depression: 0.03 ft 

Total Depression: 0.20 ft 

Velocity: 2.92 ft/s 
I 

Equivalent Cross Slope: 0.06341 ft/ft 

Length Factor: 0.40 I 
Total Interception Length: 17.92 ft 

I 
I 
I 
I 
I 
I 
I 



I 
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I 
I 
I 
I 

ATTACHMENTS 

A. Vicinity Map 
B. Proposed Storm Drain Layout/ Map from CAR 
C. Hydrology Maps 
D. Precipitation Data 
E. Soil and Landuse Data 
F. Clark Unit Hydrograph Data 
G. Hydraulic Routing Data 
H. HEC-1 Input/Output 
I. StormCAD Output 
1. Hydrology I Hydraulics Supporting Data 
K. Electronic Files 
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