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INTRODUCTION 

This report presents a storm water management plan to alleviate drainage problems associated with offsite 

flows contributing to Tatum Boulevard between Caida Del Sol and Shea Boulevard. This management 

plan will also address pavement drainage resulting from the widening of Tatum Boulevard for a 2-year 

storm event. The existing hydrologic conditions for Tatum Boulevard were previously addressed in a 

report to the City of Phoenix by Kaminski-Hubbard Engineering, Inc. titled, Final Hvdrologv Report for 

Tatum Boulevard. Caida Del Sol to Shea Boulevard. The offsite flow results from this study were used 

to size the cross drainage structures under Tatum Boulevard. 

Tatum Boulevard is a four-lane arterial street that will be upgraded to a six-lane arterial street (three lanes 

in each direction) with a raised, landscaped median. Numerous roadway dips along Tatum Boulevard 

will be eliminated to prevent the surface flow of storm runoff across 88 feet of roadway pavement. Three 

proposed storm drain systems will collect storm runoff on the western half of Tatum Boulevard and 

convey the runoff to adequate outfall locations east of Tatum Boulevard. Every effort was made to 

mitigate the drainage impacts east of Tatum Boulevard within the Town of Paradise Valley. The Town 

of Paradise Valley has its boundary 40 feet east of the Tatum Boulevard monument line. 

This is the final report prepared by Kaminski-Hubbard Engineering, Inc. for the Tatum Boulevard 

Drainage Study. The first report, Preliminan Hvdroloev R e ~ o r t  for Tatum Boulevard. Mockingbird 

Lane to Shea Boulevard, dated h arch‘ 30, 1990, addressed the existing hydrologic conditions and 

drainage facilities within the study area. The hydrology study was limited to offsite runoff (outside of 

the Tatum Boulevard right-of-way) contributing to Tatum Boulevard. Peak discharges were determined 

using the HEC-1 computer model. Subsequently, this preliminary report was reviewed and certain 

changes made to the hydrology which are addressed in the report, Final Hydrology Report for Tatum 

Boulevard. Caida Del Sol to Shea Boulevard. 

STUDY AREA 

The study area (See Figure 1) is located in northeast Phoenix near the Town of Paradise Valley. The 

study area is bound to the west and south by the Phoenix Mountain Preserve, to the east by Tatum 

Boulevard, and to the north by Shea Boulevard. A large percentage of storm runoff originates in the 

mountains west of Tatum Boulevard which naturally drains easterly to the Indian Bend Wash. Much of 

the study area is impervious because of rock outcrops in the mountains and the high degree of 

development throughout the area. 





The storm runoff is conveyed primarily along residential streets and subdivision d&ageways. Runoff 

reaching Tatum Boulevard either "sheet flows" across the roadway via dips or flows under the roadway 

via pipe culverts. The Tatum Foothills and Rancho Alta Vida subdivision (See Plate 1) have retention 

basins that collect both onsite and offsite runoff. These retention basins decrease the amount of storm 

runoff reaching Tatum Boulevard from the Phoenix Mountains. 

The study area contains two significant unnamed washes that drain a large portion of the Phoenix 

Mountain Preserve. The first wash is located in the southern half of the study area and discharges runoff 

directly onto Tatum Boulevard at Doubletree Ranch Road. Runoff will either flow northerly along 

Tatum Boulevard or easterly along Doubletree Ranch Road to Indian Bend Wash. The second wash is 

located in the northern half of the study area and discharges runoff into six 36" x 22" corrugated metal 

pipe (CMP) arch culverts that convey flow easterly under Tatum Boulevard to a man-made downstream 

channel. 

Runoff along the eastern half of Tatum Boulevard proceeds easterly along residential streets or along 

subdivision drainageways. The subdivisions east of Tatum Boulevard are located within the Town of 

Paradise Valley. As storm runoff approaches Indian Bend Wash, the longitudinal slope begins to flatten 

to approximately 0.5 percent. This flattening of longitudinal slopes creates both a flooding problem and 

a sedimentation problem. According to our investigations, no plans have been made by the Town of 

Paradise Valley to implement storm drainage facilities to alleviate these drainage problems. The Town 

of Paradise Valley has a drainage concept of maintaining the historical drainage patterns regardless of 

development. 

HYDROLOGY 

The HEC-1 computer program was used to determine the rainfall-runoff relationship for offsite areas 

contributing to Tatum Boulevard. The study area was divided into a number of subareas to better define 

the runoff process by taking into account the variations in topography and urbanization. The offsite peak 

discharges for the 2-, lo-, 50- and 100-year storm events were determined using a 6-hour and 24-hour 

storm duration. The precipitation values recommended by the City of Phoenix in their Storm Drain 

Design Manual were used for this study. 

Plate 1 illustrates the subarea delineations and concentration point locations developed for the HEC-1 

model. The peak discharge at all culvert crossings under Tatum Boulevard were computed to determine 

their hydraulic efficiencies. 



A time of concentration for each subarea or drainage area was determined using the method outlined in 

the manual, urban Hydrologv for Small Watersheds, June 1986, by the U.S. Department of Agriculture. 

A minimum time of concentration was set for 10 minutes. 

The Rational Method of hydrology was used to compute the peak runoff within the study area for offsite 

drainage areas less than 40 acres and within the Tatum Boulevard right-of-way. The peak discharges 
were computed for the 2-, lo-, 50-, and 100-year storm event using the City of Phoenix rainfall intensity- 

duration-frequency curves. A runoff coefficient of 0.50 to 0.60 was used for residential areas and 0.70 

for mountainous terrain with slopes greater than 10 percent. 

Gutter velocities for paved streets were computed using the "Gutter Flow" chart on page 26 of the City 

of Phoenix Storm Drain Design Manual. The drainage path length was divided by the gutter velocity to 

obtain the time of concentration. Where applicable, the overland flow time was determined using the 

nomograph on page 21 in the City of Phoenix Storm Drain Design Manual. 

HYDRAULICS 

Catch basins have been located along Tatum Boulevard to insure that one 12-foot wide travel lane remains 

"dry" in each travel direction during the 2-year storm event. The catch basin inlets were sized using the 

procedures described in HEC-12. Drainage of Highway Pavements, by the Federal Highway 

Administration. The clogging factors presented in the City of Phoenix Storm Drain Design Manual were 

used to determine the inlet capacities. Inlets in a sump have been sized for the 10-year storm event. 

Storm drain pipes have been designed for the 2-year storm event. Pipes have been designed to maintain 

a minimum velocity of 5 feet per second using a Mannings' "n" of 0.012. The pipe capacity was 

computed using the method outlined by the Arizona Department of Transportation in their Hydrologic 

and Hvdraulic Training Session Manual. 

The hydraulic grade line (HGL) elevation at the outlet was assumed to be at the top of pipe. The slope 

for the HGL was calculated from Table 4-17 in Appendix F. Storm drain pipes have been designed to 

convey runoff from a two year storm event with the HGL contained inside the pipe or very close to the 

crown of the pipe. Head loss across manholes was considered negligible. 

The roadway culvert conveyance capacities were computed using the procedures outlined in HEC-5, 

Hvdraulic Design of Highway Culverts. Culverts have been designed to not exceed the downstream 

channel and street capacities. 



HYDRAULIC RESULTS 

Drainage Area No.1 

The topography of Drainage Area No. 1 consists of approximately 68 percent mountainous areas and 32 

percent residential areas. The mountainous areas are within the Phoenix Mountain Preserve and 

characterized by rugged terrain, steep gradients and somewhat "impermeable" soils (Group D soil). Prior 

to development, this area contained numerous washes that flowed from the mountains into an unnamed 

wash that flowed northeasterly to Doubletree Ranch Road. This wash has since been channelized through 

the Doubletree Canyon subdivision as a part of their development. 

Plate 1 illustrates the delineation of subareas for Drainage Area No. 1, which encompasses approximately 

404 acres. Runoff from Sub-Basin Nos. 100-104, 200-201, 300-302 and 501-503 are collected and 

conveyed by the above mentioned channel through the Doubletree Canyon subdivision. This gunite-lined 

channel begins at Horseshoe Road and continues northeasterly through the subdivision to 47th Place. 

Prior to reaching 47th Place, the channel composition changes from gunite to grass. Also, the channel 

cross-section gradually widens as it approaches Tatum Boulevard. The channel was designed for the 100- 

year storm event. 

Runoff discharging from the Doubletree Canyon subdivision channel has been a source of flooding at the 

Tatum Boulevard - Doubletree Ranch Road intersection. Two 8' x 2' concrete box culverts (CBC) are 

proposed at Station 20+98 to convey this runoff under Tatum Boulevard. A drop inlet structure at the 

upstream side of the culverts is proposed to collect runoff from this drainage channel. These culverts 

will discharge into a special underground structure located under the southeast curb return of Tatum 

Boulevard and Doubletree Ranch Road. This structure will also serve as an outfall point for Storm Drain 

No. 1 which will later be discussed. Also, the structure will have a 24-inch "bleed off' pipe for 

discharging "nuisance water" or runoff from storms smaller than the 2-year event into a drainage ditch 

along the south edge of Doubletree Ranch Road. For larger storm events, the runoff will "bubble" out 

of the structure through a grated inlet and sheet flow easterly along Doubletree Ranch Road. Doubletree 

Ranch Road and a parallel side channel have the capacity to convey approximately 140 CFS. 



A two or three foot high landscaped berm along the west right-of-way of Tatum Boulevard between 

Horseshoe Road and Doubletree Ranch Road is proposed to prevent the flow of runoff onto Tatum 

Boulevard. This berm would also allow runoff from the Doubletree Canyon subdivision channel to enter 

the above mentioned drop structure. This system will improve the drainage conditions at the Doubletree 

Ranch Road intersection for the 2-year storm event and maintain the "sheet flow" drainage concept for 

the larger storms. The pipe culvert design sheet and downstream channel capacity calculations are 

contained in Appendix D. 

The analysis presented in the Prelimina~ Hydrologv Report for Tatum Boulevard for Drainage Area No. 

1 has been revised to reflect drainage delineation changes made for Sub-Basin No. 500. For the new 

analysis, Sub-Basin No. 500 has been subdivided into Sub-Basin Nos. 500-1, 501,502 and 503 as shown 

on Plate 1. The 6-hour duration peak discharge results are greater than the 24-hour results for the 100- 

year storm event. The new peak discharge results for a point southwest of the Tatum Boulevard and 

Doubletree Ranch Road intersection are presented in Table 1. 

Offsite runoff from Sub-Basin No. 510-1 presently drains to Tatum Boulevard and then continues to flow 

north along the west pavement edge to an existing 24-inch pipe at Station 6+67. This pipe also collects 

offsite runoff from Sub-Basin No. 510-2. This pipe conveys runoff under Tatum Boulevard and outlets 

into a natural drainage channel. Drop inlet headwall structures are proposed at each concentration point 

in order to intercept offsite flows prior to reaching Tatum Boulevard. An 18-inch concrete pipe will be 

used to connect the two drop inlet structures. The existing 24-inch pipe at Station 6+67 will be 

lengthened to match into the proposed drop inlet structure. 

TABLE 1 

PEAK DISCHARGE SOUTHWEST OF TATUM BOULEVARD 
AND DOUBLETREE RANCH ROAD 

STORM FREQUENCY 
(YR) 

2 

10 

25 

50 

100 

PEAK DISCHARGE (CFS) 
6-HR ' 

STORM DURATION 

363 

858 

1,215 

1,438 

1,466 



Runoff from Sub-Basin Nos. 500-1 to 500-4, 510-3 and 510-4 presently drains along the western half of 

Taturn Boulevard to Doubletree Ranch Road. Runoff crosses Tatum Boulevard via a dip in the roadway 

and continues easterly along Doubletree Ranch Road. A connector pipe system (Storm Drain No. 1) is 

proposed to collect this storm runoff and convey this runoff to an underground outflow structure proposed 

at the southeast comer of Tatum Boulevard and Doubletree Ranch Road. 

Runoff from Sub-Basin No. 500-1 approaches Tatum Boulevard along Horseshoe Road at a longitudinal 

slope of approximately 2.0 percent. A combination curb opening and grate inlet with slotted vane drain 

(Inlet No. 500-1) is proposed along Horseshoe Road to intercept a portion of storm runoff from Sub- 

Basin No. 500-1. This combination should intercept more runoff prior to reaching Tatum Boulevard than 

a conventional curb opening or combination inlet catch basin. The hydrology and inlet design 

calculations are presented in Appendix A and Appendix B, respectively. The storm drain pipe design 

and hydraulic grade line calculations are presented in Appendix C. 

Drainage Area No. 2 

This region consists of approximately 31 percent mountainous areas and 69 percent residential areas. The 
area encompasses a portion of the Phoenix Mountain Preserve and the following subdivisions: a portion 

of Doubletree Canyon; Tatum Foothills; and a portion of Rancho Alta Vida. Prior to development, this 
region contained a network of numerous washes flowing from west to east that collected at a low point 

west of Tatum Boulevard between Arabian Way and Berneil Drive. 

Plate I illustrates the delineation of subareas for Drainage Area No. 2, which encompasses an area of 

approximately 185 acres. Runoff from Sub-Basin Nos. 400 and 410 presently drain into two retention 

basins located west of Tatum Boulevard between Doubletree Ranch Road and Fanfol Drive (West). 
These basins were designed to retain nuisance water from the Tatum Foothills subdivision and overflow 

across Tatum Boulevard for large storm events. One flows cross Tatum Boulevard, they are diverted 
north to a channel running easterly through the Foothills Estates II subdivision located in Paradise Valley. 

This channel has an approximate downstream capacity of 110 CFS. 

A decrease in retention volume for the above referenced basins may occur with the widening of Tatum 
Boulevard. However, the roadway profile will be raised slightly to accommodate two proposed 38"x24" 

concrete oval pipes at Station 32 +20. A special drop inlet structure at the upstream side of the pipes will 
allow the basins to retain runoff up to an elevation of 1374.00. Above elevation 1374.00, runoff begins 

to discharge under Tatum Boulevard through the oval pipes and continue to the above mentioned drainage 

channel. For large storms, ponded water will cross the pavement crown and continue to flow easterly. 



A unique outflow rating curve was computed for the two proposed 38" x 24" oval pipe crossings at 

Station 32+20 using a combination of orifice and weir flow equations. The pipe invert was set at 

1372.52, the retention basin invert was found to be 1372.20, and the elevation at which water began to 

flow into the drop inlet was equal to 1374.00. The control section for inflow into the oval pipes was the 

perimeter walls for the drop inlet. Weir flow into the drop inlet structure occurred between elevations 

1374.00 to 1375.20. Above elevation 1375.20, orifice flow controlled and HEC-5 methods were used 

to compute flow through the oval pipes. Included in the outflow rating curve were flows that overtopped 

Tatum Boulevard, which occurred at an elevation of 1375.40. The weir flow equation was used to 

compute this overflow discharge across Tatum Boulevard. 

According to the Final Drainage Report for Tatum Boulevard, the 6-hour storm duration peak discharge 

results for Sub-Basin Nos. 400 and 410 were larger than the 24-hour duration results. Therefore, the 6- 

hour duration peak discharge results were reservoir routed through the retention basin using the 

parameters established for the new roadway profile and culvert pipes. The sub-basin peak discharge 

(HEC I.D. 400), reservoir routed peak discharge (HEC I.D. 400R) and peak stage results are presented 

in Table 2. The volume - discharge rating curve for the retention basin is presented in Appendix E. The 

HEC-1 hydrologic models for Sub-Basin Nos. 400 and 410 using the 6-hour duration storm are presented 

in Appendix E. 

TABLE 2 

PEAK DISCHARGE SUMMARY FOR SUB-BASINS NOS. 400/410 

Scuppers are proposed for Inlet Nos. 400-1 and 410-2 to 410-6 because vertical restrictions prevent catch 

basins from discharging flows directly to adjacent retention basins. Catch basin inverts using minimum 

'v' requirements were found to be lower than the adjacent retention basin invert on the west and channel 

invert on the east. Scuppers located on the west half of Tatum Boulevard will discharge directly into 

retention basins draining Sub-Basin Nos. 400 and 410. 

STORM 
FREQUENCY 

(YR) 

2 

10 

25 

50 

100 

PEAK 
STAGE 

0 

1374.64 

1375.87 

1376.16 

1376.25 

1376.31 

PEAK DISCHARGE 
(CFS) 

HEC I.D. 400 

5 1 

179 

323 

3 89 

455 

HEC I.D. 400R 

24 

145 

3 14 

38 1 

45 1 



Pavement drainage along the east half of Tatum Boulevard will continue to drain as it has in the past, 

which is to flow eastward along residential streets. Scuppers (Inlet Nos. 410-4, 410-5 and 410-6) 
proposed on the east side will outlet into a grader ditch that will convey runoff to a drainage channel 
flowing through the Foothills Estates I1 subdivision. 

Runoff from Sub-Basin Nos. 423 and 432 presently drain into onsite retention basins within the Rancho 
Alta Vida subdivision. These areas are considered noncontributing for the 2-year storm event. Runoff 
from Sub-Basin No. 422 presently crosses Tatum Boulevard at Berneil Drive (East) via a dip in the 
roadway. Runoff from Sub-Basin Nos. 421-1, 421-2, 431-1 and 431-2 also flow easterly across Tatum 

Boulevard via dips in the roadway. 

A connector pipe system (Storm Drain No. 2) is proposed to collect runoff from the 2-year storm event 
for Sub-Basin Nos. 410-1, 421-1, 421-2,422,431-1 and 431-2. This pipe system will begin at Mountain 
View Road and proceed south along Tatum Boulevard to Station 32+20. The storm drain will curve 
easterly and outlet adjacent to the oval concrete pipes. 

The hydrology and catch basin inlet design calculations for Drainage Area No. 2 are presented in 

Appendix A and Appendix B, respectively. The pipe design and hydraulic grade line calculations for 
Storm Drain No. 2 are presented in Appendix C. The pipe culvert computations for the two 38" x 24" 

oval pipes are contained in Appendix E. 

Drainage Area No.3 
This region contains approximately 50 percent mountainous areas and 50 percent residential areas. The 

mountainous areas are within the Phoenix Mountain Preserve and characterized by rugged, steep gradients 
sloping from south to north. Before urbanization, this region contained numerous small washes flowing 

northeasterly to a large unnamed wash which flowed easterly through what is now the Rancho Alta Vida 

subdivision. This large wash intersects Tatum Boulevard between Mountain View Road and Onyx 

Avenue, and thus creates the main concentration point for Drainage Area No. 3. 

Plate 1 illustrates the delineation of subareas for Drainage Area No. 3, which encompasses an area of 

approximately 152 acres. Runoff from Sub-Basin No. 443 is collected at 44th Street and conveyed by 
a man-made channel through Sub-Basin Nos. 442 and 441 to six 36" x 22" CMP arch culverts. These 
culverts convey storm runoff under Tatum Boulevard and discharge directly into the Mountain View 

Estates subdivision located in the Town of Paradise Valley. 



The existing six 36" x 22" CMP arch culverts at Station 52+58 have the capacity to convey 150 CFS 
without overtopping the west curb of Tatum Boulevard. These culverts were found to function under 
outlet control conditions having pipe losses equal to 2.5 feet. However, the inlet control calculations 

using an inlet headwater of 4.33 feet would result in a peak discharge of 234 CFS through the culvert. 

Four 38" x 24" oval pipes are proposed as replacements for the six 36" x 22" CMP arch to convey storm 
runoff under Tatum Boulevard. These oval pipes have approximately the same conveyance capacity as 

the existing culverts. A larger conveyance structure at this location was not considered because of 
downstream restrictions on channel capacities. The downstream channel between Tatum Boulevard and 
48th Place was designed to convey 210 CFS with 1.0 foot of freeboard. This channel then discharges 
onto Turquoise Avenue which has a street capacity of approximately 150 CFS. The City of Phoenix 

directed Kaminski-Hubbard Engineering, Inc. not to make conditions downstream in the Town of 
Paradise Valley any worse than they are today. The pipe culvert design sheets and downstream channel 
capacity calculations are presented in Appendix D. 

Drainage Area No. 4 
This region is predominantly residential and encompasses an area of approximately 64 acres. Flow 

occurs along residential streets and is typically northerly or easterly. Flows ultimately drain to the 

intersection of Gold Dust Avenue and Tatum Boulevard. This intersection has a history of flooding 

during heavy rains and remains a nuisance area for smaller storms. 

Plate 1 illustrates the delineation of subareas for Drainage Area No. 4. Runoff from Sub-Basin Nos. 452 
and 453 presently drain into onsite retention basin within the Rancho Alta Vida subdivision. These 

retention basins have sufficient capacity to retain runoff for a 2-year storm event. Runoff from Sub-Basin 

Nos. 451-1 to 451-4 currently drain along residential streets to the intersection of Tatum Boulevard and 

Gold Dust Avenue. 

Currently, there is an existing 36-inch storm drain pipe stub along Tatum Boulevard that extends 
approximately 764 feet south of the Shea Boulevard 78-inch storm drain trunk line. A lateral pipe system 

(Storm Drain No. 3) is proposed for Tatum Boulevard which will extend the existing 36-inch storm drain 

pipe south to Station 59+ 13.50. This system will collect and convey the 2-year storm runoff from Sub- 

Basin Nos. 451-1, 451-2,451-3,451-4 to the Shea Boulevard trunk line. The hydrology and inlet design 
calculations are presented in Appendix A and Appendix B, respectively. The storm drain pipe design 

and hydraulic grade line calculations are presented in Appendix C. 
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HYDROLOGY CALCULATIONS 
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ARIZONA HIGHWAY DEPARTMENT 
STRUC I'URES SECTION 
HYDRAULICS BRANCH 

STORM SEWER SYSTEM DESIGN: INLET CALCULATION SHEET 

LOCATION DATA DESIGN DATA 
Highway TatuYvl BIVA. Frequency  2 y e a r s  
Loca t ion  P ~ O C V ~ I K  . A 2  P6= - in. PZ4= - i n . P 1 =  - in. 
P r o j e c t  No. $86515 ' 'a11 22 f+. 

Computed  by: 13. L . 0 ,  4 - I - 9 1 Checked by: Date: 

-- 

n 0.01 5 
INLET CALCULATIONS 

in. 

2 
2 

2 
2 

2 
2 

2 

2 

2 

Inlet  Q . Qi Qc 

Act. 

8.53 
G ~ l ; t c  

4.8' 
6.4' 

ft. 

6,75 

0.75 

0.39 

0135 
0.30 

0 ~ 3 0  

0# 
0.44- 

0.30 

0.32 
0.33 

D T a  

ft. 

ll,+ 

9,0 

6,4 
23.0 

13.7 

13.7 

15.0 

7.5 
0.6 

Inlet  

C o r r  

i O . i 7  
Craf-c 

p p  

6' 

8' 

Q 

c i s  

5.54 
5.73 

8.30 

0.91 

0.03 

26.53 

O,W 
- 

0.64 

1.58 
1.62 

DA 

No 

510-1 
5 / 0 2  

510-3 

510-4 

500-2 

0 -  I 

80-3 

520-4 

400-1 

410-2 

No 

So 

'3'0 

3.H 
2.53 

2.20 

2.00 

1.3 
L60 

0.69 

0.75 
0.97 

Inlet  

Type 

Drop Zwlct 
P ~ O ~ I ~ I L ~  

Comb. I n l e t  
p-,572, T ~ ~ Q  
b b .  y e t  
P-1572. r ~ &  
Comb- n l k t  
~ - I S ~ Z : T ~ V ~ Q  
Comb. X - iet  
p-lc;tz,?qpe@ 
4 7  -t i%;fi 

L 
Gtmb n l c t  3.1 D4 
d /  G r d ~  

p 
Gcvnb. c 
- 7  
a T r i p t i  

C"f peRV ' ~ - a  
Fzpgc 

Stat ion 

I 9 

6 +67 

9-1-09 

J + 9 I 
14'72 
(4-1 96 

I b+35 

17+w 

26tl4.6 
27+55 

110 

110 

0,55 

0167 
0 1 8 3  

Add f 

0.38 

0,35 

0.77 
0.83 

Q, 

c i s  

- 
- 
- 
3.74. 
1.56 
- 

0.92 
12.w 

6.38 
5.42 

- 
0.36 

QT 

c f s  

5,% 
5.73 

3.30 
4,65 

2.39 

26.53 

l3#52 

8.30 
6.06 

1156 
1.9% 

5.59. 
5.73 

4.56 
3109 

1197 
3#23 
IOIY) 

5.4- 
2.46 
6,& --- 

1.22 
1.64 

Gut te r  

0 

0 

3174. 

1 1 %  

0.42 

12.90 

8.38 
5 4 2  - 

0.36 
0.34, 

Pavemen t  

Sx 

0.10 

d.10 

0.10 

0,138 

Dl 138 

olio 

0,138 
0.138 

Sx 

0.02 

0,02 

0.02 
,006 

6.02 
O,DZ 

0.02 

0.02 

0.02 

z / n  

645 

6 4 5  
645 

485 
485 
645 

455 
485 

z / n  

3333 

3333 
333 
11, 1 1  1 

3333 
3333 
3333 

3333 
3333 



ARIZONA HIGHWAY DEPARTMENT 
STRUC I'URES SECTION 
HYDRAULICS BRANCH 

Computed  by: DLB 4 - 1  -91 Checked by: Date: 

STORM SEWER SYSTEM DESIGN: INLET CALCULATION SHEET 

LOCATION DATA DESIGN DATA 
Highway -i'bh/m @ / 1 / d p  Frequency  2 y e a r s  

Locat ion P ~ O M / X  I A Z  P6" in. pZ4= in. P ~ =  in. 
P r o j e c t  NO. %I- 

n 0.015 
INLET CALCULATIONS 

QC 
cfs  

d?# 
1,39 

5.53 
3,6/ 
1.78' 

d l 8 2  

d.41 

6.31 
0 

0 

Q - 
% 
0.57 

0.53 

/,43 
0.34 
0.70 

0,54 
1.0 

0.65 

0.72 

/,O 

/.o 

In le t  Qi 

c 

3.81 

1,55 

4-12 
/.qZ 

4.21 

0.76 
2.51 

0.78 

A82 
/ ,83 

5.95 

T 

ft. 

132 
9.2 

14.5 

15,s 
/5,Y 

7, / 
/).B 

d# 
Z Z  
 ID.^ 

15.0 

D 

ft. 

0.43 
0.35 

444 
0.38 

6.Y7 

Ot35 

Or.?/ 

0.29 

0.31 
0.21 

0.30 

- 
V 

Act. 

6t-& 
~~8.53' 

6 . h  
~=8.53'~~49~67' 

& i i  

LZ4.S' 

L.22' 
~~3.2' 

~ ~ 3 ~ 2 '  

a 

in.  

2 
2 

2 
2 

2 

2 
2 

2 

2 

2 
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G V ~ L  

&ridC 
L=6' 

Lz4' 

1'4' 
f =4' 

Pavemen t  
I 

Sx 

d.02 

0.02 

0,014 

0.014 
6,620 

0,020 
DJZD 

A b 2 0  

D.020 
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O J ~  

Gut t e r  Q 

c f s  

6-75 
- 
2 
- 
0.99 
-- 
1.35 

1 .I9 

I 
I. 11 

5,35 

z / n  

3333 
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4762 

4762 
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333 3 
3333 

3333 
3333 
3333 
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Sx 

0 . W  

OJ32 

0.132 

0.138 

OJ3f 

0.138 
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5J35' 

o,/38 

z / n  

483 

505 
95 

4 g  
Y85 
485 

. Y V ~  

Y85 
485 

Qc 

c f s  

- 

5.53 

$.:: 
1-74 
$:% 
- 
- 

2;; 

- 

35t40.9 

3 3 t O O  

2S+75 

26+06 

30+$& 
28+75, 

43+00 

Inlet  DA 

No No 

QT 

c f s  

6.75 

9.65 

553 

5.99 

L 78 
2.51 

1.19 
1.13 

/ ,83  

Inlet  

Type  

LrnO - l l ) r =  r 
421-2i/&7T&4 

W / & U ~ C  

4-22 

410-1 

410-3 

410-4 
410-5 
410-6 

421-1 

Station 

35+65 

So 

70 

1.20 

2 .942 .94 / .~0 . /38483  
/C/O 

1.10 

6.99 

O,44 

a40 

0.75 
5.94 
A37 

y$$Md. 
t ~ / G r a t c  

E&?f;';L~14 
u// &rRfC 
supI'e,r 
1-4 

scu ppef 
L P ~  

SL="v* 
S:"pg?' 

P~";~,ak;4 
' 7+/& 
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ARIZONA HIGHWAY DEPARTMENT 
STRUC I U R E S  SECTION 
HYDRAULICS BRANCH 

STORM SEWER SYSTEM DESIGN: INLET CALCULATION SHEET 

LOCATION DATA 
Highway TaSum &/ \ /P I#  
Locat ion Phoenig , PZ 
P r o j e c t  No. 

I 

INLET CALCULATIONS 

DESIGN DATA z ( , t c v w ,  5L ,ff'l. ) 
Frequency  y e a r s  
P6= in. PZ4= in. PI= in. 

T a l A  
n 0.015 

Computed  by: Do LIB* Checked by: 4-1-91 Date: 

QC 

cfs  

4.12 
3.04 
1 . 2 5  

0 

0 
1*4g 
b,gI 

/,8+ 
D,91 . 

D T a  

ft. 

M6 
11.o 
11.7 

150 

l%Y 
t3.O 

k.9 
10.b 

ft. 

0.39 
6.34 

440 

6,W 

477 
0.36 
d13S 

0.42 
0.33 

d14212 ,4  

in.  

2 
z 
2 

2 

2 
2 

2 

2 

Inla! 
V 

Act. 

wc 

6mfe 

L - ~ . s $  

6rdt 

~ s d . 4 '  

Q - 
% 
0.45 

Corr.  

~=8.53"=10~67'  

~e 

only 
J 

I 
L=IO.67 

&& 
L = S f  

Qi 

c f s  

331 

Inlet  

Type 

$'i?&$:zLM4 
1~/6rjrl. 

C o m b .  n/ef 
p - 1 5 7 3 : ~ ~  

# 

- ! E ? / d f  
P-I572 %pea.~n>~~ 

I 

y$p2>535 
f i $ r ~ ~ ~ ~  
{-lw&Tm>c 

1567 g4C/4' 
w/ ht~ 
Cw.4 9,epfnr 
LS 

Gut t e r  Q 

c f s  

DA 

No 

431-1 

431-2 

451-1 

451-2 

451-3 
49-4 
452-1 

Pavenlen t  

S, 

Z.z001/33 

0,138 

0.133 

6,133 

Inlet  QT 

c f s  

'fear 

7.43 

t15 

5470.51 

11~4 
11.18 
251 

w 0 . 5 5  
Id4 
3,69 

Q, 

c f s  S, 

0.015 

o.015 

0.026 

0.020 

o.b/8 

adz ' /  

0.015 

O801C 
567~,@3 

' z / n  

501 

qiV 

503 
503 

No 

450 

0,42 

/,D 

/ .  0 

5t7fj 

0.91 
0.6b 
0 1  
6,75 

So 

.h 

~i:rcha~c, 

4 . 1 ~ 4 . / 2 ~ . 2 0 0 . l 3 3 a r  

220  

0.98 
A85 

0.g 

0 .32d . l lg  

z / n  

4445 
4~ 
3333 

3333 

3709- 
2469 
4444 
4444 
2898 

Station 

4fjt03.6 

9+50 

59+00 

6 /+32  
6 / t  22.6 

6/+59 
6 / + B 5  

. A n  
mtsr 0. 
7/+& RT 

0.90 

547 

11~14 

8. 70 
2,70 

3.56 
0.93 
21780191 

- 10 

Z& 
- 

215 

5.47 

11.19 
l l# IB 
9-51 
z.J/ 
.- 

2.78 

- 

- 

- 

- 
- 
- 

2.48 
o , ~ ,  
I N  
b,9/ 
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I N E T  NO. &I-4 SUM? C ~ N D I T I O ~  

(4) Curb OpcMlng Ivll~f 
a = Z h .  h=5h. 
vd= 17h .  Cf. = l,25 

Job No. 0118 Date 3-1 3-  91 I KAMINSKI S u ~ e v l n g  
Made by D. L,  0. r' I HUBBARD : ~ ~ , r o , o g y  

engineering inc. 
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For 
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1 KAMINSKI suwevlng 

engineering inc. 
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Date 
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engineer~ng Inc. ' Hydro'ogy 

Made by DL,@. 
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ARIZONA IIIGIINAY DEI'ARTMENT 
S T R U C T U l l E S  SEl:TION 
1iY DRAULICS BRANCH 

STORM SEWER S Y S T E M  DESIGN: SEWER CALCULATION S H E E T  

LOCATION DATA DESIGN DATA 
Highway -rdtL(? B 1 ~ d  . F r e q u e n c y  2 y e a r s  - 

-- ~ 

Locat ion  -- h p n ~ %  , &Z - -  

P r o j e c t  NO.  gab(; IG 
- 

P6- - in. P 4= - i n .  P I =  in.  
Outlet  TW E l e v .  = / 3 77.70 
P i p e  n = 0. 012 

SEWER CALCULATIONS 

Computed  by: i3-L 8 0 Checked by: Date: F-4 5- I 



Try S, = 0.025 ft./ft. d / ~  = 0.42 
Try D, Dia. = /(3 in .  d = 463'  

C, (Table 2) = 0.313 
Area, A = Dt704 # L  

Then, V = Q / A  = 9,s FPS 

r4 l KAM I NSKI Surveying 

B HUBBARD ' Civ'' 

engineering inc. ' Hydm'w 

Try S, = ft. /ft. d/D = 
Try D, Dia. = in .  d = 

C, (Table 2) = 
Area, A = 

Then, V = Q / A  = FPS 

Try S, = ft. /ft. d/D = 
Try D, Din. = i n .  d = 

C, (Table 2) = 
Area, A = 

Then, V = Q/A = FPS 

Made by L , n ,  
Checked by 

Try S, = ft. /ft. d/D = 
Try D, Dia. = in .  d = 

C, (Table 2) = 
Area, A = 

Then, V = Q/A = FPS 

Srnin = 

For 

Date g- /7-90 
Date 

Job No. 0//8 
Sheet Na 



Q = Jot% c p s  L = 3 3 0  ft. 

B 

Try EL = 0 # 0 0 6 0 f t . / f t .  - 
d/D = 

T r y  D, Dia. = 24 i n .  d = - Fill F /od 
C, (Table 2 )  = - 

Area, A = 3,142-Pf 
Then, V = Q/A = 9.67 FPS 

~ r y  EL = 0.6'060 ft./ft. UD = 0.73 
T r y  D, Din. = 30 i n .  d = 1.83' 

C, (Table 2 )  = 0.614 a 
Area, A = 3 # ~ 3 $ U  

Then, V = Q/A = 7,9 FPS 

Job NaO//B 

Try EL. = f t .  / f t .  d / D  = 
Try D, D i a .  = in.  d = 

C, (Table 2 )  = 
Area, A = 

Then, V = .Q/A = FPS 

Date 4-5-90 I KAMINSKI s u ~ . ~ v l n s  

Try S, = f t .  / f t .  d/D = 
T r y  D, Dia. = i n .  d = 

C, (Table 2) = 
Area, A = 

Then, V = Q/A = FPS 

Madeby D,L,B.  
lHUBBARD ' Civd 

engineering inc  ' H f l m ' ~  
Checked by 
CAC 

Date Sheet Na 



Try L = oloow ft. /ft. d/D = - 
Try D, Dia. = 30 in. d = - hll nod 

C, (Table 2) = - 
Area, A = 4e909 Ft * 

Then, V = Q/A = 6 ,  1 1  FPS 

Try S, = ft. /ft. d/D = 
Try D, Dia. = in. d = 

C- (Table 2) = 
Area, A = 

Then, V = Q/A = FPS 

l KAMI NSKI s u ~ e ~ l n g  

Try So. = ft. /ft. d/D = 
Try D, Dia. = in. d = 

C, (Table 2) = 
Area, A = 

Then, V = Q/A = FPS 

Date 9-5-qo Made by U. L ,e. 

Try So = ft. /ft. d/D = 
Try D, Dia. = in. d = 

C, (Table 2) = 
Area, A = 

Then, V = Q/A = FPS 

Job No. 011 8 
(4 I HUBEMID ~ ~ m , w  
engineering inc. 

K = 

Snin = 

I Checked by 
For 

Date Sheet Na 



Job No. 0118 
Sheet No. 

Date 4- 25-91 
Date r4 l KAMINSKl s u ~ e ~ i n e  

I HUBBARD ' 
Madeby V.L. 0. 
Checked by 

engineering inc. ' For 



STORM SEWER SYSTEM DESIGN: SEWER CALCULATION SHEET 

1.OCATION DATA 
Taiuvn. Bl vd 0 

DESIGN DATA 
l l l ~ h w a y  Frequency y e a r s  
I.r>cal#on -- ~ 0 t ~ l l %  , A 2 P6= - in. P = in.  P I =  - in. 
Proit:‘ I No .  Outlet TW Elev .  = $ 3 j d , e  

Pipe n = O,D/ I 
SEWER (:ALCULATIONS I 

/,N' 

1.30 ' 
I .  29' 

9 35+03 - 31+80 22. I 1165 24.1 7543 74,00 315 SDiV 30 l9,9 4 , ,  9 W& 6,9/ ' 7 5 71 74,80 h" 
I 

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

I 

Coinputrd  by: QL.0. 4 -1591 Checked ,: ' Date: F - k s  



Q = 6*3 CFS L = 330 ft. 

Try S, = 040030 ft./ft. d/D = 
Try D, Dia. = 16 in. d = I 1 &I/ *ad 

C, (Table 2) = - 
Area, A =- j.767 f f p  

Then, V = Q/A = 3t 6 FPS 

, KAMI NSKI s u ~ w n g  (4 . HUBBARD : EzrnIw 
engineering 1nC. 

Try S, = ft./ft. 
Try D,  Dia. = If3 in. 

C, (Table 2) = ,-, 

Area, A = =-Fj 
Then, V = Q / A  = F P S  

Made by V.L,B, 
Checked by 

Try S, = O*Oof5ft./ft. d , ~  = 0,673 
Try D, Dia. = in. d = /.04' 

C, (Table 2) = 0158f 
Area, A = 307 8 " 

Then, V = Q / A =  6 FPS 

Try S, = ft. /ft. d/D = 
Try D,  Dia. = in. d = 

C, (Table 2 )  = 
Area, A = 

Then, V = Q/A = FPS 

For 

Dated-12-91 

Date 

JabNa 6110 

Sheet Na 



Try S, = O.009 ft./ft. d / ~  = ~ ~ 6 5  
Try D ,  Dia. = 24- in .  d = /.30' 

C, (Table 2) = ,a 
Area, A =- 2,/60 H 

Then, V = Q/A = 4.7 FPS 

Try EL = ft. /ft. d/D = 
Try D, Dia. = in .  d = 

C, (Table 2) = 
Area, A = 

Then, V = Q/A = FPS 

I KAMI NSKI survevlnq 

Try S, = ft./ft. d/D = 
Try D, Dia. = in .  d = 

C, (Table 2) = 
Area, A = 

Then, V = Q/A = FPS 

Date 4 -/5-9/ . Mado by D.1, B, 

Try S, = ft. /ft. d/D = 
Try D, Dia. = in .  d = 

C, (Table 2 )  = 
Area, A = 

Then, V = Q/A = FPS 

Jab No. 0 118 
(4 I HUBBARD : E!$,m engineenng Inc. 

- K - 
Smin = Q ~ U X I  - 

Checked by 

For 
Date Sheet No. 



Q = /o*o CFS L =  336' ft. 

(4 l KAMINSKI s u ~ w n g  
.HUBBARD CiV'' 

englneenng inc. ' Hflmlcw 

Try S, = 0.0032 ft./ft. d/D = - 
Try D, Dia. = /B i n .  d = - 

C, (Table 2) = - 
&=a, A =- /. 76 7 U * 

Then, V = Q/A = 57 FPS 

Try EL = 0-0032 ft./ft. d / ~ =  8.63 
Try D, Dia. = 24 i n .  d = l.26' 

GI (Table 2) = D 0 5 2 /  
Area A z ~ L J B ~ ~ ? ~  

n e n ,  v = = 4 . ~ ~  PPS 

Made by O.L.0. 
Checked by 

Try S, =0*0025 ft./ft. d/D = o# 6 8 5  
Try D, Dia. = 24 i n .  d = 1.37 

C, (Table 2) = 0,576- 
Area, A = 2*3007YZ 

Then, V = Q / A  = 4,35 FPS 

Try S, = 800d36' ft./ft. d/D = 6.64g 
Try D, Dia. = 24 i n .  

C, (Table 2) = 
Area A = 2*/37#* 

Then, V = QIA = LFPS 

For 

Date 4 -I=/ 

Date 

K - - 
- Smin - 

J O ~  No. &//a 
Sheet Na 



Q = 24-08 CFS L = 307 ft. 

1 l KAMINSKI suwwno 
a HUBBARD 

engineering lnc. Hydm'ogy 

Try S, = 0.0020 f t . / f t .  
- 

d/D = 
Try D, Dia. = i n .  d  = - Lrl R d  

C- (Table 2) = - 
Area, A =- 4.904 #f 

Then, V = Q/A = FPS 

Madeby DL.6. 
Checked by 

Try So = f t .  / f t .  d / D  = 
Try D, Dia. = i n .  d  = 

C, (Table 2) = 
Area, A = 

Then, V = Q/A = FPS 

For 

Date 4 -/5-9/ 
Date 

Try So = f t .  / f t .  d/D = 
Try D, Dia. = i n .  d  = 

C, (Table 2) = 
Area, A = 

Then, V = Q / A  = FPS 

Job Na 8 llg 
Sheet Na 

Try S- = f t .  /ft. d/D = 
Try D, Dia. = i n .  d  = 

C, (Table 2) = 
Area, A = 

Then, V = Q / A  = FPS 

- Smin - Q q u l l  - 

K - - 
- Smin - 



(I l KAMINSKI ~urve~ lng  Made by C;! L.0. 
HUBBARD ' Checked by Date Sheet Na 

engineering inc. ' H@m'ow For 

Try S, = 0.0030 ft./ft. d/D = - 
Try D,  Dia. = 24 in. d = - - GI! Fled 

C, (Table 2) = 

Then, V = Q/A = 767 FPS 

Try S, = o.ao30 ft./ft. 
Try D, Dia. = 30 in. 

Then, V 

d / ~  = 0.80 
d = 3,3d'  

Table 2) = 6W7 
Area, A = 4.644 H % 

A = 6#O FPS 

Try S, = 0,0020 ft./ft. d/D = - 
Try D, Dia. = 30 in. - )&I/ FIou 

d = - 
C, (Table 2) = 

= 4 . 4 0 9  f l  
Then, V = Q/A = FPS 

Try S, = ft. /ft. d/D = 
Try D,  Dia. = in. d = 

C, (Table 2) = 
Area, A = 

Then, V = Q/A = FPS 



(4 I KAMINSKI Surveying 
r HUBBARD c i v i l  

engineering inc. ' "ydrO'OgY 

L Madeby D, L.B. 
Checked by 

For 

Date 4-16-41 
Date 

Job No. O / l B  
Sheet No. 



AI<I%ONA IllCllMAY DEL'ARTLIENT 
S ' I ' I ~ l J ~ . ' l ' ~ l l < E S  SE(;'I'lON 
I I Y  I)I<AUI.I(:S I1HANCII 

S'I'OI<hl SEWER SYSTEM DESIGN: SEWER CALCULATION SIIEET 

1.OCAl'ION DATA DESIGN DATA 
lltgllway T a b .  A/vd. F r e q u e n c y  

z 
y e a r s  

1.ocation P A =  - in. PZ4= - in .  P I =  - in. 
P r o j e c t  No. I 

SEWER (:ALCULATIONS 

-. 
0;tlet TW Elev .  = 
P i p e  n =  0.0/7 

.o ra t i<>n D r a i n a g e  A r e a  T i m e  of Flow. Min. I  Q S e w e r  P r o f i l e  S r w r r  D c s i g ~ t  lydratt l ic C r a d c . I . i n e  

.ine No. F r o m  - T o  No. I n r r e m .  Inlet  S e w e r  Des iqn  in. l h r  c f a  C r o w n  Elevat ion  Length Slope Ihat11. Q V S I  hL E l e v a t ~ o n  

CA Z C A  ' It. t .  I .  c f s  I . .  I / f .  It.,  In le t  Uut le l  
Inlet  Out le l  

I I 

~ o , , , p u ~ e d  by: I7,L.B. 4-16-41 Checked by: Date: 
F - 4 s  



Q = 34.9 CFS L = 440 ft. 

(4 l KAMINSKI Suwv1ng 
H HUBBARD ' Civ" 

engineering inc. ' HYdm'om 

Try S, = oeob5d f t . / f t .  d/D = 
Try D, Dia. = 30 i n .  d = &/I N o  d 

C, (Table2 )  = - 
Then, V = Q/A = 7, I FPS 

Try S, = kOOgQft./ft. d/D = 0.606 
Try D, Dia. = 36 i n .  d = 1.82' 

C, (Table 2) = 0499 
h e a ,  A = 4.482  R * 

Then, V = Q / A  = 7.8 FPS 

, Made by D, L, S, 
Checked by 

Try So = f t . / f t .  d/D = 
Try D, Dia. = i n .  d = 

C. (Table 2) = 
Area, A = 

Then, V = Q / A  = FPS 

Try S, = f t .  / f t .  d/D = 
Try D, Dia. = i n. d = 

C, (Table 2) = 
Area, A = 

Then, V = Q/A = FPS 

For 

Date 4-I@?/ 
Date 

~ o b  NO. 

Sheet No. 



~ r y  EL = O.oo50 it. /it. d / ~  = d *  737 
Try D, Dia. = 36 in .  d = 2 ,2 / '  

C, (Table 2) = O* 619 
A =- 57/ H 

Then, V = Q / A  = 8.2 FPS 

l KAMINSKI su~evlng 
Civil 

engineer~ng tnc. 

Try SU = ft. /ft. d / D  = 
Try D, Dia. = in .  d = 

C, (Table 2) = 
Area, A = 

Then, V = Q/A = FPS 

Try S, = ft. /ft. d/D = 
Try D, Dia. = i n .  d = 

C, (Table 2) = 
Area, A = 

Then, V = Q / A  = FPS 

Made by D, L I B, 
Checked by 

Try S, = ft. /ft. d/D = 
Try D, Dia. = i n .  d = 

C, (Table 2) = 
Area, A = 

Then, V = Q / A  = FPS 

Smin = 

For 

Date 4 -/6-4/ 
Date 

K - - 

smin = 

~ o b  No. 0 1 1  8 
Sheet Na 



Try S, = 0*0050ft./ft. 
Try D, Dia. = 36 in.  

r4 l KAMI NSKI surveying 
m HUBBARD ' 

engineering inc. Hyd"'ogy 

C, (Table 2) = T#o 
Area, A = 5 . 6 7 ~ 7 4 ~  

Then, V = Q/A = FPS 

Try S, = ft. /ft. d/D = 
Try D, Dia. = in .  d = 

C, (Table 2) = 
Area, A = 

Then, V = Q/A = FPS 

Madeby D,L,B, 

Try S, = ft. /ft. d/D = 
Try D, Dia. = in .  d = 

C. (Table 2) = 
Area, A = 

Then, V = Q/A = FPS 

Try S, = ft. /ft. d/D = 
Try D, Dia. = in .  d = 

C, (Table 2) = 
Area, A = 

Then, V = Q/A = FPS 

Date 446 - 4/ J O ~  NO. d / l ~  
, Checked by Date SheetNa ' 

For 



(r l KAMINSKI Surveying Made by D, 1 ,  B. Date446-9 /  Job Na dl /$  ' 
¤ HUBBARD Checked by Date 

engineering inc. ' "yd*low 
Sheet Na ' 

For 

Q = 47.6 CFS L = 326 ft. 

Try S, = f t . / f t .  
Try D, Dia. = 36 in. 

C. (Table 2) = Ot642 
Area, A =- 5;778flt 

Then, V = Q/A = 2 FPS 

Try S, = f t . / f t .  d / D  = 
Try D, Dia. = in. d = 

C. (Table 2) = 
Area, A = 

Then, V = Q / A  = IPS 

Try S, = f t .  / f t .  d/D = 
Try D, Din. = in. d = 

C, (Table 2) = 
Area, A = 

Then, V = Q / A  = FPS 

Try So = f t .  / f t .  d/D = 
Try D, Dia. = in. d = 

C, (Table 2) = 
Area, A = 

Then, V = Q/A = FPS 







PROJECT : 7 a h 1  8/l/n- 
%I. NO. $36515 

S T A T I O N :  Z0+914 CULVERT DESIGN FORM 

SHEET OF 
DESIGNER /DATE: D . L # ~ -  / $ B i  
R E V I E W E R  / D A T E  : / 

HYDROLOGICAL D A T A  

2 0 METHOD' 
I 

ORAINAGE A R E A :  0 STREAM SIDE.  
b 
2 0 CHANNEL SHAPE: 
W 

% ROUTING' 0 OTHER 

D E S I G N  FLOWS/TAILWATER 

R I. (YEARS) FLOW (CIS) TW (11) 

R O A D W A Y  ELEVATION ' 

L,.& 

CULVERT DESCRIPTION : 
MATERIAL  - SHAPE -SIZE -ENTRANCE 

&.-&~f : -  2-B'xz '  
// I/ I /  / I  

TOTAL 
FLOW 

Q 
I s t s l  

272 

ZqO 

TECHNICAL FOOTNOTES : (4) ELM* HWlt ELlI INKRT ff 16) h o  = lW w ( d c t D / 2 ) I  WHICHEVER IS GRUTERI 

(11 USE QINB FOR BOX CULVERTS INLET CONTROL SECTION) (71 H = L +  bat ,29112 LI v 2 / 2 g  

(21 HW( I D *  HW ID OR HWI/D FROM OESlON CHARTS IS) TW BASED ON DOWN STREAM (81 ELho. ELo + H 4 h, 
CON1 ROL OR FLOW DEPTH I 

(3) FALL * HWI - 1 ELhd- ELsf 1 8 FALL IS ZERO CHANNEL. 
FOR aLVERTS Cf4 GRADE 

FLOW 
PER 

8*RREL 

Q / N  
(I) 

17 

15 

S U B S C R I P T  D E F I N I T I O N S  : 
0. APPROXIYATE 
I CULVERT FACE 
hb DESIQN HEADWATER 
hl HEAOWATER IN INLET CONTROL 
h0 HEAOWATER IN OUTLET CONlRQ 
I INLET CONTROL SECTION 
0. OUTLET 
81 STREAMBED AT CULVERT FACE 
t r .  TAILWATER 

L 

COMMENTS / DISCUSSION : 

HEADWATER CALCUATKJNS 

C U L V E R T  B A R R E L  S f L E C T E D  : 
S I Z E  2 - R'x 2' 
SHAPE re* fknlfu /KT 

MATERIAL: C O Y I ~ .  n 0.0/2 
ENTRANCE: 45-0 

= =  
A e 2  
egj 
$ $ ?  
U S W  

1.38g0778/.848.5 
@.vd / , / o  

INLET CONTROL s s  
i a w  3 
0 ,  

8.5 

HWlID 
(2) 

/,75 

- 
OUTLET CONTROL COMYEHTS 

T w  
IS) 

HWI 

2.104.20 

3,So 

F A L L  
(3) - 
- 

dc 

2.0 

A92 

E L h i  
4 

8/.804.2[ 

8I.lO4.a 

h0 
(6) 

Z lD4z10 .5  

&2/ 

dc'D 
2 

1.96 

he 

d . 5  

H 
(7 I 

1.58 

ELho 
(8) 



P R O J E C T :  Tdhrrn 31vd. ST.ATION : 3 2  t20 CULVERT DESIGN FORM 

/ SHEET OF 2, DESIGNER /DATE: D0L'Br /4-2Gqf 
REVIEWER /DATE : / 

HYDROLOGICAL DATA ROADWAY ELEVATION : 

c i  0 METHOD: . 
I- 
x 
"j 0 DRAINAGE A R E A :  0 STREAM SLOPE: 
b 
2 CHANNELSHAPE: 
W 

.'I. 2 0 ROUTING: 0 OTHER: 

DESIGN FLOWS/TAILWATER 
R.I. (YEARS) F L O W ( c f r l  TW l f l l  

L,-//C~ 

CULVERT DESCRIPTION: TOTAL FLOW HEADWAlER CALCWTDNS L Z 

FLOW PER A 
* 

M A T E R I A L  - SHAPE -SIZE-ENTRANCE BU(RD INLET CONTROL OUTLET CONTROL COMMENTS 
0 > t S Q Q I N  HWl/D H W ~  F A L L E L ~ I I  dc W h0 H ELho  $2: z g  TW 

1 ~ 1 8 1  11) (2) (a) (4 I (5) 2 10) 171 181 

,cm~.-CLa/- J B ~ ~ Z + "  / 6 0.03/.65 - 74,/7 1, /5 12% 156 0 6  1 4  I 9 7507 7507 
A I1 / I  11  / 2  0.70/,1(0 73.92 0.95 I,Y0 1.46 0.5 1.45 7523 75.3 - 

& ~ . - & ~ / - 3 6 " ~ 2 4 "  20 0.96 /.92 - 74ff 1.27 /,64 lIH 0.5 1.03 74.47 %77 
h I t  I 1  / I  24 r.ro2.20 - 7472 1*40/,76/,700.5 d.00%.8874.@? 

- - 

&t. - &a/- a ax 24" 30 1135 2,70 - 73.22 1.5b /. '8 1. 78 a 5 0.75 7 4 , ~  7522 
TECHNICAL FOOTNOTES: (4) ELM= HWlt ELIIINVERT W 16) h, = TW a ( d c t D 1 2 1 (  WHICHEVER I GREATER1 

11) u s €  QINB FOR Box  CULVERTS INLET CONTROL SECTION) In H=[;+ (rr.2 LI I R U ~ ]  v 2 / r g  

(2) HWI I D *  HW ID OR HW)/D FROM DESIGN CHARTS (51 TW BASED ON DOWN STREAM (81 ELho* ELo + H + ho 
CONTROL OR n o w  DEPTH IN 

13) FALL' HW 1 - 1 ELhd- ELrf) ; FALL IS ZERO CHANNEL, 
FOR flLVERTS ON GRADE 

SUBSCRIPT DEFINITIONS : COMMENTS / DISCUSSION : CULVERT BARREL SELECTED : 
o. APPROXIUATE 
t. CULVERT FACE S I Z E :  
L4. DtSlON HCADIATUI 
hl. HEADWATER IN INLEl CONTROL 
he. HEADWATER IN o u n n  CONTROL SHAPE: 
I. INLET CONTROL SECnON 
0. OUTLET MATERIAL:  I? 
at. STREAYBED AT CULVERT FACE 
w. TAIL.wATER . ENTRANCE:  U 



P R O J E C T :  Tofun, fllvd. ST.ATION : 3 2  f 2 '  CULVERT DESIGN FORM 

2 2 D E S I G N E R  / D A T E :  D*LpS' /- S H E E T O F  
R E V I E W E R  / D A T E  : I 

H Y D R O L O G I C A L  D A T A  R O A D W A Y  ELEVATION : 

& METHOD: 

0 DRAINAGE A R E A :  STREAM SLOPE: 
b 
2 CHANNELSHAPE: 

ROUTING: OTHER: 

D E S I G N  FLOWS/TAILWATER 

R.I. (YEARS) F L D W ( C I S ~  TW (11) 

L o  =L 
TOTAL FLOW HEADWATER C A L L X A T m S  I L Z  r 

CULVERT DESCRIPTION : FLOW PER - gEP c t  

MATERIAL  - SHAPE -SIZE - ENTRANCE 
INLET CONTROL OUTLET CONTUCL 2 4, 2 Og COMMENTS 

Q ' Z H W i m H w ,  F A r L E L h l  T w  dc w h0 ke H E L h ~  6; 
(C f 8) ( 1  (2) (3) (4) (5) 2 ( 6 )  (7 I (8) 

cum. - DM/ - 30'') 9'' /o Od08 1.37 - 3 .  - 0 , 9 ~ l ~ 2 7 / l Z 7 ~ 1 5  0.76 %33%B 

15 / . I @  1.87 - 74.37 - I ,W 1.39 1.39Q.5 0.57 74..267+.39 

-- 

TECHNICAL FOOTNOTES:  (4) ELhi= HWit ELi(INMRT OF (6) ho = TW w (d,t 0 /2 ) (  WHICHEVER IS GftfATER) 

INLET CONTROL SECTION) 
I I )  USE OINB FOR BOX CULVERTS (71 H = E +  1,. ( 2 9 3  LI / R ~ ~ ~ ] v ~ I ~ O  

(21 HWI I D *  HW ID OR HWtIO FROM DESIGN CHARTS (5) TW BASED ON DOWN STREAM 18) ELh,' EL, * H 4 ho 
CONTROLOR n o w  DEPTH IN 

(3) FALLs HWI -(ELhd- ELaf) ; FALL IS ZERO CHANNEL. 

FOR CUVERTS ON GRADE 

S U B S C R I P T  D E F I N I T I O N S  : COMMENTS / DISCUSSION : C U L V E R T  B A R R E L  SELECTED : 
o. APPROXIMATE 
I. CULVERT FACE 

S I Z E :  %/' %)9/' 
hd. DESION HEADWATER 
hi. HEADWATER IN INLET CONTROL SHAPE: 
ho. HEADWATER IN OUTLET CONTROL 

oval 
I. INLET CONTRQ SECllON MATERIAL: n *O/Z 
o. OUTLET 
st.  STREAMBED AT CULVERT FACE ENTRANCE : 
tw. TAILWATER Lb 



P R O J E C T :  T~fi/m A/vd. STATION : 5 2 + 5 7  CULVERT DESIGN FORM 

SHEET OF 
0 

REVIEWER /DATE : #/ 

HYDROLOGICAL DATA ROADWAY ELEVATION ' 

M E T H O D '  
I 
ul DRAINAGE A R E A :  a STREAM SLOPE. 
-0 

2 CHANNEL SHAPE: 

ROUTING OTHER 

DESIGN FLOWS/TAILWATER 
R.I. (YEARS) F L O W ( c f r 1  TW ( i l l  

L,.L 

CULVERT DESCRIPTION: 
M A T E R I A L  - SHAPE - SIZE -ENTRANCE 

rmc.-dva/ - 4 - 3 6 " ~  Z4*  
C d w ~  .- OW/- 4 -38 " x  24" 

fox.- G&. - 7- 24" 
cmc.- C i c .  - 7 - 24" 

TOTAL FLOW HEADWATER CALCUATIONS 
FLOW PER -- 

a Z  

INLET CONTROL OUTLET CONTROL d $ E  +. 
BARREL. E 6  2 ?: COMMENTS 

Q O / N  HWi/D HWI C A L L  E L h i  dc ho ke  
T W  ti ELho 9: ; $ ( c ~ I )  (1) (2) (3) (4 ) (I) 2 (6) (7 )  (8) 

160 40 /,TO 3.80 - 86.10 - 1178 1-09 L8q 0.5 Z,Z9 85.94 86.10 8,O 

/50 37.5 1-73 3.46 - 85.76 - 1.73 /,87 137 6.5 1.97 85,& 85.76 7,5 

160 24 3%' - $6.10 - 1 0 %  l ~ g g  0.5 2.50 86.20 86.2 Z6 
147 1.57 3.14 - 85.44 - 1.65 1.83 1.93 0.5 1.90 85.5.5$52% 6.7 

TECHNICAL FOOTNOTES: (41 ELh,* HWit ELl( INMRT OF (6) h o  - TW or ( d c t D / 2 1 (  WHICHEVER IS GREATER) 

(1) USE O/NB FOR BOX CULVERTS INLET CONTROL SECTION) (7)  H = L t  I,+ ( 2 9 1 1 ~  L) /R133]V212p 

(2) HWI /Dm HW /D OR HWl/D FROM DESIGN CHARTS (51 TW BASED ON DOWN STREAM (8) ELho= EL, r H 4 h, 
CONTROL OR R O W  DEPTH IN 

(3) FALL* HWi - (ELhd-  ELIf); FALL IS ZERO CHANNEL. 
FOR CUVERTS a3 GRADE 

SUBSCRIPT DEFINITIONS : 
0 .  APPROXIMATE 
f CULVERT FACE 
hd. DESION HEADWATER 
h l  HEADWATER IN INLET CONTROL 
h0 HEADWATER IN OUTLET CONTRQ 
I INLET CONTROL SECllON 
o OUTLET 
af  STREAMBED AT CULVERT FACE 
ts. TAILWATER 

COMMENTS / DISCUSSION : CULVERT BARREL SELECTED ' 

S I Z E  
- B V x  z&' 

SHAPE.  Ova/ 
MATERIAL :  n 0,012 

0 
ENTRANCE:  F& 45 

< 



PROJECT : Tp/hfm Bt~d STATION : 42+52 CULVERT DESIGN FORM 

check 6 - 36'~ ZZ" c MP f~&+ S H E E T O F  -- DESIGNER /DATE & 19-4-90. 
REVIEWER / D A T E  : / 

HYDROLOGICAL D A T A  ROADWAY ELEVATION : 36.1* ( i t )  

M E T H O D :  

In 1 0 O R A I N A G E  A R E A :  0 S T R E A M  SUlPE.  
b ((1) so: 

0 C H A N N E L  SHAPE:  -- 
5 0 R O U T I N G  OTHER 

DESIGN FLOWS/TAILWATER 
R I ( Y E A R S )  F ~ O W ( c l s 1  T W  I l l 1  S s  So- F A L L  I L a  

s .  O.dO50 
L o ,  So 

CULVERT M S C R I P T I T I  TOTAL FLOW HEADWATER CALCUATDNS L z 
FLOW PER - 9 * 

M A T E R I A L  - S H A P E  - S I Z E  - E N T R A N C E  8*RREL I N L E T  CONTROL O U T L E l  CONTROC 8 1 %  L k  , , COMMENTS 
0 QIN HWgID F A L L  E L h i  T w  d c * D  h, h e  H E L h o  $ 2 :  5 :  

H W I  I c f a )  (11 (2) (3) (41 I 5 1  dc 7 I 6 1  (7) U Z Y  o >  

6 - 36'' % 2 Z'x $ 0 ' 6 ~ ~  A 2?+ 39 2.?b 4.93 - 85-50 - 1.64 L74 1.74 0.5 L. o ~ . 5 /  B9.Y 8 9 . ~ 1  786.5 

I I I I I I 150 25 1.35 2-40 - $ 4  - 1.32 1.50 /,58 015 2.5 a 8 5  ~ 8 5  $5.85 <86.S 

g - 3d' x 22"rgd L M P ~  168 20 1-52 2.3 - #.% - 1.40 1.62 1.62 0.5 3.1 6.49 86-43 B6.49 3 %.st 

TECHNICAL FOOTNOTES: 14)  ELh,- HWie E L i ( l N M R T  Of 161 h, * TW or I d, t D / 2 ) (  WHICHEVER IS GREATER) 

(11 USE O I N B  FOR BOX CULVERTS I N L E T  CONTROL SECTION) 
111 Ha[;+ he. 1 2 9 n 2  L I  I R ' 3 3 ] Y z 1 2 g  

(21 H W i  / D *  H W  /D OR HWl/D FROM D E S I G N  CHARTS ( 5 )  TW BASED ON DOWN STREAM (8 )  ELho. EL, t H t h o  
CONTROL OR FLOW D E P T H I N  

(3)  F A L L *  H W i  -I E L h d -  EL,() F A L L  IS ZERO C H A N N E L .  
FOR CULVERTS U4 GRADE 

SUBSCRIPT DEFINIT IONS : COMMENTS / DISCUSSION : CULVERT BARREL SELECTED : 
a .  APPROXIYATE 
t CULVERT FACE 6 -  36xx2znX$o '  IU;// @flW Y S l Z  E 
hd. DESIGN HEADWATER 
h i  HEADWATER IN I N L m  CONTROL /49 - - S H A P E :  
ho HEADWATER IN OUTLET c o N m a  
i INLET c o t m a  s E c n o N  
0 .  OUTLET M A T E R I A L  :I). 
S f .  STREAMBED AT CULVERT FACE 
t r  TAILWATER E N T R A N C E  
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CALCULATIONS FOR 

- A o r  B "  LJM ,A,, 5- 7-91 
1 0 s  NO, O / / g  

C H t C K t O  B Y  0 4 1 €  





CALCULA'I IONS FOR 

N.6. P M  = 1373.0 d,4, ~ L N ,  = 1 3  7 2 S  
&TEi\) 1 / O N  V4L UM , 
w RgTZ?dTlOhJ Vd LUME 7 - 

STATION END *RE* ~ & J M  OF  VOLUME STATION DIIT.  END AREA $t$"M O F  VOLUME 
' 

FT. SQ. FT. END AREA FT. SQ. FT. END AREA$  CT. 
CU. w. 

- 

- 6- - 
- 

- 

- 
- 

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

- - 
- 

- 
- 

- - 
- - - 

- 
I -- - 

-- - 



FLOOD HYDROGRAPH PACKAGE ( H E C - 1 )  * 1 * MAY 1991 * 
VERSION 4.0.1E * 

* 
RUN DATE 0 1 / 1 4 / 9 3  T I M E  0 9 : 5 5 : 2 0  * 1 :  

* 
U.S. ARMY CORPS OF ENGINEERS 
HYDROLOGIC ENGINEERING CENTER 

* 6 0 9  SECOND STREET 
* D A V I S ,  C A L I F O R N I A  95616 * 

(916) 5 5 1 - 1 7 4 8  
* 
....................................... 

X X XXXXXXX XXXXX X 
X X X  X X X X  
X X X  X X 
XXXXXXX XXXX X XXXXX X 
X X X  X X 
X X X  X X X 
X X XXXXXXX XXXXX X X X  

THIS  PROGRAM REPLACES A L L  PREVIOUS VERSIONS OF H E C - 1  KNOWN AS H E C l  ( J A N  731, HECIGS, HEClDB,  AND HEClKW. 

THE D E F I N I T I O N S  OF V A R I A B L E S  -RT IMP-  AND - R T I O R -  HAVE CHANGED FROM THOSE USED W I T H  THE 1 9 7 3 - S T Y L E  INPUT STRUCTURE. 
THE D E F I N I T I O N  OF -AMSKK- ON RM-CARD WAS CHANGED W I T H  R E V I S I O N S  DATED 28 SEP 81. T H I S  I S  THE FORTRAN77 VERSION 

NEU OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , S I N G L E  EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY, 
DSS:READ T I M E  S E R I E S  A T  D E S I R E D  CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT I N F I L T R A T I O N  

I 
KINEMATIC WAVE: NEW F I N I T E  DIFFERENCE ALGORITHM 



I FLOOD HYDROCRAPH PACKAGE ( H E C - 1 1  
MAY 1 9 9 1  

VERSION 4.0.1E 

( : RUN DATE 0 1 / 1 4 / 9 3  T I M E  0 9 : 5 5 : 1 0  

C I T Y  OF PHOENIX  PROJECT NO. P - 8 8 6 5 1 5  
TATUM BLVD. - MOCKINGBIRD LANE TO SHEA BLVD. 

KAMINSKI  - HUBBARD ENGINEERING,  INC. - JOB NO. 0118 
H E C - I  F ILENAME : 118-29 .DAT 

2 YEAR - 6 HOUR STORM 

I 'I0 

OUTPUT CONTROL VARIABLES 
I P R N T  5 PRINT CONTROL 
I P L O T  D PLOT CONTROL 
OSCAL 0. HYDROGRAPH PLOT SCALE 

I I T  HYDROGRAPH T I M E  DATA 
N M I N  2 MINUTES I N  COMPUTATION INTERVAL 

I D A T E  ?FEE90 STARTING DATE 

I T I M E  1 0 0 0  STARTING T I M E  

NQ 7 2 1  NUMBER OF HYDROGRAPH ORDINATES 

NDDATE 8 F E B 9 0  ENDING DATE 
NDTIME 1 0 0 0  ENDING T I M E  

ICENT 1 9  CENTURY MARK 

COMPUTATION INTERVAL 0.03 H W R S  

TOTAL T I M E  BASE 2 4 . 0 0  HOURS 

* U.S. ARMY CORPS OF ENGINEERS * 
HYDROLOGIC ENGINEERING CENTER * 

* 6 0 9  SECOND STREET 
* D A V I S ,  C A L I F O R N I A  9 5 6 1 6  
* ( 9 1 6 )  5 5 1 - 1 7 4 8  t 

* * 
....................................... 

ENGLISH U N I T S  
DRAINAGE AREA SQUARE M I L E S  
P R E C I P I T A T I O N  DEPTH INCHES 

LENGTH, E L E V A T I O N  FEET 

FLOW CUBIC FEET PER SECOND 

STORAGE VOLUME ACRE- FEET 
SURFACE AREA ACRES 
TEMPERATURE DEGREES FAHRENHEIT 

Subarea No.  4 0 0 / 4 1 0  

I 'O 

OUTPUT CONTROL VARIABLES 
I P R N T  3 PRINT CONTROL 

I P L O T  0 PLOT CONTROL 
OSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH R W T I N G  DATA 

I 2 1  RS STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 



RUNOFF SUMMARY 
FLOW I N  C U B I C  FEET PER SECOND 

T I M E  I N  HOURS, AREA I N  SQUARE M I L E S  

m PEAK T I M E  OF AVERAGE FLOW FOR MAXIMUM PERIOD B A S I N  MAXIMUM T I M E  OF 
OPERAT ION S T A T I O N  FLOW PEAK 6-HOUR 2 4 - H W R  72-HOUR AREA STAGE MAX STAGE 

I 
HYDROGRAPH AT 4 0 0  51. 4 . 0 7  4 .  1. 1. 0.08 

ROUTED TO 400R 2 4 .  4 . 2 3  3. 1. 1. 0 . 0 8  1 3 7 4 . 6 4  4 . 2 3  

1 *** NORMAL END OF H E C - I  *** 



I FLOOD HYDROGRAPH PACKAGE ( H E C - 1 )  
MAY 1 9 9 1  * 

VERSION 4.0.1E * 

I RUN DATE 0 1 / 1 4 / 9 3  T I M E  0 9 : 5 4 : 4 1  : 
* 

* U.S. ARMY CORPS OF ENGINEERS * 
* HYDROLOGIC ENGINEERING CENTER 

6 0 9  SECOND STREET 
* DAVIS ,  C A L I F O R N I A  9 5 6 1 6  
* ( 9 1 6 )  5 5 1 - 1 7 4 8  * 
* * 

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

T H I S  PROGRAM REPLACES A L L  PREVIOUS VERSIONS OF H E C - 1  KNOWN AS HEC1 (JAN TJ), HEClGS, HEClDB, AND HECIKW. 

THE D E F I N I T I O N S  OF V A R I A B L E S  - R T I M P -  AND -RT IOR-  HAVE CHANGED FROM THOSE USED W I T H  THE 1 9 7 3 - S T Y L E  INPUT STRUCTURE. 

THE D E F I N I T I O N  OF -AMSKK- ON RM-CARD WAS CHANGED W I T H  R E V I S I O N S  DATED 28 SEP 81. T H I S  I S  THE FORTRAN77 VERSION 

NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , S I N G L E  EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY, 

DSS:READ T I M E  S E R I E S  AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT I N F I L T R A T I O N  
K I N E M A T I C  WAVE: NEW F I N I T E  D IFFERENCE ALGORITHM 



FLOOD HYDROGRAPH PACKAGE (HEC-1 )  
MAY 1991 

t VERSION 4.0.1E * 
* 

* RUN DATE 0 1 / 1 4 / 9 3  T I M E  0 9 : 5 4 : 4 1  * I * 

C I T Y  OF PHOENIX PROJECT NO. P - 8 8 6 5 1 5  
TATUM BLVD. - MOCKINGBIRD LANE TO SHEA BLVD. 

K A M I N S K I  - HUBBARD ENGINEERING, INC.  - JOB NO. 0118 
H E C - 1  F ILENAME : 118-28 .DAT 

1 0  YEAR - 6 HOUR STORM 

1 'I0 

W T P U T  CONTROL V A R I A B L E S  
IPRNT 5 P R I N T  CONTROL 
l PLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

I I T  HYDROGRAPH T I M E  DATA 

N M I N  2 MINUTES I N  COMPUTATION INTERVAL 
I D A T E  7 F E B 9 0  STARTING DATE 

I T I M E  1 0 0 0  STARTING T I M E  
NQ 7 2 1  NUMBER OF HYDROGRAPH ORDINATES 

NDDATE 8 F E B 9 0  ENDING DATE 

NDTIME 1 0 0 0  ENDING T I M E  
ICENT 19 CENTURY MARK 

COMPUTATION INTERVAL 0 . 0 3  HOURS 

TOTAL T I M E  BASE 2 4 . 0 0  H W R S  

ENGLISH U N I T S  

I 
DRAINAGE AREA SQUARE M I L E S  
P R E C I P I T A T I O N  DEPTH INCHES 

LENGTH, ELEVATION FEET 

FLOW C U B I C  FEET PER SECOND 

N STORAGE VOLUME ACRE- FEET 
SURFACE AREA ACRES 
TEMPERATURE DEGREES FAHRENHEIT 

* U.S. ARMY CORPS OF ENGINEERS 
* HYDROLOGIC ENGINEERING CENTER 
* 609 SECOND STREET 
* D A V I S ,  C A L I F O R N I A  9 5 6 1 6  * 
t (916) 5 5 1 - 1 7 4 8  
* 

S u b a r e a  No. 4 0 0 / 4 1 0  

OUTPUT CONTROL V A R I A B L E S  
IPRNT 3 P R I N T  CONTROL 
I P L O T  0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH ROUTING DATA 

STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 



OPERATION STATION 

HYDROGRAPH AT 4 0 0  

I ROUTED TO 4 0 0 R  

I *** NORMAL END OF HEC-1  *** 

I 
I 
I 
I 
u 
B 
I 
B 
I 
I 
I 
I 
I 

RUNOFF SUMMARY 
FLOW I N  C U B I C  FEET PER SECOND 

T I M E  I N  HOURS, AREA I N  SQUARE M I L E S  

PEAK T I M E  OF AVERAGE FLOW FOR MAXIMUM PERIOD B A S I N  MAXIMUM T I M E O F  
FLOW PEAK 6-HOUR 24-HOUR 7 2 - H W R  AREA STAGE MAX STAGE 



( i FLOOD HYDROGRAPH PACKAGE ( H E C - 1 )  * 
MAY 1991 * 

* VERSION 4.0.1E 

I RUN DATE 0 1 / 1 4 / 9 3  T I M E  0 9 : 5 3 : 5 6  : 
* 

* U.S. ARMY CORPS OF ENGINEERS 
* HYDROLOGIC ENGINEERING CENTER * 
* 609 SECOND STREET 
* D A V I S ,  C A L I F O R N I A  9 5 6 1 6  
t (916) 5 5 1 - 1 7 4 8  
* 
....................................... 

X X XXXXXXX XXXXX X 
X X X  X X X X  
X X X  X X 
XXXXXXX XXXX X XXXXX X 
X X X  X X 
X X X  X X X 
X X XXXXXXX XXXXX X X X  

T H I S  PROGRAM REPLACES A L L  PREVIOUS VERSIONS OF HEC-1  KNOWN AS HEC1 ( J A N  73), HEClGS, HEClDB, AND HECIKW. 

THE D E F I N I T I O N S  OF V A R I A B L E S  - R T I M P -  AND - R T I O R -  HAVE CHANGED FROM THOSE USED U I T H  THE 1 9 7 3 - S T Y L E  INPUT STRUCTURE. 
THE D E F I N I T I O N  OF -AMSKK- ON RM-CARD WAS CHANGED U I T H  R E V I S I O N S  DATED 28 SEP 81. T H I S  I S  THE FORTRANT7 VERSION 
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , S I N G L E  EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY, 
DSS:READ T I M E  S E R I E S  AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT I N F I L T R A T I O N  
K I N E M A T I C  WAVE: NEW F I N I T E  DIFFERENCE ALGORITHM 



( FLOOD HYDROGRAPH PACKAGE (HEC-1 )  ' 
MAY 1991 * 

* VERSION 4.0.1E 

: RUN DATE 0 1 / 1 4 / 9 3  T I M E  09 :53 :56  : 

C I T Y  OF PHOENIX PROJECT NO. P - 8 8 6 5 1 5  
TATUM BLVD. - MOCKINGBIRD LANE TO SHEA BLVD. 

K A M I N S K I  - HUBBARD ENGINEERING, INC. - JOB NO. 0118 
HEC-1  FILENAME : 118-27 .DAT 

2 5  YEAR - 6 HOUR STORM 

I 'I0 

OUTPUT CONTROL VARIABLES 
IPRNT 5 P R I N T  CONTROL 
l PLOT 0 PLOT CONTROL 
PSCAL 0 .  HYDROGRAPH PLOT SCALE 

I I T  HYDROGRAPH T I M E  DATA 
N M I N  2 MINUTES I N  COMPUTATION INTERVAL 

I D A T E  7FEB9O STARTING DATE 
I T I M E  1 0 0 0  STARTING T I M E  

NO 7 2 1  NUMBER OF HYDROGRAPH ORDINATES 
NDDATE 8 F E B 9 0  ENDING DATE 
NDTIME 1000 ENDING T I M E  
I C E N T  19 CENTURY MARK 

COMPUTATION INTERVAL 0.03 H W R S  
TOTAL T I M E  BASE 2 4 . 0 0  HOURS 

t****t*tnt*t*t*t****n*****t*t****n***** 

* 
* U.S. ARMY CORPS OF ENGINEERS * 
* HYDROLOGIC ENGINEERING CENTER 
* 609 SECOND STREET 
* D A V I S ,  C A L I F O R N I A  9 5 6 1 6  * 
* (916) 5 5 1 - 1 7 4 8  
* 

.- 

ENGLISH U N I T S  

I 
DRAINAGE AREA SQUARE M I L E S  
P R E C I P I T A T I O N  DEPTH INCHES 
LENGTH, E L E V A T I O N  FEET 

FLOW C U B I C  FEET PER SECOND 

B STORAGE VOLUME ACRE-FEET 
SURFACE AREA ACRES 
TEMPERATURE DEGREES FAHRENHEIT 

S u b a r e a  No. 4 0 0 / 4 1 0  

u 20 

OUTPUT CONTROL V A R I A B L E S  
I P R N T  3 P R I N T  CONTROL 
I P L O T  0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH R W T I N G  DATA 

STORAGE R W T I N G  
NSTPS 1 NUMBER OF SUBREACHES 



RUNOFF SUMMARY 
FLOW I N  C U B I C  FEET PER SECOND 

T I M E  I N  HOURS, AREA I N  SQUARE M I L E S  

I PEAK T I M E  OF AVERAGE FLOW FOR MAXIMUM P E R I W  B A S I N  MAXIMUM T I M E  OF 
OPERATION STAT I O N  FLOW PEAK 6-HOUR 24-HOUR 72-HOUR AREA STAGE MAX STAGE 

I 
HYDROGRAPH A T  4 0 0  3 2 3 .  4 . 0 3  2 6 .  6. 6. 0.15 

ROUTED TO 4 0 0 R  3 1 4 .  4 . 0 7  2 5 .  6. 6. 0.15 1376.16 4 . 0 7  

u *** NORMAL END OF H E C - 1  *** 



......................................... 
* 

* FLOOD HYDROGRAPH PACKAGE ( H E C - 1 )  * 
* MAY 1991 * 

VERSION 4.0.1E 
* 

RUN DATE 0 1 / 1 4 / 9 3  T I M E  0 9 : 5 3 : 1 7  
* * 

....................................... 
* * 

U.S. ARMY CORPS OF ENGINEERS * 
HYDROLOGIC ENGINEERING CENTER 

609 SECOND STREET 
* D A V I S ,  C A L I F O R N I A  9 5 6 1 6  
* (916) 5 5 1 - 1 7 4 8  
* 
....................................... 

X X XXXXXXX XXXXX X 
X X X  X X X X  

X X X  X X 
XXXXXXX XXXX X XXXXX X 

X X X  X X 
X X X  X X X 
X X XXXXXXX XXXXX X X X  

T H I S  PROGRAM REPLACES A L L  PREVIOUS VERSIONS OF H E C - 1  KNOWN AS H E C l  ( J A N  73), HECIGS, HEClDB, AND HEClKU. 

THE D E F I N I T I O N S  OF V A R I A B L E S  - R T I M P -  AND -RT IOR-  HAVE CHANGED FROM THOSE USED W I T H  THE 1 9 7 3 - S T Y L E  INPUT STRUCTURE. 
THE D E F I N I T I O N  OF -AMSKK- ON RM-CARD WAS CHANGED WITH R E V I S I O N S  DATED 28 SEP 81. T H I S  I S  THE FORTRAN77 VERSION 
NEW OPTIONS: DAMBREAK W T F L O U  SUBMERGENCE , S I N G L E  EVENT DAMAGE CALCULATION, DSS:URITE STAGE FREQUENCY, 
DSS:READ T I M E  S E R I E S  AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT I N F I L T R A T I O N  
K I N E M A T I C  WAVE: NEW F I N I T E  D IFFERENCE ALGORITHM 



( FLOOD HYDROGRAPH PACKAGE (HEC-1 )  
MAY 1991 * 

* VERSION 4.0.1E a 

( RUN DATE 0 1 / 1 4 / 9 3  T I M E  09 :53 :17  : 

****************~*~************aaaaaa*a 

a a 

* U.S. ARMY CORPS OF ENGINEERS 
* HYDROLOGIC ENGINEERING CENTER 
a 609 SECOND STREET * 
* D A V I S ,  C A L I F O R N I A  9 5 6 1 6  
* (916) 5 5 1 - 1 7 4 8  a 

* 
*a*************a*******a*a****aa***aaaa 

C I T Y  OF PHOENIX  PROJECT NO. P - 8 8 6 5 1 5  
TATUM BLVD. - MOCKINGBIRD LANE TO SHEA BLVD. 

K A M I N S K I  - HUBBARD ENGINEERING, INC. - JOB NO. 0118 
H E C - 1  F ILENAME : 1 1 8 - 2 6 . D A T  

50 YEAR - 6 HOUR STORM 

I 'I0 

OUTPUT CONTROL VARIABLES 
IPRNT 5 P R I N T  CONTROL 
I P L O T  0 PLOT CONTROL 

PSCAL 0 .  HYDROGRAPH PLOT SCALE 

HYDROGRAPH T I M E  DATA 

N M I N  2 MINUTES I N  COMPUTATION INTERVAL 
I D A T E  7FEB9O STARTING DATE 

I T I M E  1000 STARTING T I M E  
NQ 7 2 1  NUMBER OF HYDROGRAPH ORDINATES 

NDDATE 8 F E B 9 0  ENDING DATE 

NDTIME 1000 ENDING T I M E  
l CENT 19 CENTURY MARK 

COMPUTATION INTERVAL 0.03 HOURS 

TOTAL T I M E  BASE 2 4 . 0 0  HOURS 

ENGLISH U N I T S  
DRAINAGE AREA SQUARE M I L E S  
P R E C I P I T A T I O N  DEPTH INCHES 

LENGTH, E L E V A T I O N  FEET 
FLOW C U B I C  FEET PER SECOND 

I STORAGE VOLUME ACRE-FEET 
SURFACE AREA ACRES 
TEMPERATURE DEGREES FAHRENHEIT 

S u b a r e a  No. 4 0 0 / 4 1 0  

OUTPUT CONTROL V A R I A B L E S  
IPRNT 3 P R I N T  CONTROL 

I P L O T  0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH ROUTING DATA 

I Rs 

STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 



I 
I 
! OPERAT I O N  STAT 1 ON 

HYDROGRAPH AT 400 

ROUTED TO 4 0 0 R  

I *** NORMAL END OF HEC-1  *** 

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

RUNOFF SUMMARY 
FLOW I N  C U B I C  FEET PER SECOND 

T l M E  I N  HOURS, AREA I N  SQUARE M I L E S  

PEAK T I M E  OF AVERAGE FLOW FOR MAXIMUM P E R 1 0 0  B A S I N  MAXIMUM T I M E  OF 

FLOW PEAK 6-HOUR 24-HOUR 72-HOUR AREA STAGE MAX STAGE 



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

MAY 1 9 9 1  * 
VERSION 4.0.1E * 

( RUN DATE 0 1 / 1 4 / 9 5  T I M E  09 :50 :55  

U.S. ARMY CORPS OF ENGINEERS 
* HYDROLOGIC ENGINEERING CENTER * 
* 6 0 9  SECOND STREET 

D A V I S ,  C A L I F O R N I A  9 5 6 1 6  
* (916) 5 5 1 - 1 7 4 8  * 

X X XXXXXXX XXXXX X 
X X X  X X X X  
X X X  X X 
XXXXXXX XXXX X XXXXX X 
X X X  X X 
X X X  X X X 
X X XXXXXXX XXXXX X X X  

T H I S  PROGRAM REPLACES A L L  PREVIOUS VERSIONS OF HEC-1  KNOWN AS HEC1 ( J A N  731, HEClGS, HECIDB, AND HECIKW. 

THE D E F I N I T I O N S  OF V A R I A B L E S  - R T I M P -  AND -RT IOR-  HAVE CHANGED FROM THOSE USED W I T H  THE 1 9 7 3 - S T Y L E  INPUT STRUCTURE. 
THE D E F I N I T I O N  OF -AMSKK- ON RM-CARD WAS CHANGED W I T H  R E V I S I O N S  DATED 28 SEP 81. T H I S  I S  THE FORTRAN77 VERSION 

NEU OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , S I N G L E  EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY, 
DSS:READ T I M E  S E R I E S  AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT I N F I L T R A T I O N  
K I N E M A T I C  UAVE: NEU F I N I T E  D IFFERENCE ALGORITHM 



* 
FLOOD HYDROGRAPH PACKAGE ( H E C - 1 )  * 

MAY 1991 * 
VERSION 4.0.1E * 

* 
* RUN DATE 0 1 / 1 4 / 9 3  T I M E  09:50:55 * I 

C I T Y  OF PHOENIX PROJECT NO. P - 8 8 6 5 1 5  
TATUM BLVD. - MOCKINGBIRD LANE TO SHEA BLVD. 

K A M I N S K I  - HUBBARD ENGINEERING, INC. - JOB NO. 0118 
HEC-1 F ILENAME : 118-25 .DAT 

1 0 0  YEAR - 6 H W R  STORM 

1 7 1 0  

W T P U T  CONTROL V A R I A B L E S  
I P R N T  5 P R I N T  CONTROL 
I P L O T  0 PLOT CONTROL 
QSCAL 0. HYOROGRAPH PLOT SCALE 

HYDROGRAPH T I M E  DATA 
N M I N  2 MINUTES I N  COMPUTATION INTERVAL 

I D A T E  7FEB9O STARTING DATE 
I T I M E  1000 STARTING T I M E  

NQ 7 2 1  NUMBER OF HYDROGRAPH ORDINATES 
NODATE 8 F E B 9 0  ENDING DATE 
NDT I M E  1 0 0 0  ENDING T I M E  
I C E N T  19 CENTURY MARK 

COMPUTATION INTERVAL 0 . 0 3  HOURS 
TOTAL T I M E  BASE 24 .00  HOURS 

ENGLISH U N I T S  
DRAINAGE AREA SQUARE M I L E S  
P R E C I P I T A T I O N  DEPTH INCHES 
LENGTH, E L E V A T I O N  FEET 

FLOW C U B I C  FEET PER SECOND 

I STORAGE VOLUME ACRE- FEET 
SURFACE AREA ACRES 
TEMPERATURE DEGREES FAHRENHEIT 

....................................... 
* 
* U.S. ARMY CORPS OF ENGINEERS 

HYDROLOGIC ENGINEERING CENTER 
* 609 SECOND STREET t 

* D A V I S ,  C A L I F O R N I A  9 5 6 1 6  * 
(916) 5 5 1 - 1 7 4 8  

* 
....................................... 

S u b a r e a  No.  4 0 0 / 4 1 0  

W T P U T  CONTROL V A R I A B L E S  
I P R N T  3 P R I N T  CONTROL 
I PLOT 0 PLOT CONTROL 

I 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYOROGRAPH R W T I N G  DATA 

STORAGE R W T I N G  
NSTPS 1 NUMBER OF SUBREACHES 



RUNOFF SUMMARY 
FLOW I N  CUBIC FEET PER SECOND 

T I M E  I N  HOURS, AREA I N  SQUARE M I L E S  

I 
PEAK T I M E  OF AVERAGE FLOW FOR MAXIMUM PERIOD B A S I N  MAXIMUM T I M E O F  

OPERAT I ON STAT l ON FLOW PEAK 6 - H W R  24-HOUR 72-HOUR AREA STAGE MAX STAGE 

HYDROGRAPH A T  4 0 0  4 5 5 .  4.03 37. 9. 9 .  0 . 1 5  

ROUTED TO 4 0 0 R  4 5 1 .  4 . 0 7  3 6 .  9.  9 .  0.15 1376.31 4 . 0 7  

I *** NORMAL END OF H E C - 1  *** 







GUTTER FLOW = Q (C.ES.1 



R'INFAL L IMENS/TY- DUQAVGiV- FREQUENCY 4 E L I n N  
FOR PHOENIX P&/ZONA 
(PUF+IU/ &ef/bn ~ e r e r )  

W e r  w e  basedon mef'hodr o/ US W C P C ~ ~ F B U ~ C O U  
7echn/co/ &pee &2: 28 end 43 Pnd fo/nf'b// dafu 
pfcpu~ed by US wed he^ B ~ r r ~ u  OFf/& o/ Nydrdoqy 
for /he 52~;~ Ccmfevw//bn Sef v i e ,  kl'orrch 146 7 * Curves revised June 1975 to ref1ect new in/orma.lion from WR-44. 
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a- \ - 
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a - \ 
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'.r0.005 \ - \ 

-0 .004 
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- 
-0.0 0 I 

EXAMPLE \ 
GIVEN: S = O . 0 2  FIND: d / D =  

\ 
Q =  2 0  c f r  d =  
D =  3 6" (CONCF!ETE) 

\ FULL 15-4 

FULL 

0 

K 

2 aro 

/ 
/ UNIFORM F L O W  

FO R 
PIPE CULVERTS 

AHD 
Structures Section 
Hydraulics Branch 
10-15-72 

Chart 15 

F-40 

Texas 
Highway 
Depar tme  



Q-AV 
1486 1486 Q-,q x- x ~ f i  x m v-f x x s~ V-VObdI *C  R-WI*ILhL*. S-Hyd18uk T -tall la tl blvidod by knfi In In1 ' 
I Q - hpad~y ln d A -4108 of pip0 la q w  L I - Coel!rionl o Rou~hnm 

Nolo: To obbla Q lor r q  diaawlor pip, mlUply Uw flmn rbap In Iho colum under tho pmpr nluo ol by lho sq root of Ibo sbpc. 



For  Determining the Area  "a" of the Cross  Section 
of a Circular Conduit Flowing P a r t  Full 

Let depth of water  - D 2 - - and Ca = the tabulated value. Then a = Cad . 
diameter of channel d 

I 
AHD 
Structures Section 
Hydraulics Branch 

Table 2 

Handbook of Hydraulics 
H. W. .*g 



" 
SCALE ENTRANCE 

TYPE 

(1 Squara odga with 
headmoll 

(2) Grosva and with 
hradwall 

(3) Groove end 
project in* 

10 

8 

6 t o  urr scale (2)  or (3) prajact 
5 horizontally to rcalr ( I ) ,  them 

4 urr  rtrolqht lncllnad line through 
D and 0 scaler, w ravarra or 

3 illurtratad. 

CHART 1 0 
EXAMPLE 

Dm42 lnchn (3.5 twt)  
0- 120 ctr 

Y *  z 
( I )  2.5 8.8 

Ce) 2.1 7.4 

(3) 2.2 7.7 

OD in foot 

L 12 HEADWATER DEPTH FOR 

HEADWATER SCALES 2 83 
CONCRETE PIPE CULVERTS 

BUREAU OF PUBLIC ROADS JAN 1963 
REVISED MAY 1964 WITH INLET CONTROL 



BUREAU OF PUBLIC ROAOS JAN. 1963 

CHART 5 

-+ 
1 Slop* So-. 

SUBMERGED OUTLET CULVERT M W l N G  FULL 
I 

For w t l r l  crom not wbmrrgrd. e a p u t r  HW by 
f ~ t ) I Q d s  ducribad in th. drsign pocrdun 

HEAD FOR 
CONCRETE PIPE CULVERTS 

FLOWING FULL 
n = 0.0 12 



\ I \-I 8 - I  

E X A M P L E  - 8 9 r 10 
- 

5 ' 1 2 ' B o r  0 ~ 7 5 e f r  . - -7  - 8 - 
o/e a 1 5 c t s / t t .  - 7 - 0 - 6 

I n l e t  nw - 6 - 7 
D fee t  - 5 - 6 

( I )  1.75 3.5 - 5 

( e l  1.90 3. e - 4 
- - 5 

(3) 2 0 5  4.1 - - 4 - - - 4 - - - 3 - - 3 - - 3 
7 i 

Anplr of 
wlnpwoll 
Flare 

H W  WINGWALL - D SCALE F L A R E  

(1) 3, to  75' , 

' 1 *6 1 .6 1 (2) 90°0nd IS* 

(3) O* ( r~ tms ions  
o t  r i d r r )  

To usr scalr (2 )  or (3) project 
karirontally to scale (I), then 
rsa stroight inelinad line throuph 
D ond O rcolrs, or r r v r r s r  as 
Illurtratad. iii 

BUREAU OF PUBLIC ROADS JAN. IS03 

I I I 

L -3s L -35 
-30 

HEADWATER DEPTH 
FOR BOX CULVERTS 

WITH INLET CONTROL 



CHART 14 
5 

4 

3 

2 

I 

0 
0 10 20 30 40 50 60 

B U R W  OF PUBLIC ROADS a. 1963 
CRITICAL DEPTH 

5- 38 RECTANGULAR SECT ION 



CHART 15 

I ---+ -- 
SUBMERGED OUTLET CULVERT FLOWING FULL 

For outlet c m m  not wbmrrgrd, crmputr H W  by 
methods d u c r i k d  in tk. design procrdun 

HEAD FOR 
C O N C R E T E  BOX C U L V E R T S  

FLOWING F U L L  
n = 0.012 AlJ OF PUBLIC ROAOS JAN. 1963 



CHART 29 
0 

EXAMPLE 
Sixa: 76-1 48. 

Om 300 c h  

2000 F0 + * (,zt) ( 1  1 I- r 4.0 

r 4.0 

* D in feet 

To urr acoe (0) or (3) 
&ow o atroight line 
through n n a n  voluer 
01 rue  and dircharge 
to innrrect rcole (I 1. 
Rom point on $cola (1) 
proiect hwizontolly to 
.oktion on *ilk rcolr 
(2) (3). 

HW /D ENTRANCE 
SCALE TYPE 

(1) Squon edge with 
hrodwoll 

(3) Grove end 
proiecting 

HEADWATER DEPTH FOR 
OVAL CONCRETE PIPE CULVERTS 

LONG AXIS HORIZONTAL 
WITH INLET CONTROL 

BUREAU OF PUBLIC ROAOS JAN. 1963 



7 2000 

- 0 
f w  - - - 
f f  - 
a A - - - 

nw - 
- 1000 ---+ "0 . - 0.4 - 

slope So- - 800 SUBMERGED OUTLET CULVERT FLOWING FULL - 0.5 - - 151 x97 

- 600 For outlet crown not submerged, compute H W  bV - 0.6 - 136 ~ 8 7  11ulhoda d u c r l k d  in tha dae~gn posedun 

- 500 - 0.7 

- 121 x 77 /- 0.8 
- 400 -113x72 - 0.9 - 106 x68 - 1.0 

- 300 - 98x63 f .  
-91x58 

a -83x53 7200 
f .  

e l  5 -76x48 
0 - 2 

-68x43 z :  z_ IL 

,&, -100 
w - 
a - 
4 -80 
x - 
0 - 
v, - 

2 - 4 5 x 2 9  '2 
1 - 50 -42x27 L 1 50° - 5  

N 
V) NOTE '1 - 40 ~ 4 8  x24 ' .  r6 

Oimenaions on r u e  acala ara \Ol 
/ / ordered for long aaia horizontal - 7  

/40 inatollation. They should ba 
rweraed lor long axis vertical. 

- 8 
- 9  

/ f /30 x I9 - 10 
/L 20 

L 
/ /C - 

L - 23% 14 
/. 
- 10 - 20 

- 8  

- 6  

- 5  
HEAD FOR 

OVAL CONCRETE PIPE CULVERTS 
LONG AXIS HORIZONTAL OR VERTICAL 

FLOWING FULL 
BUREAU OF P u ~ L l c  ROADS JAN. 1 9 6 3  n = 0.012 



EXAMPLE 

Sirs: 36' I 22' 
Q =  2 0 c f s  

*D in teat  

HDW sSCIEE. ENTRANCE - 
TYPE 

(1) Haadwoll 

(2) Yltered to conform 
to *lop@ 

(3) ' Projacting 

To uss scola (2)  or ( 3 )  prblact 
horirontolly to scole ( I ) ,  than 
uaa straight Inclined l ln r  through 
D and 0 scalee, or ravarsa or  
I l lurtrotad.  

*ADDITIONAL SIZES NOT DIMENSIONED ARE HEADWATER DEPTH FOR 
LIST ED IN FABRICATOR'S CATALOG C. M. PIPE-ARCH CULVERTS 

BUREAU OF FWBLIC ROADS JAN. 1963 WITH INLET CONTROL 



DISCHARGE- 0 -  CFS 

CHART 37 
0 

BUREAU OF PUBLIC ROADS 

 AN 1964 CRITICAL DEPTH 
STANDARD GM. PIPE-ARCH 



CHART 39 

I 
Slop. so- 

SUBMERGED OUTLET CULVERT FLOWING FULL - 

HEAD FOR 
STANDARD C M, PIPE-ARCH CULVERTS 

FLOWING FULL 
BUREAU OF PuBl.lc ROADS JAN. 1963 n =0.024 






