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Label Total Length 
System (ft) 

Flow 
(cfs) 

P-1 1 279.00 540.00 

P-15 331 .00 200.00 

P-16 331 .00 360.00 

Fairmount-Oiiv 200.00 485.88 

P-13 331 .00 140.00 

Olive-Osborn 400.00 1,374.12 

P-24 587.00 143.10 

P-25 787.00 297.28 

P-14 787.00 30.67 

P-19 787.00 35.00 

P-20 787.00 15.00 

P-17 787.00 28.93 

P-18 787.00 624.98 

P-17 203.00 565.00 

P-7 787.00 55.00 

P-21 224.00 595.00 

P-5 1,167.00 418.60 

P-22 188.00 65.38 

Cor/87th 539.00 65.00 

P-6 1 '167.00 919.02 

P-23 188.00 190.59 

87th 539.00 355.00 -Thomas-Drop 1,550.00 5,0Q7.80 
J 

87th/McD 539.00 70.00 

P-1 1,550.00 167.37 

McDowell 539.00 1,254.00 

McDowell-June 2,052.o1rr 2,432.63 

Junc-McK 2,052.00 2,935.00 

McK-Bend -~ 2,223.00 177.00 

McK-SR 2,223.00 4,288.00 

p:\ .. . \pima road conduit\pimaroad-final.stm 
02/07/08 11:31:45 AM 

Constructed Section Mann ings 
Slope Size n 
(ft/ft) 

0.003000 10 x 4ft 0.013 

0.003000 10 x 4ft 0.013 

0.003139 10 X 4ft 0.013 

0.004116 72inch 0.014 

0.003071 72 inch 0.014 

0.001776 72inch 0.014 

0.005171 72inch 0.014 

0.003364 84 inch 0.014 

0.489729 84 inch 0.014 

0.004571 84 inch 0.014 

-0.004667 84inch 0.014 

-0.457311 84 inch 0.014 

0.002816 84 inch 0.014 

0.004655 6x4ft 0.013 

0.002909 84 inch 0.014 

0.004605 6x4ft 0.013 

0.003703 102 inch 0.014 

0.002753 54 inch 0.014 

0.004000 12x6ft 0.013 

0.003754 102 inch 0.014 

0.008080 54 inch 0.014 

0.004000 12 x 6ft 0.013 

0.002099 120 inch 0.014 

0.004000 12 X 6ft 0.013 

0.004302 120inch 0.014 

0.004003 72 inch 0.014 

0.004320 120 inch 0.014 

0.003768 120 inch 0.014 

0.001977 12 x 16ft 0.013 

0.002001 12 x 16ft 0.013 

Scenario: Pima Base 

Pipe Report GRW 

Full Upstream Downstream Upstream Downstream Upstream Downstream Hydrau lic 
Capacity Invert Invert Ground Ground Cover Cover Grade 

(cfs) Elevation Elevation Elevation Elevation (ft) (ft) Line In 
(ft) (ft) (ft) (ft) (ft) 

317.64 1,231 .30 1,229.68 1,236.30 1,235.26 1.00 1.58 1,235.55 

317.64 1,228.68 1,228.08 1,235.26 1,235.00 2.58 2.92 1,234.17 

324.91 1,228.08 1,226.95 1,235.00 1,234.85 2.92 3.90 1,233.46 

252.29 1,228.96 1,226.96 1,239.00 1,237.00 4.04 4.04 1,234.82 

217.93 1,224.95 1,224.52 1,234.85 1,233.26 3.90 2.74 1,231 .62 

331.41 1,226.96 1,224.52 1,237.00 1,233.26 4.04 2.74 1,233.56 

565.56 1,224.52 1,223.78 1,233.26 1,233.83 2.74 4.05 1,230.07 

688.06 1,222.80 1,221 .80 1,233.83 1,231 .66 4.03 2.86 1,229.32 

8,302.07 1,221 .80 1,206.78 1,231 .66 1,231 .07 2.86 17.29 1,228.03 

802.11 1,206.78 1,206.62 1,231.07 1,231.01 17.29 17.39 1,228.01 

-810.42 1,206.62 1,206.69 1 ,231.01 1,232.18 17.39 18.49 1,227.64 

-8 ,022.58 1,206.69 1,219.92 1,232.18 1,232.10 18.49 5.18 1,227.27 

629.55 1,219.92 1,218.16 1,232. 10 1,229.46 5.18 4 .30 1,227.04 

211 .35 1,227.70 1,225.07 1,232.70 1,230.07 1.00 1.00 1,232.08 

639.86 1,218.16 1,218.00 1,229.46 1,227.33 4 .30 2.33 1,224.18 

210.22 1,225.07 1,222.33 1,230.07 1,227.33 1.00 1.00 1,228.58 

1,211 .52 1,216.50 1,214.95 1,227.33 1,229.00 2.33 5.55 1,223.61 

191 .61 1,211.72 1,211 .54 1,223.00 1,224.92 6.78 8.88 1,221 .62 

826.23 1,203.96 1,203.70 1 ,211 .50 1,215.20 1.54 5.50 1,212.07 

1,219.86 1,214.95 1,211 .50 1,229.00 1,227.00 5.55 7.00 1,221.98 

328.26 1 ,211 .54 1,210.00 1,224.92 1,227.00 8.88 12.50 1,220.87 

826.23 1,203.70 1,202.28 1,215.20 1,216.50 5.50 8.22 1,21 1.51 

1,406.96 1,210.00 1,199.30 1,227.00 1,221.22 7.00 11 .92 1,219.45 

826.23 1,202.28 1,202.00 1,216.50 1,217.10 8.22 9.10 1,210.44 

2,014.22 1,194.22 1 '193.50 1,221 .22 1,222.00 17.00 18.50 1,202.11 

497.61 1,202.00 1,196.98 1,217.10 1,222.00 9.10 19.02 1,209.55 

2,018.57 1,193.50 1,182.99 1,222.00 1 '198.00 18.50 5.01 1,201 .86 

1,885.18 1,182.99 1,171 .93 1,198.00 1,191 .50 5.01 9.57 1 '1 92.39 
2,218.92 1,1 65.93 1,165.58 1,191 .50 1,195.00 9.57 13.42 1,180.02 

2,232.09 1,165.58 1,157.00 1,195.00 1,185.00 13.42 12.00 1,179.50 

Bentley Courtesy Lie , Exton 
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Hydraulic 
Grade 

Line Out 
(ft) 

1,234.30 

1,233.52 

1,232.29 

1,233.59 

1,230.63 

1,230.14 

1,229.41 

1,228.10 

1,228.11 

1,227.85 

1,227.58 

1,227.14 

1,224.30 

1,229.65 

1,223.86 

1,226.33 

1,222.45 

1,221.45 

1,211 .96 

1,219.47 

1,220.37 

1 ,210.91 

1,206.01 

1,210.32 

1,201 .92 

1,203.66 

1,192.66 

1,180.05 

1,179.67 

1 '167.22 

Average 
Velocity 

(ft!s) 

6.97 

8.28 

8.28 

9.90 

11 .71 

7.07 

11 .36 

10.22 

67.90 

10.22 

10.22 

10.22 

10.22 

8.46 

10.22 

9.33 

12.16 

5.91 

7.49 

12.24 

5.91 

7 49 

9.87 

7.49 

14.14 

9.53 

14.64 

13.06 

11 .58 

13.30 

..__ 
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2. Interception Structure Analysis 



INTERCEPT1a..J CALa.JLA TlCIVS ----
86TH STREET I asa:RN ROtiD 

~fer Section jlnterce(:ied RON, a I 
6. 1. 2 .1 4. 5 

ActJ..a /nc:rement;:i 

Iteration Qadual Depth Qd.Jmrry 1-tif Street (Qi) Ft/1 Street (2"Qi) Qrerrain Gate /...er1;Jth 
cfs ft cfs cfs cfs cfs ft 

1 3()) ., 1.67 Em 52.6 1C6.2 200.8 6 
2 200.8 1.51 382 44.4 00.8 112.0 6 
3 112.0 1.28 243 33.6 67.2 44.8 6 
4 44.8 O.ffi 116 21.2 42.4 2.4 6 

Tcta lrtacer:ta::J RON 3l3.6 cfs 
Tcta Bytms 2.4 cfs 
Tcta Gcte t..Ergh (a:dl sioo a strea) 24 ft 

1. The HEC-1 Q was input into a Flowmaster Irregular Section to determine the 
actual depth of flow in the roadway section. 

2. Due to limitations in defining the cross section for a curb and gutter section in 
Flowmaster, a "Dummy Q" was input into the Grate and Gutter section in 
order to match the actual depth observed from the Irregular Section from 
Step 1. This is to insure an accurate accounting of grate interception which is 
directly proportional to depth. 

3. Based on a 50% clogging factor and a 24" wide grate (MAG Std . Det. 533-1 ), 
the intercepted flow for an incremental grate length of 6', Qi, for half of the 
street cross section was calculated in the Grate and Gutter section . (See 
Flowmaster output). 

4. Assuming linear grate inlets on both sides of the street, the incremental 
intercepted flow, Qi for half of the street cross section was multiplied by 2 to 
determine the incremental intercepted flow for the entire street cross section. 

5. The intercepted flow for the entire street cross section was then subtracted 
from the actual HEC-1 Q, to obtain a new Actual Q, which represents the 
remaining flow (after 6 feet of interception) for the entire roadway section after 
6 feet of grate interception. 

6. The new Actual Q was again input into the Flowmaster Irregular Channel 
section to determine the actual depth of flow at an incremental grate length 6 
feet downstream of the original observation and the process repeated. 

The above steps were executed until acceptable bypass flow remained or all flow was 
intercepted. From this analysis, it was determined that 2 grates, each 24 feet long and 
2' wide, will be needed in order to intercept the flow along 86th Street at Osborn Road. 

After layout in CAD (see included 30% detail sheet) , it was determined that the angle of 
approach for flow spread out through the roadway section and through adjacent yards 

86th osborn explanation .docP:\06\077\H&H\Hydraulics\FiowMaster\ lnterception Structures\lnterception Structure Writeups\86th 
osborn explanation .doc 2/22/2008 8:42:53 AM 
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may be too sharp to recede along a 24' length of grate inlet. Though calculations 
indicate interception could be obtained from a grate capacity standpoint, it was 
determined that the physical proximity of stormflows may not make it into the grate 
inlets. Therefore a safety factor of 3.0 was applied to grate length to insure interception . 
Also , based on roadway geometry and historical flow paths, transverse grates were 
recommended to insure flows not intercepted within the roadway grate inlets and flows 
coming from the west would be caught by two transverse grate structures. 

86th osborn explanation.docP:\06\077\H&H\Hydraulics\FiowMaster\lnterception Structures\lnterception Structure Writeups\86th 
osborn explanation .doc 2/22/2008 8:42:53 AM 
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Project Description 

Friction Method 

Solve For 

Manning Formula 

Normal Depth 

Input Data 

Channel Slope 

Normal Depth 

Discharge 

Cross Section Image 

c 
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~ 
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station 
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0.00605 ft/ft 

1.67 ft 

306.0 cfs ~A c. "'IVA t..- Q.
00 

(Az.M Ufc.- I) 
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Osborn/86th - Irregular Section - Iteration 1 

Project DescriRtion 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Discharge 

Section Definitions 

,, 

Station (ft) 

Roughness Segment Definitions 

Manning Formula 

Normal Depth 

0+00.00 

0+20.00 

0+40.00 

0+60.00 

0+80 .00 

1+00.00 

1+20.00 

1 +22.40 

1+24.30 

1+41.80 

1+53.60 

1+60.10 

1+61 .70 

1+65.90 

1 +67.40 

1+73.10 

1+80.00 

2+00.00 

2+20.00 

2+40.00 

2+60.00 

2+80.00 

3+00.00 

0.00605 ftlft 

306.0 cfs 

Elevation (ft) 

37.01 

36.94 

36.82 

36.75 

36.69 

36.63 

36.54 

36.57 

35.97 

36.57 

36.23 

35.93 

36.38 

36.46 

36.63 

36.96 

36.97 

37.08 

37.26 

37.39 

37.33 

37.30 

37.18 
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Osborn/86th- Irregular Section- Iteration 1 

Start Station Ending Station Roughness Coefficient 

Results 

Normal Depth 

Elevation Range 

Flow Area 

Wetted Perimeter 

Top Width 

Normal Depth 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

GVF Output Data 

Upstream Depth 

Profile Description 

Profile Headless 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

2111/2008 5:45:13 PM 

(0+00.00, 37.01) 

(1+00.00, 36.63) 

(1 +22.40, 36.57) 

(1 +61.70, 36.38) 

(1 +67.40, 36.63) 

(1 + 73.1 0, 36 .96) 

(2+40.00, 37 .39) 

35.93 to 37.39 ft 

Subcritical 

(1+00.00, 36.63) 

(1+22.40, 36 .57) 

(1 +61 .70 , 36.38) 

(1+67.40, 36.63) 

(1 + 73.1 0, 36.96 ) 

(2+40.00, 37.39) 

(3+00.00, 37.18) 

1.67 ft 

213.7 ft2 

301 .21 ft 

300.00 ft 

1.67 ft 

1.18 ft 

0.08083 ftlft 

1.4 ft/s 

0.03 ft 

1.70 ft 

0.30 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infinity ft/s 

Infinity ft/s 

1.67 ft 

(:S&.I. 11Jo1'[~ 'iJfjCf 
P~'5 ) 0.080 

0.013 

0.016 

0.01 3 

0.025 

0.080 

0.050 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.071 .00] 
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GVF Output Data 

Critical Depth 

Channel Slope 

Critical Slope 

Messages 

Notes 

2/11/2008 5:45:13 PM 

Osborn/86th - Irregular Section - Iteration 1 

1.18 ft 

0.00605 ft/ft 

0. 08083 ft/ft 

Slope and section obtained from 
InRoads and Aerial Mapping data for 
Granite Reef Wash Drainage Study 
and Preliminary Design 
Improvements project (2007). 
Manning's 'n' values reflect asphalt 
street (0.016), curb/gutter/sidwalk 
(0.013), yards (0 .025), blocked yards 
(0.050) and houses/fences/block 
walls (0.080). 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .071 .00] 

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 3 of 3 



Cross Section for Osborn/86th -Grate Inlet On Grade - Iteration 1 

Project Description 

Solve For 

Input Data 

Discharge 

Slope 

Gutter Width 

Gutter Cross Slope 

Road Cross Slope 

Roughness Coefficient 

Efficiency 

Grate Width 

Grate Length 

Grate Type 

Clogging 

Cross Section Image 

~ 

Efficiency 

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

I ~------~ 

l GRA1e. LDC.A11oN A7 ~ = J. 67 ft 

503.0 cfs ,..__ ~'{ ~ 1b 
0.00605 ft/ft 

2.0 ft 

0.0416 ft/ft 

0.0200 ft/ft 

0.016 

10.46 % 

2.00 ft 

6.00 ft.__ 1Nq!~4(l, ~~ ~ 

50.00 % 

(T!.f.S1 cF ~-rt~jtOADW4~ C..UtJ-<.LDP£, 
D Oi.$ tJ rl( A/'Pt,;"f •• .) 

2/11/2008 5:50:11 PM 

V:10 ~ 
H: 1 
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Osborn/86th - Grate Inlet On Grade - Iteration 1 

Project Description -------
Solve For 

Input Data 

Discharge 

Slope 

Gutter Width 

Gutter Cross Slope 

Road Cross Slope 

Roughness Coefficient 

Grate Width 

Grate Length 

Grate Type 

Clogging 

Options 

Grate Flow Option 

Results 

Efficiency 

Intercepted Flow 

Bypass Flow 

Spread 

Depth 

Flow Area 

Gutter Depression 

Total Depression 

Velocity 

Splash Over Velocity 

Frontal Flow Factor 

Side Flow Factor 

Grate Flow Ratio 

Active Grate Length 

Messages 

Notes 

Efficiency 

503.0 

0.00605 

2.0 

0.0416 

0.0200 

0.016 

2.00 

6.00 

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

50.00 

Exclude None 

10.46 

* 52.6 

450.4 

81 .5 

1.67 

66.5 

0.04 

0.04 

7.6 

10.0 

1.00 

0.04 

0.07 

3.00 

Normal depth from Irregular Section -
Iteration 1 = 1.67 feet for Q1 00=306 
cfs (inital peak discharge from 
HEC-1 arriving at location). 

Since the primary variable affecting 
amount of grate interception is depth, 
a dummy Q of 503 cfs was input into 

cfs 

ftjft 

ft 

ftj ft 

ftj ft 

ft 

ft 

% 

% 

cts .- IN~UM&JTAL.- rr-.rt~~moJJ ~L 
cfs ~at-1st b"'rE£1" CF-~ IN\£f 
tt (otJ~ ~~~of sm.u orvt..'f) 
ft 

ft2 

ft 

ft 

ftls 

ftls 

ft 
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Messages 

2/11/2008 5:45:47 PM 

Osborn/86th- Grate Inlet On Grade- Iteration 1 

this worksheet to obtain equivalent 
depth to that shown in the Irregular 
Section - Iteration 1. 

The value of interception shown 
(52.6 cfs) will then be multiplied by 
two (to account for both sides of the 
street section) and subtracted from 
the total Q in the irregular section to 
obtain a new depth. 

The goal of this calculation is not to 
obtain a specific grate efficiency or 
spread , but purely to obtain an 
accurate interception quantity for a 
6-foot length of 2-foot wide grate at 
the actual modeled depth for the 
entire street section . 

The 6-foot length was selected as a 
convenient length to iterate on , that 
is, to obtain the number of 6-foot 
lengths it will take to intercept the 
entire peak discharge. 

Reason for the iteration is that 
FlowMaster is nonmally utilized for 
relatively small Q's that are 
contained within one side of a nonmal 
crown street section. Due to the 
limitations of modeling a larger Q 
flowing through an entire street 
section (and through adjacent yards) 
in the 'Grate Inlet On Grade' function 
of FlowMaster, this process was 
used to 'trick' the model into 
providing accurate interception rates 
for a large Q and a very long grate 
while accounting for a continuously 
decreasing depth over the entire 
grate length. 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .071 .00] 
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Cross Section for Osborn/86th- Irregular Section- Iteration 2 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Normal Depth 

Discharge 

Manning Formula 

Normal Depth 

0.00605 

1.51 

ft/ft 

ft 

cfs ._~= (~-(~) c:f$ 
....------__,...---cl-- t--1----1 Cross Section Image 

37.60 ' ' 

c 
0 

~ 
> 
~ 
w 

37.40 

37.20 

37.00 

36.80 

30.60 

36.40 

36.20 

36.00 

35.80 

.. --·· ··-···· ······-·······-··- ..... oe.~ .,J(\...Q 

· +·······-~ ···· .T 
····· · r·····--·-------1- ········--·-··r ··-------------- ;"--. ,· ',· ..... --···+··---······· '1,,. ···· 

.. ·················!······· ··········+··· ·············· .................. +-············ ·····!·· ·· ·· ··· 

i ; : ! 
-- -- ---~ - - --· .. ··--· .. ··· ········-······t·····---------- r-----·-··- ·· ·····r .. ··------------.. i ........ . 

: : 
... ·t················o············.. .... . ..... r ··············r·········· ····r ..... . 
•••••.•• j ......... ...... ... ; ..•• .••.••••••••• •••••••. ·- - ~ -- - · ··· · · ····· · · -~·-·· · ········· · ··- i ·-· · ····· 

- ' ' -- - i ~ - !-
····· • ·· ·-····· -·r··--. >-······- --r ··- ···-1 

I I I I I I I I 

6·fDJ ~ 
IN~l, 

C~)'*'IW£ 
(t»E~~~~~ 
X~) 
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Station 
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Osborn/86th - Irregular Section - Iteration 2 

Project Description 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Discharge 

Section Defin itions 

Station (ft) 

Roughness Segment Definitions 

Manning Formula 

Normal Depth 

0+00.00 

0+20.00 

0+40.00 

0+60.00 

0+80.00 

1+00.00 

1+20.00 

1 +22.40 

1+24.30 

1+41 .80 

1+53.60 

1+60.10 

1+61.70 

1+65.90 

1+67.40 

1+73.10 

1+80.00 

2+00.00 

2+20.00 

2+40.00 

2+60.00 

2+80.00 

3+00.00 

0.00605 fUft 

200.8 cfs 

Elevation (ft) 

37.01 

36.94 

36.82 

36.75 

36.69 

36.63 

36.54 

36.57 

35.97 

36.57 

36.23 

35.93 

36.38 

36.46 

36.63 

36.96 

36.97 

37.08 

37.26 

37.39 

37.33 

37.30 

37.18 

Bentley Systems, Inc. Haestad Methods Solution Cente r Bentley Flow Master [08.01.071.00] 
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I 
e 

I 

Osborn/86th - Irregular Section - Iteration 2 

Input Data 

Start Station Ending Station Roughness Coefficient 

Results 

Normal Depth 

Elevation Range 

Flow Area 

Wetted Perimeter 

Top Width 

Normal Depth 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headless 

Downstream Velocity 

Upstream Velocity 

Nonmal Depth 

2/11/2008 5:46:59 PM 

(0+00.00, 37.01) 

(1 +00.00 , 36.63) 

(1+22.40 , 36.57) 

(1+61 .70, 36.38) 

(1 +67.40, 36.63) 

(1+73.10, 36.96) 

(2+40.00 , 37.39) 

35.93 to 37 .39 ft 

Subcritical 

(1 +00.00, 36.63) 

(1+22.40 , 36.57) 

(1 +61.70, 36.38) 

(1 +67 .40, 36.63) 

(1+73.10, 36.96) 

(2+40.00 , 37.39) 

(3+00.00, 37.18) 

1.51 ft 

165.9 ft2 

300.89 ft 

300.00 ft 

1.51 ft 

1.06 ft 

0.08621 ft/ft 

1.2 ft/s 

0.02 ft 

1.53 ft 

0.29 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infinity ft/s 

Infinity ft/s 

1.51 ft 

0.080 

0.013 

0.016 

0.013 

0.025 

0.080 

0.050 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.071 .00] 
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GVF Output Data 

Critical Depth 

Channel Slope 

Critical Slope 

Messages 

Notes 

2/11/2008 5:46:59 PM 

Osborn/86th - Irregular Section - Iteration 2 

1.06 ft 

0. 00605 ft/ft 

0.08621 ft/ft 

Slope and section obtained from 
InRoads and Aerial Mapping data for 
Granite Reef Wash Drainage Study 
and Preliminary Design 
Improvements project (2007). 
Manning's 'n' values reflect asphalt 
street (0.016), curb/gutter/sidwalk 
(0.013), yards (0.025), blocked yards 
(0.050) and houses/fences/block 
walls (0.080). 
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Cross Section for Osborn/86th- Grate Inlet On Grade- Iteration 2 

Project Description 

Solve For 

Input Data 

Discharge 

Slope 

Gutter Width 

Gutter Cross Slope 

Road Cross Slope 

Roughness Coefficient 

Efficiency 

Grate Width 

Grate Length 

Grate Type 

Clogging 

~ 
I 

v 

73.5ft 

l ~LOCAl» oN 

Efficiency 

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

382.0 cfs ~ ~~ Q """\t) OIJ""fAnJ lZ!bUGa> 
o.oo6o5 ft/ft ~ Ar-n:R 6 -f~ cF GllAT£. 

2.0 ft rN~T tr41E:R..ce..rnoJJ 
0.0416 ft/ft 

0.0200 ft/ft 

0.016 

11.63 % 

2.00 ft 

6.00 ft 

50.00 % 

V: 10 ~ 
H·: 1 
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Osborn/86th - Grate Inlet On Grade - Iteration 2 

Project Descri!)tion 

Solve For 

Input Data 

Discharge 

Slope 

Gutter Width 

Gutter Cross Slope 

Road Cross Slope 

Roughness Coefficient 

Grate Width 

Grate Length 

Grate Type 

Clogging 

0 tions 

Grate Flow Option 

Results 

Efficiency 

Intercepted Flow 

Bypass Flow 

Spread 

Depth 

Flow Area 

Gutter Depression 

Total Depression 

Velocity 

Splash Over Velocity 

Frontal Flow Factor 

Side Flow Factor 

Grate Flow Ratio 

Active Grate Length 

Messages 

Notes 

2/11/2008 5:47:35 PM 

Efficiency 

382.0 cfs 

0.00605 ft/ft 

2.0 ft 

0.0416 ft/ft 

0.0200 ft/ft 

0.016 

2.00 ft 

6.00 ft 

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

50.00 % 

Exclude None 

% 11 .63 * 44.4 
cfs ~ lN~\.- (,..j~C).,J flAT£ 

337.6 cfs 

73.5 ft 

1.51 ft 

54.1 ft2 

0.04 ft 

0.04 ft 

7.1 ft/s 

10.0 ft/s 

1.00 

0.05 

0.07 

3.00 ft 

Normal depth from Irregular Section -
Iteration 2 = 1.51 feet for 
0100=200.8 cfs (remaining peak 
discharge). 

Dummy Q of 382 cfs was input into 
this worksheet to obtain equivalent 
depth to that shown in the Irregular 

~ uJ '..fS--1 cF ~lt. -:D.Iu:t" 
( ~ s cDC. cF $tRti?' 01-.A.-'i) 
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Messages 

2/11/2008 5:47:35 PM 

Osborn/86th- Grate Inlet On Grade- Iteration 2 

Section - Iteration 2. 

Interception of 44.4 cfs will be 
multiplied by two (both sides of street 
section) and subtracted from total Q 
in irregular section for next iteration. 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .071 .00] 
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Cross Section for Osborn/86th- Irregular Section- Iteration 3 

Project Description 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Normal Depth 

Discharge 

Manning Formula 

Normal Depth 

0.00605 ft/ft 

1.28 ft 

37.60 

cfs-4-- Q ::. (z.co.B- (44.4 xi)) c.f~ 

~C_r_o_s_s_S_e_c_ti_o_n_lm~a~~~e--~-----,---------------~-------------------~ ~ 
.......... . ....... ...... ....... .. ...... ,ltlML. UO\JC.EJ> Q A~ 

37.40 

37.20 

I~ .& ..fEEt" cY 1Nl&Wtrtt-l 
········ ~···· ·······- i······-·. 

37.00 1 1 ·+······· .. ······· .................. +··················!········· 
c 36.ao 0 

'ffi 
> 36.60 ~ 
w 

36.40 

; 1 l 
· ······- ~ ·- · · ············· . . .............. 1 ............... ~- -··· ···········-~·-······ .. ·······-i ........ . I 1 ~ j ~ ~ 

·····T················,•············· ··· .......... T"'"'"""'"T""""""""f""" 

36.20 ....... : .... ·::::::: .... · .. ·:·:~~:·:: ........... :r:: .. ::: ::· ::::~::: : :·:::~::: : : · :~"-·: 
36.00 

········i 
35.SO 

········ !··· ·· ·······-·t ···· ··-·········r-· ·· ··----·?···-·· ·····-i········ 
: : 

I I I I I I I I I I 

0-+00 0+50 1+00 1+50 2+00 2+50 3+00 
Station 
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Osborn/86th- Irregular Section- Iteration 3 

Project Description 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Discharge 

Section Definitions 

Station ft 

Roughness Segment Definitions 

Manning Formula 

Normal Depth 

0+00.00 

0+20.00 

0+40.00 

0+60.00 

0+80 .00 

1+00.00 

1+20.00 

1 +22.40 

1+24.30 

1 +41 .80 

1+53.60 

1+60.10 

1+61 .70 

1+65.90 

1+67.40 

1+73.10 

1+80.00 

2+00.00 

2+20.00 

2+40.00 

2+60.00 

2+80.00 

3+00.00 

0. 00605 fUft 

112.0 cfs 

Elevation (ft) 

37.01 

36.94 

36.82 

36.75 

36.69 

36.63 

36.54 

36.57 

35.97 

36.57 

36.23 

35.93 

36.38 

36.46 

36.63 

36.96 

36.97 

37.08 

37.26 

37.39 

37.33 

37.30 

37.18 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.071 .00] 
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Osborn/86th- Irregular Section- Iteration 3 

Start Station Ending Station Roughness Coefficient 

Results 

Normal Depth 

Elevation Range 

Flow Area 

Wetted Perimeter 

Top Width 

Normal Depth 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

GVF Output Data 

Upstream Depth 

Profile Description 

Profile Headless 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

2/11/2008 5:48:27 PM 

(0+00.00, 37.01) 

(1+00.00, 36.63) 

(1 +22.40, 36.57) 

(1 +61 .70, 36.38) 

(1+67.40, 36.63) 

(1 + 73.1 0, 36.96) 

(2+40.00, 37.39) 

35.93 to 37.39 ft 

Subcritical 

(1 +00 .00, 36.63) 

(1+22.40, 36.57) 

(1 +61.70, 36.38) 

(1 +67.40, 36.63) 

(1+73.10, 36.96) 

(2+40.00, 37.39) 

(3+00.00, 37.18) 

1.28 ft 

104.0 ft2 

219 .06 ft 

218.64 ft 

1.28 ft 

0.91 ft 

0.09519 ft/ft 

1.1 ft/s 

0.02 ft 

1.30 ft 

0.28 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infinity ft/s 

Infinity ft/s 

1.28 ft 

0.080 

0.013 

0.016 

0.013 

0.025 

0.080 

0.050 

Bentley Systems, Inc . Haestad Methods Solution Center Bentley FlowMaster [08.01 .071 .00] 
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GVF Output Data 

Critical Depth 

Channel Slope 

Critical Slope 

Messages 

Notes 

2/11/2008 5:48:27 PM 

Osborn/86th · Irregular Section · Iteration 3 

0.91 ft 

0. 00605 fUft 

0.09519 fUft 

Slope and section obtained from 
InRoads and Aerial Mapping data for 
Granite Reef Wash Drainage Study 
and Preliminary Design 
Improvements project (2007). 
Manning's 'n' values reflect asphalt 
street (0.016), curb/gutter/sidwalk 
(0.013), yards (0.025), blocked yards 
(0.050) and houses/fences/block 
walls (0 .080). 
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Cross Section for Osborn/86th - Grate Inlet On Grade - Iteration 3 

Solve For 

Input Data 

Discharge 

Slope 

Gutter Width 

Gutter Cross Slope 

Road Cross Slope 

Roughness Coefficient 

Efficiency 

Grate Width 

Grate Length 

Grate Type 

Clogging 

Cross Section Image 

~ 

Efficiency 

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

243.o cts..-f).)MW-f Qrv c:>rrT'AaN ~t'@ 
0.00605 ft/ft -bErTH AFT'Eit AN~ {, ~ 

2.o tt 6F Gf?A7f:.. 1Nl.£T IN~c£.?noJJ 
0.0416 ft/ft 

0.0200 ft/ft 

0.016 

13.82 % 

2.00 ft 

6.00 ft 

50.00 % 

I ~----f 

l ~l.a:A71r>,j 

2/11/2008 5:51:11 PM 

V:10 ~ 
H: 1 
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Osborn/86th - Grate Inlet On Grade - Iteration 3 

Project Description 

Solve For 

Input Data 

Discharge 

Slope 

Gutter Width 

Gutter Cross Slope 

Road Cross Slope 

Roughness Coefficient 

Grate Width 

Grate Length 

Grate Type 

Clogging 

Grate Flow Option 

Results 

Efficiency 

Intercepted Flow 

Bypass Flow 

Spread 

Depth 

Flow Area 

Gutter Depression 

Total Depression 

Velocity 

Splash Over Velocity 

Frontal Flow Factor 

Side Flow Factor 

Grate Flow Ratio 

Active Grate Length 

Messages 

Notes 

2111/2008 5:49:00 PM 

Efficiency 

243.0 cfs 

0.00605 ft/ft 

2.0 ft 

0.0416 ft/ft 

0.0200 ft/ft 

0.016 

2.00 ft 

6.00 ft 

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

50 .00 % 

Exclude None 

cfs~ ltJC,.IlF·~TAL-- tt.Ji£JU:EP'Tio.:l ~ 
209.4 cfs 

62.1 ft 

1.28 ft 

38.6 ft2 

0.04 ft 

0.04 ft 

6.3 ft/s 

10.0 ft/s 

1.00 

0.06 

0.09 

3.00 ft 

Normal depth from Irregular Section 
Iteration 3 = 1.28 feet for 
01 00=112.0 cfs (remaining peak 
discharge). 

Dummy Q of 243 cfs was input into 
this worksheet to obtain equivalent 
depth to that shown in the Irregular 

t:dt 3e.t>, C,-folSf' :S~o.N cr 
G~INtkr (~St/;Lc;F ~ 
OM.-'t) 
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Messages 

2/11/2008 5:49:00 PM 

Osborn/86th - Grate Inlet On Grade - Iteration 3 

Section - Iteration 3. 

Interception of 33.6 cfs will be 
multiplied by two (both sides of street 
section) and subtracted from total Q 
in irregular section for next iteration. 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .071.00] 
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Cross Section for Osborn/86th - Irregular Section - Iteration 4 

Project Description 

Friction Method 

Solve For 

Input Data 

Manning Formula 

Normal Depth 

Channel Slope 

Normal Depth 

Discharge 

0.00605 ft/ft 

0.98 ft 
Re.Svt.TIN(:, ( ( )i\ J; 

b~PTI.I 44.8 cfs -4--- Q-::: /12..0- Z >t ~., J (.J S 

~--------------~----------~----------------------------------~~ Cross Section Image --;;tl 

, ..... ....... ~GilEI'-'\~L 111/f'F~ 37.60 

'FCUNII 1~D) /.-Foff Plu£ 37.40 

37.20 "!'-'""""i ...... ··· ~-'""""'+'""' ..... ..................... .. 

37.00 

c 36.80 0 
"""""' ""l""' '"'"""' i""""' 

'ffi 
> 36.60 ~ 

I.LI 

36.40 

........ ! .................. : ............. .. .......... ·:--.............. ) ............... .. '!' ....... . 
: : 

.. .. . .;. . ................ .; ..... ........•.•.. j .... .. .. . 

36.20 

36.00 -- l - J - 1······ 
35.80 

.. ... , "'-"""["- .... - .... ,_ .. ,, +··· ·· f ·-"""'"' j""'"" 

I t I I I 

0+00 0+.50 1+00 1+50 2+00 2+50 3+00 
station 
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Osborn/86th - Irregular Section - Iteration 4 

Project Description 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Discharge 

Section Definitions 

Station (ft) 

Roughness Segment Definitions 

Manning Formula 

Normal Depth 

0+00.00 

0+20.00 

0+40.00 

0+60.00 

0+80.00 

1+00.00 

1+20.00 

1+22.40 

1+24.30 

1+41 .80 

1+53.60 

1 +60.10 

1+61.70 

1+65.90 

1+67.40 

1+73.10 

1+80.00 

2+00.00 

2+20.00 

2+40.00 

2+60.00 

2+80.00 

3+00.00 

0.00605 tuft 

44 .8 cfs 

,., 

Elevation (ft) 

37.01 

36.94 

36.82 

36.75 

36.69 

36.63 

36.54 

36.57 

35.97 

36.57 

36.23 

35.93 

36.38 

36.46 

36.63 

36.96 

36.97 

37.08 

37 .26 

37.39 

37.33 

37.30 

37.18 
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Osborn/86th- Irregular Section - Iteration 4 

lnJ)ut Data 

Start Station Ending Station Roughness Coefficient 

Results 

Normal Depth 

Elevation Range 

Flow Area 

Wetted Perimeter 

Top Width 

Normal Depth 

Critical Depth 

Critica l Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

GVF Input Data 

Downstream Depth 

Length 

Number Of Steps 

GVF Output Data 

Upstream Depth 

Profile Description 

Profile Headless 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

2/12/200811 :05:45 AM 

(0+00.00 , 37.01) 

(1+00.00, 36.63) 

(1 +22.40, 36.57) 

(1 +61.70, 36.38) 

(1 +67 .40, 36.63) 

(1+73.10, 36.96) 

(2+40.00, 37.39) 

35.93 to 37.39 ft 

Subcritical 

(1 +00.00, 36.63) 

(1 +22.40, 36 .57) 

(1 +61 . 70 , 36.38) 

(1 +67 .40, 36 .63) 

(1 + 73 .1 0, 36.96) 

(2+40.00 , 37.39) 

(3+00.00, 37.18) 

0.98 ft 

47.8 ft2 

147.62 i1: 

147.42 ft 

0.98 ft 

0.70 ft 

0.07965 fUft 

0.9 fUs 

0.01 ft 

0.99 ft 

0.29 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infinity fUs 

Infinity fUs 

0.98 ft 

0.080 

0.013 

0.016 

0.013 

0.025 

0.080 

0.050 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.071 .00] 
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GVF Output Data 

Critical Depth 

Channel Slope 

Critical Slope 

Messages 

Notes 

2112/2008 11 :05:45 AM 

Osborn/86th- Irregular Section- Iteration 4 

0.70 ft 

0.00605 tuft 

0.07965 tuft 

Slope and section obtained from 
InRoads and Aerial Mapping data for 
Granite Reef Wash Drainage Study 
and Preliminary Design 
Improvements project (2007). 
Manning's 'n' values reflect asphalt 
street (0.016), curb/gutter/sidwalk 
(0 .013), yards (0.025), blocked yards 
(0.050) and houses/fences/block 
walls (0.080). 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .071 .00] 

27 Siemens Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 3 of 3 
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Cross Section for Osborn/86th· Grate Inlet On Grade- Iteration 4 

Solve For 

Input Data 

Discharge 

Slope 

Gutter Width 

Gutter Cross Slope 

Road Cross Slope 

Roughness Coefficient 

Efficiency 

Grate Width 

Grate Length 

Grate Type 

Clogging 

Cross Section Image 

Efficiency 

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

v 
1----~----1 
l ~"£Ali- LoGqilo.J 

116.0 

0.00605 

2.0 

0.0416 

0.0200 

0.016 

18.26 

2.00 

6.00 

50.00 

cfs -4---- bvMM ~ 
fUft 

ft 

tUft 

tUft 

% 

ft 

ft 

% 

Q. 

V:10 ~ 
H; 1 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.071 .00] 

2/12/2008 11 :07:32 AM 27 Siemens Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1 
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Osborn/86th - Grate Inlet On Grade- Iteration 4 

Project Descriptio.;.;n;._~~---

Solve For 

Input Data 

Discharge 

Slope 

Gutter Width 

Gutter Cross Slope 

Road Cross Slope 

Roughness Coefficient 

Grate Width 

Grate Length 

Grate Type 

Clogging 

O~tions 

Grate Flow Option 

Results 

Efficiency 

Intercepted Flow 

Bypass Flow 

Spread 

Depth 

Flow Area 

Gutter Depression 

Total Depression 

Velocity 

Splash Over Velocity 

Frontal Flow Factor 

Side Flow Factor 

Grate Flow Ratio 

Active Grate Length 

Messages 

Notes 

2/12/2008 12:09:39 PM 

Efficiency 

116.0 cfs 

0.00605 ftlft 

2.0 ft 

0.0416 ftlft 

0.0200 ftlft 

0.016 

2.00 ft 

6.00 ft 

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

50.00 % 

Exclude None 

18.26 % 

* 21 .2 cfs.- IN~AL. ltif~DPJ ~ 

94.8 cfs 

47.0 ft 

0.98 ft 

22.1 f\2 

0.04 ft 

0.04 ft 

5.2 ftls 

10.0 ftls 

1.00 

0.08 

0.11 

3.00 ft 

Normal depth from Irregular Section -
Iteration 4 = 0.98 feet for 0100=44.8 
cfs (remaining peak discharge). 

Dummy Q of 116 cfs was input into 
this worksheet to obtain equivalent 
depth to that shown in the Irregular 
Section - Iteration 4 . 

FOe- 4t~ ) 6- Foti S£a')OJ.J aF 
~it....1N\..£T ( ()N£.~ 1 Cl£ 0~'( ) 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .071 .00] 
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2/12/2008 12:09:39 PM 

Osborn/86th - Grate Inlet On Grade - Iteration 4 

Interception of 21 .2 cfs will be 
multiplied by two (both sides of street 
section) and subtracted from total Q 
in irregular section for next iteration. 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .071 .00] 

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 2 of 2 
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-------- ---- -·- - - - -----------------------

INTERCEPTTCXV CALru.ATIONS 
87TH STREEl I OSOCRJ ROAD 

lrregtiar Section lnterc8pled RON, 0 
6. 1. 2 3. 4. 5. 

JJctual lnc:rerrenta 
Iteration Qactua/ Depth Qrilm7y Half Street (Qi) FtJ/ Street(2"Qi) Qrenain Gate Length 

cfs ft cfs cfs cfs cfs 
1 H OT 0.58 33 9.1 18.2 48.8 
2 

, 
48.8 0.44 15 5.4 10.9 38.0 

3 38.0 0.39 11 4.4 8.8 29.1 
4 29.1 0.34 7 3.3 6.5 22.6 
5 22.6 0.31 5.5 2.8 5.5 17.1 
6 17.1 0.28 4 2.2 4.4 12.7 
7 12.7 0.25 3 1.8 3.6 9.2 

Tcta lnt~oo RON 64.3 cfs 
Tcta 8yrBss 9.2 cfs 
Tcta Gate L.ergth (eoch sioo ci strea) 42 ft 

1. 

2. 

3. 

4. 

5. 

6. 

The HEC-1 Q was input into a Flowmaster Irregular Section to determine the 
actual depth of flow in the roadway section . 
Due to limitations in defining the cross section for a curb and gutter section in 
Flowmaster, a "Dummy Q " was input into the Grate and Gutter section in 
order to match the actual depth observed from the Irregular Section from 
Step 1. This is to insure an accurate accounting of grate interception which is 
directly proportional to depth. 
Based on a 50% clogging factor and a 24" wide grate (MAG Std . Det. 533-1 ), 
the intercepted flow for an incremental grate length of 6', Qi, for half of the 
street cross section was calculated in the Grate and Gutter section. (See 
Flowmaster output). 
Assuming linear grate inlets on both sides of the street, the incremental 
intercepted flow, Qi for half of the street cross section was multiplied by 2 to 
determine the incremental intercepted flow for the entire street cross section. 
The intercepted flow for the entire street cross section was then subtracted 
from the actual HEC-1 Q, to obtain a new Actual Q , which represents the 
remaining flow (after 6 feet of interception) for the entire roadway section after 
6 feet of grate interception. 
The new Actual Q was again input into the Flowmaster Irregular Channel 
section to determine the actual depth of flow at an incremental grate length 6 
feet downstream of the original observation and the process repeated. 

The above steps were executed until acceptable bypass flow remained or all flow was 
intercepted. From this analysis, it was determined that 2 grates, each 42 feet long and 
2' wide, will be needed in order to intercept the flow along gyth Street at Osborn Road . 

87th osborn explanation updated.docP:\06\077\H&H\Hydraulics\FiowMaster\ lnterception Structures\lnterception Structure 
Writeups\87th osborn explanation updated.doc 2/22/2008 9:23:54 AM 
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ft 

6 
6 
6 
6 
6 
6 
6 



After layout in CAD (see included 30% detail sheet), it was determined that the angle of 
approach for flow spread out through the roadway section and through adjacent yards 
may be too sharp to recede along a 42' length of grate inlet. Though calculations 
indicate interception could be obtained from a grate capacity standpoint, it was 
determined that the physical proximity of stormflows may not make it into the grate 
inlets. Therefore a safety factor of 3.0 was applied to grate length to insure interception. 
Also, based on roadway geometry and historical flow paths, transverse grates were 
recommended to insure flows not intercepted with in the roadway grate inlets and flows 
coming from the west would be caught by two transverse grate structures. 

87th osborn explanation updated.docP:\06\077\H&H\Hydraulics\FiowMaster\lnterception Structures\lnterception Structure 
Writeups\87th osborn explanation updated.doc 2/22/2008 9:23:54 AM 
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Cross Section for Irregular Section - 1 

Project DescriQtion 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Normal Depth 

Discharge 

Manning Formula 

Normal Depth 

Cross Section Image 

1236.60 

1236.40 

1236 .20 

1236.00 
: :i:- ~:=: - r : r : 1 : 

............ ; .................... ···-~ ······· · ···· · · ······· .. ···:··························l············· 
c 1235.80 
0 

li 1235.60 > 
Q) 

iii 
1235.40 

: · · ···· · ····-~··········· · .. ······ ·f········,············· .. ·!·················· .. ······r············ 

............ i ........................ ~ .......................... l .......................... i, ........... . 
~ ~ ~ j 

············:···················· .. ···. 
1235.20 

1235.00 
... ...... ! ··-······-· r 

1234.80 
············l··························t· 

1234.60 . 

0.01000 ft/ft 

0.58 ft 

67.00 ft3/s ~ A.c..TL.._ A. L Q roo (F-~ fiE:c.-l) 

0+00 0+50 1+00 
station 

1+50 2+0( 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .071 .00] 

2/12/2008 5:16:43 PM 27 Siemens Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 
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Worksheet for Irregular Section - 1 

Pro·ect Description 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Discharge 

-----

Section Definitions 

Station (ft) 

Manning Formula 

Normal Depth 

0+00 

0+08 

0+21 

0+28 

0+32 

0+37 

0+40 

0+41 

0+48 

0+52 

0+58 

0+63 

0+67 

0+69 

0+70 

0+72 

0+73 

0+75 

0+76 

0+77 

0+79 

0+79 

0+80 

0+81 

0+81 

0+83 

0+83 

0.01000 ft/ft 

67.00 ft3/s 

Elevation (ft) 

1236.46 

1236.52 

1236.33 

1236.40 

1236.35 

1236.40 

1236.44 

1236.44 

1236.51 

1236.40 

1236.33 

1236.03 

1235.71 

1235.73 

1235.75 

1235.42 

1235.28 

1235.18 

1235.20 

1235.15 

1235.18 

1235.05 

1234.78 

1234.79 

1234.76 

1234.78 

1234.79 

g~·norJ ~ '~ ltJAI)S 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley Flow Master [08.01.071 .00] 
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Worksheet for Irregular Section - 1 

ln()ut Data 

Station (ft) 

0+94 

1+01 

Roughness Segment Definitions 

Start Station 

(0+00, 1236.46) 

(0+67, 1235.71) 

(0+81 , 1234.76) 

(1+19, 1234.72) 

(1 +28, 1234.88) 

(1 +42, 1235.29) 

(1 +68, 1234.98) 

Results 

Elevation (ft) 

Ending Station 

1234.81 

1234.86 

(0+67, 1235.71) 

(0+81 , 1234.76) 

(1+19, 1234.72) 

(1 +28, 1234.88) 

(1+42, 1235.29) 

(1+68, 1234.98) 

(2+00, 1234.98) 

0.58 ft Normal Depth 

Elevation Range 

Flow Area 

Wetted Perimeter 

1234.72 to 1236.52 ft 

42.60 ft2 

123.70 ft 

Roughness Coefficient 

Top Width 

Normal Depth 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

123.29 ft ..c!!f- I I,/ c..ot-1 •... b 

GVF Input Data 

Downstream Depth 

Length 

Number Of Steps 

Subcritical 

0.58 ft 

0.39 ft 

0.04911 ft/ft 

1.57 ftls 

0.04 ft 

0.62 ft 

0.47 

0.00 ft 

0.00 ft 

0 

0.080 

0.013 

0.016 

0.013 

0.025 

0.080 

0.050 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .071 .00] 

2/12/2008 5:14:28 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 2 of 3 



Upstream Depth 

Profile Description 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

2112/2008 5:14:28 PM 

Worksheet for Irregular Section- 1 

0.00 ft 

0.00 ft 

Infinity fVs 

Infinity fVs 

0.58 ft 

0.39 ft 

0.01000 fVft 

0.04911 fVft 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.071.00] 

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1 666 Page 3 of 3 



Cross Section for Osborn/87th - Grate Inlet on Grade - Iteration 1 

Project Description 

Solve For 

In ut Data 

Discharge 

Slope 

Gutter Width 

Gutter Cross Slope 

Road Cross Slope 

Roughness Coefficient 

Efficiency 

Grate Width 

Grate Length 

Grate Type 

Clogging 

Cross Section Image 

Efficiency 

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

1-----------26.63 ft 

33.00 

0.01000 

2.00 

0.04 

0.02 

0.016 

27.56 

2.00 

6.00 

50.00 

ft'/s 

ftlft 

ft 

ftlft 

ftlft 

% 

ft 

ft 

% 

0.58 ft 

V: 1 ~ 
H:1 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .071.00] 
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Worksheet for Osborn/87th - Grate Inlet on Grade- Iteration 1 

Project Description 
~-~-~-

Solve For Efficiency 

Input Data 
----~----------------------------------------

Discharge 

Slope 

Gutter Width 

Gutter Cross Slope 

Road Cross Slope 

Roughness Coefficient 

Grate Width 

Grate Length 

Grate Type 

Clogging 

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

33.00 ft3/s 

0.01000 ft/ft 

2.00 ft 

0.04 ft/ft 

0.02 ft/ft 

0.016 

2.00 ft 

6.00 ft 

50.00 % 

O~tions 
--------------------------------------------------------~----------------~ 

Grate Flow Option Exclude None 

Efficiency 27.56 % 

Intercepted Flow 9.09 ft3/s 

Bypass Flow 23 .91 ft3/s 

Spread 26.63 ft 

Depth 0.58 ft 

Flow Area . 7.14 ft2 

Gutter Depression 0.04 ft 

Total Depression 0.04 ft 

Velocity 4.62 ft/s 

Splash Over Velocity 9.97 ft/s 

Frontal Flow Factor 1.00 

Side Flow Factor 0.10 

Grate Flow Ratio 0.20 

Active Grate Length 3.00 ft 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.071 .00] 
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Cross Section for Osborn/87th - Irregular Section - Iteration 2 

Project Description 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Normal Depth 

Discharge 

Cross Section Image 

1236.60 

Manning Formula 

Normal Depth 

1236.40 

1236.20 
············~··········· · ····· ·······t··························l··························!············· 

c 
0 

~ 
> 
II) 

ill 

1236.00 

1235.80 

::::: ... ::::~ : : . ::::: ::· ::: · : · :: . ··:··r::.:·:::::::::::.::·:::.:.J::.·::::: .. ::::::·:.::: .: :~:::::: .:.::·· 
·f··························!·--·······················j···· .. ······· 

1235.60 

1235.40 

1235.20 

1235.00 

1234.80 

1234.60 
···········+· ······················-;--················· 

0+00 0+50 1+00 
station 

1+50 2+0( 

0.01000 ft/ft 

0.44 ft 

48.80 ft3/s 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .071 .00] 
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Worksheet for Osborn/87th- Irregular Section- Iteration 2 

Project Description 

Friction Method 

Solve For 

lnJ2Ut Data 

Channel Slope 

Discharge 

Section Definitions 

Station (ft) 

Manning Formula 

Normal Depth 

0+00 

0+08 

0+21 

0+28 

0+32 

0+37 

0+40 

0+41 

0+48 

0+52 

0+58 

0+63 

0+67 

0+69 

0+70 

0+72 

0+73 

0+75 

0+76 

0+77 

0+79 

0+79 

0+80 

0+81 

0+81 

0+83 

0+83 

0.01000 ft/ft 

48.80 ft3/s 

Elevation (ft) 

1236.46 

1236.52 

1236.33 

1236.40 

1236.35 

1236.40 

1236.44 

1236.44 

1236.51 

1236.40 

1236.33 

1236.03 

1235.71 

1235.73 

1235.75 

1235.42 

1235.28 

1235.18 

1235.20 

1235.15 

1235.18 

1235.05 

1234.78 

1234.79 

1234.76 

1234.78 

1234.79 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.071.00] 

211212008 5:42:03 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 3 



e 

Worksheet for Osborn/87th- Irregular Section- Iteration 2 

Input Data 

Station ft) 

0+94 

1+01 

Roughness Segment Definitions 

Start Station 

(0+00, 1236.46) 

(0+67, 1235.71) 

(0+81 , 1234.76) 

(1+19, 1234.72) 

(1+28, 1234.88) 

(1+42, 1235.29) 

(1 +68, 1234.98) 

Results 

Normal Depth 

Elevation (ft) 

Ending Station 

1234.81 

1234.86 

(0+67, 1235.71) 

(0+81, 1234.76) 

(1+19, 1234.72) 

(1 +28, 1234.88) 

(1 +42, 1235.29) 

(1+68, 1234.98) 

(2+00, 1234.98) 

0.44 ft 

Elevation Range 1234.72 to 1236.52 ft 

Flow Area 

Wetted Perimeter 

Top Width 

Normal Depth 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

GVF Input Data 

Downstream Depth 

Length 

Number Of Steps 

Subcritical 

26.84 ft2 

90.16 ft 

89.91 ft 

0.44 ft 

0.34 ft 

0.03230 tUft 

1.82 fUs 

0.05 ft 

0.49 ft 

0.59 

0.00 ft 

0.00 ft 

0 

Roughness Coefficient 

0.080 

0.013 

0.016 

0.013 

0.025 

0.080 

0.050 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .071 .00] 
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Worksheet for Osborn/87th - Irregular Section - Iteration 2 

Upstream Depth 0.00 ft 

Profile Description 

Profile Headless 0.00 ft 

Downstream Velocity Infinity fUs 

Upstream Velocity Infinity fUs 

Normal Depth 0.44 ft 

Critical Depth 0.34 ft 

Channel Slope 0.01000 fUft 

Critical Slope 0.03230 fUft 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.071 .00] 
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Cross Section for Osborn/87th -Grate Inlet on Grade - Iteration 2 

Project Description 

Solve For 

ln!Jut Data 

Discharge 

Slope 

Gutter Width 

Gutter Cross Slope 

Road Cross Slope 

Roughness Coefficient 

Efficiency 

Grate Width 

Grate Length 

Grate Type 

Clogging 

Cross Section Image 

Efficiency 

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

15.00 ft3 /s 

0.01000 ft/ft 

2.00 ft 

0.04 ft/ft 

0.02 ft/ft 

0.016 

36.20 % 

2.00 ft 

6.00 ft 

50.00 % 

0.44 ft 

~--------------19 .74 ft 

v: 1 D. 
H:1 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .071 .00] 

211212008 5:32:43 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1 
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Worksheet for Osborn/87th - Grate Inlet on Grade- Iteration 2 

Project Description 

Solve For 

Input Data 

Discharge 

Slope 

Gutter Width 

Gutter Cross Slope 

Road Cross Slope 

Roughness Coefficient 

Grate Width 

Grate Length 

Grate Type 

Clogging 

Options 

Grate Flow Option 

Results 

Efficiency 

Intercepted Flow 

Bypass Flow 

Spread 

Depth 

Flow Area 

Gutter Depression 

Total Depression 

Velocity 

Splash Over Velocity 

Frontal Flow Factor 

Side Flow Factor 

Grate Flow Ratio 

Active Grate Length 

2112/2008 5:31 :24 PM 

Efficiency 

15.00 ft3/s 

0.01000 ft/ft 

2.00 ft 

0.04 ft/ft 

0.02 ft/ft 

0.016 

2 .00 ft 

6.00 ft 

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

50.00 % 

Exclude None 

36.20 % 

5.43 ft3/s 

9.57 ft3/s 

19.74 ft 

0.44 ft 

3.94 ft' 

0.04 ft 

0.04 ft 

3.81 fUs 

9.97 ft/s 

1.00 

0.13 

0.27 

3.00 ft 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .071.00] 

27 Siemens Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1 



Cross Sec tion for Osborn/87th - Irregular Section- Iteration 3 

Project Description 

Friction Method 

Solve For 

In ut Data 

Channel Slope 

Normal Depth 

Discharge 

Cross Section Image 

1236.60 

Manning Formula 

Normal Depth 

1236.40 

1236.20 

1236 .00 

~ i : : ~r :::; :::~ : 
c 1235.80 
0 

............ l .................... ····r················· ......... J .................. ... ..... l············· 

- ............ i.... .. .............. -~ ···· ··· ··· ··· · · ···· · ·· · ··· i ········· · · ··· · · ··· ·· ·· · ·· i ........ ... . :a; 
> 
Q) 

iii 

. . 
1235.60 ~ i 

1235.40 
· ·· ···· ····· ~" · ··· · ····· · ·· .. ········· t·········· .. ········· .. · · · ~ ·······"•"' ''' '''' '' ' ''' ~'· "······· · · 

1235.20 
············1······ ................... ........................... 1 ..... . 

1235.00 

1234.80 

1234.60 

0+00 0+50 1+00 
station 

1+50 
' 2+0[ 

0.01000 ft/ft 

0.39 ft 

38.00 ft3/s 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08 .01 .071 .00] 
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Worksheet for Osborn/87th- Irregular Section- Iteration 3 

Project Description 

Friction Method 

Solve For 

Manning Formula 

Normal Depth 

lnput Da_t_a~--------------------------~------
Channel Slope 

Discharge 

Section Definitions 

Station (ft) 

0+00 

0+08 

0+21 

0+28 

0+32 

0+37 

0+40 

0+41 

0+48 

0+52 

0+58 

0+63 

0+67 

0+69 

0+70 

0+72 

0+73 

0+75 

0+76 

0+77 

0+79 

0+79 

0+80 

0+81 

0+81 

0+83 

0+83 

0.01000 ft/ft 

38.00 ft'/s 

Elevation (ft) 

1236.46 

1236.52 

1236.33 

1236.40 

1236.35 

1236.40 

1236.44 

1236.44 

1236.51 

1236.40 

1236.33 

1236.03 

1235.71 

1235.73 

1235.75 

1235.42 

1235.28 

1235.18 

1235.20 

1235.15 

1235.18 

1235.05 

1234.78 

1234.79 

1234.76 

1234.78 

1234.79 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.071.00] 
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Input Data 

~--------~S~ta~t~io~n~ft}~--------------------E~I~e~va~t~io~n~~~)~ 
0+94 

1+01 

1234.81 

1234.86 

Roughness Segment Definitions 

Results 

Normal Depth 

Elevation Range 

Flow Area 

Wetted Perimeter 

Top Width 

Normal Depth 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

Ending Station Roughness Coefficient 

(0+00, 1236.46) (0+67' 1235.71) 0.080 

(0+67, 1235.71) (0+81 , 1234.76) 0.013 

(0+81 ' 1234.76) (1+19, 1234.72) 0.016 

(1 +19, 1234.72) (1 +28, 1234.88) 0.013 

(1 +28, 1234.88) (1 +42, 1235.29) 0.025 

(1 +42, 1235.29) (1 +68, 1234.98) 0.080 

(1+68, 1234.98) (2+00, 1234.98) 0.050 

0.39 ft 

1234.72 to 1236.52 ft 

22.59 ft2 

87.48 ft 

87.28 ft 

0.39 ft 

0.31 ft 

0.03286 ft/ft 

1.68 ftls 

0.04 ft 

0.43 ft 

0.58 

Subcritical 

GVF Input Data 
--~~--------------------------------------------------~--~ 

Downstream Depth 

Length 

Number Of Steps 

2/1212008 5:42:06 PM 

0.00 ft 

0.00 ft 

0 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .071 .00] 
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GVF Output Data 

Upstream Depth 0.00 ft 

Profile Description 

Profile Headloss 0.00 ft 

Downstream Velocity Infinity fVs 

Upstream Velocity Infinity fVs 

Normal Depth 0.39 ft 

Critical Depth 0.31 ft 

Channel Slope 0.01000 fVft 

Critical Slope 0.03286 fVft 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08 .01 .071 .00] 
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Cross Section for Osborn/87th- Grate Inlet on Grade- Iteration 3 

Project Description 

Solve For 

Input Data 

Discharge 

Slope 

Gutter Width 

Gutter Cross Slope 

Road Cross Slope 

Roughness Coefficient 

Efficiency 

Grate Width 

Grate Length 

Grate Type 

Clogging 

Cross Section Image 

Efficiency 

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

t------- -----17.53 ft 

11.00 ft'/s 

0.01000 ft/ft 

2.00 ft 

0.04 ft/ft 

0.02 ftlft 

0.016 

40.13 % 

2.00 ft 

6.00 ft 

50.00 % 

0.39 ft 

V: 1 ~ 
H:1 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .071 .00] 
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Worksheet for Osborn/87th - Grate Inlet on Grade - Iteration 3 

Solve For Efficiency 

In ut Data 

Discharge 11.00 ft3/s 

Slope 0.01000 ft/ft 

Gutter Width 2.00 ft 

Gutter Cross Slope 0.04 ft/ft 

Road Cross Slope 0.02 ft/ft 

Roughness Coefficient 0.016 

Grate Width 2.00 ft 

Grate Length 6.00 ft 

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

Clogging 50.00 % 

O~tions 

Grate Flow Option Exclude None 

Results 

Efficiency 40.13 % 

Intercepted Flow 4.41 ftl/s 

Bypass Flow 6.59 ft3/s 

Spread 17.53 ft 

Depth 0.39 ft 

Flow Area 3.12 ft2 

Gutter Depression 0.04 ft 

Total Depression 0.04 ft 

Velocity 3.53 ftls 

Splash Over Velocity 9.97 ft/s 

Frontal Flow Factor 1.00 

Side Flow Factor 0.1 5 

Grate Flow Ratio 0.30 

Active Grate Length 3.00 ft 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.071 .00] 
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Cross Section for Osborn/87th - Irregular Section - Iteration 4 

Project Description 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Normal Depth 

Discharge 

Cross Section Image 

Manning Formula 

Normal Depth 

1236.60 ............ f ................ ... .... ... l······ .. ················ ··!············· 

c 
0 

~ 
> 
Q) 

w 

1236.40 

1236.20 

1236.00 

1235.80 

: :i ::=: E~-:::_f_ =~-~ 
............ ;.................... .~ ... ....................... ; .......................... ; ............ . 

1235.60 : : ~ j 
•.• .•• •.•••• j ••••• •..••.•.•...•.••••• .;. ............. ... .. ....... . j ..... . . ... . . . . .. . .. . . . .... J ......... ... . 

1235.40 

1235.20 
-.......... ! ....................... :···················:··:::r·· ~ 

1235.00 

1234.80 

1234.60 . 
0+00 0+50 1 +00 

station 
1+50 2+0( 

0.01 000 ftlft 

0.34 ft 

29.10 ft'/s 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley Flow Master [08.01 .071 .00] 
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Worksheet for Osborn/87th - Irregular Section - Iteration 4 

Project Description 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Discharge 

Section Definitions 

Station (ft) 

Manning Formula 

Normal Depth 

•. 

0+00 

0+08 

0+21 

0+28 

0+32 

0+37 

0+40 

0+41 

0+48 

0+52 

0+58 

0+63 

0+67 

0+69 

0+70 

0+72 

0+73 

0+75 

0+76 

0+77 

0+79 

0+79 

0+80 

0+81 

0+81 

0+83 

0+83 

0.01000 ft/ft 

29.10 ft3/s 

Elevation (ft) 

1236.46 

1236.52 

1236.33 

1236.40 

1236.35 

1236.40 

1236.44 

1236.44 

1236.51 

1236.40 

1236.33 

1236.03 

1235.71 

1235.73 

1235.75 

1235.42 

1235.28 

1235.18 

1235.20 

1235.15 

1235.18 

1235.05 

1234.78 

1234.79 

1234.76 

1234.78 

1234.79 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.071.00] 
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Worksheet for Osborn/87th - Irregular Section - Iteration 4 

Input Data 

Station (ft) 

0+94 

1+01 

Roughness Segment Definitions 

Start Station 

(0+00, 1236.46) 

(0+67, 1235.71) 

(0+81, 1234.76) 

(1+19, 1234.72) 

(1 +28, 1234.88) 

(1+42, 1235.29) 

(1+68, 1234.98) 

Results 

Elevation (ft) 

Ending Station 

1234.81 

1234.86 

(0+67, 1235.71) 

(0+81 ' 1234.76) 

(1+19, 1234.72) 

(1 +28, 1234.88) 

(1 +42, 1235.29) 

(1 +68, 1234.98) 

(2+00, 1234.98) 

0.34 ft Normal Depth 

Elevation Range 

Flow Area 

Wetted Perimeter 

Top Width 

Normal Depth 

Critica l Depth 

Critical Slope 

Velocity 

1234.72 to 1236.52 ft 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

GVF Input Data 

Downstream Depth 

Length 

Number Of Steps 

Subcritical 

18.88 ft2 

85.80 ft 

85.66 ft 

0.34 ft 

0.27 ft 

0.03340 fUft 

1.54 fUs 

0.04 ft 

0.38 ft 

0.58 

0.00 ft 

0.00 ft 

0 

Roughness Coefficient 

0.080 

0.013 

0.016 

0.013 

0.025 

0.080 

0.050 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster (08.01.071 .00] 
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GVF Output Data 

Upstream Depth 

Profile Description 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

2/1212008 5:42:08 PM 

0.00 ft 

0.00 ft 

Infinity ft/s 

Infinity ft/s 

0.34 ft 

0.27 ft 

0.01000 ft/ft 

0.03340 ft/ft 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .071 .00] 

27 Siemens Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 3 of 3 
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Cross Section for Osborn/87th - Grate Inlet on Grade - Iteration 4 

Solve For 

Input Data 

Discharge 

Slope 

Gutter Width 

Gutter Cross Slope 

Road Cross Slope 

Roughness Coefficient 

Efficiency 

Grate Width 

Grate Length 

Grate Type 

Clogging 

Cross Section Image 

Efficiency 

7.00 

0.01000 

2.00 

0.04 

0.02 

0.016 

46.38 

2.00 

6.00 

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

50.00 

14 .73 tt 

ft3/s 

ftift 

ft 

ft/ft 

ftift 

% 

ft 

ft 

% 

0 .34 tt 

V:1 ~ 
H;1 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .071.00] 
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Worksheet for Osborn/87th - Grate Inlet on Grade - Iteration 4 

Project Description 

Solve For 

Input Data 

Discharge 

Slope 

Gutter Width 

Gutter Cross Slope 

Road Cross Slope 

Roughness Coefficient 

Grate Width 

Grate Length 

Grate Type 

Clogging 

Options 

Grate Flow Option 

Results 

Efficiency 

Intercepted Flow 

Bypass Flow 

Spread 

Depth 

Flow Area 

Gutter Depression 

Total Depression 

Velocity 

Splash Over Velocity 

Frontal Flow Factor 

Side Flow Factor 

Grate Flow Ratio 

Active Grate Length 

2/12/2008 5:31 :29 PM 

Efficiency 

7.00 ft3/s 

0.01000 ft/ft 

2.00 ft 

0.04 ft/ft 

0.02 ft/ft 

0.016 

2.00 ft 

6.00 ft 

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

50.00 % 

Exclude None 

46.38 % 

3.25 ft3/s 

3.75 ft3/s 

14.73 ft 

0.34 ft 

2.21 ft2 

0.04 ft 

0.04 ft 

3.16 ft/s 

9.97 ft/s 

1.00 

0.17 

0.35 

3.00 ft 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.071 .00] 
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Cross Section for Osborn/87th - Irregular Section - Iteration 5 

Project Description 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Normal Depth 

Discharge 

Cross Section Image 

Manning Formula 

Normal Depth 

........................ ! ... ....................... !. 1236.60 

1236.40 

1236.20 

1236.00 

c 1235.80 
............ l·········--·· .. ····· .... ~ .......................... , .......................... ; ............ . 

~ 1 235.60 - ···········:--·················· ·t·················· ·····t·········· ·············r ·········· 

~ ~ ~:: ::: ::::·:::::::·::.:: .. :::::·:: .. : ... :::. ·::::·::···::.:.:.:.: ..... :::·::·······:::.::::::·.:.:·_·:.::::·::.·1 

1235.00 

1234.80 

1234.60 

0+00 0+50 1+00 
station 

1 +SO 2+0[ 

0.01000 ft/ft 

0.31 ft 

22.60 ft3/s 

Bentley Systems, Inc. Haestad Methods Soluti on Center Bentley FlowMaster [08.01 .071.00] 
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Project Description 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Discharge 

Section Definitions 

Station (ft) 

Manning Formula 

Normal Depth 

0+00 

0+08 

0+21 

0+28 

0+32 

0+37 

0+40 

0+41 

0+48 

0+52 

0+58 

0+63 

0+67 

0+69 

0+70 

0+72 

0+73 

0+75 

0+76 

0+77 

0+79 

0+79 

0+80 

0+81 

0+81 

0+83 

0+83 

0.01000 ft/ft 

22.60 ft3/s 

Elevation (ft) 

1236.46 

1236.52 

1236.33 

1236.40 

1236.35 

1236.40 

1236.44 

1236.44 

1236.51 

1236.40 

1236.33 

1236.03 

1235.71 

1235.73 

1235.75 

1235.42 

1235.28 

1235.18 

1235.20 

1235.15 

1235.18 

1235.05 

1234.78 

1234.79 

1234.76 

1234.78 

1234.79 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .071 .00) 
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Worksheet for Osborn/87th - Irregular Section - Iteration 5 

.._ _____ station tt) _________ _ 

0+94 

1+01 

Roughness Segment Definitions 

Start Station 

(0+00, 1236.46) 

(0+67, 1235.71) 

(0+81 , 1234.76) 

(1+19, 1234.72) 

(1 +28, 1234.88) 

(1 +42, 1235.29) 

(1 +68, 1234.98) 

Results 

Elevation .l;(ft;;,~.) ____ __. 

Ending Station 

1234.81 

1234.86 

(0+67 ' 1235.71) 

(0+81 ' 1234.76) 

(1+19, 1234.72) 

(1 +28, 1234.88) 

(1+42, 1235.29) 

(1 +68, 1234.98) 

(2+00, 1234.98) 

0.31 ft Normal Depth 

Elevation Range 

Flow Area 

Wetted Perimeter 

Top Width 

Normal Depth 

Critical Depth 

Critical Slope 

Velocity 

1234.72 to 1236.52 ft 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

GVF Input Data 

Downstream Depth 

Length 

Number Of Steps 

Subcritical 

15.96 ft2 

84.43 ft 

84.33 ft 

0.31 ft 

0.25 ft 

0.03394 ft/fl 

1.42 ft/s 

0.03 ft 

0.34 ft 

0.57 

0.00 ft 

0.00 ft 

0 

Roughness Coefficient 

0.080 

0.013 

0.016 

0.013 

0.025 

0.080 

0.050 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .071.00] 
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Worksheet for Osborn/87th - Irregular Section - Iteration 5 

GVF Output Data 

Upstream Depth 0.00 ft 

Profile Description 

Profile Headless 0.00 ft 

Downstream Velocity Infinity ftfs 

Upstream Velocity Infinity ftfs 

Normal Depth 0.31 ft 

Critical Depth 0.25 ft 

Channel Slope 0.01000 ftfft 

Critical Slope 0.03394 ftfft 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .071 .00] 

211212008 5:42:11 PM 27 Siemens Company Drive Suite 200 W Watertown, CT 06795 USA +1 -203-755-1666 Page 3 of 3 
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Cross Section for Osborn/87th - Grate Inlet on Grade - Iteration 5 

Project Description 

Solve For 

Input Data 

Discharge 

Slope 

Gutter Width 

Gutter Cross Slope 

Road Cross Slope 

Roughness Coefficient 

Efficiency 

Grate Width 

Grate Length 

Grate Type 

Clogging 

Cross Section Image 

Effi ciency 

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

t------------13.42 ft 

5.50 

0.01000 

2.00 

0.04 

0.02 

0.016 

49.96 

2.00 

6.00 

50.00 

ft3/s 

ft/ft 

ft 

ft/ft 

ftlft 

% 

ft 

ft 

% 

0.31 tt 

V: 1 ~ 
H:1 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .071 .00) 
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Worksheet for Osborn/87th - Grate Inlet on Grade - Iteration 5 

Project Description 

Solve For Efficiency 

Discharge 5.50 ft3/s 

Slope 0.01000 ft/ft 

Gutter Width 2.00 ft 

Gutter Cross Slope 0.04 ft/ft 

Road Cross Slope 0.02 ft/ft 

Roughness Coefficient 0.016 

Grate Width 2.00 ft 

Grate Length 6.00 ft 

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

Clogging 50.00 % 

0 tions 

Grate Flow Option Exclude None 

Efficiency 49.96 % 

Intercepted Flow 2.75 ft3/s 

Bypass Flow 2.75 ft3/s 

Spread 13.42 ft 

Depth 0.31 ft 

Flow Area 1.84 ft2 

Gutter Depression 0.04 ft 

Total Depression 0.04 ft 

Velocity 2.98 ft/s 

Splash Over Velocity 9.97 ft/s 

Frontal Flow Factor 1.00 

Side Flow Factor 0.19 

Grate Flow Ratio 0.38 

Active Grate Length 3.00 ft 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08 .01 .071 .00] 

2/12/2008 5:34:05 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1 



e 

Cross Section for Osborn/87th - Irregular Section - Iteration 6 

Project Description 

Friction Method 

Solve For 

In ut Data 

Channel Slope 

Normal Depth 

Discharge 

Cross Section Image 

1236.60 

Manning Formula 

Normal Depth 

1236.40 

1236.20 
············:················· ····· · ·~'······ ···· ··· ·· ········ · · ·i · · ···· ·::::.: ........... :.i·: ... :::::::. 

c 
0 

il 
> 
Q) 

ill 

1236.00 

1235.80 

1235.60 

1235.40 

1235.20 

1235.00 

12.34 .80 

1234.60 

_ ........... !"' .................. + ....................... '!' ................... ! .......... .. 

.. .r:::: .. :::::.:::·:.::: .... L.:.:::::::::::::::.:::..::.:::::.:::: 

............ i ................... ..... l .................... ..... i .......................... i ............ . ; ~ . ; 
- ············:························· 

····-·· ··········· 

0+00 0+50 1 +00 
station 

1+50 2+0[ 

0.01000 ft/ft 

0.28 ft 

17.10 ft'/s 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .071 .00] 
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Worksheet for Osborn/87th- Irregular Section- Iteration 6 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Discharge 

Section Definitions 

Station (ft) 

Manning Formula 

Normal Depth 

0+00 

0+08 

0+21 

0+28 

0+32 

0+37 

0+40 

0+41 

0+48 

0+52 

0+58 

0+63 

0+67 

0+69 

0+70 

0+72 

0+73 

0+75 

0+76 

0+77 

0+79 

0+79 

0+80 

0+81 

0+81 

0+83 

0+83 

0.01000 ft/ft 

17.10 ft3/s 

Elevation (ft) 

1236.46 

1236.52 

1236.33 

1236.40 

1236.35 

1236.40 

1236.44 

1236.44 

1236.51 

1236.40 

1236.33 

1236.03 

1235.71 

1235.73 

1235.75 

1235.42 

1235.28 

1235.18 

1235.20 

1235.15 

1235.18 

1235.05 

1234.78 

1234.79 

1234.76 

1234.78 

1234.79 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.071.00) 
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Worksheet for Osborn/87th - Irregular Section - Iteration 6 

Input Data 

.__ ____ ...;Station (ft) 

0+94 

1+01 

Roughness Segment Definitions 

(0+00, 1236.46) 

(0+67, 1235.71) 

(0+81, 1234.76) 

(1+19, 1234.72) 

(1 +28, 1234.88) 

(1 +42, 1235.29) 

(1+68, 1234.98) 

Results 

Elevation (ft) 

Ending Station 

1234.81 

1234.86 

(0+67, 1235.71 ) 

(0+81 , 1234.76) 

(1+19, 1234.72) 

(1 +28, 1234.88) 

(1 +42, 1235.29) 

(1 +68, 1234.98) 

(2+00, 1234.98) 

0.28 ft Normal Depth 

Elevation Range 

Flow Area 

Wetted Perimeter 

Top Width 

Normal Depth 

Critical Depth 

Critical Slope 

Velocity 

1234.72 to 1236.52 ft 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

GVF Input Data 

Downstream Depth 

Length 

Number Of Steps 

Subcritical 

13.28 ft2 

83.05 ft 

82.98 ft 

0.28 ft 

0.22 ft 

0.03449 ft/ft 

1.29 fils 

0.03 ft 

0.30 ft 

0.57 

0.00 ft 

0.00 ft 

0 

Roughness Coefficient 

0.080 

0.013 

0.016 

0.013 

0.025 

0.080 

0.050 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .071 .00] 

2/12/2008 5:42:13 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1 -203-755-1666 Page 2 of 3 



Worksheet for Osborn/87th- Irregular Section- Iteration 6 

GVF Output Data 

Upstream Depth 0.00 ft 

Profile Description 

Profile Headless 0.00 ft 

Downstream Velocity Infinity ft/s 

Upstream Velocity Infinity ft/s 

Normal Depth 0.28 ft 

Critical Depth 0.22 ft 

Channel Slope 0.01000 ft/ft 

Critical Slope 0.03449 ft/ft 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.071 .00] 
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Cross Section for Osborn/87th- Grate Inlet on Grade- Iteration 6 

Project Description 

Solve For 

Input Data 

Discharge 

Slope 

Gutter W idth 

Gutter Cross Slope 

Road Cross Slope 

Roughness Coefficient 

Efficiency 

Grate Width 

Grate Length 

Grate Type 

Clogging 

Cross Section Image 

Efficiency 

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

1---- ---- ----11 .84 tt 

4.00 

0.01000 

2.00 

0.04 

0.02 

0.016 

54.92 

2.00 

6.00 

50.00 

ft'/s 

ft/ft 

ft 

ft/ft 

ft/ft 

% 

ft 

ft 

% 

0.28 tt 

V:1 ~ 
H: 1 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .071 .00] 
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Worksheet for Osborn/87th- Grate Inlet on Grade- Iteration 6 

Project Descrir>tion 

Solve For 

In ut Data 

Discharge 

Slope 

Gutter Width 

Gutter Cross Slope 

Road Cross Slope 

Roughness Coefficient 

Grate Width 

Grate Length 

Grate Type 

Clogging 

0 Rtions 

Grate Flow Option 

Results 

Efficiency 

Intercepted Flow 

Bypass Flow 

Spread 

Depth 

Flow Area 

Gutter Depression 

Total Depression 

Velocity 

Splash Over Velocity 

Frontal Flow Factor 

Side Flow Factor 

Grate Flow Ratio 

Active Grate Length 

2/12/2008 5:34:43 PM 

Efficiency 

4.00 ft3/s 

0.01000 ftlft 

2.00 ft 

0.04 ftlft 

0.02 ftlft 

0.016 

2.00 ft 

6.00 ft 

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

50.00 % 

Exclude None 

54.92 % 

2.20 ft3/s 

1.80 ft3/s 

11.84 ft 

0.28 ft 

1.45 ft2 

0.04 ft 

0.04 ft 

2.77 ftls 

9.97 ftls 

1.00 

0.21 

0.43 

3.00 ft 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .071 .00] 
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Cross Section for Osborn/87th- Irregular Section- Iteration 7 

Project Description 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Normal Depth 

Discharge 

Cross Section Image 

1236.60 

1236.40 

1236.20 

1236.00 

c 1235.80 

Manning Formula 

Normal Depth 

0 

~ 1235.60 > 
Q) 

· ··········· ~·· · ··· ···· · · · ···· ·· · T·························!··························!············· 

[jJ 
1235.40 

···········:························ t ......................... r······················r·········· 

1235.20 

1235.00 

1234.80 
············!·········· ···"'''"'''''•f····················· 

1234.60 

0+00 0+50 1+00 
station 

' 1+50 2+0( 

0.01000 ft/ft 

0.25 ft 

12.70 fP/s 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .071.00] 
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Worksheet for Osborn/87th - Irregular Section - Iteration 7 

Project Description 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Discharge 

Section Definitions 

Station (ft) 

Manning Formula 

Normal Depth 

0+00 

0+08 

0+21 

0+28 

0+32 

0+37 

0+40 

0+41 

0+48 

0+52 

0+58 

0+63 

0+67 

0+69 

0+70 

0+72 

0+73 

0+75 

0+76 

0+77 

0+79 

0+79 

0+80 

0+81 

0+81 

0+83 

0+83 

0.01000 fUft 

12.70 ff'/s 

Elevation (ft) 

1236.46 

1236.52 

1236.33 

1236.40 

1236.35 

1236.40 

1236.44 

1236.44 

1236.51 

1236.40 

1236.33 

1236.03 

1235.71 

1235.73 

1235.75 

1235.42 

1235.28 

1235.18 

1235.20 

1235.15 

1235.18 

1235.05 

1234.78 

1234.79 

1234.76 

1234.78 

1234.79 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .071.00] 
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Worksheet for Osborn/87th - Irregular Section - Iteration 7 

Input Data 

Station ft 

0+94 

1+01 

Roughness Segment Definitions 

Start Station 

(0+00, 1236.46) 

(0+67. 1235.71) 

(0+81 , 1234.76) 

(1+19, 1234.72) 

(1 +28, 1234.88) 

(1+42, 1235.29) 

(1+68, 1234.98) 

Elevation (ft) 

Ending Station 

1234.81 

1234.86 

(0+67 , 1235.71) 

(0+81, 1234.76) 

(1+19, 1234.72) 

(1 +28, 1234.88) 

(1 +42, 1235.29) 

(1+68 , 1234.98) 

(2+00, 1234.98) 

0.25 ft Nonmal Depth 

Elevation Range 

Flow Area 

Wetted Perimeter 

1234.72 to 1236.52 ft 

Top Width 

Nonmal Depth 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

GVF Input Data 

Downstream Depth 

Length 

Number Of Steps 

Subcritical 

10.80 ft2 

80.24 ft 

80.19 ft 

0.25 ft 

0.20 ft 

0.03466 ftlft 

1.1 8 ftls 

0.02 ft 

0.27 ft 

0.56 

0.00 ft 

0.00 ft 

0 

Bentley Systems, Inc. Haestad Methods Solution Center 

Roughness Coefficient 

0.080 

0.013 

0.016 

0.013 

0.025 

0.080 

0.050 

Bentley FlowMaster [08 .01.071 .00] 
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Worksheet for Osborn/87th- Irregular Section- Iteration 7 

GVF Output Data 

Upstream Depth 0.00 ft 

Profi le Description 

Profile Headless 0.00 ft 

Downstream Velocity Infinity ft/s 

Upstream Velocity Infinity ft/s 

Normal Depth 0.25 ft 

Critical Depth 0.20 ft 

Channel Slope 0.01000 ft/ft 

Critical Slope 0.03466 ft/ft 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .071 .00] 
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Cross Section for Osborn/87th- Grate Inlet on Grade- Iteration 7 

Project Description 

Solve For 

Input Data 

Discharge 

Slope 

Gutter Width 

Gutter Cross Slope 

Road Cross Slope 

Roughness Coefficient 

Efficiency 

Grate Width 

Grate Length 

Grate Type 

Clogging 

Cross Section Image 

Efficiency 

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

t------------10.57 tt 

3.00 

0.01000 

2.00 

0.04 

0.02 

0.016 

59.60 

2.00 

6.00 

50 .00 

ft3/s 

ft/ft 

ft 

ft/ft 

ft/ft 

% 

ft 

ft 

% 

0.25 tt 

¥:1 ~ 
H:1 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .071 .00] 
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• Worksheet for Osborn/87th - Grate Inlet on Grade- Iteration 7 

Project Description 

Solve For Efficiency 

Input Data 
---------------------------------------------

Discharge 

Slope 

Gutter Width 

Gutter Cross Slope 

Road Cross Slope 

Roughness Coefficient 

Grate Width 

Grate Length 

Grate Type 

Clogging 

Options 

Grate Flow Option 

Results 

Efficiency 

Intercepted Flow 

Bypass Flow 

Spread 

Depth 

Flow Area 

Gutter Depression 

Total Depression 

Velocity 

Splash Over Velocity 

Frontal Flow Factor 

Side Flow Factor 

Grate Flow Ratio 

Active Grate Length 

2/12/2008 5:34:45 PM 

3.00 ft'/s 

0.01000 ftlft 

2.00 ft 

0.04 ft/ft 

0.02 ft/ft 

0.016 

2.00 ft 

6.00 ft 

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

50.00 % 

Exclude None 

59.60 % 

1.79 ft'/s 

1.21 ft'/s 

10.57 ft 

0.25 ft 

1.16 ft2 

0.04 ft 

0.04 ft 

2.59 ft/s 

9.97 ft/s 

1.00 

0.23 

0.47 

3.00 ft 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.071 .00] 
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e 

p:\ ... \87th osborn grate to box pipes.stm 
11 /07/07 04:27:1 9 PM 

.file 
Scenario: Base 

Profile: Grate To Box 
87th Street and Osborn 

.:t= 

.:t= .:t= r- .:t= 

...;:t<t="<:t ..--;.:t=r-
N("")N Nr-~ 

mm ..--;gj .:t=~..--;~ 
N_ :g N_ ~ ~ :g-N_----
.,....-N.,.- + +.,;N.,....-

. .,....--.. 0 =:1.,....-- . . 

T.i9~EE- ~19<;EE-(j)U) ..:::a:c73 _o_U)Eii:J3 

1,240.00 

~ 
1,235.00 

Elevation (ft) 

P-1 
----4/~93it---30-inch-eoncrete·-----l 1,230.00 

@ s = 0.061131 ft/ft 

0+00 

Station (ft) 

Bentley Courtesy Lie , Exton 

1,225.00 
1+00 

© Bentley Systems. Inc. Haestad Met11ods Solution Center Watertown, CT 06795 USA +1-203-755-1666 

e 

Project Engineer: gshaw 
StormCAD v5.6 [05.06.014.00] 
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CONSTRUCTION NOTES 
Descript ion 

® CONSTRUCT NEW 72" PIPE 

(@)CONSTRUCT NEW IO'x4' RCBC 

An\ INTERCEPTION STRUCTURE 
\31 PER DTL. •, SHEET • 

@ CONSTRUCT NEW 30" PIPE 

GENERAL NOTES 

UnitiOuon 

LF I 140 

LF I 760 

EA 

LF 150.93 

~ n R R27 
r·· l- 1 _ 1_1 __ 1 I 1 .. 1· I I I I I I I 1· 1 1--,--l 

DATE 

ENGINEER 
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PRELI MINARY 
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Project Description 

Solve For 

Input Data 

Roughness Coefficient 

Slope 

Left Side Slope 

Right Side Slope 

Bottom Width 

Discharge 

Grate Width 

Grate Length 

Grate Type 

Clogging 

O(Jtions 

Grate Flow Option 

Efficiency 

Intercepted Flow 

Bypass Flow 

Flow Area 

Wetted Perimeter 

Top Width 

Velocity 

Splash Over Velocity 

Frontal Flow Factor 

Side Flow Factor 

Grate Flow Ratio 

Active Grate Length 

Critical Depth 

Critical Slope 

Froude Number 

Flow Type 

Specific Energy 

Velocity Head 

Depth 

1/16/20081 1:25:11 AM 

FAt 11M~ @ PPfL 
Worksheet for Ditch Inlet On Grade - 1 

Efficiency 

0.016 

0.00230 ft/ft / 

0.02 ft/ft (H:V) 

0.02 ft/ft (H:V) 

36.00 ft / 817.00 ft'/s 

10.00 ft 

10.00 ft 

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

50.00 % ,__.-/ 

Exclude None 

32.02 % 

261 .63 ft'/s ./ 

555.37 ft'/s 

101 .35 ft2 

41 .62 ft 

36.11 ft 

8.06 ft/s 

13.09 ft/s 

1.00 

0.06 

0.28 

5.00 ft 

2.52 ft 

0.00325 ft/ft 

0.85 

Subcritical 

3.82 ft 

1.01 ft 

2.81 ft 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .071.00] 

27 Siemens Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1 666 Page 1 of 



Ot..!~ PfR..* 
----------------------~~~--~~~------------------------------------~~~~ 

Worksheet for Ditch Inlet On Grade- 1 

Project Description 

Solve For 

Input Data 

Roughness Coefficient 

Slope 

Left Side Slope 

Right Side Slope 

Bottom Width 

Discharge 

Grate Width 

Grate Length 

Grate Type 

Clogging 

0 Rtions 

Grate Flow Option 

Results 

Efficiency 

Intercepted Flow 

Bypass Flow 

Flow Area 

Wetted Perimeter 

Top Width 

Velocity 

Splash Over Velocity 

Frontal Flow Factor 

Side Flow Factor 

Grate Flow Ratio 

Active Grate Length 

Critical Depth 

Critical Slope 

Froude Number 

Flow Type 

Specific Energy 

Velocity Head 

Depth 

1/16/2008 10:59:09 AM 

Efficiency 

0.016 

0.00290 ft/ft 

0.02 ft/ft (H :V) ~ ~E>-ITS IJ&miu<l L W_,(US 

0.02 ft/ft (H:V) 4uN& PFI't-

36.00 ft 1----sr~ wtm--\ 

621 .00 ft3/s ~ R~INJNb Q AFTm-
12.00 ft 

\rJTIZJZG9'riDN F~!VI 

PA,rw-.ovNf <P.- PF R-
12.00 ft 

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

- ~ 1.-l 
50.00 % -,q (. 

Exclude None 

39.41 % 

244.74 ft3/s 

376.26 ftl/s 

79.24 ft2 

40.40 ft 

36.09 ft 

7.84 ft/s 

15.04 ftls 

1.00 

0.09 

0.33 

6.00 ft 

2.10 ft 

0.00337 ft/ft 

0.93 

Subcritical 

3.15 ft 

0.95 ft 

2.20 ft 

*: PFR... <: ~ f'INA !=Cl-<::>N7A.6f f<fl tJl) 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.071 .00] 
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Worksheet for Ditch Inlet On Grade - 1 

Project Des"..;c.;.;ri~R.::..tio•n:..:-__ ~-

Solve For 

Input Data 

Roughness Coefficient 

Slope 

Left Side Slope 

Right Side Slope 

Bottom Width 

Discharge 

Grate Width 

Grate Length 

Grate Type 

Clogging 

0 tions 

Grate Flow Option 

Results 

Efficiency 

Intercepted Flow 

Bypass Flow 

Flow Area 

Wetted Perimeter 

Top Width 

Velocity 

Splash Over Velocity 

Frontal Flow Factor 

Side Flow Factor 

Grate Flow Ratio 

Active Grate Length 

Critical Depth 

Critical Slope 

Froude Number 

Flow Type 

Specific Energy 

Velocity Head 

Depth 

1/1 6/200811 :41 :38 AM 

Efficiency 

0.016 

0.00290 ftlft 

0.02 ftlft (H:V) } v~ GAt... WAU-.5 
0.02 ftlft (H :V) 

36.00 ft 

460.00 fP/s --s-~INlN& Q f~M OL\ .J£..~~£/fffZ. 
14.00 ft 

14.00 ft 

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

50.00 % 

Exclude None 

48.01 % 

220.85 ft3/s 

239.15 ft3/s 

65.68 ft2 

39.65 ft 

36.07 ft 

7.00 fils 

17.69 fils 

1.00 

0.15 

0.39 

7.00 ft 

1.72 ft 

0.00351 ftlft 

0.92 

Subcritical 

2.58 ft 

0.76 ft 

1.82 ft 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.071.00] 
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Worksheet for Ditch Inlet In Sag - 1 

Project Description 
---~--

Solve For Spread 

Input Data 

Discharge 270.00 ft3/s --
Left Side Slope 

Right Side Slope 

Bottom Width 

Grate Width 

Grate Length 

Local Depression 

0.02 ftlft (H:V) 

Local Depression Width 

Grate Type 

Clogging 

Results 

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

0.02 

42.00 

12.00 

12.00 

6.00 

12.00 

50.00 

ftlft (H:V) 

ft 

ft 

ft 

in 

ft 

% 

Spread 42.05 ft 

Depth 1.34 ft 

Wetted Perimeter 44.68 ft 

Top Width 42.05 ft 

Open Grate Area 64.80 ft2 

Active Grate Weir Length 36.00 ft 

~lr.J>~6 FfZ.b.-ll c6gO!bJ j PFR 

Bentley Systems, Inc. Haestad Methods Solut ion Center Bentley FlowMaster [08.01 .071 .00] 
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Worksheet for Ditch Inlet on Grade: Thomas & 87th. 

Pro'ect Description 

Solve For 

Input Data 

Roughness Coefficient 

Slope 

Left Side Slope 

Right Side Slope 

Bottom Width 

Discharge 

Grate W idth 

Grate Length 

Grate Type 

Clogging 

O()tions 

Grate Flow Option 

Results 

Efficiency 

Intercepted Flow 

Bypass Flow 

Flow Area 

Wetted Perimeter 

Top Width 

Velocity 

Splash Over Velocity 

Frontal Flow Factor 

Side Flow Factor 

Grate Flow Ratio 

Active Grate Length 

Critical Depth 

Critical Slope 

Froude Number 

Flow Type 

Specific Energy 

Velocity Head 

Depth 

10/12/2007 8:22:10 AM 

Efficiency 

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

Exclude None 

Supercritical 

0.018 

0.01000 ft/ft 

0.02 ft/ft (H :V) J f2EP~SfhJls CM U WAL.l.-5 N£AR. 
0.02 ft/ft (H :V) ~ ct=- 51.1)LwA,LIL5 

60.00 ft 

192.00 ft3 /s 

40.00 ft 41--- FAC£. oF WT$ lo fAa- tF UJ/ZB 

75.00 ft 

50.00 % 

97.53 % 

187.25 ft' /s 

4.75 ft'/s 

34 .25 ft2 

61 .14 ft 

60.02 ft 

5.61 ft/s 

~- NUU.... - t:J)£ -Jo &Rid~ L£,AI~ 
1.00 

0.93 

0.67 

37.50 ft 

0.68 ft 

0.00552 ft/ft 

1.31 

1.06 ft 

0.49 ft 

0.57 ft 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .071 .00) 
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Solve For: Headwater Eleva tion 

Culvert Summary 

Allowable HW Elevation 

Computed Headwater Elev< 

Inlet Control HW Elev. V _ _,_ __ _ 
Outlet Control HW Elev. 1,216.39 ft 

Grades 

Upstream Invert 

Length 

1,211 .72 ft 

65.38 ft 

Hydraulic Profile 

Profile M2 

Slope Type Mild 

Flow Regime Subcritical 

Velocity Downstream 8.94 ft/s 

Section 

Section Shape Circular 

Section Material Concrete 

Section Size 54 inch V 
Number Sections 2V 

Outlet Control Properties 

Outlet Control HW Elev. 1,216.39 ft 

Ke 0.50 

Inlet Control Properties 

Inlet Control HW Elev. 1,216.19 ft 

Inlet Type Square edge w/headwall 

K 0.00980 

M 2.00000 

c 0.03980 
y 0.67000 

Title: Thomas and 87th inlet analysis 

Culvert Calculator Report 
Worksheet-2 

/v'IA.L.'{$1~ """Th ~~·tJE- W~~ S\IWQ'\..JI?£.- ovn.£i(~ 

Headwater Depth/Height 

Discharge 

1.04 

192.00 cfs 

Tailwater Elevation 0.00 ft 

Control Type Outlet Control 
~r-/ll~ __J 

Downstream Invert 

Constructed Slope 

Depth, Downstream 

Normal Depth 

Critical Depth 

Critical Slope 

Mannings Coefficient 

Span 

Rise 

Upstream Velocity Head 

Entrance Loss 

Flow Control 

Area Full 

HDS 5 Chart 

HDS 5 Scale 

Equation Form 

1,211 .54 ft 

0.002753 ft/ft 

2.88 ft 

3.70 ft 

2.88 ft 

0.005066 ft/ft 

0.014 

4.50 ft 

4.50 ft 

0.94 ft 

0.47 ft 

N/A 

31 .8 ft2 

1 

Bentley Courtesy Lie , Exton 

AS A '10 • ~WALL, C.d~.c..u...A,e.-

"'2 ~ .> 5"4-"-' cM-Aifd<T )"' 

.J.J~ \tvtll..l-D tXCF4!> 
\Z .. m-182 ~ ~A"l)l;;!<-f of7.. 

H<SL Ff!-o.M ~--t~cA_D . 

IS 

So1W<1\.!IZ£ OJT/..JtJ 

Project Engineer: gshaw 
CulvertMaster v3.1 [03.01 .009.00] p:\ ... \thomas and 87th inlet analysis.cvm 

10/11/07 04:08:07 @.Bentley Systems, Inc. Haestad Methods Solution Center Watertown , CT 06795 USA +1-203-755-1666 Page 1 of 1 



tNTERCEPnoo CAL.a.LA na.JS 
PI/VIA ROAD I THCXVIAS ROAD 

I!Tef#ar Section Intercepted Ro.v, Q 
6. 1. 2 3. 4. 5 

Actua lncrerra7tal 
Iteration Qactuci Depth Ocilm¥ Half Street (Qi) Full Street(2*Qi) Qrmain Gate Length 

cfs ft cfs cfs cfs cfs ft 
1 !:ill 2.63 830 102.3 204.6 355.4 6 
2 355.4 2.14 476 72.7 145.4 210.0 6 
3 210.0 1.68 246 48.1 93.2 113.8 6 
4 113.8 1.27 114 29.3 58.6 55.2 6 
5 55.2 0.89 42.8 15.2 30.4 24.8 6 
6 24.8 0.00 14.2 6.9 13.8 11.0 6 

T ota I ntet"reeied RON 549.0 ds 
T ota B}1:ess 11 .0 ds 
T ota Grate L.a-gth ( eoch sioo d street) 36 ft 

1. The HEC-1 Q was input into a Flowmaster Irregular Section to determine the 
actual depth of flow in the roadway section. 

2. Due to limitations in defining the cross section for a curb and gutter section in 
Flowmaster, a "Dummy Q" was input into the Grate and Gutter section in 
order to match the actual depth observed from the Irregular Section from 
Step 1. This is to insure an accurate accounting of grate interception which is 
directly proportional to depth. 

3. Based on a 50% clogg ing factor and a 24" wide grate (MAG Std. Det. 533-1 ), 
the intercepted flow for an incremental grate length of 6', Qi, for half of the 
street cross section was calculated in the Grate and Gutter section . (See 
Flowmaster output). 

4. Assuming linear grate inlets on both sides of the street, the incremental 
intercepted flow, Qi for half of the street cross section was multiplied by 2 to 
determine the incremental intercepted flow for the entire street cross section. 

5. The intercepted flow for the entire street cross section was then subtracted 
from the actual HEC-1 Q, to obtain a new Actual Q, which represents the 
remaining flow (after 6 feet of interception) for the entire roadway section after 
6 feet of grate interception. 

6. The new Actual Q was again input into the Flowmaster Irregular Channel 
section to determine the actual depth of flow at an incremental grate length 6 
feet downstream of the original observation and the process repeated . 

The above steps were executed until acceptable bypass flow remained or all flow was 
intercepted. From this analysis, it was determined that 2 grates, each 36 feet long and 

Pima Road Thomas explanation.docP:\06\077\H&H\Hydraul ics\FiowMaster\lnterception Structures\lnterception Structure 
Writeups\Pima Road Thomas explanation .doc 2/22/2008 1:52:48 PM 

Page 1 of 2 



2' wide , will be needed in order to intercept the flow along Pima Road just north of 
Thomas Road . 

After layout in CAD (see included 30% detail sheet), it was determined that the angle of 
approach for flow spread out through the roadway section and through adjacent yards 
may be too sharp to recede along a 36' length of grate inlet. Though calculations 
indicate interception could be obtained from a grate capacity standpoint, it was 
determined that the physical proximity of stormflows may not make it into the grate 
inlets. Therefore a safety factor of 3.0 was applied to grate length to insure interception. 
Also , based on roadway geometry and sump conditions in Thomas Road , curb opening 
catch basins at the intersection will be recommended for final design . 

Pima Road Thomas explanation.docP:\06\077\H&H\Hydraulics\FiowMaster\lnterception Structures\lnterception Structure 
Writeups\Pima Road Thomas explanation.doc 2/22/2008 1:52:48 PM 
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Cross Section for Thomas & Pima- Irregular Section- Iteration 1 

Friction Method 

Solve For 

Manning Formula 

Normal Depth 

Input Data 

Channel Slope 

Normal Depth 

Discharge 

Cross Section Image 

c 
0 

~ 
> 
~ 
w 

10.00 

9.00 

3.00 

7.00 

6.00 

5 .00 

4.00 

3.00 

2.00 

1.00 

···i·················· ... . ......................... !···· ········ 

. . . ........... ..................................... , ................................ , ......................... ...... . 
; ; l 

·-··········-~----·--·-·-·-·------- ····-··•·· ················-- --------:-------------------· ·-----· 

_ ............... i ............................... i ............................... L ........................... .. 

- ---- ------------------------------- -----j-- ------------------ ·r----·--------·--------· 

............ ~- ......................... ...... ~ ............................. · ··~····· ... ............ ····· ...... . 

·····-····················- .. 

0.00 .l--:,_..;--,----,--+-...,-----.--+-...,---...,..----J 
0-+00 0+50 1+00 

station 
1+50 

0.0014 ftjft 

2.63 ft -a-- A crut c.... DEPTH 1,.J ~l.J.JA'1 .)G:dlo_,j ~ ADJ. /( ..w 

560.00 ft3/s 4-- t~CG-.i. f!a4JC... I DD- 'It Q 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .071 .00] 
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Thomas & Pima - Irregular Section - Iteration 1 

Project Description ---·--
Friction Method 

Solve For 

Input Data 

Channel Slope 

Discharge 

Section Definitions 

-

Station (ft) 

Manning Formula 

Normal Depth 

0+00.00 

0+00.10 

0+08.00 

0+08.50 

0+22.00 

0+33.50 

0+34.00 

0+38.50 

0+43.00 

0+43.50 

0+55.50 

0+69.50 

0+70.00 

0+74.50 

1+74.50 

Roughness Segment Definitions 

Start Station 

(0+00.00 , 10.62) 

(0+08.00 , 0.50) 

(0+34.00, 1.02) 

(0+43.00 , 1.02) 

(0+70.00, 0.50) 

(0+74.50, 0.57) 

0.0014 ft/ft 

560.00 ft'/s 

Elevation (:..;ft'-) ____ _. 

Ending Station 

10.62 

0.62 

0.50 

0.00 

0.28 

0.52 

1.02 

1.02 

1.02 

0.52 

0.28 

0.00 

0.50 

0.57 

2.57 

(0+08.00, 0.50) 

(0+34.00, 1.02) 

(0+43.00, 1.02) 

(0+70.00, 0.50) 

(0+74.50, 0.57) 

(1 + 74.50, 2.57) 

S!Z.CTION B.45JiD crJ Plfl'A (2.bAb 
G~ c. Cct-Jd:FT Ps;Po/lf1 

f3 r0w, pe.c. 17. l9J2 

Roughness Coefficient 

0.022 

0.016 

0.022 

0.016 

0.013 

0.045 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .071 .00) 
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Thomas & Pima - Irregular Section - Iteration 1 

Normal Depth 2.63 ft 

Elevation Range 0.00 to 10.62 ft 

Flow Area 271 .13 ft2 

Wetted Perimeter 177.33 ft 

Top Width 174.42 ft / 

Normal Depth 2.63 ft 

Critical Depth 1.52 ft 

Critical Slope 0.01988 ft!ft 

Velocity 2.07 ft/s 

Velocity Head 0.07 ft 

Specific Energy 2.69 ft 

Froude Number 0.29 

Flow Type Subcritica l 

GVF Input Data 

Downstream Depth 1227.87 ft 

Length 492.66 ft 

Number Of Steps 10 

GVF Output Data 

Upstream Depth 1227.18 ft 

Profile Description M1 

Profile Headloss 0.00 ft 

Downstream Velocity 0.00 ftls 

Upstream Velocity 0.00 ftls 

Normal Depth 2.63 ft 

Cri tical Depth 1.52 ft 

Channel Slope 0.00140 ft/ft 

Critical Slope 0.01988 ft/ft 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.071 .00] 
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Cross Section for Thomas & Pima - Grate on Grade Iteration 1 

Project Description 

Solve For 

Input Data 

Discharge 

Slope 

Gutter Width 

Gutter Cross Slope 

Road Cross Slope 

Roughness Coefficient 

Efficiency 

Grate Width 

Grate Length 

Grate Type 

Clogging 

Cross Section Image 

Efficiency 

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

r----------~ -----------4 

LG~'- LoCAnorJ 

830.00 ft'/s 4!f- l:>IIMM'1 Q ID G~EJ 

0.0014 ftlft 

2.00 ft 

0.0417 ft/ft 

0.0200 ftlft 

0.016 

12.33 % 

2.00 ft 

6.00 ft ~ /N~AL. L...E.N&i)-! 

50.00 % 

T 
2.63 ft 
j_ 

V:10 b., 
H: 1 

,4CTV.)(IL~ 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster (08.01 .071 .00] 
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Solve For 

Input Data 

Discharge 

Slope 

Gutter Width 

Gutter Cross Slope 

Road Cross Slope 

Roughness Coefficient 

Grate W idth 

Grate Length 

Grate Type 

Clogging 

Options 

Grate Flow Option 

Results 

Efficiency 

Intercepted Flow 

Bypass Flow 

Spread 

Depth 

Flow Area 

Gutter Depression 

Total Depression 

Velocity 

Splash Over Velocity 

Frontal Flow Factor 

Side Flow Factor 

Grate Flow Ratio 

Active Grate Length 

2/22/2008 12:04:05 PM 

Thomas & Pima - Grate on Grade Iteration 1 

Efficiency 

830.00 ft3/s 

0.0014 tuft 

2.00 ft 

0.041 7 tuft 

0.0200 tuft 

0.016 

2.00 ft 

6.00 ft 

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

50.00 % 

Exclude None 

12.33 % 

102.34 ft3/s -=q l NI~TEJ) fZdZ (, - foof Lk.NQJ..J 

727.66 ft3/s 

129.41 ft 

2.63 ft 

167.52 ftl 

0.04 ft 

0.04 ft 

4.95 tus 

9.97 tus 

1.00 

0.09 

0.04 

3.00 ft 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.071 .00] 
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Cross Section for Thomas & Pima - Irregular Section - Iteration 2 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Normal Depth 

Discharge 

Cross Section Image 

10.00 

Manning Formula 

Normal Depth 

···············!····· ············•············ ····················j············ 

c 
0 

1il 
> 
~ 
w 

9.00 

8.00 

700 

6.00 

5.00 

4.00 

3.00 

2.00 

1.00 

............... l ................................ ! ................................ ~ ............................... . 
- ·········-i·· .. ···---············ ·······!·········· ··· ................ !········· 

- ···············:································!································:································ 

········-·-----~ - --- .. ·········· .. ····· .. ··- .. -·r·················· .. ···········j····· ·-··············· .. ·---.. -· 

.. ' .......... ··l-............................... ~ ................... . 

0. 00 -'--,---;---,-----,--i---,----:--i-~----.---'..1 
0+00 0+50 1+00 

station 
1+50 

0.0014 fUft 

2.14 ft 

355.4 ft3/s .- A c:.TVAL- fZR.MAt.>.J ,tJC,. ( AFTC?:e_ 6-f.r of 
~ ~~wi-£~ S11>€$ 
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Thomas & Pima - Irregular Section - Iteration 2 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Discharge 

Section Definitions 

Station (ft} 

l . 

' 

Manning Formula 

Normal Depth 

0+00.00 

0+00.10 

0+08.00 

0+08.50 

0+22.00 

0+33.50 

0+34.00 

0+38.50 

0+43.00 

0+43.50 

0+55.50 

0+69.50 

0+70.00 

0+74.50 

1+74.50 

Roughness Segment Definitions 

Start Station 

(0+00.00, 10.62) 

(0+08.00, 0.50) 

(0+34.00, 1.02) 

(0+43.00, 1.02) 

(0+70.00, 0.50) 

(0+74.50, 0.57) 

0.0014 fUft 

355.4 ft 3/s 

Elevation (ft) 

Ending Station 

10.62 

0.62 

0.50 

0.00 

0.28 

0.52 

1.02 

1.02 

1.02 

0.52 

0.28 

0.00 

0.50 

0.57 

2.57 

(0+08.00, 0.50) 

(0+34.00, 1.02) 

(0+43.00, 1.02} 

(0+70.00, 0.50) 

(0+74.50, 0.57) 

(1+74.50 , 2.57) 

0.022 

0.016 

0.022 

0.016 

0.01 3 

0.045 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley Flow Master [08.01 .071 .00] 
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- --------

Normal Depth 

Elevation Range 

Flow Area 

Wetted Perimeter 

Top Width 

Normal Depth 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

GVF Input Data 

Downstream Depth 

Length 

Number Of Steps 

GVF Output Data 

Upstream Depth 

Profile Description 

Profile Headless 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

212212008 12:13:42 PM 

Thomas & Pima - Irregular Section - Iteration 2 

0.00 to 10.62 ft 

Subcritical 

M1 

2.14 ft 

191 .04 ft2 

155.43 ft 

153.07 ft 

2.14 ft 

1.26 ft 

0.01973 tuft 

1.86 tus 

0.05 ft 

2.20 ft 

0.29 

1227.87 ft 

492.66 ft 

10 

1227.18 ft 

0.00 ft 

0.00 tus 

0.00 ft/s 

2.14 ft 

1.26 ft 

0.00140 tuft 

0.01973 ft/ft 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.071 .00] 
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Cross Section for Thomas & Pima - Grate on Grade Iteration 2 

Project Description 

Solve For 

Input Data 

Discharge 

Slope 

Gutter Width 

Gutter Cross Slope 

Road Cross Slope 

Roughness Coefficient 

Efficiency 

Grate Width 

Grate Length 

Grate Type 

Clogging 

Cross Section Image 

Efficiency 

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

1------~------1 

l c;. tzAT{__ l...))G<I TJ or--l 

476.0 ft'/s .::;...-- CvM.M lf ~ /c Gv 
0.0014 ft/ft 

2.00 ft 

0.0417 ftlft 

0.0200 ftlft 

0.016 

15.27 % 

2.00 ft 

6.00 ft 

50.00 % 

T 
2.14 ft 
j_ 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.071 .00] 

2/22/2008 12:14:07 PM 27 Siemens Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1 



Thomas & Pima - Grate on Grade Iteration 2 

Solve For Efficiency 

Input Data 

Discharge 476.0 fP/s 

Slope 0.0014 ft/ft 

Gutter Width 2.00 ft 

Gutter Cross Slope 0.0417 ft/ft 

Road Cross Slope 0.0200 ft/ft 

Roughness Coefficient 0.016 

Grate Width 2.00 ft 

Grate Length 6.00 ft 

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

Clogging 50.00 % 

Options 

Grate Flow Option Exclude None 

Results 

Efficiency 15.27 % 

Intercepted Flow 72.7 ft3/s ~ Jt-~T~Tt o;J ~12 6-ff- L&.NGJi.l 

Bypass Flow 403.30 ft3/s { o>J£ 5t~ or (fzv:;:T oMA.j) 
Spread 105.07 ft 

Depth 2.14 ft 

Flow Area 110.45 ft2 

Gutter Depression 0.04 ft 

Total Depression 0.04 ft 

Velocity 4.31 ft/s 

Splash Over Velocity 9.97 ft/s 

Frontal Flow Factor 1.00 

Side Flow Factor 0.11 

Grate Flow Ratio 0.05 

Active Grate Length 3.00 ft 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley Flow Master [08.01 .071 .00] 
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Cross Section for Thomas & Pima - Irregular Section - Iteration 3 

Project Descriptio_n ____ _ 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Normal Depth 

Discharge 

Cross Section Image 

Manning Formula 

Normal Depth 

10.00 

9.00 
·····! ..... .. ....................... ~ ................................ i ............................... . 

8.00 ··············-:--················· ······ ·····r········ ····· ·············r····· ····· ···················· 

- ···········-···!······-· .. ············ · ··--- ~- --·--····--··· · · ·· ·· ·- -·-.•·!·-·-· ·· ····- ·· ········- ..... . 
7.00 . 

i ::· :T -~ ::::1 = r·: : = ~ 
w ............... : ............ .. .................. : .... ............................ , .. .. .. ....................... .. 

4.00 

3.00 

2 .00 
- ............... ; ................................ ~.: ................................ :_:······················ .. ··· 

1.00 i 
........................ ....... j ........ ..... .. ........... .. .. .. 

; 
0 .00 .L-,---t----.---.--i--.----;--1-----.-----.---' 

0+00 0+50 1+00 
station 

1+50 

0.0014 ft/ft 

1.68 ft 

210.0 ft3/s 
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Thomas & Pima - Irregular Section - Iteration 3 

Project Description ------
Friction Method 

Solve For 

Input Data 

Channel Slope 

Discharge 

Section Definitions 

. 

Station (ft) •·. 

Manning Formula 

Normal Depth 

0+00.00 

0+00.10 

0+08.00 

0+08.50 

0+22.00 

0+33.50 

0+34.00 

0+38.50 

0+43.00 

0+43.50 

0+55.50 

0+69.50 

0+70.00 

0+74.50 

1+74.50 

Roughness Segment Definitions 

Start Station 

(0+00.00, 1 0.62) 

(0+08.00, 0.50) 

(0+34.00, 1.02) 

(0+43.00, 1.02) 

(0+70.00, 0.50) 

(0+74.50, 0.57) 

,, 

0.0014 ft/ft 

210.0 ft3/s 

·' 

Elevation (ft) 

10.62 

0.62 

0.50 

0.00 

0.28 

0.52 

1.02 

1.02 

1.02 

0.52 

0.28 

0.00 

0.50 

0.57 

2.57 

Ending Station 

(0+08.00, 0.50) 

(0+34.00, 1.02) 

(0+43.00, 1.02) 

(0+70.00, 0.50) 

(0+74.50, 0.57) 

(1+74.50, 2.57) 

Roughness Coefficient 

0.022 

0.016 

0.022 

0.016 

0.013 

0.045 

Bentley Systems, Inc . Haestad Methods Solution Center Bentley FlowMaster [08.01 .071 .00] 
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Thomas & Pima - Irregular Section - Iteration 3 

Nonnal Depth 1.68 ft 

Elevation Range 0.00 to 10.62 ft 

Flow Area 125.25 ft2 

Wetted Perimeter 131 .71 ft 

Top Width 129.81 ft 

Normal Depth 1.68 ft 

Critical Depth 1.02 ft 

Cri tical Slope 0.01888 ft/ft 

Velocity 1.68 ft/s 

Velocity Head 0.04 ft 

Specific Energy 1.72 ft 

Froude Number 0.30 

Flow Type Subcritical 

GVF Input Data 

Downstream Depth 1227.87 ft 

Length 492.66 ft 

Number Of Steps 10 

e 
Upstream Depth 1227.18 ft 

Profile Description M1 

Profile Headloss 0.00 ft 

Downstream Velocity 0.00 ft/s 

Upstream Velocity 0.00 ft/s 

Nonnal Depth 1.68 ft 

Critica l Depth 1.02 ft 

Channel Slope 0.00140 ft/ft 

Critical Slope 0.01888 ft/ft 

Bentley Systems, Inc. Haestad Methods Solution Center Bent ley FlowMaster (08.01.071 .00] 
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Cross Section for Thomas & Pima - Grate on Grade Iteration 3 

Solve For 

In ut Data 

Discharge 

Slope 

Gutter Width 

Gutter Cross Slope 

Road Cross Slope 

Roughness Coefficient 

Efficiency 

Grate Width 

Grate Length 

Grate Type 

Clogging 

Cross Section Image 

Efficiency 

246.0 ft3/s <l- DVM;Wi1 Q IU GeT 
0.0014 ft/ft 

2.00 ft 

0.0417 ft/ft 

0.0200 ft/ft 

0.016 

19.54 % 

2.00 ft 

6.00 ft 

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

50.00 % 

T 
1.6a ft 
j_ 

v: 10 b:.. 
H: 1 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.071 .00] 
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Worksheet for Thomas & Pima - Grate on Grade Iteration 3 

Project Descri.Rtion 

Solve For 

Input Data 

Discharge 

Slope 

Gutter Width 

Gutter Cross Slope 

Road Cross Slope 

Roughness Coefficient 

Grate Width 

Grate Length 

Grate Type 

Clogging 

0 tions 

Grate Flow Option 

Results 

Efficiency 

Intercepted Flow 

Bypass Flow 

Spread 

Depth 

Flow Area 

Gutter Depression 

Total Depression 

Velocity 

Splash Over Velocity 

Frontal Flow Factor 

Side Flow Factor 

Grate Flow Ratio 

Active Grate Length 

2/22/2008 12:22:09 PM 

Efficiency 

246 .0 ft3/s 

0.0014 ft/ft 

2.00 ft 

0.0417 ft/ft 

0.0200 ft/ft 

0.016 

2.00 ft 

6.00 ft 

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

50.00 % 

Exclude None 

19.54 % 

48.1 ft3/s ~ OJl:_ $ 1!1!.- r:f- ~-re:E£1 6'-t:> (2. 

197.93 ft3/s 6--F~+ ~brn 
82.04 ft 

1.68 ft 

67.35 ft2 

0.04 ft 

0.04 ft 

3.65 ft/s 

9.97 ft/s 

1.00 

0.14 

0.07 

3.00 ft 
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Cross Section for Thomas & Pima - Irregular Section - Iteration 4 

Project Descri~tion ____ _ 

Friction Method 

Solve For 

In ut Data 

Channel Slope 

Normal Depth 

Discharge 

Manning Formula 

Normal Depth 

0.0014 ft/ft 

1.27 ft 

113.8 ff/s 

Cross Section Image 
----~~--------~----------------------------~~----._ ______ ~._~--~ 

c 
0 

~ 
> 
~ 
w 

10.00 

9.00 
. ············(··· ·······················•···················· ·········+ . ., ............ ....... ..... . 

8.00 
..... .......... ! ................................ i ................................ l ............................... . 
... ------1·······-····· ······-!·· ······-···················· !-·-····· 

7.00 : : 

:6.00 

5.00 

- ·············t················· ···· ........ .,:··· .. ., ..... ., ...... ., ........ : ........................ ., .. ... . 

.... ........... ! .... ., .. ........................ : ................... ... ........ .j. ............................. . 
............ .' ............................. ! ............................... : ............. ......... ..... .. 

4.00 
--··········-······-····································· 

3.00 ' 

2.00 
............. ''1''''"' ......... ······· ......... ~ ............................... -~ .......................... . 

1.00 

0 .00 ..L--,----i---:---;--i---:------,----i---.----;,.---' 
0+00 0+50 1+00 

Station 
'1+50 
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Thomas & Pima- Irregular Section- Iteration 4 

Friction Method Manning Formula 

Solve For Normal Depth 

Input Data 

Channel Slope 0.0014 ft/ft 

Discharge 11 3.8 ft3/s 

Section Definitions 

.. 

Station (ft) Elevation (ft) 

0+00.00 10.62 

0+00.10 0.62 

0+08.00 0.50 

0+08.50 0.00 

0+22.00 0.28 

0+33.50 0.52 

0+34.00 1.02 

I 

e 0+38.50 1.02 

0+43.00 1.02 

0+43.50 0.52 

0+55.50 0.28 

0+69.50 0.00 

0+70.00 0.50 

0+74.50 0.57 

1+74.50 2.57 

Roughness Segment Definitions 

Ending Station Roughness Coefficient 

(0+00.00, 10.62) (0+08.00, 0.50) 0.022 

(0+08.00, 0.50) (0+34.00, 1.02) 0.016 

(0+34.00, 1.02) (0+43.00, 1.02) 0.022 

(0+43.00, 1.02) (0+70.00, 0.50) 0.016 

(0+70.00, 0.50) (0+74.50, 0.57) 0.013 

(0+74.50, 0.57) (1+74.50, 2.57) 0.045 
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Results 

Normal Depth 

Elevation Range 

Flow Area 

Wetted Perimeter 

Top Width 

Normal Depth 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

GVF Input Data 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headless 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critica l Slope 

2/22/2008 12:34:38 PM 

Thomas & Pima - Irregular Section - Iteration 4 

0.00 to 10.62 ft 

Subcritical 

M1 

1.27 ft 

76.34 ft2 

110.84 ft 

109.35 ft 

1.27 ft 

0.78 ft 

0.01679 ftlft 

1.49 ftls 

0.03 ft 

1.30 ft 

0.31 

1227.87 ft 

492.66 ft 

10 

1227.18 ft 

0.00 ft 

0.00 ftls 

0.00 ftls 

1.27 ft 

0.78 ft 

0.00140 ftlft 

0.01679 ftlft 

Bentley Systems, Inc. Haestad Methods Solution Cente r Bentley FlowMaster [08.01.071 .00) 
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Cross Section for Thomas & Pima - Grate on Grade Iteration 4 

Solve For 

Discharge 

Slope 

Gutter Width 

Gutter Cross Slope 

Road Cross Slope 

Roughness Coefficient 

Efficiency 

Grate Width 

Grate Length 

Grate Type 

Clogging 

Cross Section Image 

Efficiency 

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

~--------~----------~ 

t ~Lo(J{!'z D,J 

114.0 ft'/s 

0.0014 ft/ft 

2.00 ft 

0.0417 ft/ft 

0.0200 ft/ft 

0.016 

25.70 % 

2.00 ft 

6.00 ft 

50.00 % 

-df-- DvMN'"f Q 

T 
1.27 fl 

j_ 

V: 10 ~ 
H; 1 
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Solve For 

Input Data 

Discharge 

Slope 

Gutter Width 

Gutter Cross Slope 

Road Cross Slope 

Roughness Coefficient 

Grate W idth 

Grate Length 

Grate Type 

Clogging 

Options 

Grate Flow Option 

Results 

Efficiency 

Intercepted Flow 

Bypass Flow 

Spread 

Depth 

Flow Area 

Gutter Depression 

Total Depression 

Velocity 

Splash Over Velocity 

Frontal Flow Factor 

Side Flow Factor 

Grate Flow Ratio 

Active Grate Length 

2/22/2008 12:35:03 PM 

Thomas & Pima - Grate on Grade Iteration 4 

Efficiency 

114.0 ft3/s 

0.0014 ft/ft 

2.00 ft 

0.0417 ft/ft 

0.0200 ft/ft 

0.016 

2.00 ft 

6.00 ft 

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

50.00 % 

Exclude None 

25.70 % 

29.3 ft'/s ~ f<> r2.. (,-f+ l..hf6W) bk ~ob 
84.70 ft3/s 

61.48 ft 

1.27 ft 

37.84 ft2 

0.04 ft 

0.04 ft 

3.01 ft/s 

9.97 ft/s 

1.00 

0.19 

0.09 

3.00 ft 
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Cross Section for Thomas & Pima - Irregular Section - Iteration 5 

Project Descri!)tion 
-~·~------

Friction Method 

Solve For 

Manning Formula 

Normal Depth 

Input Data 

Channel Slope 

Normal Depth 

Discharge 

Cross Section Image 

c 
0 

~ 
> 
~ 
UJ 

10.00 

9.00 
···············!·········· .. ····················r···················-- ....... !···-.. ·· .. . 

8.00 
- ···············I··········· .. ···················!························· .. ··-.. 1'······························· 

. . 

7.00 
· · ·-r · -... · ..... · · ·r -· · · · · ....... !-- .... · · -· 

- ............... !··········· .. ········· .. ····· .. · ~·· · .. ··············· ...... ...... ~ ............................... . 
6.00 

5.00 
.............................. .. ................ r· ····· .. ·······················r·············· .. ··············· 

4.00 
............... j······················"''"''''l""''''"''''''"'"'"' .................................. .. 

................. - .......... _ ....... . 

3.00 
............ . .. ; ........................ . .. . .... ~ ... . ........... ... .............. i · · ·""'' ' "'""''''"'''' 

2 .00 . . 

1.00 
............... j .......... ...................... i ....... ................ .. 

0.00 -'---.--+--.--- ....--+-....--- ....--+-....-- -.---' 
0+00 0+50 1+00 

Station 
1+50 

0.0014 ft/ft 

0.89 ft 

55.2 ft3/s ~ ~1 1'/ t~ Q AF-i r£R.. C. M 02k. fw
c:F-- INieR.t::k? n o/11 . . . 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.071 .00] 

212212008 12:42:14 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1 



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

Thomas & Pima - Irregular Section - Iteration 5 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Discharge 

Section Definitions 

Station (ft) 

Manning Formula 

Normal Depth 

0+00.00 

0+00.10 

0+08.00 

0+08.50 

0+22.00 

0+33.50 

0+34.00 

0+38.50 

0+43.00 

0+43.50 

0+55.50 

0+69.50 

0+70.00 

0+74.50 

1+74.50 

Roughness Segment Definitions 

Start Station 

(0+00.00, 10.62) 

(0+08.00, 0.50) 

(0+34.00, 1.02) 

(0+43.00, 1.02) 

(0+ 70.00, 0.50) 

(0+74.50, 0.57) 

0.0014 fUft 

55.2 fP/s 

Elevation (ft) 

Ending Station 

10.62 

0.62 

0.50 

0.00 

0.28 

0.52 

1.02 

1.02 

1.02 

0.52 

0.28 

0.00 

0.50 

0.57 

2.57 

(0+08.00, 0.50) 

(0+34.00, 1.02) 

(0+43.00, 1.02) 

(0+70.00, 0.50) 

(0+ 74.50, 0.57) 

(1 + 74.50, 2.57) 

P IJ.JoA f2.c!J.D R!RFORJ 
f)rlvJ / bEe 12.- I /9Z 

Roughness Coefficient 

0.022 

0.016 

0.022 

0.016 

0.013 

0.045 
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Results 

Normal Depth 

Elevation Range 

Flow Area 

Wetted Perimeter 

Top Width 

Normal Depth 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

GVF Input Data 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headless 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critica l Depth 

Channel Slope 

Critical Slope 

212212008 12:42:26 PM 

Thomas & Pima - Irregular Section - Iteration 5 

0.00 to 10.62 ft 

Subcritical 

M1 

0.89 ft 

40.07 ft2 

82.40 ft 

81 .39 ft 

0.89 ft 

0.60 ft 

0.01396 ftlft 

1.38 ft/s 

0.03 ft 

0.92 ft 

0.35 

1227.87 ft 

492.66 ft 

10 

1227.18 ft 

0.00 ft 

0.00 ft/s 

0.00 ft/s 

0.89 ft 

0.60 ft 

0.00140 ft/ft 

0.01396 ft/ft 
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Cross Section for Thomas & Pima - Grate on Grade Iteration 5 

Solve For 

Input Data 

Discharge 

Slope 

Gutter W idth 

Gutter Cross Slope 

Road Cross Slope 

Roughness Coefficient 

Efficiency 

Grate Width 

Grate Length 

Grate Type 

Clogging 

Cross Section Image 

sz 

v 
~. I 

t G,tV<lTf l.P(}I1')oJ 

Efficiency 

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

42.8 ft3/s .a-- ,DV/YIM'f Q 

0.0014 ftlft 

2.00 ft 

0.0417 ftlft 

0.0200 ft!ft 

0.016 

35.50 % 

2.00 ft 

6.00 ft 

50 .00 % 

T /oi 
GAet.-€:ff {.~0'/0N .t0'7f1 
f>l\5lz.J:) oN t RJ2.e. ' lAA/Z.. 5-l Oto-V 
c:::A U:: .. -s 

v: 10 b:.. 
H: 1 
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Thomas & Pima - Grate on Grade Iteration 5 

Solve For Efficiency 

Input Data 

Discharge 42.8 ft3/s 

Slope 0.0014 ft/ft 

Gutter Width 2.00 ft 

Gutter Cross Slope 0.0417 ft/ft 

Road Cross Slope 0.0200 ft/ft 

Roughness Coefficient 0.016 

Grate Width 2.00 ft 

Grate Length 6.00 ft 

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

Clogging 50.00 % 

Options 

Grate Flow Option Exclude None 

Results 

Efficiency 35.50 % 

Intercepted Flow 15.2 ft3/s ......::t--

Bypass Flow 27.61 ft3/s 

Spread 42.55 ft 

Depth 0.89 ft 

Flow Area 18.15 ft2 

Gutter Depression 0.04 ft 

Total Depression 0.04 ft 

Velocity 2.36 ft/s 

Splash Over Velocity 9.97 ft/s 

Frontal Flow Factor 1.00 

Side Flow Factor 0.26 

Grate Flow Ratio 0.13 

Active Grate Length 3.00 ft 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley Flow Master [08.01 .071 .00] 
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Cross Section for Thomas & Pima- Irregular Section- Iteration 6 

Friction Method 

Solve For 

Manning Formula 

Normal Depth 

l n ~ut Data 

Channel Slope 

Normal Depth 

Discharge 

c 
0 

~ 
> 
~ 
w 

10.00 

9 .00 

3.00 

7.00 

6.00 

5.00 

4.00 

3.00 

2.00 

1.00 

... i. . ... . . ............ ~ -- ........ ..................... -!. .. . .. ....... .. . ............ . 

'''''''''''' ' "i''' '"'''''"''''''''''"''' ' "'i"'' '' '''''' ' "''''''"''''''' ' ''i' ' ' ' ''' ''''''' ' '''" ''''''' ' '"' 

- ·············!······ . ·······!··· ·······-·· ·---i- ··· ···· ·-· -········-···· 

-............... ! ....... ........................ !--.. -- ............ ..... ......... 1 ... .... ........................ . 

- ............... i·· ·· ···· ·· ·········· · · ···· · · · ·· -~·-·"•' "'''' '' ' '''''' ''' ' ••· · ·· j··· ·····- ...................... . 

............... ; ................................ ; ................................. ............................ .. 

........ .. ....... .......................... ······ ··--·····---· ·------ -- ----- .. 

' 
:),~~="' ..... ... ..................... :.·.······························· 

0. 00 ..L-...,----i---;-- --.,----i-----.-------.---+--.- ---.----' 
0+00 0+50 1+00 

station 
1+50 

0.0014 ft/ft 

0.60 ft 

24.8 ft3/s 
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Thomas & Pima- Irregular Section- Iteration 6 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Discharge 

Section Definitions 

Station (ft} 

Roughness Segment Definitions 

Start Station 

Manning Formula 

Normal Depth 

0+00.00 

0+00.10 

0+08.00 

0+08.50 

0+22.00 

0+33.50 

0+34.00 

0+38.50 

0+43.00 

0+43.50 

0+55.50 

0+69.50 

0+70.00 

0+74.50 

1+74.50 

(0+00.00, 10.62) 

(0+08.00, 0.50) 

(0+34.00, 1.02) 

(0+43.00, 1.02) 

(0+70.00, 0.50) 

(0+74.50, 0.57) 

0.0014 ftlft 

24.8 f\3/s 

Elevation (ft) 

10.62 

0.62 

0.50 

0.00 

0.28 

0.52 

1.02 

1.02 

1.02 

0.52 

0.28 

0.00 

0.50 

0.57 

2.57 

Ending Station 

(0+08.00, 0.50) 

(0+34.00, 1.02) 

(0+43.00 , 1.02) 

(0+ 70.00 , 0.50) 

(0+74.50 , 0.57) 

(1+74.50, 2.57) 

Bentley Systems, Inc. Haestad Methods Solution Center 

Roughness Coefficient 

0.022 

0.016 

0.022 

0.016 

0.013 

0.045 

Bentley FlowMaster [08.01 .071 .00] 

2/22/2008 12:48:44 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 2 



Results 

Normal Depth 

Elevation Range 

Flow Area 

Wetted Perimeter 

Top Width 

Normal Depth 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

GVF lnj:?ut Data 

Downstream Depth 

Length 

Number Of Steps 

GVF Out~ut Data 

Upstream Depth 

Profile Description 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

2/22/2008 12:48:44 PM 

Thomas & Pima - Irregular Section - Iteration 6 

0.00 to 10.62 ft 

Subcritical 

M1 

0.60 ft 

18.44 ft2 

65.39 ft 

64.90 ft 

0.60 ft 

0.43 ft 

0.00774 ftlft 

1.35 ft/s 

0.03 ft 

0.63 ft 

0.44 

1227.87 ft 

492.66 ft 

10 

1227.18 ft 

0.00 ft 

0.00 ft/s 

0.00 ft/s 

0.60 ft 

0.43 ft 

0.00140 ft/ft 

0.00774 ftlft 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.071 .00] 

27 Siemens Company Drive Suite 200 W Watertown, CT 06795 USA +1 -203-755·1666 Page 2 of 2 



e 

Solve For 

Input Data 

Discharge 

Slope 

Gutter Width 

Gutter Cross Slope 

Road Cross Slope 

Roughness Coefficient 

Efficiency 

Grate Width 

Grate Length 

Grate Type 

Clogging 

Cross Se~tion Image 

v= 
v 

28.108 It 

Efficiency 

14.2 

0.0014 

2.00 

0.0417 

0.0200 

0.016 

48.80 

2.00 

6.00 

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

50.00 

ft3/s 

ftlft 

ft 

ftlft 

ftlft 

% 

ft 

ft 

% 

T 
0.60 ft 

j_ 

V: 10 b:,_ 
H: 1 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.071 .00) 

212212008 12:49:02 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1 



----------

Thomas & Pima - Grate on Grade Iteration 6 

Solve For Efficiency 

Input Data 

Discharge 14.2 ft3/s 

Slope 0.0014 ft/ft 

Gutter Width 2.00 ft 

Gutter Cross Slope 0.0417 ft/ft 

Road Cross Slope 0.0200 ft/ft 

Roughness Coefficient 0.016 

Grate Width 2.00 ft 

Grate Length 6.00 ft 

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

Clogging 50.00 % 

Grate Flow Option Exclude None 

Results 

Efficiency 48.80 % 

Intercepted Flow 6.9 ft3/s 

Bypass Flow 7.27 ft3/s 

Spread 28.08 ft 

Depth 0.60 ft 

Flow Area 7.93 ft2 

Gutter Depression 0.04 ft 

Total Depression 0.04 ft 

Velocity 1.79 ft/s 

Splash Over Velocity 9.97 ft/s 

Frontal Flow Factor 1.00 

Side Flow Factor 0.37 

Grate Flow Ratio 0.19 

Active Grate Length 3.00 ft 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.071 .00] 

2/22/2008 12:49:15 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1 
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Alternatives E and F, classified as "Major Collector Streets," consist of a five-lane 
Urban street, four travel lanes and a dual center left-turn lane. Alternative G, 
classified as a "Modified Major Collector Street,• is a five-lane urban street with 
11-foot lanes. 

At the November 3 meeting, the committee consensus was to focus the study on 
the Alternative A typical section. Plan overlays (clear) were used by the committee 
to determine the effects of each typical section. Due to some of the effects 
produced by Alternative A, it was decided to look at other alternative typical 
sections with lesser overall widths between outside curbs. It was the consensus 
of the committee that Alternative A creates some severe effects and that the 
committee would review these other alternatives for further discussion at the next 
committee meeting. 

• Steering Committee Meeting, 12 January 1993 - Since the last committee 
meeting the _two communities have been evaluating the effects of the seven 
alternative typical sections. At this meeting it was the consensus of the. committee 
that the desirable alternative should provide the least overall width between outside 
curbs while still providing acceptable lane widths. The consensus of the committee 
is that all further study be undertaken with Alternative D, shown as the "Selected 
Typical Section" in Appendix A. 

2.4 Recommended Typical Section 

It is the consensus of the Steering Committee that the recommended typical section be 
Alternative D, Modified Minor Arterial Street, as depicted in Figure 3 and in Appendix A 
under Selected Typical Section. Alternative D consists of a four- lane urban street w,ith 
a 9-foot raised median. All measurements on this exhibit are to the face of curb whereas 
measurements on previous exhibits are to the back of curb. Therefore, a previously 
stated 8-foot median is now a 9-foot median. 

At the first Steering Committee Meeting it was agreed that there is not enough 
right-of-way to construct the six-lane section as specified by the SRP-MIC published 
standards. Furthermore, the construction of the future Pima Freeway will reduce traffic 
on Pima Road to a level that will be accommodated by a four- lane urban roadway for 
the immediate future. Therefore, the selected typical section is a four-lane urban street. 

It was also decided that an off-road bicycle pathway will need to be provided · in lieu of 
on-street bike lanes. Again, there is not enough right-of-way to provide on-street bike 
lanes. Further discussion on bicycle pathways is contained in subsection 4.4. 

Pima Road Geometric Concept 

10 



Worksheet for Coronado & 87th Street- Transverse Grate Inlets 

Project Descri tion 

Solve For 

Input Data 

Discharge 

Left Side Slope 

Right Side Slope 

Bottom Width 

Grate Width 

Grate Length 

Local Depression 

Local Depression Width 

Grate Type 

Clogging 

Results 

Spread 

Depth 

Wetted Perimeter 

Top Width 

Open Grate Area 

Active Grate Weir Length 

Messages 

Notes 

1/31/2008 12:50:49 PM 

Spread 

193.00 ft3/s 

0.02 ft/ft (H:V) 

0.02 ft/ft (H:V) 

24.00 ft 

24.00 ft 

14.00 ft 

0.00 in 

0.00 ft 

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

50.00 % 

24.05 ft 

1.15 ft 

26.31 ft 

24.05 ft 

151 .20 ft2 

52.00 ft 

Des ign interception flowrate of 193 
cfs = 40% of 483 cfs (total flow 
arriving at location). Remaining 290 
cfs is intercepted via culvert inlet in 
park area south of Coronado Road 
and west of 87th Street. Average 
transverse grate elevation = 1212.50. 
WSE from HEC-RAS xsec 1.262 = 
1213.63. Max depth occurring over 
grate (in sump condition) = 1.13 
without backing up flow. 

Grate is located at sump location in 
87th Street approximately 165 feet 
southws&t of Coronado Road. 

<i?~~t 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.071 .00] 

27 Siemons Com pany Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1 



Culvert Designer/Analyzer Report 
Coronado and 87th Interception Structure 

Comments: Culvert width of 72 feet is appoximately 60% of the flow width based on HEC-RAS cross section 1.262 (PimaSD6.out
WSE=1213.63); Tota l 1 00-yr, 6-hr peak flowrate at Coronado and 87th per HEC-1 = 483 cfs (includes subtracting out 56 cfs for existing 48" 
stormdrain). 60% of 483 = 290 cfs <--Assumed design flow. Remainder of flow (193 cfs) will be intercepted via transverse grate in 87th Street. 

Peak Discharge Method: User-Specified 

Design Discharge 290.00 cfs Check Discharge 0.00 cfs 

Grades Model: Inverts 

Invert Upstream 1,211.00 ft Invert Downstream 999.99 ft 

Length 999.99 ft Slope 0.211012 ftlft 

Drop 211 .01 ft 

Headwater Model: Maximum Allowable HW 

Headwater Elevation 1,213.63 ft 

Tailwater Conditions : Constant Tailwater 

Tailwater Elevation N/A ft 

Name Descript ion Discharge HW Elev. Velodty 

x Trial-1 20-3 x 2 ft Box 290.00 cfs1 ,212.47 ft 18.99 ftls 

p:\ ... \coronado & 87th inlet analyis.cvm 
01/31 /08 02:08 :01 ~entley Systems, Inc. 

Bentley Courtesy Lie , Exton 
Haestad Methods Solution Center Watertown , CT 06795 USA 

Project Engineer: j kelley 
CulvertMaster v3.1 (03.01 .009.00] 

+1 -203-755-1666 Page 1 of 2 



e 
Culvert Designer/Analyzer Report 

Coronado and 87th Interception Structure 

Design :Tria /-1 

Solve For: Headwater Elevation 

Culvert Summary 

Allowable HW Elevation 1,213.63 ft Storm Event Design 

Computed Headwater Elev< 1,212.47 ft Discharge 290.00 cfs 

Headwater Depth/Height 0.74 Tailwater Elevation N/A ft 

Inlet Control HW Elev. 1,212.47 ft Control Type Inlet Control 

Outlet Control HW Elev. 1,212.44 ft 

Grades 

Upstream Invert 1,211.00 ft Downstream Invert 999.99 ft 
Length 999.99 ft Constructed Slope 0.211012 ftlft 

Hydraulic Profile 

Profile S2 Depth, Downstream 0.25 ft 

Slope Type Steep Normal Depth 0.25 ft 

Flow Regime Supercritical Critical Depth 0.90 ft 

Velocity Downstream 18.99 ft/s Crit ical Slope 0.004772 ft/ft 

Section 

Section Shape Box 

Section Material Concrete 

Section Size 3 x2ft 

Number Sections 20 

Outlet Control Properties 

Outlet Control HW Elev. 1,212.44 ft 

Ke 0.20 

Inlet Control Properties 

Inlet Control HW Elev. 1,212.47 ft 

Inlet 'JW'eheadwall w 3/4 inch chamfers 

K 0.51500 

M 

c 
y 

0.66700 

0.03750 

0.79000 

p:\ ... lcoronado & 87th inlet analyis.cvm 
01/31 /08 02:08:01 m.Bentley Systems, Inc. 

Mannings Coefficient 0.013 

Span 3.00 ft 

Rise 2.00 ft 

Upstream Velocity Head 0.45 ft 

Entrance Loss 0.09 ft 

Flow Control Unsubmerged 

Area Fu ll 120.0 ft2 

HDS 5 Chart 10 

HDS 5 Scale 1 

Equation Form 2 

Bentley Courtesy Lie , Exton 
Haestad Methods Solution Center Watertown , CT 06795 USA 

Project Engineer: jkel ley 
CulvertMaster v3.1 [03.01 .009.00] 

+1-203-755-1666 Page 2 of 2 



O!Zt>rJADC. 

(Z..OrlD ---

~ 

e • 
HEC-RAS Plan: exstjkktweaks River: RIVER-1 Reach: Reach-1 (Continued} 

Reach ' River Sta Profile QTotal MinCh El W .S. Elev CritW.S. E.G Elev • E.G. Slope Vel Chnl Flow Area Top Width 

(cfs} (ft) (ft) (ft} (ft} (tuft) (fUs} (sq ft} (ft} 

Reach-1 1.67 BASE6.0UT 1752.00 1216.00 1220.37 1221 .58 0.002186 9.50 281 .78 127.69 

Reach-1 1.67 PIMASD6.0UT 286 .00 1216.00 1218.00 1218.29 0.001677 4.43 75.96 63.50 

Reach-1 1.575 BASE6.0UT 1752.00 1215.30 1219.81 1220.55 0.001451 8.13 449.97 197.90 

Reach-1 1.575 PIMASD6.0UT 286 .00 1215.30 1217.09 1217.39 0.001954 4.65 89.21 78.27 

Reach-1 1.522 BASE6.0UT 1752.00 1214.80 1218.89 1220.02 0.002212 9.77 444 .92 237.76 

Reach-1 1.522 PIMASD6.0UT 286.00 1214.80 1216.38 1216.78 0.002397 5.25 71 .25 65.19 

Reach-1 1.499 BASE6.0UT 1752.00 1214.60 1218.59 1218.59 1219.77 0.002064 9.11 515.89 315.88 

Reach-1 1.499 PIMASD6.0UT 286.00 1214.60 1216.22 1216.50 0.001709 4.30 93.17 86 .21 . 

Reach-1 1.438 BASE6.0UT 1752.00 1213.80 1218.11 1217.71 1218.81 0.001417 7.69 496.65 286.00 

Reach-1 1.438 PIMASD6.0UT 286 .00 1213.80 1215.63 1215.93 0.001819 4.45 72.88 75.38 

Reach-1 1.373 BASE6.0UT 1752.00 1213.00 1217.50 1218.30 0.001542 8.17 454 .86 302.00 

Reach-1 1.373 PIMAS06.0UT 286.00 1213.00 1215.17 1215.41 0.001188 4.01 87.24 76.26 

Reach-1 1.353 BASE6.0UT 1752.00 1212.80 1217.71 1218.05 0.000656 5.95 846.63 373.37 

Reach-1 1.353 PIMASD6.0UT 286.00 1212.80 1215.23 1215.30 0.000315 2.50 214 .04 152.00 

Reach-1 1.301 BASE6.0UT 1800.00 1212.10 1216.84 1217.74 0.001518 8.49 401 .16 241 .87 

Reach-1 1.301 PIMASD6.0UT 483.00 1212.10 1214.49 1215.02 0.002208 6.03 103.41 78.61 

Reach-1 1.262 BASE6.0UT 1800.00 1212.00 1216.79 1217.07 0.000578 5.44 781 .04 313.69 

Reach-1 1.262 PIMASD6:0UT 539.00 1212.00 1213.73 1213.73 1214 .35 0.004321 7.04 ., 126.38 116.10 

Reach-1 1.260 BASE6.0UT 1800.00 1211 .96 1216.79 1217.06 0.000560 5.38 792.41 323.45 

Reach-1 1.260 PIMASD6.0UT 1.00 1211 .96 1211 .93 1212.01 1212.83 7.148734 0.13 3.84 

Reach-1 1.239 BASE6.0UT 1800.00 1210.90 1216.67 1216.92 0.003285 4.82 523.85 274.20 

Reach-1 1.239 PIMASD6.0UT 1.00 1210.90 1211 .11 1211 .11 1211 .17 0.062203 1.94 0.52 4.50 

Reach-1 1.224 BASE6.0UT 1800.00 1206.50 1216.63 1216.73 0.000517 2.97 1038.21 543.10 

Reach-1 1.224 PIMASD6.0UT 1.00 1206.50 1210.89 1206.73 1210.89 0.000000 0.01 117.26 40.34 

Reach-1 1.181 BASE6.0UT 1800.00 1204.95 1216.21 1216.<i7 0.001360 4.41 506 .68 181.82 

Reach-1 1.181 PIMASD6.0UT 1.00 1204.95 1210.89 1210.89 0.000000 0.01 106.72 32.74 

J.U;C. - RA.S' 
"1!: G-42-0 ss- s~ol') \ . UD ACt>e. ---rn t:.E.F-1~ vJSl;:_ f{( tNT&2LfZ.P7it»J Sl~dlJR.£... 

e 

Froude #Chi 

0.85 

0.64 

0.70 

0.68 

0.86 

0.76 

0.83 

0.64 

0.69 

0.66 

0.72 

0.55 

0.48 

0.29 

0.72 

0.76 

0.45 

1.02 

0.44 

0.00 

0.41 

1.01 

0.18 

0.00 

0.29 

0.00 
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3. FL0-2D Analysis 



Introduction 

FL0-2D Model Analysis 
for the Granite Reef Wash Study 

The purpose ofthis analysis was to provide a comparison to HEC-1 generated peak flows for the 
preliminary design of the Pima Road Conduit. FL0-2D provided a distribution and attenuation of 
flows through the streets and neighborhoods within the project area north of the Granite Reef Wash 
corridor that HEC-1 routing may not address in an urbanized setting. The FL0-2D model may be 
key in evaluating the overall design of the interception structures. To insure the model had enough 
area to properly distribute the flows, the watershed was bounded by Chaparral Road on the north, 
Virginia A venue to the south and the existing HEC-1 boundaries on the west and east. In addition, 
SRPMIC land was assumed to be under future conditions and considered fully developed. 

This model was not developed to replace the existing HEC-1 model, but was done to enhance the 
level of detail available for comparison to HEC-1 peak flows . The same watershed boundaries and 
infiltration parameters used in the HEC-1 model were applied to the FL0-2D model. 

Initial Model Setup 

To achieve the highest data resolution for the model without creating unreasonable runtimes, the 
grid elements were set to a spacing of 20 feet. Based on the watershed delineation established by 
the Granite Reef Wash Drainage Master Plan (FCDMC September 2002), the boundary elements 
were defined to include the area between Chaparral Road and Virginia A venue. 

For the grid elements west of Pima Road, elevation data was obtained from the City of Scottsdale's 
GIS department. This data, consisting of both points and breaklines, is from topographic mapping 
created in 1993, using NA VD 88, for the City. Since no information was available for the east side 
of Pima Road (SRPMIC), points were created at a 50-foot grid based on assumptions similar to 
those in the GRW Drainage Master Plan for future conditions. The resulting surface is assumed to 
be at a +0.25% slope from the centerline of Pima Road. 

Additional elevation data was included in the model to better represent land features. Points were 
added to the grid elements that fell along the centerline of the channel on the south side ofEarll Dr. 
from 861

h St. and the Pima Frontage Road. The channel and street options were not used due the 
short length of the channel and the significant impact on the runtime of the model. 

Rainfall and Infiltration 

A rainfall value of 3.20 inches was obtained from the Granite Reef Wash Drainage Master Plan 
(GRWDMP) for the 100-yr, 6-hour storm event. This value was estimated from the NOAA Atlas 2 
rainfall data for the study area. An areal reduction factor was applied to the rainfall value based on 
the watershed area north of Thomas Road. The resulting area was found to be 2.92 sq. mi. for a 
reduction factor of0.974. The adjusted rainfall value was calculated to be 3.12 inches. Pattern 2 
from the FCDMC's Hydrology Manual, also based on the watershed area, was used for the 6-hour 
rainfall distribution applied to the model. 



The Green-Ampt infiltration values were based entirely on the GRWDMP. Grid elements were 
assigned values from the corresponding subbasin input values. 

Manning's Roughness Coefficient 

All grid elements were provided roughness coefficients based on visual inspection of aerial 
photography of the City. The Granite Reef Wash Floodplain Delineation Study (FCDMC 1997) 
was also used to assist in the determination of coefficients. The following was used as a general 
approach to assigning values: 

• 0.016 - Used to represent streets, parking lots and undeveloped SRPMIC lands (future 
conditions). 

• 0.025- Used to represent sidewalks/front yards, parks and open space. 
• 0.055- Used to represent single-family homes/lots, apartments, schools and large 

buildings. 

Reduction Factors 

These factors were applied to control the amount of storage for each of the grid elements and 
control conveyance between them. Similar to Manning's roughness coefficient, reduction factors 
were based on inspection of the aerial photography and assigned accordingly. The first type of 
factor, known as the area reduction factor (ARF), represented how much water each of the elements 
could hold. This was typically due to buildings or any other obstructions that prevent the storage of 
flow. The following was used as a general approach to assigning the factors: 

• None - Any areas with no obstructions such as streets, open space, parking lots and 
undeveloped SRPMIC lands. 

• 0.15- Any areas with minimal obstructions such as sidewalks/front yards. 
• 0.65 - Any areas with significant obstructions such single-family homes, apartments, 

schools and other small buildings. 
• Blocked - Any areas that are apart of a larger obstruction such as office buildings and large 

retail/industrial buildings. 

Some exceptions were made to the model to better represent the area. Several properties within the 
area bounded by Highland Ave. to the north, Camelback Rd. to the south, Granite Reef Rd. to the 
west and the Pima Frontage Road to the east were assigned a factor of 0.3 in place of0.65. This 
was done due to the larger size of the lots and fewer obstructions. 

The second type of factor, known as the width reduction factor (WRF), controlled how water was 
conveyed between grid elements. These factors were useful in representing walls or similar 
structures. Since conveyance, such.as small openings or drains, through walls was assumed to be 
insignificant, the WRFs were set to 1.0 to completely block flow. Only significant walls were 
considered in the model that would prevent flows from spilling from one street into another 
through private properties. 



• The only exception was in the area, previously mention above, where the lots were larger. These 
walls were set to 0.5 due to fewer walls and significant openings. 

Inflow and Outflow Conditions 

Three inflow hydro graphs were inserted into the model along Chaparral Rd. corresponding to the 
three concentration points established in the 1 00-yr, 6-hr HEC-1 model originally developed for the 
GRWDMP. After running HEC-1 using the full output option, FL0-2D was able the extract the 
outflow hydro graphs for each of the three concentration points and apply them to their locations 
within the model: 

• 
• 
• 

CFOl - Granite ReefRd . 
CF02 - 861

h St. 
CF07 -Pima Rd . 

Outflow elements were inserted along the southern boundary of the effective model area 
immediately south ofVirginia Ave. Since most of the boundary elements fall along walls, outflow 
was only permitted within streets and other areas with no obstructions. They were setup to allow 
flow to freely pass out of the model as floodplain only element. 

Note: Due to the small outflow within effective model area, all storm drains (Chaparral Rd., 
Camelback Rd. and Indian School Rd.) were assumed to be insignificant and not included in the 
calculations. 

Floodplain Cross Sections 

In order to obtain pertinent output data, the floodplain cross section option was used to estimate 
both the peak flows and maximum flow depths for all selected grid elements. Any locations of 
interest such as corresponding HEC-1 concentration points and proposed interception structures 
between Chaparral Rd. and Thomas Rd. were analyzed. This was achieved by selecting enough 
grid elements in a linear group to properly bracket the incoming flows from one or more directions. 

Running FL0-2D 

Additional parameters were included in the model through the use of control variables when 
running FL0-2D. In the Global Data Modification section, all fields were set to zero to insure that 
the model uses the parameters set within the individual grid elements except the for the Floodplain 
Limiting Froude No. This was set to 2.5 to prevent any unrealistic flow conditions to may occur in 
the calculations. 

Under the System Components Switches section, only the Area Reduction Factor (ARF) box 
should be checked since no other components were used in the model. For the Physical Processes 
Switches section, only Rainfall and Infiltration should be checked. If any additional boxes are 
checked within these two sections, the model will not run properly. 

Results 



The following table shows the peak flows and maximum depths along three streets (Granite Reef 
Rd., 86th St. and the Pima Frontage Road) at several cross streets between Camelback Rd. and 
Thomas Rd: 

FL0-2D Peak Flows and Maximum Depths 

Granite Reef Rd. 86th St. Pima Frontage Road 

Flow Depth Flow Depth .Flow Depth 
(cfs) (ft) (cfs) (ft) (cfs) (ft) 

Camelback Rd. 7 0.30 294 1.39 300 2.14 

Indian School Rd. 10 0.59 81 0.83 490 2.00 

Osborn Rd. 11 0.53 182 1.14 502 2.19 

Earll Dr. 18 0.37 77 0.80 733 4.43 

Thomas Rd. 112 1.25 218 1.86 1318* 3.48* 

*Located at Thomas Rd. and sin St. 

HEC-1 Comparison 

The table below shows the HEC-1 results (BASE6.0UT) for the same street intersections 
mentioned above including a comparison of peak flows with FL0-2D. 

HEC-1 Peak Flows and Comparison 

Granite Reef Rd. 86th St. Pima Frontage Road 

Flow Difference Flow Difference Flow Difference 
(cfs) (cfs) (cfs) (cfs) (cfs) (cfs) 

Camelback Rd. 68 61 804 510 87 -213 

Indian School Rd. 217 207 276 195 907 417 

Osborn Rd. 221 210 306 124 847 345 

Earll Dr. 216 198 418 341 1070 337 

Thomas Rd. 181 69 429 211 1637* 319* 

*Located at Thomas Rd. and 8ih St. 

Comparing the results of both models, the peak flows for FL0-2D were found to be significantly 
less than HEC-1. The following observations were made from reviewing the FL0-2D model while 
running and after completion: 

• Very little flow was conveyed along most of Granite ReefRd. 



, .. . 

• • In some places, flows appeared to have been routed differently. 
• Runoff had a tendency to move more in easterly direction and collect in the Pima Frontage 

Road than HEC-1. 
• Attenuation of flows was greater than HEC-1. 

o 200± cfs along Granite Reef Rd. 
o 300+ cfs along the Pima Frontage Road 

• Additional flow splits exist than previously modeled. 

Conclusions 

Based on the results ofFL0-2D, the Pima Road Conduit design was adjusted to better intercept the 
100-year, 6-hour storm. The following changes were made to the interception area design: 

• Any interception structures located west of 861
h St. were eliminated due to a possible lack of 

flow. 
• An additional storm drain was extended north of Osborn Rd. along the Pima Frontage Road 

with two interception structures (one immediately south of Indian School Rd. and the other 
at Olive Ave) . 

Since HEC-1 is still the approved model to use for the design, the above changes were applied to 
the HEC-1 model (PIMASD6.DAT). The resulting peak flows were then used to size the 
interception structures and storm drain pipes. 
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4. Utility Conflicts Inventory 



e Potential Utility Conflict Inventory 

Location Water Sewer Storm Drain SRP 

Fairmont I Pima Frontage 24" None 18" None 

Olive I Pima Frontage 
6" 

None 24" None 
24" 

Osborn I 86th 
4" 

8" None None 
8" 

Osborn I 87th 
6" 

8" None None 
(2) 8" 

Osborn I Pima Frontage 24" None 24" None 

(2) 6" 
12" 

Earll/86th 
24" 8" 

None None 
30" 10" 
36" 
60" 

Earll/87th 
6" 8" 

None None 
8" 10" 

Earll/ Pima Frontage 24" None 
30" 

None 
48" 

Thomas I 87th 
8" 

8" 
48" 

24" 
24" 36" 

Thomas I Pima 
8" On SRPMIC 

54" 24" 
24" Land 

Coronado I 87th 8" None 48" None 

McDowell/ Pima 12" 
On SRPMIC 

48" None 
Land 

McKellips I Pima None 
On SRPMIC 

None None 
Land 

P:\06\077\H&H\Hydraulics\3. Pima SD Alt\Utility lnventory.xls 2/6/2008 
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5. Salt River- FEMA floodplain data 



PAJUJV\. 'Si-I JFT - lo CALGVI...AI£.. FtMA rL.cDl>fCA IN 
E.L.£\/Ancr-l AT 5'Au £AV£Jzj PIJ.IA JZDA!> .4\...t (.tJ /b NAVD '08 
F-eot-A N G.vD z.~ 

Questions concerning the VERTCON process may be mailed to NGS 

Latitude: 33 26 20.63 

Longitude: 111 53 32.79 

NGVD 29 height: 1175 ft 

Datum shift (NAVD 88 minus NGVD 29) : 1. 959 feet ·· 

Converted to NAVD 88 height: 1176.959 feet 

http://www.ngs.noaa.gov/cci-binNERTCON/vert con2.nrl 

' ; . 
J 

· ~ 

.' 

Page 1 ofl 

"), /") Q /') ()()'7 



Salt River outfall location for Pima Road Conduit 
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D. Floodplain Analysis 

1. HEC-2 to HEC-RAS Conversion 
a. Summary Description 
b. Figure 3A- HEC-RAS Schematic 
c. Comparison of Results 
d. HEC-2 Results 
e. HEC-RAS Results 

2. Floodplain Analysis 
a. HEC-RAS Output Table 
b. Existing Conditions 

GRANITE REEF WASH DRAINAGE STUDY & 
PRELIMINARY DESIGN IMPROVEMENTS 

i. Exhibit 4- Delineation (Schematic) 
li. Results 

c. Detention Basin Alternative 
i. Exhibit 5- Delineation (Schematic) 

li. Results 
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PSOMAS 
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1. HEC-2 to HEC-RAS Conversion 



PSOMAS Costa Mesa Denver Riverside Roseville Sacramento Salt Lake City San Diego Santa Clarita Tucson West Los Angeles 
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HEC-2 to HEC-RAS Conversion 
Comparison of Results 

Q* 
HEC-2 

Section WSEL 
(cfs) (feet) 

2.355 644 1228.58 
2.295 644 1227.3 
2.218 1240 1226.14 
2.208 1240 1225.88 
2.192 1240 1225.94 
2.168 1240 1225.93 
2.128 1240 1224.92 
2.044 1240 1223.89 
1.961 1240 1223.34 
1.925 1240 1222.62 
1.879 1240 1221 .74 
1.81 1240 1221 .39 

1.725 1240 1220.42 
1.67 1240 1219.82 

1.575 1240 1218.58 
1.522 1240 1218.2 
1.499 1240 1217.96 
1.438 1240 1217.55 
1.373 1240 1216.61 
1.353 1240 1216.94 
1.301 1240 1216.36 
1.262 1240 1216.32 
1.239 1240 1215.42 
1.224 1240 1215.34 
1.181 1240 1214.95 
1.138 1240 1214.63 
1.121 1240 1214.45 
1.115 1240 1214.45 

1.1115 Bridge 
1.108 1240 1214.44 
1.101 1240 1214.41 
1.084 1240 1214.34 
1.075 1240 1214.33 

1.0645 Culvert 
1.054 1417 1213.17 
1.042 1417 1213.34 
1.001 1417 1212.99 
0.966 1417 1212.9 
0.915 1417 1212.72 
0.883 1417 1212.58 
0.865 1417 1212.56 
0.857 1417 1211.47 
0.821 1417 1211.44 
0.786 1417 1210.53 
0.729 1417 1209.94 
0.674 1417 1208.95 
0.627 1417 1207.8 
0.542 1417 1205.84 
0.503 1417 1204.58 
0.459 1417 1202.42 
0.421 1417 1201 .68 

HEC-RAS 
WSEL 
(feet) 

1228.59 
1227.31 
1226.25 
1225.92 

1226 
1226.01 
1224.88 
1223.94 
1223.37 
1222.69 
1221 .81 
1221.43 
1220.46 
1219.79 
1219.15 
1218.11 
1217.79 
1217.56 
1216.64 
1216.96 
1216.34 
1216.3 

1215.47 
1215.45 
1215.1 

1214.81 
1214.62 
1214.63 

1214.54 
1214.51 
1214.43 
1214.42 

1213.22 
1213.4 

1213.05 
1212.96 
1212.78 
1212.65 
1212.63 
1211.5 

1211 .61 
1211 .01 
1209.97 
1209.03 
1208.01 
1205.52 
1204.37 
1202.48 
1201 .67 

P:\06\077\H&H\Hydraulics\HEC-RAS\HEC-2 vs. HEC-RAS.xls 

~ 
Comments 

(fee!}_ 
0.01 
0.01 
0.11 Thomas Rd . and 87th St. 
0.04 
0.06 
0.08 
-0.04 
0.05 
0.03 Virginia Ave. and 87th St. 
0.07 
0.07 
0.04 
0.04 Upstream of Oak St. and 87th St. 
-0.03 
0.57 
-0 .09 
-0.1 7 
0.01 Hubbell St. and 87th St. 
0.03 
0.02 
-0 .02 
-0.02 
0.05 
0.11 Upstream end of earthen channel. 
0.15 
0.18 
0.17 
0.18 

Apartment leasing office. 
0.10 
0.10 
0.09 
0.09 

Box culvert at McDowell Rd. 
0.05 
0.06 
0.06 
0.06 
0.06 
0.07 
0.07 Downstream end of earthen channel. 
0.03 
0.17 Belleview St. and 84th Pl. 
0.48 
0.03 
0.08 
0.21 
-0.32 Downstream of 84th Pl. and Granite Reef Rd. 
-0.21 Roosevelt St. and Granite Reef Rd. 
0.06 
-0 .01 

1/25/2008 



HEC-2 to HEC-RAS Conversion 
Comparison of Results 

Q* 
HEC-2 

Section WSEL 
(cfs) (feet) 

0.369 1417 1200.75 
0.326 1417 1200.09 
0.32 1417 1199.75 

0.303 1417 1199 
0.288 1417 1198.83 
0.272 1417 1198.88 
0.257 1417 1198.61 
0.244 Culvert 
0.231 1417 1198.02 
0.225 1417 11 96.08 

HEC-RAS 
fl. 

WSEL Comments 
(feet) (feet) 

1200.75 0.00 
1200.06 -0.03 
1199.99 0.24 
1199.21 0.21 Southern end of Granite Reef Rd. 
1199.03 0.20 Upstream end of concrete channel. 
1199.11 0.23 
1198.76 0.15 

Box culvert at SRP well site. 
1198.45 0.43 
1196.62 0.54 

*Based on flows prov1ded by the FEMA Flood Insurance Study (September 30, 1995) 

Note: 
Since the input data is a little different between the two models, modifications had to be made to HEC-RAS for it to run . 
All modifications were minor and meant to reproduce the HEC-2 results based on identical input data. 

P:\06\077\H&H\Hydraulics\HEC-RAS\HEC-2 vs. HEC-RAS.xls 1/25/2008 
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******************************************** 
HEC- 2 WATER SURFACE PROFILES 

Version 4.6.2; May 1991 

RUN DATE 01MAY97 TIME 14:31:47 
******************************************** 

X X xxxxxxx 
X X X 
X X X 
XXX XX XX xxxx 
X X X 
X X X 
X X xxxxxxx 

XX XXX 
X X 
X 
X xxxxx 
X 
X X 

XX XXX 

xxxxx 
X X 

X 
xxxxx 

X 
X 
xxxxxxx 

U. S. ARMY CORPS OF ENGINEERS 
HYDROLOGIC ENGINEERING CENTER 
609 SECOND STREET , SUITE D 
DAVIS , CALIFORNIA 95616-4687 

(916) 756-1104 
************* ** **************** ****** * * 
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THIS RUN EXECUTED 01MAY97 14:31:47 

HEC-2 WATER SURFACE PROFILES 

Version 4.6.2; May 1991 

SPLIT FLOW BEING PERFORMED 

SF SPLIT FLOW CALCULATIONS 

TW West bank between 0.320 and 0.326 
WS 2 0.320 0. 326 .257 2 . 5 
we 1199 34 1201 

e \'W West bank between 0.303 and 0.320 
.is 2 0.303 0.320 . 257 2.5 

· we 1198 100 1199 

TW West bank between 0 . 288 and 0 . 303 
WS 2 0.288 0.303 . 257 2.5 
we 1198 77 1198 

TW West bank between 0.272 and 0.288 
WS 2 0.272 0.288 .257 2 . 5 
we 1198 83 1198 

TW West bank between 0 . 257 and 0.272 
WS 2 0.257 0. 272 .257 2. 5 
we 1197 80 1198 

TW East bank between 0.303 and 0.320 
ws 2 0.303 0.320 -1 2.5 
we 1201.1 100 1201 

TW East bank between 0 . 288 and 0.303 
WS 2 0.288 0.303 -1 2.5 
we 1199 77 1201.1 
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e TW East bank between 0.272 and 0 . 288 
·;s 2 0. 272 0.288 -1 2.5" 
;c 1198 83 1199 

TW East bank between 0.257 and 0.272 
ws 2 0.257 0.272 -1 2.5 
we 1198 80 1198 
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Tl 
Tl 
Tl 

Granite Reef Wash - Floodplain Delineation File :GRWl, H2 
For the Flood Control District of Maricopa County 
by ENTELLUS March 21, 1996 

T2 
T3 

Existing conditions 
City of Scottsdale Granite Reef Wash (FIS) 

T4 GR data digitized from 1"-100' 1-foot map dated November 1993 
T4 GR data modified for flowpaths. non flowing ares blocked out 

T5 1"-100' 1-feet Contour mapping from Michael Baker, Jr., Inc. 
T6 Provided by the city of Scottsdale 

T7 Supplemental cross section data surveyed by City of Scottsdale 

T8 Downstream reach from "Granite Reef Wash Stabilization Plans" Project F1705 

T9 Subcritical analysis 
T9 This model was developed and configured to determine water surface elevation 
T9 for a 100- year floodplain delineation study, Velocity from this model 
T9 may not be accurate and should not be used 

J1 ICHECK INQ NINV IDIR STRT METRIC HVINS Q 

2 - 1 

J2 NPROF IPL9T PRFVS XSECV XSECH FN ALL DC IBW 

1 -1 

J3 VARIABLE CODES FOR SUMMARY PRINTOUT 

38 43 1 2 8 26 

Critical conditions assumed Dowstrream from culvert 
X-sec 0.225 obtained from improvement plans 

NC . 028 .035 . 020 .1 . 3 
QT 2 1417 1417 

51.5 
X1 0.225 8 9991 10009 370 370 370 . 

X3 9962 1200 10017 1200 
GR 1195 9962 1195.0 9981 1194 . 9 9991 1188.9 
GR 1188.9 10005 1194 . 9 10009 1195 10017 

*** .. * Culvert outlet dowstream from water well ******** 

PAGE 3 

WSEL FQ 

1196.43 

CHNIM I TRACE 

100 200 

9995 1188.73 10000 
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NC .3 . 5 
51 

Xl 0 . 231 35 9993.5 10006.5 31 31 31 
X3 10 1195 1195 
GR 1203 9776.97 1203 9198 1194 9798 1194 9849 1203 984 9 
GR 1203 9897 1194 9897 1194 9901.22 1195 9905.06 1196 9922.2 
GR 1196 .1 9954 . 45 1196 9986.69 1195 9988.5 1194 9990.19 1193 9991.88 
GR 1189.2 9993.5 1189.29 9995.26 1189.29 10000 1189.29 10003.2 1189.29 10005 
GR 1189.3 10006 . 5 1194 10008.6 1195 10010.5 1196 10012.4 1196.5 10027 .4 0 
GR 1196 10042.4 1195.9 10061.45 1196 10080.5 1196.3 10092.80 1196 10105 .1 
GR 1195.9 lOllO 1203 lOllO 1203 10218 1195.18 10218 1195 10243.7 

****************************************************************************** ..... 13' X 1.5'concrete box culvert at well site ******** ................................••.........................................•.. 
sc 1.013 0.4 2. 7 7 .5 13 137 8.1 1189.59 1189.29 

****************************************************************************** .e ...... Culvert inlet ........................................•.•......•................•.•....•.... 
Upstream from water well 

49 
Xl 0.257 27 9993.5 10006.5 135 135 137 
X2 2 1197.41 
X3 10 1191.67 1197.41 
BT -3 9933 1197.67 10000 1197.83 10132 1197.41 
GR 1208 9900.62 1 208 9932.99 1198.29 9933 1197. 67 9933 1197 9982 . 93 
GR 1196 9983 .45 1195 9983.96 1194 9984.61 1193 9989.53 1192 9991.53 
~R 1189 . 5 9993.5 1189 . 59 10000 1189.59 10006.5 1192 10014.6 ll93 10016.2 
GR 1194 10017.3 1195 10018.3 1196 10019.3 1197 10020.1 1198 10033.1 
GR 1198 10039.4 1197 10041 1196 10099 .5 1191.41 10131.99 1191.41 10132 
GR 1208 10132 .01 1208 10169.1 

Reach GRW-2 concrete channe l between water well and Granite Reef Road 

NC 0.041 0.029 0.018 

effective area limited to 4 to 1 expancion 
Effective area boundary withing buildings no X3 record needed 

48 
Xl 0.272 29 9985 . 49 10017.7 80 80 80 
X3 10 
GR 1198 9920.49 1198 9922.9 1191 9934.09 1196 9.934 . 29 1195 9935 . 29 
GR 1194 9935.8 1193 9935 . 96 1192 " 9936.13 1191 9936.28 1190 9936 . 41 
GR 1189 9936.54 1188 9936.67 1188 9963.96 1189 9968.23 1190 9972 . 5 
GR 1191 9976 .17 1192 9981.02 1193 9985.49 1192 9995.42 1191 9996.32 
GR 1190.8 10000 1191 10004 .1 1192 10005.7 1193 10001.1 1194 10008.6 
GR 1195 10009.7 1196 10010.7 1191 10012. 1 1198 10017.7 
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NC o1 o3 

effective area limited to 4 to 1 expancion 
Effective area boundary withing buildings no X3 record needed 

47 
X1 Oo288 29 9989o19 10015 o1 83 83 83 
X3 10205 1210 
GR 1199 9893o77 1198 9916o31 1198 9919o53 1198 9935o85 1197 9936082 
GR 1196 9937o79 1195 9938 o97 1194 9939o61 1193 9940o15 1192 9940o58 
GR 1191 9944 o28 1192 9962o15 1193 9972 0 89 1194 9979 o65 1195 9987 0 74 
GR 1195 9989o19 1193 9991o 84 1192 9992 o81 1191 9993o54 1190 0 9 10000 
GR 1191 10005o1 1193 1000708 1194 10009o3 1195 10010 o5 1196 1001201 
GR 1197 10013 0 5 1198 10015o1 1198 10034 o6 1198 10054o3 

Reach GRW-3 from south end of Granite Reef Road to 84th Place 

NC 0 0 057 ooo46 Oo018 

e 46 
X1 Oo303 9 9987o96 10053o2 77 77 77 
''3 9815 1210 10198 1210 
~R 1199 9915o2 1198 9924 029 1197 9936o33 1196 0 9 9945o96 1197 9955o59 

GR 1197 0 3 9987o96 1197 0 3 10000 1198 1005302 1198 o1 10060 0 45 

45o5 

X1 Oo320 15 9978 o8 10036 o 9 89 89 89 
GR 1211 9800o57 1211 9815 1-200 o8 9815 1200o4 9835 1211 9835 

GR 1211 9860o24 1211 9897 1199 0 5 9897 1199 o3 9915o2 1199 9937 098 

GR 1198 9978 o8 1197 0 3 10000 1198 1003609 1198o7 10124 o9 1199 10166 o5 

########################## BEGINNING OF STUDY AREA ########################### 

basin on rigth bank may need to modified for storage 
45 

X1 Oo326 18 9987o35 10021.9 34 34 34 
X3 10110 1198 
GR 1201 9861.86 1200o83 9877 1211 9877 1211 9952 1200 9952 

GR 1199 9965 o85 1198 9987 0 35 119704 10000 1198 10021o9 1198 10048o5 

GR 1197 10058 02 1197 1009002 1198 1010205 1199 10120o2 1200 10143o8 

GR 1200 o5 10157 1211 10157 1211 10331 o1 

Basin on rigth bank may need modification for storage 
44 
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X1 0 . 369 36 9981 10019 226 226 226 
X3 10021 . 7 1199 
GR 1207 9666.43 1206 9668.28 1205 9617.66 1204 9678 . 25 1203 9678.81 
GR 1202 9679 . 37 1202 9688.01 1202 9717 1212 9117 1212 9139.19 
GR 1212 9808.24 1212 9857 1201.2 9857 1201 9860.23 1201 9882 
GR 1212 9882 1212 9905.43 1212 9951.14 1212 9960.03 1200 9960 . 03 
GR 1199 9913.09 1198.2 9981 1198 9994.17 1197 . 8 10000 1198 10005.8 
GR 1198.2 10019 1199 10021 . 7 1199 10038.7 1198 10051.2 1198 10089.9 
GR 1199 10098 . 8 1201 10121.7 1201 10142.1 1201 10147.9 1202 10157.3 
GR 1212 10157.3 

43 

X1 0.421 34 9981 10019 278 278 278 
GR 1209 9668.66 1208 9671.36 1207 9613.12 1206 9676.24 1205 9678 . 6 
GR 1204 9681.44 1204 9110 1214 9710 1214 9794.16 1214 9838.9 
GR 1214 9856 1203 9856 1203 9883 1214 9883 1214 9897.08 
GR 1214 9942.77 1214 9955 1203.5 9955 1202 9962 1201 9965.84 
GR 1200 9972.86 1199.1 9981 1199 9984.84 1198.5 10000 1199 10015.6 
GR 1199.1 10019 1200 10086 . 4 1201 10101.3 1202 10118.1 1202.6 10142.5 
GR 1203 10149 . 7 1203.6 10173 1214 10173 1214 10191.4 

e 42 

.<1 0.459 28 9980.62 10020.9 200 200 200 
X3 10020 . 9 1200 
GR 1205 9674.5 1204 9684 1204 9110 1214 9110 1214 9853 
GR 1204 9853 1204 9878 1214 9878 1214 9888 . 27 1214 9897.21 
GR 1214 9955 1203 9955.25 1202 9963.49 1201 9912.43 1200 9980.62 
GR 1199.4 10000 1200 10020.9 1200 10043.3 1199 10047.1 1198 10050.9 
GR 1198 10059 . 6 1199 10092 . 1 1200 10099 . 7 1201 10107.4 1202 10113.1 
GR 1203 10128.8 1204 10151.3 1205 10165.4 

Expancion-Contraction modified to acount for bend 

NC .3 .5 

41 
X1 0 . 503 14 9978 10022 229 229 229 
GR 1205 9663 1204.32 9765 1215 9765 1215 9814.93 1215 9925 
GR 1203.9 9925 1203 9936.49 1202.7 9978 1202.3 10000 1202.7 10022 
GR 1203 10074 . 5 1204 10128.3 1205 10166.6 1206 10215.4 

40 

X1 0.542 31 9969.9 10043.9 220 205 208 
GR 1215 9502 . 51 1215 9545 1207 9545 1207 9579.21 1206 . 89 9602 
GR 1215 9602 1215 9683 1206.52 9683 1206.39 9110 1215 9710 
GR 1215 9794 . 96 1215 9800 1206 9800 1206 9844.04 1206 9857 
GR 1215 9857 1215 9902 . 41 1215 9932.06 1215 9940 1206 9940 
GR 1206 9958 . 6 1205 9964.22 1204 9969.9 1203.6 10000 1203.2 10019 
GR 1204 10043 . 9 1205 10062.2 1206 10075.9 1207 10082.8 1208 10091.3 
GR 1208 10099 
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Reach GRW-4 along 84th Place 
Expancion-Conptration back after turn 

NC .045 .045 .018 .1 .3 

39 
X1 0.627 51 9983.7 6 10014 . 9 200 220 451 
GR 1211 9499.13 1210 9504.25 1209 9 60 6. 9 1208.72 9642 1215 9642 
GR 1215 9696 1208.28 9696 1208.19 9708 1215 9708 1215 9731.19 
GR 1215 9757 1207.88 9757 1207.82 9770 1215 9770 1215 9816 
GR 1207.6 9816 1207.55 9833 1215 9833 1215 9877 1207.35 9877 
GR 1207.3 9893 1215 9893 1215 9943 1207 . 06 9943 1207 9955.49 
GR 1206 9983.76 1205.9 10000 1206 10014.9 1206 10019.9 1206 10020.1 
GR 1206 10021.9 1207 10045.2 1207.17 10060 1215 10060 1215 10129.4 
GR 1208 10130 1207 10155 1206 10170 1206 10183 120 6. 5 10204 
GR 1215 10204 1215 10280 1207 10280 1206 10295 1205 10300 
GR 1205 10315 1206 10360 1207 10360 1208 10385 1209 10390 
GR 1210 10396 

38 

e X1 0 . 674 59 9985 10015.2 270 220 248 
GR 1212 9085 1212 9472 1211 9510 1215 9510 1215 9610 
;R 1210. 9 9610 1210.8 9662 1215 9662 1215 9705 1210.5 9705 

-"GR 1210. 5 9720 1215 9720 1215 9770 1210.2 9770 1210.2 9785 
GR 1215 9785 1215 9830 1210 9830 1210 9842.93 1209.9 9845 
GR 1215 9845 1215 9875.24 1215 9893 1208.8 9893 1208.5 9910 
GR 1215 9910 1215 9957 1208.06 9957 1208 9962.63 1207 9971.69 
GR 1206 9985 1205.5 10000 1206 10015 . 2 1207 10031 1208 10050 
GR 1215 10050 1215 10095 1208 10095 1208 10119 1208 10119 
GR 1215 10119 1215 10168 1208.4 10168 1208.7 10190 1215 10190 
GR 1215 10228 1208.8 10228 1208.8 10242 1215 10242 1215 10285 
GR 1208.2 10285 1207 10300 1207 10310 1208 10327 1208 10342 
GR 1208 10377 1209 10382 1210 10390 1211 10424 

37 

X1 0 . 729 55 9985.4 10016.8 289 289 289 
X3 9919.11 1209 
GR 1214 9347 1213 9456 1212 9468 1211 9476 1211 9510 
GR 1216 9510 1216 9560 1211.2 9560 1211.2 9582 1216 9582 
GR 1216 9625 1210.6 9625 1210.6 9650 1216 9650 1216 9690 
GR 1209.8 9690 1209.8 9705 1216 9705 1216 9750 1209. 5 9750 
GR 1209.5 9762 1216 9762 1216 9811 1209 9811 1209 9811.46 
GR 1208 9821.48 1208 9840.72 1208.5 9867 1216 9867 1216 9893.2 
GR 1216 9919.11 1216 9945 1208.45 9945 1208 9965.49 1207 9985.4 
GR 1206.6 10000 1207 10016.8 1208 10029.9 1209 10043.8 1209 10053 
GR 1216 10053 1216 10145 1209 10145 1209 10162.2 1209 10200 
GR 1216 10200 1216 10209.1 1216 10282 1208.5 - 10282 1208 10310 
GR 1208 10363 1209 10390 1209 10404 1210 10410 1211 10428 

36 
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X1 0.786 60 9988 10014.5 290 298 298 
GR 1213 9399 1 212 9430 1212 9510 1216 9510 1216 9570 
GR 1212 9570 1212 9585 1216 9585 1216 9622 1212 9622 
GR 1212 9647 1216 9647 1216 9690 1212 9690 1212 9707 

GR 1216 9707 1216 9753 1211.5 9753 1211.5 9770 1216 9770 
GR 1216 9809 . 9 1216 9811.65 1216 9818.97 1216 9820 1208.75 9820 
GR 1208 9822 . 85 1208 9834.5 1209 9845.28 1210 9853.9 1211 9867.28 
GR 1 216 98 67.3 1216 9942.19 1216 9948 1210.73 9948 1210 9963 . 6 
GR 1209 9970.61 1208 997 6. 1 1207. 3 9985 1207 9988 1206.9 10000 
GR 1207 10014.5 1208 10025.9 1209 10031.4 1210 10033.3 1211 10057 

GR 1216 10057 1216 10147.9 1211 10148 1210 1 017 1.5 1210 10177.6 

GR 1210.8 10203 1216 10203 1216 10208 . 4 1216 10287 1210.08 10287 
GR 1210 10293.6 1210 10360 1211 10385 1212 10390 1213 10405 

35 

X1 0.821 58 9985 10015 180 190 190 
GR 1215 9455 1214 94 64 1213 9466 1212 9474 1211 9477 

e GR 1210 . 5 9480.35 1210.36 9507 1217 9507 1217 9566 1210 . 07 9566 

GR 1210 9580. 93 1217 9581 1217 9630 . 1209.75 9630 1209.67 9645 

}R 12 17 9645 1217 9695 1209.H 9695 1209.33 9710 1217 9710 

~R 1217 9755 1209.1 9755 1209.02 9770 1217 9770 1217 9773.71 

GR 1217 9826 1208.6 9827.31 1208.34 9862 1217 9862 1217 9906.42 

GR 1217 9945 1207.61 9945 1207.2 9985 1207.1 10000 1207.4 10015 

GR 1208 10016 . 9 1209 10024.4 1210 10027.2 1211 10043.7 1211 10053 

GR 1217 10053 1217 10102 1211 10102 1211 10125 1217 10125 

GR 1217 10170 1211 10170 1211 10188 1217 10188 1217 10225 

GR 1211 10225 1211 10240 1217 10240 1217 10292 1211 10292 

GR 1211 10323.5 1212 10361.8 1213 10375.9 

Expancion -Contraction increased to account for end of channel 

NC .3 .5 

34 
X1 0.857 45 9987.55 10030.36 158 220 187 
GR 1214 9457 1213 9468 1213 9475 1212 9492 1211 9510 

GR 1217 9510 1217 9563 1212 9563 1212 9580 1217 9580 

GR 1217 9625 1212 9625 1212 9640 1217 9640 1217 9688 

GR 1212 9688 1212 9700 1217 9700 1217 9750 1212 9750.01 

GR 1212 9762 1217 9762 .01 1217 9805 1212 9805 1212 9821 

GR 1211 9830 1210.2 9833 1211 9836 .21 1212 9851.37 1212 9860 

GR 1217 9860 1217 9947 1212 9947 1212 9952.61 1211 9958.18 

GR 1210 9964.22 1209 9987.55 1208.5 10000 1209 10030 . 36 1210 10060.39 

GR 1211 10096.99 1212 10104.86 1213 101 13.12 1214 10117.56 1215 10121.10 

Reach GRW-5A Earthen channel upstream from 84th place 
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NC 0.043 0.036 0.038 

33 
X1 0 . 865 61 9979.89 10024.62 50 20 45 
GR 1215 9398 1215 9448 1214 9458 1213 9460 1212 9465 
GR 1213 9474 1211 9478 1211 9509 1211 9510 1211 9510 

GR 1217 9562 1211 9562 1211 9580 1217 9580 1217 9625 

GR 1211 9625 1211 9640 1217 9640.01 1217 9685 1211 9685.01 

GR 1211 9700 1217 9700 . 01 1217 9722 . 87 1217 9757 1210.7 9757 

GR 1210.6 9767 1217 9767 1217 9813.7 1217 9818 1210.39 9818 

GR 1211 9832.09 1212 9849.77 1212 9857 1217 9857 1217 9944 

GR 1212 9944 1212 9959 . 25 1211 9967.61 1210 9975.97 1210 9979.89 

GR 1209 9983.88 1208 9986.15 1207 9987.87 1 206 9989.6 1205 9991.32 

GR 1204 9993.05 1203 9997.63 1202.9 10000 1203 10002 . 75 1204 10007 . 61 

GR 1205 10011.06 1206 10014 . 61 1207 10017.97 1208 10021.3 1209 10024 . 62 

GR 1210 10054.5 1211 10081.35 1212 10098.82 1213 10101.86 1214 10104 . 88 

GR 1215 10107.92 

Expancion-Contraction back to normal after trancition 

NC .1 .3 

e 32 
n 0.883 63 9980.8 10021.12 95 95 95 

GR 1216 9443 1215 9454 1214 9466 1213 9471 1212 9476 

GR 1213 9477 1213 9479 1212 9480 1212 9535 . 85 1212 9545 

GR 1217 9545 1217 9595 1212 9595 1212 9608 1217 9608 

GR 1217 9656 1212 9656 1212 9670 1217 9670 1217 9715 

GR 1212 9715 1212 9730 1217 9730 1217 9782 1212 9782 

GR 1212 9793 1217 9793 1217 9837.05 1217 9843 1211. 4 9843 

GR 1211 9848.7 1211 9865.29 1212 9888.13 1217 9888 . 2 1217 9909.79 

GR 1217 9927.63 1217 9930.97 1217 9935.36 1217 9939.35 1217 9973 

GR 1212.1 9973 1212 9980.8 1211 9982.17 1210 9983.43 1209 9984.27 

GR 1208 9985.47 1207 9986.43 1206 9987.53 1204 9989.55 1203.1 10000 

GR 1204 10009.62 1205 10011. 1 1206 10014 . 32 1207 10016 . 82 1208 10018 . 92 

GR 1209 10021.12 1210 10044.42 1211 10079.42 1212 10095 . 12 1213 10102.22 

GR 1214 10105 . 12 1215 10111.62 1215 10140.82 

Reach GRW-58 Earthen channel south of McDowell Road · 

NC .035 0.050 0.038 

31 
X1 0.915 47 9976.92 10017.23 169 202 170 

GR 1216 9522 1215 9526 1214 9534 1213 9541 1212 9546 

GR 1211.8 9565.50 1212 9585 1212.2 9630 1217 9630.01 1217 9710 

GR 1212.1 9710.01 1212 9725.13 1211.9 9728 1217 9728 1217 9805.79 

GR 1217 9817 1210.9 9817 1210.8 9828 1217 9828 1217 9913 

GR . 1210.1 9913 1210.0 9923 1217 9923 1217 9929.11 1217 9956 . 27 

GR 1217 9965 1210 9965 1210 9976.92 1209 9984.09 1208 9985.77 

GR 1207 9987.33 1206 9989 . 12 1205 9991.47 1204 9992 . 44 1203 . 1 10000 

GR 1204 10005.33 1205 10008.06 1206 10010.33 1207 10012.93 1208 10015.03 

GR 1209 10017.23 1210 10046.73 1211 10084.03 1212 10102.23 1213 10115.63 

e 
j 
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GR 1217 10115.7 1217 10295 

30 

X1 0.966 32 9970 . 98 1 0019 . 52 170 266.5 266 
GR 1217 9500 1217 9595 1213 9595.01 1213 9600 1212 9620 
GR 12 12 9633 1213 9677 1214 9695 1214.2 9717 1214 9749.24 
GR 1213 9961.38 1212 9962.38 1211 9966.22 1210 9970 . 98 1209 9977.76 
GR 1208 9986.36 1207 9988 . 49 1206 9990.56 1204 9994 . 83 1203.6 10000 
GR 1204 10003.8 1206 10010 . 32 1207 10013.12 1208 10016.52 1209 10019.52 
GR 1210 10062.52 1211 10109.72 1212 10112.42 1213 10118.62 1217 10118. 63 
GR 1217 10247 1215 10247 

29 

X1 l. 001 41 9958.34 10018 . 25 2 40 190 190 
GR 1218 9600 1218 9663 1213.50 9663.01 1213 9669 1212 9681 
GR 1212 . 5 9707 1212 97 52.16 1211.8 9755.84 1212 9759.51 1213 9769.04 
GR 1213 9821.08 1213.2 9860.20 1213 9899.32 1213 9956.08 1212 9958.34 
GR 1211 9964.14 1210 9968.88 • 1209 9976.61 1208 9983.87 12 07 9986.9 
GR 1206 9990.1 1205 9995.89 1204 9996.34 1203.7 10000 1204 10003.42 
GR 1206 10007.75 1207 10009.75 1208 10012.15 1209 10015 . 05 1210 10018.25 

e GR 1211 10030.25 1212 10054.25 1212.3 10058 1218 10058 1218 10064.35 
GR 1218 10077.15 1218 10243 1214 . 7 10243 1215 10287.55 1216 10294.75 
SR 1217 10296.85 

28 

X1 l. 042 38 9984 . 27 10024.32 245 215 215 
X3 
GR 1220 9568 1220 9597 1214.2 9597.01 1214 9610 1213 9614 
GR 1212 9618 1212 9711 1213 9714 1213 9724.53 1213 9762.76 
GR 1213 9768.92 1212 9789.95 1212 9928.08 1212 9946.55 1211• 9984.27 
GR 1210 9986.38 1209 9988.27 1208 9990.31 1207 9992.57 1206 9994.62 
GR 1205 9995. 41 1204 9997 . 09 1203.7 10000 1204 10002.77 1207 10007.52 
GR 1208 10008.72 1209 10010.02 1210 10012.02 1211 10014. 52 1212 10017.02 
GR 1213 10024.32 1214 10057 . 72 1214 10067 1220 10067 1220 10157.22 
GR 1220 10227 1214.5 10227 1215 10288.32 

NC . 3 . 5 

~··························••r+++++******************************************* 

McDowell Road Culvert Outlet ......... 
··~··········~~······························································· 
27 

X1 l. 054 31 9994 10006 60 69 64 
X3 10 1212 1212 
GR 1216 9275 . 46 1215 9441.9 1214 9550 1213.5 9610 1220 9610 
GR 1220 9662.52 1220 9703.87 1220 9730.46 1220 9829 . 45 1212 9829.45 
GR 1212 9909.4 1212 9992 . 74 1211 9993.14 1210 9993.65 1202 . 58 9994 
GR ~202.5 9994.75 1202.58 10000 1202.58 10006 1209 10009 . 2 1210 10011.1 
GR 1211 10012.8 1212 10014.5 12 13 10021.1 1213.67 10055 1220 10055 
GR 1220 10069.6 1220 10083.6 1220 10147 1215.57 10147 1216 10194.1 
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GR 1217 10297.2 

···········~ ········ ·············· ······· ·· ··· ···· ················~········ ··· 
***** 12' X 8' Concrete Box Culvert at McDowell Road ..... .................................••.................••............•..•........ 

QT 2 1240 1240 
sc 1.013 .3 2 . 7 B 12 112.25 12 .3 1202.63 1202 . 58 

..............................................................•............... 
McDowell Road Culvert Inlet 

·····························~················································ 
26 

Xl 1.075 43 10008.5 10020.5 112 112 112 
X2 2 1213 .01 
X3 10 1213.01 1213.01 
BT -3 9940 1213.09 10000 1213.01 10057.6 1213.09 
GR 1217 9195 1216 9325 1215 . 62 9381 1222 9381 1222 9428 
GR 1215 .3 9428 1215 9475.5 1214.54 9513 1222 9513 1222 9557 .88 
GR 1222 9812.39 1222 9887 . 85 1222 9929.52 1222 9940 1217 .7 3 9940 
GR 1211 . 8 9940 1211 9973.46 1210 9985.78 1209 9992.7 1208 9994 .e GR 12 08 10000 1207 10003.4 1206 10006 1202.62 10008.5 1202.62 10014.5 
GR 1202.6 10020.5 1206 10022.9 1207 10024.3 1208 10025.4 1209 10026.3 
:R 1210 10027 . 5 1211 10028.8 1212 10033 1213 10037.4 1214 10044.7 

GR 1215 10057.6 1217.68 10057.6 1222 10057.6 1222 10082.2 1222 10116.3 . 
GR 1222 10154.5 1222 10196.4 1222 10313.8 

Reach GRW-6 upstream from McDowell Road 

NC 0 . 037 0.044 0.045 

25 
X1 1.084 26 9990 . 97 10010.8 43 43 43 
GR 1222 9960.8 1222 9965 1214 .31 9965 1214 9966.9 1213 9972.36 
GR 1212 9976.52 1211 9979.05 1 210 9981.58 1209 9987.9 1208 9990 . 97 
GR 1207 9993.32 1206 9995.66 1205.2 10000 1206 10003.8 1207 10007.3 
GR 1208 10010 . 8 1209 10038.5 1210 10039.3 1211 10040 .4 1212 10042.6 
GR 1213 10044.7 1214 10048 . 6 1215 10058.6 1215.1 10068 1222 10068 
GR 1222 10155 .2 

NC 0.1 0.3 

24 
X1 1.101 28 9989 . 9 10012.2 90 90 90 
GR 1222 9932.86 1222 9963 1215.07 9963 1215 9965.07 1214 9969.83 
GR 1213 9973 . 77 1212 9976.76 1211 9980.16 1210 9983.42 1209 9986 .54 
GR 1208 9989.9 1207 9992.93 1206 9996.47 1205.5 10000 1206 10004.5 
GR 1207 10008 1208 10012.2 1208.8 10027.3 1209 10040 1210 10041.3 
GR 1211 10042.1 1212 10044.4 1213 10046 .8 1214 10055.5 1215 10073.9 
GR 1215 .6 10108 1222 10108 1222 10124.7 
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NC 0 . 3 0.5 

**********************************************************************········ 
***** Office Bridge outlet ***** 
****************************************************************************** 
23 

X1 1.108 28 9970 . 84 1 005 7.1 40 40 40 
X3 10 1215 1215 
GR 1224 9955.7 1224 9963 1215 . 2 9963 1215 9965.16 1214 9970.84 
GR 1213 9974.78 1212 9978.09 1211 9981.24 1210 9984.23 12 09 9987.54 
GR 1208 9991.01 1207 9994.48 1206 9998.85 1205.6 10000 12 06 10007.1 
GR 1207 10011.7 1208 10016.2 1209 10022.5 1210 10028.9 1211 10036.4 
GR 1212 10040.2 1213 10043.4 1214 10057.1 1215 10111. 6 1216 10140 
GR 1215.8 10170 1224 10170 1224 10175 

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

***** Special Bridge data at Office bridge ** *** 
************************************ ********* ********************************* 

SB 1.05 1. 56 2.7 23 467 3 1205.72 1205. 6 

.e ************************************ ************** **************************** 

***** Office Bridge inlet ***** 
········································~····································· 

X1 1.115 33 9971.29 10045.2 34 34 34 
X2 1 1215 1215.1 
X3 10 1215 1215 
BT -8 9970 1215 1215 9971.29 1215.1 1215.1 9971. 3 1219.1 1215 . 1 

BT 10000 1235.1 1215 . 1 10019.53 1230 1215.1 10045.12 1219 . 1 1214 . 5 

BT 10045.21 1215.1 1214.5 10094. 1215 1215 
GR 1224 9958.97 1224 9964.65 1215 9964.65 1215 9970 1215 9970.01 

GR 1215 9971.29 1215.1 9971.29 1213 9974.73 1212 9977.29 1211 9980 .22 
GR 1211 9980.52 1210.89 9981.29 1210 9982.6 1209 9985.9 120 8 9989 . 74 

GR 1207 9993.41 1205.66 9999.33 1205. 72 10000 1205.88 10012 . 1 1207 .42 10019 . 5 

GR 1210 10026 .9 1212 .95 10035.2 1214 10045.2 1214.5 10045.2 1215 10094.5 

GR 1224 10094.5 1224 10125 1215 . 87 10125 1216 10129.7 1217 10158.6 
GR 1217 10170 1224 10170 1224 10223 

Xl 1.121 34 9983.8 10020.3 36 36 36 
GR 12 24 9959.9 1224 9963 1214.59 9963 1214 9967.38 1213 9973.14 

GR 1212 9976.59 1211 9980:24 1210 9983.8 1209 9986.76 1208 9990.02 

GR 1207 9993.1 1206.1 10000 1206 10001.2 1206 10004.1 1207 10009.8 
GR 1208 10015 1209 10018.8 1210 10020.3 1211 10022.6 1212 10026.1 
GR 1213 10029.7 1214 10034.5 1215 10040.7 1215 10049.1 1215 10093.2 
GR 1215 . 1 10097 1224 10097 1224 10127.4 1224 10133 1216.3 10133 
GR 1217 10146.2 1218 10177.3 1224 10177.3 1224 10200 

Reach GRW-7 Earthen c hanne l downstream from 87th Street 
Expancion-Contraction increase to acount for bend 
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NC 0.045 0 . 045 0 . 045 .5 .8 

X1 1.138 33 9952.84 10021.4 37 150 90 
GR 1225 9851.9 1225 9930.22 1225 9931.9 1215 9931.9 1214 9952.84 
GR 1213 9959.84 1212 9963 . 34 1211 9966 . 85 1210 9971. OS 1209 9975.49 
GR 1208 9979.69 1201.5 10000 1208 10008 . 3 1209 10010.5 1210 10012 . 7 
GR 1211 10014.9 1212 10017 1213 10019.4 1214 10021.4 1215 10025 . 7 
GR 1216 10029.9 1217 10052.3 1217 10074 1225 10014 1225 10135 
GR 1217 10135 1217 10156.4 1217 10169.2 1217 10173.1 1217 10185 
GR 1217.7 10210 1225 10210 1225 10220 

Expancion Contraction back to normal after bend 

NC .1 .3 

X1 1.181 34 9976.04 10021.36 225 225 225 
GR 1225 9803.86 1225 9847.76 1225 9888.05 1225 9947 1213.33 9947 
GR 1213 9976.04 1212 9979.56 1211 9982.13 1210 9984.58 1209 9987.04 
GR 1208 9989.28 1207 9991.63 1206 9994.94 1205 9999.53 1204.95 10000 

:e GR 1205 10001 1206 10002 . 52 1207 10005 . 92 1208 10008.42 1209 10010.62 
GR 1210 10013.02 1211 10015.42 1212 10017.72 1213 10021.36 1214 10024.42 
;R 1215 10051.82 1225 1 0051.82 1225 10113 1215.52 10113 1216 10168.82 

·GR 1216 10190 1225 10190 1225 10206 1225 10256 

Expancion contraction increased for trancition and bend 

NC . 5 . 8 

X1 1.224 34 9973 . 16 10020.6 230 130 230 
GR 1217 9577 1215 9724 1216 9790 1225 9790 1225 9840 
GR 1216 9840 1216 9868 1215 9915.7 1214 9959.52 1213 9968 . 92 
GR 1212 9973.16 1211 9975.75 1210 9978.62 1209 9981.65 1208 9986.21 
GR 1207 9994.84 1206.5 10000 1207 10006 . 3 1208 10010.9 1209 10013 . 4 
GR 1210 10015 1211 100 16.6 1212 10020 . 6 1213 10039.1 1214 10050.5 
GR 1214 . 1 10055 1225 10055 1225 10083.13 1225 10125 1215.2 10125 
GR 1216 1 0258 1216 10267 1225 10267 1225 10300 

X1 1. 239 34 9985.94 10034.7 90 30 75 
GR 1227 9720 1227 9740 1217 9740 1217 9752 1216.42 9815 
GR 1227 9815 1227 9860.12 1227 9870 1215.74 9870 1215 9897.7 
GR 1215 9901.82 1215.2 9915 1227 9915 1227 9960 1 215.8 9960 
GR 1216 9975 . 83 1215 9981 . 92 1214 9985.94 1213 9989.85 1212 9994.01 
GR 1211.4 9997 1211 9999.1 1210 . 9 10000 1211 10001 . 7 1212 10013 . 9 
GR 1213 10024 . 7 1214 10034 . 7 1221 10034.8 1227 10123 1214.5 10123 
GR 1215 10209.3 1215.81 10250 1227 10250 1227 10259.6 

Reach GRW-8 along 87th Street 
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NC 0 . 055 0.055 .018 .5 .a 

Xl 1.262 54 9990 . 73 10032 . 2 256 20 123 
GR 1227 9417.43 1227 9475 1218.47 9475 1218.38 9485 1227 9485 
GR 1227 9526.89 1227 9535 1217.96 9535 1217.86 9555 1227 9555 
GR 1227 9617 1217.55 9617 1217.48 9630 1227 9630 1227 9686 
GR 1217.2 9686 1217.13 9700 1227 9700 1227 9725 . 93 1227 9765 
GR 1216 . 8 9765 1216.71 9778 1227 9778 1227 9828 1216 . 43 9828 
GR 1216.3 9845 1227 9845 1227 9903 . 71 1227 9911 1215.63 9911 
GR 1215 9923 . 34 1214 9924.07 1213 9949.26 1212.50 9990.73 1212 10032 . 2 
GR 1211.9 10034.52 1212 10037.8 1213 10043 1214 10048.5 1214 10058 
GR 1227 10058 1227 10 143 1214 10143 1214 10185.7 1215 10221. 6 
GR 1215 . 0 10225 1227 10225 1227 10321 1216.4 10321 1216.4 10348 
GR 1227 10348 1227 10422 1216.68 10422 1217 10502 

Xl 1 . 301 73 9980.84 10019 . 8 225 130 204 
GR 1228 9329.73 1229 9385 1218.54 9385 1218 . 43 9398 1228 9398 
GR 1228 9449.73 1228 9455 1217 . 98 9455 1217.92 9470 1228 9470 
GR 1228 9527 1217.71 9527 1217.64 9545 1228 9545 1228 9598 
GR 1217. 4 9598 1217.35 9614 1228 9614 1228 9673 1217.15 9673 e GR 1217.1 9694 1228 9684 1228 9714.37 1228 9737 1216.9 9737 
GR 1216.8 9755 1229 9755 1228 9805 1216.59 9805 1216.52 9822 
~R 1228 9822 1228 9868 1216.31 9868 1216 . 24 9885 1228 9885 
;R 1228 9937.98 1216 9937.98 1215 9954.58 1214 9968.17 1213 9980.84 

/ GR 1212.1 10000 1213 10019.8 1214 10031.6 1215 10049.1 1215.14 10057 
GR 1228 10057 1228 10104 .6 1228 10110 1216.02 10110 1216.09 10128 
GR 1228 10128 1228 10183 1216.32 10183 1216 . 4 10205 1228 10205 
GR 1228 10273 1216.69 10273 1217 10353.4 1228 10353 . 4 1228 10397 
GR 1217.8 10397 1219 10418.6 1218.13 10435 1228 10435 1228 10470 
GR 1218.3 10470 1218.4 10483 1228 10483 1228 10535 1218.67 10535 
GR 1218 .7 10550 1228 10550 1228 10596.9 

Expancion-Contraction back to normal after bend/trancition 
N value .5 to block inefective area 

NC 0.1 0.3 
NH 5 . 9 9860 .055 9981 .019 10019 .055 10180 . 9 
NH 10500 

14.5 
X1 1.353 64 9981 10019 290 235 278 
GR 1228 9457 1228 9475 1217.9 9475 1217.84 9485 1228 9485 
GR 1228 9555 1217.45 9555 1217.39 9566 1228 9566 1228 9625 
GR 1217.1 9625 1217 9635 1216.94 9644 1228 9644 1228 9700 
GR 1216.5 9700 1216.3 9735.7 1216 9778.68 1215.91 9790 1228 9790 
GR 1228 9840 1215.48 9840 1215 . 34 9958 1228 9958 1228 9898.59 
GR 1228 9919 "1214. 62 9918 1214 9949.53 1213.1 9981 1213 9994 
GR 1212.8 10000 1213 10007.5 1213 . 1 10019 1214 10041.4 1214.06 10045 
GR 1228 10045 1228 10095 1214. 83 10095 1215 10106 1215.14 10120 
GR 1228 10120 1228 10140 1215.34 10140 1215.49 10155 1228 10155 
GR 1228 10207.4 1216 10207.4 1217.23 10223 1228 10223 1228 10255.8 
GR 1228 10267 1217.35 10267 1217.4 10282 . 9 1217 . 8 10330 1229 10330 
GR 1228 10382 1218 . 2 10382 1218.3 10400 1228 10400 1228 10445 

/ 
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GR 1218.6 10445 1218.8 10470 1228 10470 1228 10500 

NC 0 . 055 0.055 .018 

X1 1.373 82 9980.32 10021.3 150 105 106 
GR 1228 9447.57 1228 9495.13 1228 9512 1218.82 9512 1218.7 9524 
GR 1228 9524 1228 9583 1218.08 9583 1218 9591.07 1217.94 9597 
GR 1228 9597 1228 9663 1217 . 24 9663 1217 9685.49 1217 9734.12 
GR 1216.8 9763 1228 97 63 1228 9818 1216.55 9818 1216.1 9903 
GR 1228 9903 1228 9920.85 1228 9948 1215.5 9948 1215 9967.69 
GR 1214 9980.32 1213.0 10000 1214 10021 . 3 1215 10035.4 1215.45 10040 
GR 1228 10040 1228 10048.7 1228 10073.7 1228 10080 1217.1 10080 
GR 1217.5 10105 1228 10105 1228 10136.8 1228 10142 1218.04 10142 
GR 1218.3 10168 1228 10168 1228 10214 1218.63 10214 1218.83 10240 
GR 1228 10240 1228 10260.2 1228 10288 1219 . 29 10288 1219.4 10298 
GR 1228 10298 1228 10353 1219.98 10353 1220 10355 . 1 1220.11 10363 
GR 1228 10363 1228 10415 1220.84 10415 1221 10426.3 1221.02 10433 
GR 1228 10433 1228 10482 1221.16 10482 1221.2 10496 1228 10496 
GR 1228 10553 1221.36 10553 1221.39 10562 1228 10562 1228 10618 
GR 1221.5 10618 1221.58 10628 1228 10628 1228 10683 1221.73 10683 
GR 1221.8 10695 1228 10695 1228 10750 1221.92 10750 1221.96 10764 

e GR 1228 10764 1228 10776.9 

~ N value .5 to block inefective area 

NH 4 .5 9850 .055 9979.61 .018 10023.8 .055 10744 . 6 
X1 1. 438 75 9979.61 10023 . 8 280 390 344 
GR 1220 9434.9 1219.88 9450 1229 9450 1229 9510 1219.45 9510 
GR 1219.3 9525 1229 9525 1229 9583 1218.78 9583 1218.67 9593 
GR 1229 9593 1229 9657 1218 . 06 9657 1218 9662.88 1217.98 9667 
GR 1229 9667 1229 9726 1217.65 9726 1217.57 9740 1229 9740 
GR 1229 9793 1217.28 9793 1217.18 9810 1229 9810 1229 9842.52 
GR 1229 9880 1216.61 9880 1216.22 9917 1229 9917 1229 9937 . 81 
GR 1229 9950 1215.7 9950 1215 9979.61 1214 9995.34 1213.8 10000 
GR 1214 10004.4 1214 10017 1214 10019.9 1215 10023.8 1216 10031.1 
GR 1217 10050 1229 10050 1229 10102 1217 10102 1217 10133 
GR 1229 10133 1229 10200 1217 10200 1217 10252.2 1218 10276.1 
GR 1218.0 10277 1229 10277 1229 10340 1218.81 . 10340 1219 10354.7 
GR 1219 . 0 10355 1229 10355 1229 10410 1219.61 10410 1219.71 10420 
GR 1229 10420 1229 10477 1220.29 10477 1220 . 39 . 10487 1229 10487 
GR 1229 10545 1220.92 10545 1221 10553.1 1221.02 10557 1229 10557 
GR 1229 10613 1221.31 10613 1221.38 10626 1229 10626 1229 10744.6 

N value . 5 to block inefective area 

NH .5 9960 .055 9977.58 .018 10023.8 .055 10483 
12.5 

X1 1. 499 73 9977.58 10023.8 350 250 320 
GR 1221 9454.9 1220.76 9485 1230 9485 1230 9493.9 1230 9546.9 
GR 1230 9553 1219.92 9553 1219 . 78 9565 1230 9565 1230 9627 . 37 
GR 1230 9633 1218.93 9633 1218 . 77 9647 1230 9647 1230 9704 
GR 1218.1 9704 1218 9713.36 1217.96 9716 1230 9716 1230 9776 
GR 1217.2 9776 1217 9787.79 1216.98 9793 1230 9793 1230 9857 
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GR 1216 . 7 9857 1216 . 7 9865.46 1216 .07 9915 1230 9915 1230 9920. 48 
GR 1230 9953 1215.43 9953 1215 9977.58 1214. 6 10000 1215 10023.8 
GR 1216 10027 1217 100:i0.8 1218 10035 . 6 1218 10043 1230 10043 
GR 1230 10049.2 1230 10082 1218 10082 1218 10096.2 1219 10103.1 
GR 1220 10109.3 1221 10111.7 1222 10115.6 1222 10119.7 1221 10123 
GR 1220 10123 . 7 1219 10124 . 1 1218 10124.8 1218 10143.3 1230 10143.3 
GR 1230 10202 1218 10202 1218 10263.4 121 8 .2 10295 1230 10295 
GR 1230 10348 1218.53 10348 1218.64 10364 1230 10364 1230 10421.8 
GR 1219 10421.8 1219.13 10435 1230 10435 1230 10483 1219.62 10483 
GR 1219 . 7 10492 1230 10492 1230 10520.5 

N value .5 to block inefective area 

NH 4 .5 9940 .055 9983 .018 10017.6 .055 10527 
X1 1 . 522 67 9983.44 10017 . 6 115 125 122 
GR 1221 9448.46 1220 . 59 9495 1230 9495 1230 9533 1220.27 9533 
GR 1220 . 0 9560 1230 9560 1230 9563 .9 1230 9630 1219.09 9630 
GR 1219 9636.57 1218.95 9643 1230 9643 1230 9708 1218.4 9708 
GR 1218.3 9718 1230 9718 1230 9763.77 1230 9777 1217.93 9777 
GR 1217.9 9787 1230 9787 1230 9855 1217.53 9855 1217.2 9918 
GR 1230 9918 1230 9957.24 1217 9957 . 24 1216 9971.63 1215 9983.44 
GR 1214.6 10000 1215 10017.6 1216 10027.3 1217 10038 1217. 3 10048 

e GR 1230 1004 8 1230 10071.1 1230 10092 1218 10092 1218 10124 . 5 
GR 1218.1 10140 1230 10140 1230 10197 1218.5 10197 1218 . 62 10213 
SR 1230 1 0213 1230 10260 1218.94 10260 1219 10268.2 1219.03 10271 
)R 1230 10271 1230 10330 1219.58 10330 1219.75 10348 1230 10348 
GR 1230 10375 . 2 1230 10395 1220.12 10395 1220.21 10410 1230 10410 
GR 1230 10464 1220.53 10464 1220.59 10475 1230 10475 1230 10527 
GR "1220 . 9 10527 1221 10543 

NC 0.055 0.055 .018 .1 . 3 

X1 1.575 42 9983.07 10019 . 9 272 283 277 
GR 1221 9565.27 1220.53 9627 1230 9627 1230 9693 1220.02 9693 
GR . 1220 9696.06 1219.94 9705 1230 9705 1230 9770 1219.49 9770 
GR 1219.4 9780 1230 9780 1230 9842.02 1219 9842 . 02 1218 9847.21 
GR 1217.9 985 2 1230 9852 1230 9892 1217.53 9892 1217.39 9905 
GR 1230 9905 1230 9941.73 1230 9955 1216 . 38 9955 1216 9983.07 
GR 1215 . 3 10000 1216 10019.9 1216 10024.8 1216 10026 1217 10033 
GR 1218 10036 1218.17 10058 1230 10058 1230 10130 1218.66 10130 
GR 1219 10180.6 1220 10194.6 1220 10206.9 1221 10209.4 1222 10210.4 
GR 1222 10214.2 1222 10636.9 

X1 1 .670 57 9978 . 69 10020 504 504 504 
GR 1224 9505 . 95 1224 9530 1232 9530 1232 9550 1224 9550 
GR 1224 9561.19 1223.87 9575 1232 9575 1232 9635 1223.33 9635 
GR 1223 . 1 9657 1232 9657 1232 9671.25 1232 9725 1222 .23 9725 
GR 1222 9741.51 1232 9741.51 1232 9795 1221 . 59 9795 1221.45 9813 
GR 1232 9813 1232 9871.35 1221 9871.35 1220.56 9893 1232 9893 
GR 1232 9920.01 1232 9957 1219.12 9957 1219 9961.85 1218 9970.31 
GR 1217 9978.69 1216 10000 1217 10020 1217 10025 . 7 1218 10033.8 
GR 1219 10037 . 1 1219.04 10044 1232 10044 1232 10113 1219.44 10113 
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GR 1219o5 10128 1232 10128 1232 10195 1219092 10195 1219 098 10205 
GR 1232 10205 1232 10208o5 1232 10260 1220028 10260 1220042 10286 
GR 1232 10286 1232 10350 1220078 10350 1221 1038905 1222 10400o2 
GR 1222 10541.1 1222 ol 10 62002 

X1 1 o 725 57 9981.03 10017o3 292 292 292 
GR 1225 9582o51 1224 9586o95 1223 9592o66 122207 9620 1232 9620 
GR 1232 9678 1222o05 9678 1222 9682o95 1221o95 9688 1232 9688 
GR 1232 9750 ° 1221.32 9750 1221.22 

0 
9760 1232 9760 1232 9782o28 

GR 12 32 9813 1220o75 9813 1220o59 9833 1232 9833 1232 9892 
GR 122001 9892 1220004 9902 1232 9902 1232 9907033 1232 9956088 
GR 1232 9960 1218 0 72 9960 1218 9967o88 1217 9981.03 1216 0 5 1 0000 
GR 1217 10017 0 3 ' 1218 10025 o5 1219 1003001 1219o45 10055 1232 10055 
GR 1232 1008504 1232 10120 1220 o16 10120 1220 o2 10130 1232 10130 
GR 1232 10198 1220o51 10198 1220 o58 10213 1232 10213 1232 10278 
GR 122008 10278 1220094 10293 1232 10293 1232 1030507 1232 10365 
GR 1221 10365 1221 10378 1232 10378 1232 1042508 1232 10436o1 
GR 1221 10436 o1 1 221 10454o1 

oe 
X1 1.810 57 9989o25 1002207 460 449 449 
~R 1232 9731o02 1232 9748o28 1232 9773 1222o25 9773 1222 9781.35 
;R 1221.2 9795 1232 9795 1232 9800 ol4 1232 9823 1220o71 9823 

GR 122005 9843 1232 9843 1232 9880 0 65 1232 9890 1219083 9890 
GR 1219o4 9913 1232 9913 1232 9935o88 1232 9960 1218 o5 9960 
GR 1218 9989 0 25 1217 0 4 10000 1218 10022o1 121 8 05 2 10040 1232 1 0040 
GR 1232 10055o84 1 232 10111 1219o94 10111 1220 10114 0 76 1220 1 0135 
GR 1232 10135 1232 10155 1220 10155 1220 10185 1232 1 0185 
GR 1232 10227 1220 10227 1220 10248 09 1220004 10253 1232 1 0253 
GR 1232 10272 1220022 10272 1220062 10314 1232 10314 1232 1035208 
GR 1232 10373 1221o2 10373 1221.28 10387 1232 10387 1232 10447 
GR 1221o7 10447 122109 1 0462 1232 10462 1232 10473o5 1232 10522 
GR 1222o6 10522 1223 10555o3 

X1 1.8 79 46 9981.65 1002001 359 359 359 
GR 1227 9481.36 1226 9516 o9 1225 956007 1224 9571.89 1224 9573086 
GR 1224o9 9613026 1224031 9682 1232 9682 1232 9718 0 68 1224 9718 0 68 
GR 1 223 9744o16 1223 9806 0 92 1222o77 9827 1232 9827 1232 9892 
GR 1222 00 9892 1222 9894 0 66 1221o88 9903 1232 9903 1232 9963 
GR 122100 9963 122 1 9966026 1220 9974.66 1219 9981.65 1218 o3 10000 
GR 1 219 10020o1 1220 10028o8 1221 10044 o2 1221o64 10072 1232 10072 
GR 1 232 10087 o85 1 232 . 10135 1222 10135 1222 10160 1232 10160 
GR 1 232 10223 1222 10223 1 222 10266 1232 10266 1232 10320 
GR 1222 10320 1222 10375o5 1 222o39 10389 1232 10389 l232 10410o1 
GR 1232 10450 

6o 5 
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X1 1. 925 27 9982 10020 245 250 245 
GR 1226 9804 1226 9840 1226 9877 1222 . 66 9877 1222.45 9900 
GR 1226 9900 1226 9950 1226 9962 1221.2 9962 1221 9965 
GR 1220 9982 1219 9991 1218 . 7 10000 1219 10012 1220 10020 
GR 1221 10037 1221.07 10043 1226 10043 1226 10082 1221.56 10082 
GR 1221.8 10106 1226 10106 1226 1014 9 1222.38 10149 1222 . 51 10160 
GR 1226 10160 1226 10217 

6 

X1 1. 961 66 9981 10019 192 194 192 
GR · 1227 9554.95 1226 9560.92 1226 9564 1232 9564 1232 9589.58 
GR 1232 9609.98 1232 9645 . 35 1232 9668.31 1224 9668.31 1224 9715 
GR 1232 9715 1232 9783 1224 9783 1224 9789.67 1223 . 64 9814 
GR 1232 9814 1232 9856 . 74 1232 9877 1222.16 9877 1222 9894 .4 8 
GR 1232 9894.48 1232 9922 . 03 1232 9945 . 39 1232 9954 1219 . 8 9954 
GR 1219.1 9981 1219 9993.01 1218.9 10000 1219 10008.6 1219.1 10019 
GR 1219.8 10033 1232 10033 1232. 10037 . 7 1232 10069.6 1232 10082 
GR 1221.2 10082 1221.42 10094 1232 10094 1232 10128.2 1232 10152 
GR 1222.2 10152 1222.26 10165 1232 10165 1232 10230 1222.72 10230 
GR 1222.8 10242 1232 10242 1232 10269 . 6 1232 10305 1223.24 10305 .e GR 1223.3 10315 1232 10315 1232 10377 1223.73 10377 1223.8 10387 
GR 1232 10387 1232 10417.1 1232 10453 1224.23 10453 1224 . 31 10466 
;R 1232 10466 1232 10520 1224 . 66 10520 1224.76 10536 1232 10536 
~R 1232 10574 . 1 

X1 2. 044 66 9981 10018.7 436.2 392 437 
GR 1232 9714.95 1232 9731 1225.45 9731 1225 9744.01 1224 9781.61 
GR 1224 9810 1232 9810 1232 9855 1224 9855 1224 9860.78 
GR 1223.2 9910 1232 9910 1232 9928.59 1232 9958 1223.29 9958 
GR 1222 9970.12 1221.1 9981 1221 9987.95 1220.2 10000 1221 10018.7 
GR 1222 10028.1 1223 10032.7 1223.02 10042 1232 10042 1232 10092 
GR 1223.1 10092 1223.15 10107 1232 10107 1232 10159 1223.26 10159 
GR 1223.3 10176 1232 1017 6 1232 10235 1223.41 10235 1223.44 10250 
GR 1232 10250 1232 10312 1223.57 10312 1223 . 59 10325 1232 10325 
GR 1232 10385 1223 . 71 10385 1223.73 10395 1232 10395 1232 10453 
GR 1223.8 10453 1223.88 10465 1232 10465 1232 10520 1223.99 10520 
GR 1224 10525 . 8 1224.1 10537 1232 10537 1232 10595 1224.66 10595 
GR 1224 . 8 10614 1232 10614 1232 10670 1225.3 10670 1225.38 10680 
GR 1232 10680 1232 10741 1225.85 10741 1225.89 10747 1232 10747 
GR 1232 10761 

X1 2.128 57 9990.25 10012.6 444 460 444 
GR 1226 9720 1225 9750.5 1224.82 9785 1232 9785 1232 9871 
GR 1224.4 9871 1224.2 9900 1232 9900 1232 9953 1224.43 9953 
GR 1223 9964 . 4 1222 9975.61 1221 9990.25 1220.75 10000 1221 10012.6 
GR 1221 10022 . 8 1222 10024.7 1223 10027.9 1223 . 26 10035 1232 10035 
GR 1232 10055 . 2 1232 10095 1224.44 10095 1224.57 10108 1232 10108 
GR 1232 10146 . 3 1232 10158 1225 . 02 10158 1225 . 05 10172 1232 10172 
GR 1232 10227 1225 . 15 10227 1225.18 10243 1232 10243 1232 10296 
GR 1225.2 10296 1225.31 10309 1232 10309 1232 10372 1225.42 10372 

.e 
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GR 1225.4 10381 1232 10381 1232 10442 1225.56 10442 1225.58 10453 
GR 1232 10453 1232 10513 1225.69 10513 1225.72 10528 1232 10528 
GR 1232 10590 1225 . 83 10590 1225.8 6 10601 1232 10601 1232 10663 
GR 1225.9 10663 1226 10678 

NC 0.035 0 . 055 0.018 

X1 2.168 74 9982.63 10019 209 209 209 
GR 1227 9752. 74 1226 9774.47 1225 9780.04 1224.68 9820 1232 9820 
GR 1232 9867 1224 .3 9867 1224.08 9894 1232 9894 1232 9903 . 41 
GR 1232 9942 . 61 1232 9953 1223 .53 9953 1223 9964 .62 1222 9982.63 
GR 1221.3 9998.34 1221 .3 10000 1222 10012 . 1 1222 10019 1222.5 10045 
GR 1232 10045 1232 10060 1222.82 10060 1223 10069 1223.1 10083 
GR 1232 10083 1232 10130 1223 . 3 10130 1223 . 4 10155 1232 10155 
GR 1232 10192 1223.6 10192 1223.8 10216 1232 10216 1232 10249 
GR 1232 10274 1224 . 0 10274 1 224.1 10292 1232 10292 1232 10341 
GR 1224.2 10341 1224.2 10361 1232 10361 1232 10424 1224.4 10424 
GR 1224.5 10440 1232 10440 1232 10492 1224.6 10492 1224. 7 10504 
GR 1232 10504 1232 10570 1224.8 10570 1 224.8 10587 1232 10587 

,e GR 1232 10634.1 1232 10637 1225.0 10637 1225.1 10662 1232 1 0662 
GR 1232 10716 1225.5 10716 1225.6 10730 1232 10730 1232 1 0789 
GR 1225.9 10789 1226 10793 1226.1 10810 1232 10810 1232 10860 
,JR 1226.4 10860 1226.6 10875 1232 10875 1232 10930 

X1 2.192 63 9981 10019.6 125 135 129 
GR 1227 9765 1226 9795 1225 9853 . 2 1225 9859.8 1225 9888.43 
GR 1225 9897.6 1224 9927.88 1223 9972 . 11 1222.1 9981 1222 9985.69 
GR 1221.4 10000 1222 10009.5 1223 10019.6 1223 10022 .4 1223 10029 
GR 1223.1 10038 1232 10038 1232 10098 1223.77 10098 1223 . 8 10107 
GR 1232 10107 1232 10118. 5 1232 10166 1 224.2 10166 1224.2 10185 
GR 1232 10185 1"232 10238 1 224.5 10238 1224 . 58 10258 1232 10258 
GR 1232 1 0287 1232 10298 1224.78 10298 1224.96 10323 1232 10323 
GR 1232 10328.1 1232 10380 1225. 13 10380 1225.18 10400 1232 10400 
GR 1232 1 0455 1225 . 3 10455 1225.35 10468 1232 104 68 1232 10524 
GR 1225.5 10524 1225.52 10538 1232 10538 1232 10599 1225.6 10599 
GR 1225. 7 1 0613 1232 10613 1232 10662 1225.83 10662 1225.8 1 0685 
GR 1232 1 0685 1232 10740 1 226 . 1 10740 1226.21 10752 1232 10752 
GR 1232 10810 1226.8 10810 1227 10835 

X1 2.208 34 9980.97 10018.4 90 82 82 
CR 12 2 7 9773.3 1226 9803.3 1226 9807.87 1226 9810.36 1225 9874 . 79 
GR 1 224 9937.09 1223 9980.97 1 222.5 10000 1223 10018.4 1224 10028.1 
GR 1232 10028 . 1 1232 10060.3 1232 10103 1225.44 10103 1225.55 10114 
GR 1232 1 0114 1232 10157.5 1232 10178 1226.07 10178 1226.13 10193 
GR 1232 10193 1232 10245 1226.32 10245 1226 . 39 10263 1232 10263 
GR 1232 10308 1226.5 10308 1226 . 65 10335 1232 10335 1232 10387 
GR 1226.8 1 0387 1226.9 10404 1232 10404 1232 10431.5 
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X1 2.218 42 9977.16 10049.8 48 58 54 
GR 1227 9752.2 1226 9802.2 1225 98 61. 06 1224 9954 . 31 1223 . 85 9977.16 

GR 1223.7 10000 1224 10049.8 1232 10049.9 1232 10104 1224 . 52 10104 

GR 1224.6 10117 1232 10117 1232 10153.5 1232 10175 1225 . 07 10175 

GR 1225 . 1 10192 1232 10192 1232 10245 1225.3 10245 1225 . 35 10262 

GR 1232 10262 1232 10308 1225.5 10308 1225.61 10340 1232 10340 

GR 1232 1 0390 1225.7 10390 1225.8 10405 1232 10405 1232 10459.7 

GR 1226 10459.7 1226.1 10480 1232 10480 1232 10528 1226.41 10528 

e GR 1226.5 10550 1232 10550 1232 10600 1226.85 10600 1226.97 10620 

GR 1232 10620 1232 10625 

Upstream from Thomas Road 

NC .0 20 0. 055 0.018 
QT 2 644 644 

X1 2.295 12 9968 10048.25 405 4 05 405 

GR 1227 9848 1227.5 9852 1227 9860 1227.5 9875 1227 9900 

GR 1226.4 9968 1226.3 10000 1226 . 48 10048.25 1226.65 10096.50 1227 10193 

GR 1228 10230 1239 10335 

X1 2 . 355 9 9960 10038 320 320 320 

GR 1228 9960 1227 9970 1227.2 10000 1228 10038 1228 10060 

GR 1227 1 0090 1228 10095 1229 10105 1230 10160 
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SECNO 
Q 
TIME 
SLOPE 

*PROF 1 
0 

14 : 31: 47 

DEPTH 
QLOB 
VLOB 
XLOBL 

CCHV- .100 CEHV-
*SECNO . 225 
3280 CROSS SECTION 

CWSEL 
QCH 
VCH 
XLCH 

.300 

CRIWS 
QROB 
VROB 
XLOBR 

.22 EXTENDED 

3720 CRITICAL DEPTH ASSUMED 

3470 ENCROACHMENT STATIONS= 9962 . 0 
ELENCL- 1200.00 ELENCR- 1200.00 

.225 7.35 1196.08 1196 . 08 
1231.6 93.7 1117.5 20.4 

.00 2 . 94 10.53 2.26 
.002834 370. 370 . 370. 

CCHV
*SECNO 

.300 CEHV
. 231 

3265 DIVIDED FLOW 

3280 CROSS SECTION 

. 500 

.23 EXTENDED 

3301 HV CHANGED MORE THAN HVINS 

WSELK 
ALOB 
XNL 
I TRIAL 

1.08 FEET 

EG 
ACH 
XNCH 
IDC 

10017 . 0 TYPE-

1196.43 
31.9 
.028 

0 

3.02 FEET 

1197.66 
106.1 

. 020 
10 

HV 
AROB 
XNR 
ICONT 

TARGET-

1. 57 
9.1 

.035 
0 

HL 
VOL 
WTN 
CORAR 

OLOSS 
TWA 
ELM IN 
TOPWID 

55.000 

. 00 .00 
.0 .0 

.000 1188 . 73 
.00 55.00 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO- 4.40 

.231 
1231.6 

.00 
. 000147 

8.82 
557.2 

1. 28 
31. 

SPECIAL CULVERT 

SC CUNO 
1 

CUNV 
.013 

1198.02 
433.0 
3.81 

31. 

ENTLC 
.4 0 

. 00 
241.4 

. 84 
31. 

COFQ 
2.70 

.00 
434.6 

. 028 
4 

ROLEN 
.DO 

1198.11 
113 . 5 

.020 
0 

RISE 
7.50 

.09 
287.9 

.035 
0 

SPAN 
13.00 

CHART 8 - BOX CULVERT WITH FLARED WINGWALLS; NO INLET TOP EDGE BEVEL 
SCALE 1 - WINGWALLS FLARED 30 TO 75 DEGREES 

•SECNO .257 

SPECIAL CULVERT OUTLET CONTROL + WEIR FLOW EG - 1198.83 

.01 
.3 

.000 
.00 

CULVLN 
137.00 

. 44 
.1 

1189.20 
28 9. 70 

CHRT 
8 

L-BANK ELEV 
R-BANK ELEV 
SSTA 
E:NDST 

1194.90 
1194 . 90 
9962.00 

1001?.00 

1189.20 
1189.30 
9798.00 

10243 . 70 

SCL 
1 

E:LCHU 
1189.59 

PAGE 

ELCHO 
1189.29 

21 
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SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WTN ELM IN SSTA 
SLOPE XLOBL XLCH XLOBR I TRIAL IDC ICONT CORAR TOPWID ENDST 

SPECIAL CULVERT 

EGIC EGOC H4 QWEIR QCULV VCH ACULV ELTRD WEIRLN 
1201.80 1202.01 . 72 679 . 556 . 5.167 97 . 5 1197 . 41 199 . 

.257 9 . 11 1198.61 .00 . 00 1198 . 83 .22 . 72 .00 1189.50 
1231 . 6 202.4 607 . 5 421.7 122.0 117.6 293 . 5 2.5 . 9 1189.59 

.02 1. 66 5.17 l. 44 .028 .020 .035 .000 1189 . 50 9933.00 
.000257 135. 137. 135. 2 0 0 .00 199.00 10132.00 

*SECNO .272 

,e 3280 CROSS SECTION .27 EXTENDED .88 FEET 

jl302 WARNING: CONVEYANCE CKANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 1. 62 

.272 10.88 1198 . 88 .00 .00 1198.90 .02 .01 .06 1193.00 
817.3 530.8 286.5 .0 507 . 3 180.1 . 0 3.6 1.2 1198.00 

.03 1.05 l. 59 .00 . 041 .018 . 000 .000 1188.00 9920.49 
. 000043 80. 80. 80. 2 0 0 .00 97 . 21 10017 . 70 

CCHV- . 100 CEHV= .300 
*SECNO . 288 
3280 CROSS SECTION .29 EXTENDED . 83 FEET 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = . 64 

3470 ENCROACHMENT STATIONS- .0 10205.0 TYPE- 1 TARGET- 10205.000 
.288 7.93 1198.83 .00 .00 1198 . 93 . 10 .01 . 02 1195.00 

1037.6 508.0 510.9 18.8 342.7 157.8 32.6 4.8 . 1. 4 1198 . 00 
. 04 1. 48 3.24 . 58 . 041 .018 .029 .000 1190.90 9897.56 

.000166 83. 83. 83. 3 0 0 . 00 156.74 10054.30 

*SECNO . 303 
3280 CROSS SECTION .30 EXTENDED .90 FEET 



01MAY97 14:31:47 PAGE 23 

SECNO DEPTH CWSEL CR!VlS WSELK EG HV HL OLOSS L-BANK ELEV 
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R- BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WTN ELM IN SSTA 
SLOPE XLOBL XLCH XLOBR I TRIAL IDC ICONT CORAR TOPWID ENDST 

3301 HV CHANGED MORE THAN HVINS 

3685 20 TRIALS ATTEMPTED WSEL,CWSEL 
3693 PROBABLE MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

3470 ENCROACHMENT STATIONS- 9815.0 10198.0 TYI?E- 1 TARGET- 383.000 
ELENCL- 1210.00 ELENCR= 1210.00 

.303 2.10 -1199 . 00 1199.00 .00 1199.82 .83 .04 .22 1197.30 
1205 . 5 391.2 797.8 16.5 121.7 92 .0 6 . 9 5.4 1.7 1198.00 

.05 3.21 8.67 2. 40 . 05 7 .018 .046 .000 1196 .90 9915.23 
. 006968 77 . 77 . 77 . 20 14 0 .00 145.22 10060.45 

*SECNO . 320 

.e 3280 CROSS SECTION .32 EXTENDED . 75 FEET 

'1685 20 TRIALS ATTEMPTED WSEL,CWSEL 
~693 PROBABLE MINIMUM SPECIFIC ENERGY 

720 CRITICAL DEPTH ASSUMED 
.320 2.45 1199 . 75 1199.75 .00 1200 . 40 .66 .40 .02 1198.00 

14 07. 5 107 .7 950.0 34 9. 9 70. 7 121.8 160.1 6.0 2.1 1198.00 
.05 1. 52 ?.eo 2.19 . 05 7 . 018 .046 . 000 1197.30 9897.00 

.003330 89 . 89 . 89. 20 8 0 . 00 269.50 10166 . 50 

*SECNO . 326 

3470 ENCROACHMENT STATIONS- .0 10110 .0 TYPE= TARGET- 10110 . 000 
. 326 3.09 1200.09 .00 .00 1200.52 .43 .10 .02 1198.00 

1417.0 68.4 610.1 738.5 . 42.6 82.8 254 . 4 6.3 2.3 1198.00 
.05 1. 61 7.37 2.90 .057 . 018 . 046 .000 1197.00 9952.00 

.002487 34. 34 . 34 . 2 0 0 .00 194.34 10146 . 34 

*SECNO . 369 
3685 20 TRIALS ATTEMPTED WSEL,CWSEL 
3693 PROBABLE MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

3470 ENCROACHMENT STATIONS- .0 10021.7 TYPE= TARGET= 10021.700 
.369 2.95 1200.75 1200.75 .00 1201.64 .89 .64 .14 1198.20 

1417.0 69.0 940.4 407 . 6 33 . 4 102.9 158.4 8.0 3.2 1198.20 
. 06 2.07 9.13 2.57 .057 . 018 .046 . 000 1197.80 9960.03 

. 003243 226. 226. 226. 20 10 0 .00 158.82 10118.85 
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SECNO DEPTH CWSEL CRIWS 
Q QLOB QCH QROB 
TIME VLOB VCH VROB 
SLOPE XLOBL XLCH XLOBR 

*SECNO .421 
.421 3.18 1201.68 . 00 

1417.0 51.2 935.8 430 . 1 
.07 1. 93 8 . 58 2 . 61 

.002646 278. 278. 278. 

*SECNO .459 

3470 ENCROACHMENT STATIONS- .0 
.459 4.42 1202 . 42 1201.88 

1417.0 39.1 819. 1 558 . 8 
.08 1.58 7 . 46 2. 63 

. 002143 200 . 200. 200. 

I 
CCHV= . 300 CEHV= .500 
*SECNO . 503 

3265 DIVIDED FLOW 

3685 20 TRIALS ATTEMPTED WSEL,CWSEL 
3 693 PROBABLE MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

.503 2.28 1204.58 
1417.0 201. 7 803.7 

.09 2.23 8 . 76 
.004232 229. 229. 

*SECNO • 542 
7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

.542 2.64 1205 . 84 
1417 .0 15.6 1340 . 2 

. 10 1 . 63 8.21 
.003447 220. 208. 

CCHV- . 100 CEHV- . 300 
*SECNO • 627 

1204.58 
411.7 

2.64 
229. 

1205.84 
61.2 
2.10 
205. 

WSELK 
ALOB 
XNL 
I TRIAL 

. 00 
26.5 
.057 

3 

10020.9 
.00 

24.8 
.057 

16 

. 00 
90.3 
.057 

20 

.00 
9 . 5 

.057 
3 

EG 
ACH 
XNCH 
IDC 

1202.4 7 
109.1 

.018 
0 

TYPE-
1202.97 

109.8 
.018 

11 

1205.30 
91.7 
.018 

11 

1206.83 
163.2 

. 018 
8 

1 

HV 
AROB 
XNR 
ICONT 

.79 
164 . 9 

.046 
0 

TARGET-
.54 ' 

212 . 8 
.046 

0 

. 72 
155.9 

.046 
0 

.99 
29.2 
.046 

0 

HL OLOSS 
VOL TWA 
WTN ELM IN 
CORAR TOPWID 

.81 .01 
9.9 4.2 

.000 1198.50 
. 00 149.47 

10020.900 
. 47 

11.4 
. 000 

.00 

.67 
13.2 
.000 

.00 

. 79 
14.5 
. 000 

.00 

.02 
4.9 

1198.00 
1 59 . 82 

. 09 
6 . 0 

1202.30 
265.34 

. 14 
6.9 

1203 . 20 
114 .12 

L-BANK ELEV 
R-BANK 
SSTA 
ENDST 

1199 . 10 
1199.10 
9963.23 

10112.70 

1200.00 
1200.00 
9959.97 

10119.80 

1202.70 
1202.70 
9725.34 

10150.68 

1204.00 
1204.00 
9959.52 

10073 . 65 

ELEV 

PAGE 24 
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SEC NO DEPTH CWSEL CRIWS WSELK EG fiV HL OLOSS L-BANK ELEV 
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR IT RIAL IDC I CO NT CORAR TOPWID ENDST 

3265 DIVIDED FLOW 

3301 fiV CHANGED MORE THAN HVINS 

.627 2.80 "1207. 80 .00 .00 1208.11 . 31 1. 21 .07 1206.00 
1417.0 108 . 7 410.5 897.7 58.0 57.7 322.0 16.7 8.3 1206.00 

. 13 1. 88 7.12 2 .79 .045 .018 .045 .000 1205.00 9816.00 
. 003265 200 . 451. 220. 2 0 0 . 00 319.13 10380.07 

*SECNO . 674 

.e 3265 DIVIDED FLOW 

j 685 20 TRIALS ATTEMPTED WSEL,CWSEL 
3693 PROBABLE MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

. 674 3.45 1208.95 1208 . 95 .00 1209.71 . 76 .67 . 14 1206.00 
1417.0 134.3 854.3 428.4 55.9 96.5 213.4 18.9 9.8 1206.00 

.14 2.40 8.85 2.01 .045 .018 .045 .000 1205.50 9893.00 
. 002443 270. 248 . 220 . 20 11 0 .00 266.73 10381.73 

*SECNO . 729 

3265 DIVIDED FLOW 

3470 ENCROACHMENT STATIONS~ 9919.1 10428.0 TYPE~ TARGET- -9919. 110 
ELENCL~ 1209.00 ELENCR- 100000.00 

. 729 3.34 1209.94 . 00 . 00 1210.27 .34 .53 . 04 1207. 00 
1411.0 233.9 653.9 529.3 143.5 98.5 316 . 7 21.9 12.0 1207.00 

. 16 1. 63 6 . 64 1. 67 . 045 .018 . 045 .000 1206 . 60 9690.00 
. 001407 28 9 . 289 . 289 . 2 0 0 .00 373.63 10409 . 63 

*SECNO . 786 

3265 DIVIDED FLOW 
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SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L- BANK ELEV 
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WTN ELM IN SSTA 
SLOPE XLOBL XLCH XLOBR I TRIAL IDC ICONT CORAR TOPWID ENDST 

3301 HV CHANGED MORE THAN HVINS 

3685 20 TRIALS .ATTEMPTED WSEL,CWSEL 
3693 PROBABLE MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

.786 3.63 1210.53 1210.53 .00 1211.41 .88 .53 . 16 1207. 00 
1417.0 331.5 885.9 199.6 125.5 94 . 9 104.2 24.9 14 .1 1207 . 00 

.17 2.64 9.33 1. 91 .045 .018 .045 . 000 1206.90 9820.00 
.002332 290. 298. 298. 20 8 0 . 00 256.49 10373.30 

*SECNO .821 

e 3265 DIVIDED FLOW 

J301 HV CHANGED MORE THAN HVINS 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE , KRATIO - 1. 92 

.821 4.34 1211.44 . 00 . 00 1211.68 .24 .20 .06 1207.20 
1417.0 635.2 690 . 9 90 . 8 407.6 127.1 95 . 9 26.9 15.4 1207.40 

.19 1. 56 5.44 .95 . 045 .018 .045 . 000 1207.10 9475.69 
. 000633 180. 190 . 190 . 3 0 0 .00 338.59 10340.21 

CCHV- . 300 CEHV= .500 
*SECNO .857 

3265 DIVIDED FLOW 

3301 HV CHANGED MORE THAN HVINS 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

.857 2. 97 1 211.47 1211.47 .00 1212.38 .91 .22 . 33 1209.00 
1417.0 154.0 1030.1 232.9 62.6 116.6 95.7 28.8 16.5 1209.00 

. 19 2.46 8.84 2. 43 .045 .018 .045 .000 1208.50 9501.4 9 
.003016 158. 187 . 220. 5 20 0 .00 171.30 10100.71 



01MAY97 14 : 31:47 PAGE 27 

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L- BANK ELEV 
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R- BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WTN ELM IN SSTA 
SLOPE XLOBL XLCH ' XLOBR I TRIAL IDC ICONT CORAR TOPWID ENDST 

*SECNO .865 

3265 DIVIDED FLOW 

3301 HV CHANGED MORE THAN HVINS 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO - 2.50 

.865 9.66 1212.56 1208.63 . 00 1212.66 .10 . 04 .24 1210 . 00 
1417 0 0 230 0 0 912 . 6 274 , 4 242.7 305.1 165 . 9 29 . 3 16 0 7 1209.00 

.20 .95 2.99 1. 65 .043 .038 .036 .000 1202.90 94 62 .19 
. 000484 50. 45. 20. 8 17 0 .00 296 0 53 10100.53 

e CCHV- .100 CEHV- .300 
*SECNO .883 

3265 DIVIDED FLOW 

.883 9 . 48 1212 0 58 .00 .00 1212.73 .15 . 05 .01 1212.00 
1417.0 106.0 1005 .6 305.4 133.3 289.5 163.1 30 . 7 17 . 3 1209.00 

.21 .80 3'. 47 1. 87 .043 .038 . 036 .000 1203.10 9473 . 08 
.000652 95. 95 . 95. 2 0 0 .00 293 0 50 10099.27 

*SECNO . 915 

3265 DIVIDED FLOW 

.915 9.62 1212 0 72 . 00 .00 1212 0 85 . 13 .12 . 00 1210.00 
1417.0 196.3 929.3 291.4 152.5 267.6 203 . 0 33.2 18 . 5 1209.00 

.22 1. 29 3.47 1.44 .035 .038 .050 .000 1203.10 9542.43 
.000688 169. 170 . 202. 2 0 0 . 00 273 0 38 10111.81 

*SECNO . 966 

3265 DIVIDED FLOW 

.966 9.30 1212.90 . 00 . 00 1213.02 . 12 . 17 . 00 1210.00 
1417.0 55 . 8 964.3 396 . 9 54.9 302 . 0 265 . 8 36.7 19.8 1209.00 

.25 1. 02 3.19 1.49 .035 .038 .050 .000 1203.60 9601.9 9 
.000612 170. 266 . 267 0 2 0 0 .00 227.15 10118 0 00 
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SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
Q QLOB . QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XL08R I TRIAL I DC ICONT CORAR TOPWID ENDST 

*SECNO 1. 001 

3265 DIVIDED FLOW 

1. 001 9.29 1212.99 .00 .00 1213.20 .21 .16 .03 1212.00 
1417.0 86.3 1225.2 105 .5 73.3 314.8 69.2 39.2 20.8 1210.00 

.27 1.18 3.89 1.52 .035 .038 . 050 . 000 1203.70 9669.01 
.001147 240. 190 . 190. 0 0 0 .00 201.95 10058.00 

*SECNO 1.042 
1. 042 9 . 64 1213 . 34 .00 . 00 1213.45 . 11 .24 .01 1211.00 

1417.0 730.3 68 6 . 2 . 6 447.3 201.4 2.0 42.1 22.5 1213.00 
.29 1. 63 3. 41 .29 . 035 . 038 .050 . 000 1203.70 9612.63 

.001005 245. 215. 215. 3 0 0 . 00 423.13 10035 . 76 

CCHV- . 300 CEHV- .500 
*SECNO 1. 054 

e 3301 HV CHANGED MORE THAN HVINS 

1. 054 10.67 1213.17 .00 .00 1213 . 79 . 62 .08 . 26 1202.58 
1417 . 0 358.8 960. 5 97.8 193.7 127.2 42.9 42.8 23.0 1202.58 

.29 1. 85 7.55 2.28 .035 .038 .050 .000 1202 . 50 9829.45 
.001602 60. 64. 69. 0 0 .00 199.72 10029.17 

SPECIAL CULVERT 

sc CUNO CUNV ENTLC COFQ ROLEN RISE SPAN CULVLN CHRT SCL ELCHU ELCHO 
1 . 013 .30 2.70 .00 8.00 12.00 112.25 12 3 1202.63 1202.58 

CHART 12 - BOX CULVERT; NON- OFFSET FLARED WINGWALLS; 3/4-INCH CHAMFER AT TOP OF INLET 
SCALE 3 - WINGWALLS FLARED 18.4 DEGREES (3 :1); INLET SKEWED 30 DEGREES 

*SECNO 1.075 

SPECIAL CULVERT OUTLET CONTROL + WEIR FLOW EG - 1214.45 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO - 1. 93 

SPECIAL CULVERT 

EGIC EGOC H4 QWEIR QCULV VCH ACULV ELTRD WEIRLN 
1214.75 1216.98 . 67 527. 720 . 3. 656 96 . 0 1213.01 118. 

1.075 11.73 1214 . 33 . 00 .00 1214.45 .12 . 67 .oo 1202.62 
1240.0 609.9 51 4 .0 116.0 292.8 140.6 85.3 43 . 9 23. 3 1202.60 

. 31 2. 08 3 . 66 1.36 . 035 . 038 .050 . 000 1202.60 9940.00 
. 000329 112. 112. 112 . 2 0 0 .00 108.96 10048.96 
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SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L- BANK ELEV 
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB· VCH VROB XNL XNCH XNR WTN ELM IN SSTA 
SLOPE XLOBL XLCH XLOBR I TRIAL IDC ICONT CORAR TOPWID ENDST 

* SECNO 1. 084 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = .68 

1 .084 9 . 14 1214.34 .00 .00 1214.48 .14 .02 .01 1208.00 
1240 . 0 207.4 530.4 502 . 2 78.0 156.9 183.8 44.4 23.4 1208.00 

.3 1 2.66 3.38 2.73 . 037 . 045 .044 .000 1205.20 9965.00 
.000702 43. 43. 43 . 3 0 0 .00 87.00 10052.00 

CCHV- .100 CEHV- .300 
* SECNO 1. 101 

1.101 8 . 91 1214 . 41 .00 . 00 1214.54 . 13 .06 .oo 1208.00 
1240.0 173.3 575 .7 4 91.1 67.5 175.2 191.0 45.3 23 . 6 1208.00 

. 32 2 . 57 3.29 2 . 57 .037 . 045 .044 . 000 1205 . 50 9967.87 .e . 000657 90 . 90 . 90 . 2 0 0 .00 95.19 10063 . 06 

XHV= . 300 CEHV- .500 
*SECNO 1.108 

34 95 OVERBANK AREA ASSUMED NON-E FFECTIVE, ELLEA- 1215.00 ELREA= 1215 .00 

1.108 8 .84 1214 .4 4 .00 .00 1214.59 . 15 . 04 .01 1214 . 00 
1240.0 .0 1240.0 . 0 .0 394.4 . 0 45.7 23 . 7 1214.00 

.32 .00 3 .14 .00 .000 .045 r • 000 .000 1205 . 60 9970.84 
. 001231 40 . 40. 40. 2 0 0 . 00 86.26 1005 7. 10 

SPECIAL BRIDGE 

SB XK XKOR COFQ ROLEN BWC BWP BAREA ss ELCHU ELCHO 
1. 05 1. 56 2.70 .00 23 . 00 4.00 467.00 3 . 00 1205.72 1205.60 

*SECNO 1.115 
CLASS A LOW FLOW 

3420 BRIDGE W.S . - 1214.47 BRIDGE VELOCITY- 3.10 CALCULATED CHANNEL AREA- 396. 

EGPRS EGLWC H3 QWEIR QLOW BAREA TRAPEZOID ELLC ELTRD WEIRLN 
AREA 

.00 1214. 61 . 02 0 . 1240 . 4 67. 435. 1215.00 1215.10 0 . 
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SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WTN ELM IN SSTA 
SLOPE XLOBL XLCH XLOBR IT RIAL IDC ICONT CORAR TOPwiD ENDST 

34 95 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA- 1215.00 ELREA- 1215.00 

1.115 8 . 79 1214.45 .00 .oa 1214 . 61 . 16 . a3 .00 1215.10 
1240 . a .0 124a.a .0 . a 382.4 .a 46 . a 23.8 1214 .so 

. 33 .oa 3.24 .ao .000 .a4S .oaa .aaa 12a5.66 9972 . 35 
. aan2a 34. 34 . 34. a a a .ao 72.85 10045 .2a 

*SECNO 1.121 
1.121 8.45 1214.45 .ao .aa 1214. 7a .25 .04 .a4 121a.ao 

1240.0 1al. 5 107a . a 68.4 37 .8 256 . 2 31.7 46.3 23.8 121a.ao 
.33 2. 68 4 . 18 2.16 .a37 .a45 .a44 .aaa 1206.ao 9964.02 

. a01241 36 . 36. 36. 2 a 0 .aa 73.29 1a037.31 

e CCHV- .500 CEHV- .800 
'tSECNO 1. 138 

1.138 7.13 1214.63 .00 .oa 1214.84 .21 .12 . 02 1214.00 
1240.0 1.8 1237.7 . 5 3.0 337.0 .9 46.9 24.0 1214.00 

. 33 . 60 3.67 .59 .a4S . 045 .045 .oao 1207.50 9943 . 39 
. 001538 37. 90 . 150 . 3 0 0 .00 80.73 10024.12 

CCHV= . 100 CEHV- .300 
*SECNO 1.181 

1.181 10.00 1214.95 .00 .00 1215 . 19 .24 .34 . 01 1213.00 
·1240.a 93.8 1129.7 16.5 51.7 276.1 16.7 48.7 24.5 1213.aO 

. 35 1. 81 4.09 . 99 .045 . 045 .045 .000 1204.95 9947.00 
.001503 225. 225 . 225. 3 0 0 .00 103.33 10050. 33 

CCHV- . 500 CEHV= .BOO 
*SECNO 1. 224 

3265 DIVIDED FLOW 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO - 1.41 

1.224 8.84 1215 . 34 .00 . 00 1215.48 .14 .23 .a5 1212.00 
1240.0 77.6 1033.2 129.3 77.0 324.4 Bl.a 50.8 25.2 1212.00 

.37 1. 01 3.18 1.60 .045 .045 .045 .oao 1206.50 9698.99 
.000751 230. 23a. 130. 3 0 a .ao 22 6. 3a la14B.32 
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SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I TRIAL IDC I CONT CORAR TOPWID ENDST 

*SECNO 1. 239 

3265 DIVIDED E'LOW 

3301 HV CHANGED MORE THAN HVINS 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

1. 239 4 . 52 1215.42 1215.42 .00 1216.10 .68 .13 . 44 1214.00 
1240.0 25.8 1061.2 153.0 13.4 149 . 7 62.1 51.3 25.5 1214.00 

.38 1. 93 7.09 2.47 .045 . 045 . 045 .000 1210.90 9882. 04 
. 010455 90 . 75 . 30. 11 0 .00 195.61 10230.31 

. e CCHV- .500 CEHV- .800 
~SECNO 1. 262 

I 

J265 DIVIDED E'LOW 

3301 HV CHANGED MORE THAN HVINS 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OE' ACCEPTABLE RANGE, KRATIO - 5.04 

1.262 4. 42 1216.32 .00 .00 1216 . 49 .17 . 14 . 25 1212.50 
1240.0 274. 6 720.6 244.9 232.9 168.8 250 . 8 52.6 26.1 1212.00 

.39 1.18 4. 27 .98 .055 .018 . 055 .000 1211.90 9842.30 
. 000411 256 • 123 . 20. 2 0 0 .00 231 .7 0 10225.00 

*SECNO 1. 301 

3265 DIVIDED E'LOW 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OE' ACCEPTABLE RANGE, KRATIO - . 60 

1.301 4.26 1216 . 36 .00 .00 1216 . 95 .59 .13 .33 1213 . 00 
1240.0 113.2 1007.7 119.1 77.5 148.6 82.5 54.6 26.9 1213.00 

. 40 1. 4 6 6.78 1.44 .055 .018 . 055 .000 1212.10 9868.00 
. 001134 225. 204 .· 130 . 2 0 0 .00 166 . 16 10195.14 
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SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
Q QLOB QCH QROB ALOB ACH AROB VOL TWA. R- BANK ELEV 
TIME VLOB VCH VROB XNL XNCH lCNR WTN ELM IN SSTA 
SLOPE XLOBL XLCH XLOBR I TRIAL !DC I CO NT CORAR TOPWID ENDST 

CCHV- .100 CEHV- .300 
1490 NH CARD USED 
*SECNO 1.353 

3265 DIVIDED FLOW 

1. 353 4.14 1216.94 .00 .00 1211.21 . 27 .23 .03 1213.10 
1240.0 270.1 118.3 191.6 281.8 14 9. 9 163.5 57.4 28.3 1213.10 

.42 . 96 5.19 1.17 . 066 . 018 . 056 .000 1212.80 9643.78 
. 000635 290 . 278. 235 . 2 0 0 .00 287.16 10219 . 34 

* SECNO 1. 37 3 

e 3265 DIVIDED FLOW 

3301 HV CHANGED MORE THAN HVINS 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO - . 53 

1.373 3.61 1216.61 1216.44 .00 1211.53 . 92 .12 . 20 1214.00 
1240 .0 110 . 0 1058.9 71.1 17 .9 121.5 36.2 58.6 29 . 0 1214.00 

.42 1. 41 8.30 l. 97 .055 . 018 .055 .000 1213.00 9818.00 
. 002229 150 . 106 . 105 . 6 11 0 .00 177.00 10040.00 

1490 NH CARD USED 
*SECNO 1.438 

3265 DIVIDED FLOW 

1 . 438 3.15 1217.55 .00 .00 1218.15 .60 . 59 .03 1215 . 00 
1240.0 150.7 1012 . 1 76.6 112.8 148.1 84.6 60.9 30.6 1215 . 00 

.44 1. 34 6.84 . ·91 .056 .018 .055 .000 1213.80 9193.00 
. 001375 280. 344. 390. 2 0 0 . 00 250.42 10265 . 42 

1490 NH CARD USED 
*SECNO 1.4 99 
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SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELE:V 
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R- BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I TRIAL IDC ICONT CORAR TOPWID ENDST 

3265 DIVIDED FLOW 

1. 4 99 3 . 36 1217 . 96 .00 .00 1218.67 .71 . 4 9 .03 1215.00 
1240 .0 152.5 1062 . 9 24 .6 171.0 145.9 15.6 63.4 32.1 1215 . 00 

. 45 . 89 7.29 1.57 .100 .018 . 055 .000 1214 . 60 9776 . 00 
. 001682 350 . 320. 250. 3 0 0 .00 157.39 10035.39 

14 90 NH CARD USED 
•sECNO 1.522 

3265 DIVIDED FLOW 

e 1.522 3.60 1218.20 1217.76 . 00 1218.87 . 68 .20 .00 1215.00 
1240.0 251.0 890.3 98.8 110.8 115.8 62.9 64.2 32.6 1215 . 00 

. 4 6 2.26 7.69 1.57 .034 .018 .055 .000 1214.60 9777 . 00 
. 001703 115. 122. 125 . 4 10 0 .00 211.76 10140.00 

CCHV- .100 CEHV- .300 
*SECNO 1.575 

3265 DIVIDED FLOW 

1.575 3.28 1218.58 1218. 45 .00 1219.55 .97 .59 .09 1216.00 
1240.0 186.8 962 . 5 90. 7 86.2 1 08.4 44.9 65 . 9 33.7 1216.00 

.47 2.17 8.88 2. 02 .055 .018 .055 .000 1215 . 30 9844.13 
.002744 272. 277 . 283. 4 11 0 .00 123.87 10058.00 

*SECNO 1.670 

32 65 DIVIDED FLOW 

1. 670 3.82 1219.82 .00 .00 1220.69 . 87 1.13 .01 1217 . 00 
1240.0 58.7 1 091.3 90.0 34.3 13.7 .1 50.0 68.6 35 . 0 1217.00 

.49 1. 71 7.96 1. 80 .055 .018 .055 .000 1216.00 9957.00 
.001879 504. 504. 504. 3 0 0 .DO 102.00 10128.00 

*SECNO 1.725 
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SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I TRIAL IDC ICONT CORAR TOPWID ENDST 

32 65 DIVI OED FLOW 

1. 725 3 . 92 1220.42 . 00 .00 1221.20 .77 .50 .01 1217 . 00 
1240.0 109.6 1028.4 102 . 0 58.3 133.3 65.2 70.2 35.7 1217.00 

.50 1. 88 7. 71 1. 56 .055 . 018 .055 . 000 1216.50 9892.00 
.001539 292. 292. 292 . 2 0 0 .00 115 . 00 10130 . 00 

*SECNO 1. 810 

3265 DIVIDED FLOW 

• 1. 810 3.99 1221.39 .00 .00 1221.80 . 40 .56 .04 1218.00 
1240.0 219.3 782.1 238.7 14 9.1 123.6 209 . 0 74 . 0 37.6 1218.00 

. 53 1.47 6.33 1.14 .055 . 018 .055 .000 1217.40 9791. 6? 

' .001029 460. 449. 449. 2 0 0 .00 262.33 10387.00 

*SECNO 1. 87 9 

3301 HV CHANGED MORE THAN HVINS 

3685 20 TRIALS ATTEMPTED WSEL ,CWSEL 
3693 PROBABLE MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

1. 879 3.44 1221.74 1221.74 .00 1222.91 1.17 .57 .23 1219 . 00 
1240.0 57.3 1095.1 87 .6 28.4 118.7 50.1 76.8 39 . 2 1219.00 

.54 2.01 9.23 1. ?5 . 055 .018 .055 . 000 1218.30 9963 . 00 
. 002784 359. 359. 359. 20 9 0 .00 109.00 10072.00 

*SECNO 1. 925 

3265 DIVIDED FLOW 

1. 925 3 . 92 1222.62 1222.23 .00 1223.49 .87 .55 .03 1220.00 
1240.0 73 .6 1061 . 8 104.6 41.8 131.9 69.5 78.1 39.9 1220.00 

.55 1. 76 8.05 1.50 . 055 . 018 .055 .000 1218.70 9882.36 
. 001818 245. 245. 250. 7 8 0 .00 133 . 64 10160.00 

/ 
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SECNO DEPTH CWSEL CRHIS WSELK EG HV HL OLOSS L-BANK ELEV 
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WTN ELM IN SSTA 
SLOPE XLOBL XLCH XLOBR I TRIAL IDC ICONT CORAR TOPWID ENDST 

*SECNO 1.961 

3265 DIVIDED E'LOW 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OE' ACCEPTABLE RANGE, KRATIO = 1 . 64 

l. 961 4.44 1223.34 . 00 .oo 1223.74 .39 .20 .05 121 9.10 
1240 .0 182.0 94 0. 6 117.4 124.6 164.7 101.2 79.5 40.5 1219.10 

.56 l. 46 5.71 1.16 .055 . 018 .055 .000 1218.90 9877.00 
. 000677 192. 192 . 194. 3 0 0 .00 143.48 10315.00 

*SECNO 2.044 - 32 65 DIVIDED E"LOW 

3301 HV CHANGED MORE THAN HVINS 

3685 20 TRIALS ATTEMPTED WSEL,CWSEL 
3693 PROBABLE MINIMUM SPECIE"IC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

2.044 3.69 1223.89 1223.89 .00 1224.88 1.00 . 50 .18 1221.10 
1240.0 89.7 104 9. 4 100.9 55.0 120.8 71.9 82 . 6 42.2 1221.00 

.58 1. 63 8 .69 1.40 .055 .018 .055 .000 1220.20 9867.72 
.002347 436. 437. 392. 20 12 0 .00 208.28 10465.00 

*SECNO 2.128 

3265 DIVIDED E"LOW 

2.128 4.17 1224 . 92 1224 .50 .00 1225.85 .93 .96 .01 1221.00 
1240.0 227.0 838.9 174.1 109.3 90 .3 72.1 85 .2 44 .0 1221.00 

.59 2.08 9.29 2.42 . 055 .018 .055 .000 1220.75 9767.08 
. 001971 444. 444 . 460 . 5 5 0 .00 141.92 10108 .00 

*SECNO 2.168 

32 65 DIVIDED E"LOW 
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SECNO DEPTH CWSEL CRIWS WSELK EG HV HL CLOSS L-BANK ELEV 
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I TRIAL IDC I CO NT CORAR TOPWID ENDST 

3301 HV CHANGED MORE THAN HVINS 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO • 2.33 

2 . 168 4.63 1225 . 93 .00 .00 1226.08 .14 .15 .08 1222.00 
1240.0 246.3 634.9 358.8 186 .7 154.2 437 . 5 87.8 45.2 1222 . 00 

.62 1.32 4 .12 .82 .035 .018 .055 .000 1221.30 9774.80 
. 000363 209. 209 . 209. 2 0 0 .00 359.80 10790.61 

*SECNO 2.192 

.e 3265 DIVIDED fLOW 

2. 1 92 4.54 1225.94 .00 .00 1226.15 .2 1 .06 .02 1222.10 
1240.0 361.1 725.0 153.9 249.1 153.9 197 . 4 89 . 8 4 6. 3 1223 . 00 

. 63 1. 45 4. 71 .78 .035 .018 .055 . 000 1221.40 9798 . 51 
.000516 125. 129. 135. 2 0 0 .00 396.49 10685 . 00 

*SECNO 2 . 208 

3265 DIVIDED FLOW 

3302 WARNING : CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO- .64 

2.208 3.38 1225.88 .00 .00 1226 . 27 . 39 .07 .OS 1223.00 
1240.0 465 . 0 737.8 37.2 215.4 117.2 27 .3 90.8 46.9 1223.00 

. 63 2.16 6.30 1.36 .035 .018 .055 .000 1222.50 9818 . 06 
. 001271 90 . 82. 82. 3 0 0 .00 221.04 10114.00 

*SECNO 2 . 218 

3265 DIVIDED FLOW 

2.218 2.44 1226 . 14 . 00 .00 1226.35 .20 .06 .02 1223.85 
1240.0 430.5 751.4 58.0 242 . 9 168.5 79.5 91.3 47.3 1224.00 

. 64 1. 77 4 . 46 . 73 .035 .018 . 055 .000 1223.70 9794 . 87 
. 000950 48. 54 . 58 . 3 0 0 . . 00 369 . 26 10480.00 
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SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
Q QL08 QCH QR08 AL08 ACH AR08 VOL TWA R- BANK ELEV 
TIME VL08 VCH VR08 XNL XNCH XNR WTN ELM IN SSTA 
SLOPE XL08L XLCH XL08R I TRIAL IDC ICONT CORAR TOPWID ENDST 

*SECNO 2.295 

3265 DIVIDED f'LOW 

e 3280 CROSS SECTION 2.30 EXTENDED . 30 FEET 

1685 20 TRIALS ATTEMPTED WSEL , CWSEL 
; 693 PROBABLE MINIMUM SPECif'IC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

2. 295 1.00 1227.30 1227.30 .00 1227.60 .31 .58 . 03 1226.40 
644.0 150.4 390 . 3 103 . 3 45.2 74.1 82.5 94.5 50.5 1226.48 

.66 3.33 5.27 1. 25 .020 .018 . 055 .000 1226.30 9848.00 
.004533 405. 405. 405. 20 18 0 .00 334 .89 10203 . 99 

*SECNO 2.355 
3280 CROSS SECTION 2 . 36 EXTENDED , 58 FEET 

2.355 1.58 1228.58 1228 .54 . 00 1229 . 07 .49 1.41 .06 1228.00 
644.0 .0 55 6. 8 87 . 2 .o 92.3 52 .2 95.8 52.3 1228 . 00 

. 68 .00 6.03 1. 67 . 000 . 018 . 055 .000 1227.00 9960.00 
. 004306 320 . 320. 320. 5 14 0 .00 140. 79 10100.79 
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TW West bank between 0.320 and 0. 326 

ASQ QCOMP ERRAC TASQ TCQ TABER NITER DSWS usws DSSNO USSNO 
9.50 9 . 88 3. 91 9 . 50 9 . 88 3. 91 7 1199.746 1200 . 092 . 320 . 326 

TW West bank between 0.303 and 0.320 

ASQ QCOMP ERRAC TASQ TCQ TABER NITER DSWS usws DSSNO USSNO 
201.97 203 . 78 .89 211 . 47 213. 66 1. 03 1198.996 1199.746 . 303 . 320 

TW West bank between 0.288 and 0.303 

ASQ QCOMP ERRAC TASQ TCQ TABER NITER DSWS usws DSSNO USSNO 
1 67 . 90 168.33 . 25 37 9 . 37 381.99 .69 7 1198.831 1198 . 996 .288 . 303 

e TW West bank between 0 . 272 and 0.288 

ASQ QCOMP ERRAC TASQ TCQ TABER NITER DSWS usws OSSNO USSNO 
1 63. 20 163.5 6 . 22 542 . 57 545.55 .55 7 1198.875 1198 . 831 .272 .288 

TW West bank between 0.257 and 0.272 

ASQ QCOMP ERRAC TASQ TCQ TABER NITER DSWS usws DSSNO USSNO 
279.35 280.05 . 25 821.92 825.60 .45 1198 . 610 1198.875 .257 .272 

TW East bank between 0. 303 and 0 . 320 

ASQ QCOMP ERRAC TASQ TCQ TABER NITER osws usws DSSNO USSNO 
.00 .00 .00 821.92 825.60 .45 7 1198 . 996 1199.746 .303 .320 

TW East bank between 0.288 and 0.303 

ASQ QCOMP ERRAC TASQ TCQ TABER NITER DSWS usws DSSNO USSNO 
.00 . 00 . 00 821.92 825.60 . 45 7 1198.831 1198.996 .288 .303 

TW East bank between 0 . 272 and 0.288 

ASQ QCOMP ERRAC TASQ TCQ TABER NITER DSWS usws DSSNO USSNO 
57.16 56.97 .32 879 . 08 882 . 57 . 40 7 1198.875 1198 . 831 .272 .288 

/ 
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TW East bank between 0.257 and 0.272 

ASQ 
128.24 

QCOMP 
128. 4 8 

ERRAC 
.19 

TASQ 
10 07 . 32 

TCQ 
1011.06 

PAGE 39 

TABER NITER DSWS USWS DSSNO USSNO 
. 37 1198 . 610 1198.875 .257 . 272 
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************************************* 
HEC-2 WATER SURFACE PROFILES 

Version 4.6.2; May 1991 
************************************* 

NOTE- ASTERISK (*) AT LEFT OF CROSS- SECTION 

City of Scottsdale 

SUMMARY PRINTOUT 

SEC NO Q 

I 
/ 

.225 

.225 

. 231 

. 231 

. 257 

. 257 

. 272 

. 272 

. 288 

.288 

. 303 

. 303 

.320 

.320 

. 326 

. 326 

.369 

.369 

. 42 1 

.421 

. 459 

.459 

1231.60 
1231.60 

1231.60 
1231.60 

1231.60 
12 31.60 

8 1 7 .27 
817.27 

1037.63 
1037.63 

1205.53 
1205.53 

1407.50 
1407.50 

1417.00 
1417. 00 

141 7 .00 
1417. 00 

1417 . 00 
1417.00 

1417.00 
1417 .00 

G 

CWSEL CRIWS 

1196 .0 8 1196 . 08 
1196.08 1196 .08 

1198 . 02 .00 
1198 . 02 .00 

1198.61 . 00 
1198 . 61 .00 

1198.88 .00 
1198.88 . 00 

1198 . 83 .00 
1198.83 .00 

1199 .00 1199.00 
1199.00 1199.00 

1199 . 75 1199. 75 
1199 . 75 1199.75 

1200 .0 9 .00 
1200.09 .00 

1200. 75 1200.75 
1200. 75 1200 .7 5 

1201. 68 .00 
1201. 68 .00 

1202 . 42 1201.88 
1202.42 1201.88 

PAGE 60 

THIS RUN EXECUTED 01MAY97 .14:31 : 55 

NUMBER INDICATES MESSAGE IN SUMMARY OF ERRORS LIST 

DEPTH TOPWID VCH 

7.35 55.00 10.53 
7.35 55.00 10.53 

8 . 82 289 . 70 3.81 
8.82 289.70 3.81 

9.11 199.00 5 . 17 
9.ll 199 . 00 5.17 

10.88 97.21 1.59 
10.88 97.21 1.59 

7 .93 156.74 3 . 24 
7 .93 156. 7 4 3 . 24 

2 . 10 145 . 22 8.67 
2.10 145.22 8. 67 

2. 45 269.50 7.80 
2.45 269.50 7.80 

3.09 194.34 7 . 37 
3 .09 194 . 34 7.37 

2.95 158 . 82 9.13 
2.95 158.82 9.13 

3 . 18 149.4 7 8 . 58 
3.18 149.47 8 . 58 

4.42 159.82 7 . 46 
4.42 15 9. 82 7.46 
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SECNO Q CWSEL CRIWS DEPTH TOPWID VCH 

.503 1417.00 1204. 58 1204.58 2 . 28 2 65 0 34 8.76 

.503 1411 ·.oo 1204.58 1204.58 2.28 2 65 0 34 8 0 76 

.5 42 1417 . 00 1205 0 84 1205.84 2 0 64 114 .12 8 021 

. 542 1417.00 1205.84 1205 . 84 2.64 114 .1 2 8.21 

. 627 1417 0 00 1207.80 .00 2.80 319 . 13 7.12 
0 627 1417 0 00 1207 o80 .00 2.80 319 . 13 7.12 

. 674 1417.00 1208 o95 1208.95 3 0 45 266 . 73 8.85 

.674 1417 0 00 1208.95 1208.95 3.45 266.73 8 . 85 

0 729 1417 0 00 1209.94 .00 3.34 373.63 6o64 
. 729 1417 0 00 1209 . 94 . 00 3.34 373063 6 . 64 

.786 1417.00 1210 . 53 1210053 3 . 63 256 . 49 9 . 33 

.786 1417.00 1210.53 1210. 53 3o63 256 . 49 9.33 

. 821 1417 oOO 1211 o44 .00 4 0 34 338.59 5o44 

.821 1417. 00 1211.44 .00 4 0 34 338 . 59 5.44 

e * .857 1417.00 1211.47 1211.47 2 0 97 171.30 8.84 
.857 in1.oo 12110 47 1211.47 2.97 171.30 8.8~ 

.865 1417 0 00 1212.56 120 8 . 63 9 . 66 296 . 53 2.99 
* . 865 1417.00 1212 . 56 1208 .63 9.66 296o53 2.99 

.883 1417.00 1212.58 oOO 9 . 48 293.50 3 . 47 

.883 1417.00 1212o58 . 00 9 .4 8 2 93 0 50 3 0 47 

. 915 1417 . 00 1212.72 . 00 9.62 273 ;38 3.4 7 

.915 1417.00 12120 72 .00 9.62 273 .3fl · 3. 47.. ·"' 

.96 6 1417 . 00 1212 0 90 0 00 9.30 227.15 3.19 

. 966 1417.00 1212.90 .00 9.30 227 . 15 3.19 

1.001 1417 . 00 1212.99 .00 9o29 201. 95 3.89 
1.001 1417 0 00 1212099 .00 9.29 201.95 3 . 89 

1.042 1417 . 00 1213.34 ·.oo 9 0 64 423 . 13 3 0 41 
1.042 1417.00 1213 0 34 oOO 9 0 64 4 23 013 3.41 

1 . 054 1417.00 1213 ol7 .00 10.67 199 0 72 7.55 
1.054 1417 o00 1213.17 .00 10.67 199 0 72 7 . 55 

1.075 1240.00 1214 0 33 .00 11.73 108.96 3 . 66 
1.075 1240 . 00 1214 0 33 . 00 110 73 108 . 96 3o66 

1.084 1240o00 1214.34 . 00 9.14 87.00 3 . 38 
1.084 1240.00 1214 . 34 .00 9.14 87.00 3.38 

e . 
) 
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SECNO Q CWSEL CRIWS DEPTH TOPWID VCH 

1.101 1240.00 1214 . 41 .00 8. 91 95.19 3.29 
1.101 1240.00 1214 . 41 .00 8 . 91 95 . 19 3 . 29 

1.108 1240.00 1214 . 44 .00 8 . 84 86.26 3.14 
1.108 1240.00 1214.44 .00 8.8 4 86.26 3 . 14 

1.115 1240.00 1214.45 .00 8.79 72.85 3.24 
1.115 1240 . 00 1214.45 .00 8.79 72.85 3.24 

1.121 1240 . 00 1214.45 . 00 8.45 73.29 4.18 
1.121 1240.00 1214 . 45 .00 8.45 73 . 29 4.18 

1.138 1240 . 00 1214.63 .00 7.13 80.73 3. 67 
1 . 138 1240 . 00 1214.63 .00 7.13 80.73 3. 67 

1.181 1240.00 1214 . 95 .00 10 . 00 103.33 4 . 09 
1.181 1240.00 1214.95 .00 10 . 00 103.33 4 . 09 

1.224 1240 . 00 1215.34 . 00 8 . 84 22 6. 30 3.18 
1.224 1240 . 00 1215.34 .00 8 . 84 22 6. 30 3.18 -. 1.239 1240.00 1215 . 42 1215.42 4.52 195.61 7.09 
1.239 1240 . 00 1215 . 42 1215 . 42 4. 52 195 . 61 7.09 

1.262 1240 . 00 1216.32 .00 4.42 231.70 4 . 27 
1.262 1240 . 00 1216.32 .00 4 . 42 231.70 4. 27 

1.301 1240.00 1216 . 36 . 00 4.26 166 . 16 6 . 78 
1.301 1240 . 00 1216 . 36 .00 4. 26 166 . 16 6.78 

1.353 1240 . 00 1216.94 .00 4 . 14 287.16 5.19 
1.353 1240 . 00 1216.94 .00 4 .14 287.16 5 . 19 

( . . " 

1.373 1240.00 1216.61 1216 . 44 3.61 177.00 8.30 
1.373 1240.00 1216 . 61 1216 . 44 3.61 177.00 8.30 

1.438 1240.00 1217.55 .00 3 . 75 250 . 4 2 6 . 84 
1.438 1240.00 1217.55 .00 3 . 75 250.42 6.84 

1.499 1240.00 1217.96 .00 3.36 157.39 7 . 29 
1. 499 1240 . 00 1217.96 .00 3.36 157.39 7.29 

1.522 1240.00 1218.20 1217.76 3. 60 211.7 6 7.69 
1.522 1240.00 1218 . 20 1217.76 3. 60 211.76 7.69 

1.575 1240.00 1218.58 1218.45 3.28 123.87 8.88 
1.575 1240 . 00 1218 . 58 1218.45 3.28 123.87 8.88 

1. 670 1240.00 1219 . 82 . 00 3.82 102.00 7.96 
1. 670 1240.00 1219 . 82 .00 3 . 82 102 . 00 7.96 

e . 
/ 
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SECNO Q CWSEL CRIWS DEPTH TOPWID' VCH 

1. 725 1240.00 1220.42 oOO 3.92 115 0 00 7. 71 
1. 725 1240 . 00 1220.42 .00 3.92 115.00 7 . 71 

1. 810 1240 . 00 1221.39 .00 3o99 262033 6 . 33 
1. 810 1240.00 1221.39 . 00 3o99 262 o33 6 . 33 

1. 879 1240 . 00 1221.7 4 1221.74 3.44 109.00 9 o23 
1. 87 9 1240.00 1221.74 1221.74 3.44 109o00 9.23 

1. 925 1240.00 1222 . 62 1222 . 23 3.92 133o64 8o05 
10 925 1240.00 1222062 1222023 3.92 133 0 64 8.05 

1 o961 1240.00 1223.34 oOO 4 . 44 14 3 0 4 8 5o 71 
1. 961 1240.00 1223o34 .00 4o44 143.48 50 71 -. 2 . 044 1240 . 00 . 1223o89 1223.89 3.69 208.28 8.69 
2.044 1240 . 00 1223.89 1223.89 3.69 208.28 8.69 

2o128 1240.00 1224.92 1224.50 4.17 141.92 9 . 29 
2 . 128 1240 . 00 1224.92 1224 . 50 4.17 141. 92 9.29 

2 o168 1240.00 1225.93 .00 4o63 359.80 4o12 
2.168 1240.00 1225.93 .00 4o63 359.80 4o12 

2.192 1240 . 00 1225.94 .00 4.54 396.4 9 4. 71 
2 0192 1240.00 1225 . 94 . 00 4o54 396o49 4. 71 

2.208 1240.00 1225088 .00 3 . 38 221.04 6.30 
2.208 1240o00 1225088 .00 3.38 221.04 6o30 

2.218 1240.00 1226o14 . 00 2 . 44 369.26 4.46 
2o218 1240.00 1226014 .00 2.44 369.26 4. 4 6 

* 2o295 64 4. 00 1227.30 1227.30 1.00 334.89 5.27 
2o295 64 4. 00 1227o30 1227.30 1.00 334 o89 5.27 

2o355 644.00 1228o58 1228.54 1.58 140.79 6.03 
2o355 644.00 1228.58 1228.54 1.58 140.79 6.03 
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e City of Scottsdale G 

~UMMARY PRINTOUT TABLE 100 
I 

SECNO EGLWC ELLC EGPRS 

1.115 1214 . 61 1215.00 .00 
1.115 1214.61 1215.00 .00 

ELTRD QPR QWEIR CLASS 

1215 . 10 1240.00 .00 1. 00 
1215 . 10 1240.00 .00 1. 00 

H3 

. 02 

.02 

DEI'TH 

8. 79 
8.79 

CWSEL 

1214.45 
1214.45 

PAGE 64 

VCH EG 

3.24 1214.61 
3.24 1214.61 
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SUMMARY OF ERRORS AND SPECIAL NOTES 

CAUTION SECND- .225 PROE"ILE- 1 CRITICAL DEPTH ASSUMED 
CAUTION SECNO- .225 PROE"ILE- 2 CRITICAL DEPTH ASSUMED 

WARNING SECNO• . 231 PROE"ILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 
WARNING SECNO• . 231 PROHLE- 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

WARNING SECNO- . 272 PROE"ILE• 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 
WARNING SECNO• .272 PROE"ILE- 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

WARNING SECNO= . 288 PROHLE• 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 
WARNING SECNO• .288 PROE"ILE• 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CAUTION SECNO• .303 PROE"ILE- 1 CRITICAL DEPTH ASSUMED 
CAUTION SECNO- .303 PROE"ILE• 1 PROBABLE MINIMUM SPECIFIC ENERGY 
CAUTION SECNO- . 303 PROE"ILE- 1 20 TRIALS ATTEMPTED TO BALANCE WSEL 
CAUTION SECNO- .303 PROE"ILE- 2 CRITICAL DEPTH ASSUMED 
CAUTION SECNO• .303 PROE"ILE- 2 PROBABLE MINIMUM SPECIFIC ENERGY 
CAUTION SECNO- .303 PROE"ILE- 2 20 TRIALS ATTEMPTED TO BALANCE WSEL 

e CAUTION SECNO• .320 PROE"ILE= 1 CRITICAL DEPTH ASSUMED 
"<',.AUT ION SECNO= .320 PROE"ILE- 1 PROBABLE MINIMUM SPECIFIC ENERGY 
}AUT ION SECNO- .320 PROE"ILE- 1 20 TRIALS ATTEMPTED TO BALANCE WSEL 
CAUTION SECNO= .320 PROE"ILE= 2 CRITICAL DEPTH ASSUMED 
CAUTION SECNO• .320 PROE"ILE- 2 PROBABLE MINIMUM SPECIFIC ENERGY 
CAUTION SECNO• .320 PROHLE- 2 20 TRIALS ATTEMPTED TO BALANCE WSEL 

CAUTION SEC)-10- . 369 PROE"ILE• 1 CRITICAL DEPTH ASSUMED 
CAUTION SECNO= .369 PROFILE- 1 PROBABLE MINIMUM SPECIE"IC ENERGY 
CAUTION SECNO- . 369 PROFILE= 1 20 TRIALS ATTEMPTED TO BALANCE WSEL 
CAUTION SECNO- .369 PROHLE- 2 CRITICAL DEPTH ASSUMED 
CAUTION SECNO= . 369 PROE"ILE- 2 PROBABLE MINIMUM SPECIE"IC ENERGY 
CAUTION SECNO= .369 PROE"ILE- 2 20 TRIALS ATTEMPTED TO BALANCE WSEL 

CAUTION SECNO= .503 PROFILE- 1 CRITICAL DEPTH ASSUMED 
CAUTION SECNO- .503 PROFILE- 1 PROBABLE MINIMUM SPECIFIC ENERGY 
CAUTION SECNO- .503 PROFILE- 1 20 TRIALS ATTEMPTED TO BALANCE WSEL 
CAUTION SECNO= .503 PROFILE• 2 CRITICAL DEPTH ASSUMED 
CAUTION SECNO- . 503 PROFILE- 2 PROBABLE MINIMUM SPECIFIC ENERGY 
CAUTION SECNO= .503 PROE"ILE- 2 20 TRIALS ATTEMPTED TO BALANCE WSEL 

CAUTION SECNO- .542 PROFILE- 1 CRITICAL DEPTH ASSUMED 
CAUTION SECNO- .542 PROE"ILE- 1 MINIMUM SPECIE"IC ENERGY 
CAUTION SECNO= .542 PROFILE• 2 CRITICAL DEPTH ASSUMED 
CAUTION SECNO- .542 PROHLE- 2 MINIMUM SPECIE"IC ENERGY 

CAUTION SECNO• .674 PROFILE• 1 CRITICAL DEPTH ASSUMED 
CAUTION SECNO• .674 PROFILE• 1 PROBABLE MINIMUM SPECIFIC ENERGY 
CAUTION SECNO- .674 PROHLE- 1 20 TRIALS ATTEMPTED TO BALANCE "WSEL 
CAUTION SECNO• .674 PROFILE- 2 CRITICAL DEPTH ASSUMED 
CAUTION SECNO• . 674 PROFILE• 2 PROBABLE MINIMUM SPECIFIC ENERGY 
CAUTIO!:! SECNO• .674 PROFILE- 2 20 TRIALS ATTEMPTED TO BALANCE WSEL 
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CAUTION SECNO= . 786 PROFILE- 1 CRITICAL DEPTH ASSUMED 
CAUTION SECNO- . 78 6 PROfiLE= 1 PROBABLE MINIMUM SPECIFIC ENERGY 
CAUTION SECNO= . 786 PROFILE- 1 20 TRIALS ATTEMPTED TO BALANCE WSEL 
CAUTION SECNO= .786 PROFILE- 2 CRITICAL DEPTH ASSUMED 
CAUTION SECNO- . 786 PROFILE= 2 PROBABLE MINIMUM SPECIFIC ENERGY 
CAUTION SECNO- . 786 PROfiLE- 2 20 TRIALS ATTEMPTED TO BALANCE WSEL 

WARNING SECNO= . 821 PROFILE- 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 
WARNING SECNO= .821 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CAUTION SECNO= .857 PROfiLE- 1 CRITICAL DEPTH ASSUMED 
CAUTION SECNO- .857 PROFILE- 1 MINIMUM SPECifiC ENERGY 
CAUTION SECNO= .857 PROfiLE= 2 CRITICAL DEPTH ASSUMED 
CAUTION SECNO- .857 PROfiLE- 2 MINIMUM SPECIFIC ENERGY 

WARNING SECNO- . 865 PROfiLE- 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 
WARNING SECNO= . 865 PROFILE- 2 CONVEYF.NCE CHANGE OUTSIDE ACCEPTABLE RANGE 

WARNING SECNO= 1 . 075 PROfiLE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 
WARNING SECNO= 1. 075 PROfiLE- 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

e WARNING SECNO- 1. 084 PROfiLE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 
WARNING SECNO- 1. 084 PROfiLE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

ARNING SECNO- 1. 224 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 
-41ARNING SECNO= 1. 224 PROFILE- 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CAUTION SECNO- 1. 239 PROfiLE- 1 CRITICAL DEPTH ASSUMED 
CAUTION SECNO- 1. 239 PROFILE- 1 MINIMUM SPECIFIC ENERGY 
CAUTION SECNO- 1. 239 PROFILE= 2 CRITICAL DEPTH ASSUMED 
CAUTION SECNO= 1. 239 PROFILE= -2 MINIMUM SPECIFIC ENERGY 

WARNING SECNO- 1. 262 PROfiLE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 
WARNING SECNO= 1. 262 PROfiLE- 2 CONVEYANCE ~HANGE OUTSIDE ACCEPTABLE RANGE 

WARNING SECNO- 1. 301 PROfiLE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 
WARNING SECNO- 1. 301 PROfiLE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

WARNING SECNO- 1.373 PROfiLE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 
WARNING SECNO= 1. 373 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CAUTION SECNO= 1. 879 PROFILE= 1 CRITICAL DEPTH ASSUMED 
CAUTION SECNO- 1. 87 9 PROFILE= 1 PROBABLE MINIMUM SPECIFIC ENERGY 
CAUTION SECNO- 1. 879 PROFILE- 1 20 TRIALS ATTEMPTED TO BALANCE WSEL 
CAUTION SECNO= 1. 879 PROFILE= 2 CRITICAL DEPTH ASSUMED 
CAUTION SECNO- 1. 879 PROfiLE- 2 PROBABLE MINIMUM SPECIFIC ENERGY 
CAUTION SECNO- 1. 879 PROFILE= 2 20 TRIALS ATTEMPTED TO BALANCE WSEL 

WARNING SECNO- 1.961 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 
WARNING SECNO- 1 .961 PROfiLE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CAUTION SECNO- 2. 044 PROfiLE- 1 CRITICAL DEPTH ASSUMED 
CAUTION SECNO= 2.044 PROFILE= 1 PROBABLE MINIMUM SPECIFIC ENERGY 
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CAUT"ION SECNO= 2.044 PROFILE- 1 20 TRIALS ATTEMPTED TO BALANCE WSEL 
CAUTION SECNO= 2.044 PROFILE= 2 CRITICAL DEPTH ASSUMED 
CAUTION SECNO- 2.044 PROFILE- 2 PROBABLE MINIMUM SPECIFIC ENERGY 
CAUTION SECNO= 2.044 PROFILE= 2 20 TRIALS ATTEMPTED TO BALANCE WSEL 

e WARNING SECNO- 2.168 PROFILE- 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 
"1ARNING SECNO= 2.168 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

.IIARNING SECNO= 2.208 PROFILE- 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 
WARNING SECNO= 2.208 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CAUTION SECNO- 2.295 PROFILE- 1 CRITICAL DEI'TH ASSUMED 
CAUTION SECNO= 2.295 PROFILE- 1 PROBABLE MINIMUM SPECIFIC ENERGY 
CAUTION SECNO= 2.295 PROFILE= 1 20 TRIALS ATTEMPTED TO BALANCE WSEL 
CAUTION SECNO- 2.295 PROFILE- 2 CRITICAL DEI'TH ASSUMED 
CAUTION SECNO= 2 . 295 PROFILE- 2 PROBABLE MINIMUM SPECIFIC ENERGY 
CAUTION SECNO= 2.295 PROFILE= 2 20 TRIALS ATTEMPTED TO BALANCE WSEL 
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FLOODWA'f DATA, City of Scottsdale - G 
PROFILE NO . 2 

FLOODWA'f WATER SURFACE ELEVATION 
STATION WIDTH SECTION MEAN WITH WITHOUT DIFFERENCE 

AREA VELOCITY FLOODWA'f FLOODWAY 

. 225 55 . 147 . 8 .4 1196.1 1196. 1 . 0 

. 231 4 4 6 . 836. 1.5 1198.0 1198.0 . 0 

. 257 199 . 533. 2.3 1198 . 6 1198. 6 .o 

.272 97. 687. 1.2 1198 .9 1198 . 9 .0 

. 288 157 . 533. 1.9 1198 . 8 1198.8 .0 

. 303 145 . 221. 5.5 1199.0 1199.0 .o 

. 320 270 . 353. 4.0 1199.7 1199.7 .0 

. 326 194 . 380 . 3.7 1200 .1 1200.1 .0 

. 369 159 . 295 . 4.8 1200.8 1200 . 8 .0 

. 421 14 9 . 300 . 4.7 1201.7 1201 . 7 .0 

. 459 160. 347. 4.1 1202 . 4 1202.4 . 0 

e . 503 425 . 338. 4.2 1204 .6 1204.6 .0 
. 542 114 . 202. 7.0 1205 . 8 1205.8 .0 
. 627 564 . 438. 3.2 1207.8 1207.8 .0 
. 67 4 489. 366 . 3.9 1208 . 9 1208.9 .0 
. 729 120 • 559. 2.5 1209.9 1209.9 .0 
. 786 553 . 325. 4. 4 1210.5 1210 . 5 .0 
. 821 865 . 631. 2.2 1211.4 1211.4 . 0 
. 857 599 . 275. 5.2 1211.5 1211.5 .0 
.865 638. 714. 2.0 1212.6 1212.6 .0 
. 883 626 . 586. 2.4 1212 .6 1212.6 .0 
. 915 569 . 623 . 2.3 1212 . 7 1212. 7 .0 
. 966 516 . 623. 2 .3 1212.9 1212. 9 .0 

1. 001 389. 457. 3.1 1213.0 1213 .0 .0 
1.042 423. 651. 2.2 1213 .3 1213.3 .0 
1. 054 200. 364. 3.9 1213 . 2 1213.2 .0 
1. 075 109. 519. 2 .4 1214 . 3 1214 .3 .0 
1. 084 87. 419. 3.0 1214.3 1214.3 .0 
1.101 95. 434. 2.9 1214.4 1214.4 .0 
1.108 86. 394 . 3 . 1 1214. 4 1214.4 .0 
1.115 73 . 382. 3.2 1214.5 1214.5 .0 
1.121 73. 326. 3.8 1214.5 1214.5 .0 
1.138 81. 341. 3. 6 1214.6 1214. 6 .0 
1.181 103. 344. 3 . 6 1215.0 1215.0 .0 
1. 224 449. 482. 2.6 1215 . 3 1215.3 .0 
1. 23 9 348. 225. 5.5 1215 .4 1215.4 . 0 
1. 262 ,383. 653. 1.9 1216 . 3 1216 . 3 .o 
1.301 327. 309. 4.0 1216. 4 1216.4 .0 
1. 353 57 6. 595. 2 . 1 1216 . 9 1216. 9 . 0 
1. 373 222. 242. 5.1 1216.6 1216. 6 . 0 
1. 438 472. 346 . 3.6 1217 .5 1217.5 . 0 
1. 499 259 . 333. 3.7 1218 .0 1218.0 .0 
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FLOODWAY DATA, City of Scottsdale - G 
PROFILE NO. 2 

FLOODWAY WATER SURFACE ELEVATION 
STATION WIDTH SECTION MEAN WITH WITHOUT DIFFERENCE 

AREA VELOCITY FLOODWAY FLOODWAY 

e 1.522 363. 290. 4.3 1218.2 1218.2 .0 
1.575 214. 240. 5.2 1218.6 1218.6 .0 
1. 670 171. 221. 5. 6 1219.8 1219.8 .0 
1 . 725 238. 257. 4.8 1220 . 4 1220 . 4 .0 
1. 810 595 . 482. 2. 6 1221.4 1221.4 . 0 
1. 879 109. 197. 6.3 1221.7 1221.7 .0 
1. 925 278. 243. 5 . 1 1222.6 1222.6 .0 
1. 961 438. 391. 3 .2 1223 . 3 1223.3 . 0 
2.044 597. 248. 5.0 1223.9 1223.9 .o 
2.128 341. 272. 4 . 6 1224.9 1224.9 .0 
2.168 1016. 778. 1.6 1225 . 9 1225.9 .o 
2 . 192 886. 600. 2.1 1225 .9 1225.9 .o 
2.208 296. 360. 3. 4 1225 . 9 1225.9 .0 
2.218 685 . 491. 2.5 1226 . 1 1226.1 .0 
2.295 356. 202. 3.2 1227.3 1227.3 .0 
2.355 141. 145 . 4.5 1228.6 1228.6 .0 

. e 
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Granite Reef Wash Plan: Existing 1/26/2008 
RS = 0.288 Upstream end of the concrete channel south of the Granite Reef R 
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RS = 0.257 Culvert inlet upstream from the SRP well site 
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Granite Reef Wash Plan: Existing 1/26/2008 

RS = 0.244 Culv Culvert #1 (1 13' x 7.5' Box) 
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HEC-RAS Flows 
Table showing corresponding HEC-1 /D's with flows tt..c. o'O -:..- ~ '> o~ =-

't 'H" c-1-1' 'B. y- 'f L-f.<; I"Lt> u '8, -- 1.-">, ~ .5 

PF1 PF2 PF3 PF4 PF5 

HEC-RAS HEC-11.0. 
TON: Hydraulics TON: Hydrology 

BASE6.0UT BASIN6.0UT PIMASD6.0UT* 
Storm Drain Storm Drain 

X-sec (Alt. 1.0.) 
(FCDMC 1997) (FCDMC 2002) Size Flow 

(cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) 

2.355 
~8-

644 874 1057 / 1041 /' ./ 0 N/A 0 
(RD12) 

2.218 
CD03 1240 1767 1637 - 1619 ./ 

.,/ 188 N/A 0 
2.208 0 48" 56 
1.961 CC11 1240 1799 1708 / 1689 / v-187 (131) >~<o 48" 56 
1.725 CC08 1240 1843 1752 , 1730 / /342 (286) 5"',1.. 48" 56 
1.301 

CC06 1240 1895 1800 / 1780 /"" ./539 (483) ~f., 48" 56 
1.262 0 48" 56 
1.054 CC03 1417 2204 2044 / 1953 ./ v 334 N/A 0 
0.865 C807 1417 2204 2038 / 1721 / / 339 (275) ~Lf 48" 64 
0.542 CB05 1417 2230 2092 / 1756 ,...... - / 437 (308) t '1-Cf 54" 129 
0.503 CB03 1417 2247 2109 / 1782 ,/ / 520 (391) J"Z-4 54" 129 
0.288 CB01 1417 2244 2105 ,/ 1782 / V'549 N/A 0 

*(#) Flow adjusted for storm drain in street 

P:\06\077\H &H\Hydraulics\H EC-RAS\H EC-RAS flows.xls 1/25/2008 



87th St. 48" SD (Thomas to Coronado) 

Project Description -------
Friction Method 

Solve For 

Input Data 

Roughness Coefficient 

Channel Slope 

Normal Depth 

Diameter 

Discharge 

Cross Section Image 

Manning Formula 

Discharge 

4.00 ft UJO tt 

0.013 

0.00150 ft/ft 

4.00 ft 

4.00 ft 

55.63 ft3/s 

V:1 ~ 
H:1 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .066.00] 

1/25/2008 8:30:34 AM 27 Siemens Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1 



Project Description 

Friction Method 

Solve For 

In ut Data 

Roughness Coefficient 

Channel Slope 

Normal Depth 

Diameter 

Results 

Discharge 

Flow Area 

Wetted Perimeter 

Top Width 

Critical Depth 

Percent Full 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

GVF Input Data 

Downstream Depth 

Length 

Number Of Steps 

GVF Output Data 

Upstream Depth 

Profile Description 

Profile Head less 

Average End Depth Over Rise 

Normal Depth Over Rise 

Downstream Velocity 

Upstream Velocity 

87th St. 48" SD (Thomas to Coronado) 

Manning Formula 

Discharge 

SubCritical 

0.013 

0.00150 tUft 

4.00 ft 

4.00 ft 

55.63 ft' /s 

12.57 ft2 

12.57 ft 

0.00 ft 

2.24 ft 

100.0 % 

0.00411 tUft 

4.43 fUs 

0.30 ft 

4.30 ft 

0.00 

59.84 ft'/s 

55.63 ft' /s 

0.00150 tUft 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

0.00 % 

100.00 % 

Infinity fUs 

Infinity fUs 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .066.00] 

1/25/2008 8:31 :14 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 2 



Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

1/25/2008 8:31 :14 AM 

87th St. 48"' SO (Thomas to Coronado) 

4.00 ft 

2.24 ft 

0.00150 ft/ft 

0.00411 ft/ft 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .066.00] 

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 2 of 2 



84th Pl. 48"' SD (North of Belleview to Granite Reef) 

Friction Method 

Solve For 

Input Data 

tion 

Roughness Coefficient 

Channel Slope 

Normal Depth 

Diameter 

Discharge 

Cross Section Image 

Manning Formula 

Discharge 

4.00 tt ~ .00 ft 

0.013 

0.00200 fUft 

4.00 ft 

4.00 ft 

64.24 ft3/s 

v: 1 b:.. 
H:1 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .066.00] 

1/25/2008 8:42:41 AM 27 Siemens Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1 



84th Pl. 48" SD (North of Belleview to Granite Reef) 

Friction Method 

Solve For 

Input Data 

tion 

Roughness Coefficient 

Channel Slope 

Normal Depth 

Diameter 

Results 

Discharge 

Flow Area 

Wetted Perimeter 

Top Width 

Critical Depth 

Percent Full 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

GVF Input Data 

Downstream Depth 

Length 

Number Of Steps 

GVF Output Data 

Upstream Depth 

Profile Description 

Profile Headless 

Average End Depth Over Rise 

Nonmal Depth Over Rise 

Downstream Velocity 

Upstream Velocity 

Manning Formula 

Discharge 

SubCritical 

0.013 

0.00200 ftlft 

4.00 ft 

4.00 ft 

64.24 ft'/s 

12.57 ft2 

12.57 ft 

0.00 ft 

2.42 ft 

100.0 % 

0.00433 ftlft 

5.11 ftls 

0.41 ft 

4.41 ft 

0.00 

69.10 ft'/s 

64.24 ft'/s 

0.00200 ftlft 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

0.00 % 

100.00 % 

Infinity ftls 

Infinity ftls 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00) 

1/25/2008 8:43:03 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 2 



----- ----

84th Pl. 48" SD (North of Belleview to Granite Reef) 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

1/25/2008 8:43:03 AM 

4.00 ft 

2.42 ft 

0.00200 ft/ft 

0.00433 ft/ft 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00] 

27 Siemens Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 2 of 2 



Granite Reef Rd. 54" SD (84th to south end of Granite Reef) 

Friction Method 

Solve For 

Input Data 

Roughness Coefficient 

Channel Slope 

Normal Depth 

Diameter 

Discharge 

Manning Formula 

Discharge 

0.013 

0.00433 ft/ft 

4.50 ft 

4.50 ft 

129.39 ft3/s 

Cross Section Image 

4.:50 tt 4 .. 50 tt 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .066.00] 

1/25/2008 8:49:39 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1 



Granit e Reef Rd. 54" SD (84th to south end of Granite Reef) 

Project Description 

Friction Method 

Solve For 

Input Data 

Roughness Coefficient 

Channel Slope 

Normal Depth 

Diameter 

Results 

Discharge 

Flow Area 

Wetted Perimeter 

Top Width 

Critical Depth 

Percent Full 

Critica l Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

GVF Input Data 

Downstream Depth 

Length 

Number Of Steps 

GVF Output Data 

Upstream Depth 

Profile Description 

Profile Headless 

Average End Depth Over Rise 

Normal Depth Over Rise 

Downstream Velocity 

Upstream Velocity 

Manning Formula 

Discharge 

SubCritical 

0.013 

0.00433 ftlft 

4.50 ft 

4 .50 ft 

129.39 ft3/s 

15.90 ft2 

14.1 4 ft 

0.00 ft 

3.35 ft 

100.0 % 

0.00531 ftlft 

8.14 ft/s 

1.03 ft 

5.53 ft 

0.00 

139.19 ft3/s 

129.39 ft3/s 

0.00433 ftlft 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

0.00 % 

100.00 % 

Infinity ft/s 

Infinity ft/s 

Bentley Systems, Inc. Haestad Methods Solution Center Bent ley Fl owMaster [08.01.066.00] 

1/25/2008 8:50:02 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 2 



Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

1/25/2008 8:50:02 AM 

4.50 ft 

3.35 ft 

0.00433 ft/ft 

0.00531 ft/ft 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01 .066.00] 

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 2 of 2 
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-~ HEC-RAS Output 

Profile Names: 

-

-

FCDMC 1997- Granite Reef Wash Floodplain Delineation Study (FCDMC May 1997) 
FCDMC 2002 - Granite Reef Wash Drainage Master Plan (FCDMC September 2002) 
BASE6.0UT - Updated base HEC-1 model for this study. 
BASIN6.0UT - Detention basin alternative HEC-1 model. 
PIMASD6.0UT- Pima Road storm drain conduit alternative HEC-1 model. 

River Sta Profile Q Total MinCh El W.S. Elev Crit W.S. 
(cfs) (ft) (ft) (ft) 

2.355 FCDMC 1997 644 1227 1228.59 1228.55 
2.355 FCDMC 2002 874 1227 1228.8 1228.8 
2.355 BASE6.0UT 1057 1227 1228.95 1228.95 
2.355 BASIN6.0UT 1041 1227 1228.95 1228.95 
2.355 PIMASD6.0UT 1 1227 1227.09 1227.09 

2.295 FCDMC 1997 644 1226.3 1227.31 1227.31 
2.295 FCDMC 2002 874 1226.3 1227.42 1227.45 
2.295 BASE6.0UT 1057 1226.3 1227.49 1227.57 
2.295 BASIN6.0UT 1041 1226.3 1227.48 1227.57 
2.295 PIMASD6.0UT 1 1226.3 1226.52 1226.36 

2.218 FCDMC 1997 1240 1223.7 1226.25 1225.49 
2.218 FCDMC 2002 1767 1223.7 1227.06 1225.84 
2.218 BASE6.0UT 1637 1223.7 1226.88 1225.76 
2.218 BASIN6.0UT 1619 1223.7 1226.86 1225.75 
2.218 PIMASD6.0UT 188 1223.7 1224.37 1224.37 

2.208 FCDMC 1997 1240 1222.5 1225.92 
2.208 FCDMC 2002 1767 1222.5 1226.82 
2.208 BASE6.0UT 1637 1222.5 1226.63 
2.208 BASIN6.0UT 1619 1222.5 1226.61 
2.208 PIMASD6.0UT 1 1222.5 1222.55 1222.64 

2.192 FCDMC 1997 1240 1221.4 1226 
2.192 FCDMC 2002 1767 1221.4 1226.88 
2.192 BASE6.0UT 1637 1221.4 1226.7 
2.192 BASIN6.0UT 1619 1221.4 1226.67 
2.192 PIMASD6.0UT 1 1221.4 1221 .67 1221.57 

2.168 FCDMC 1997 1240 1221 .3 1226.01 
2.168 FCDMC 2002 1767 1221 .3 1226.87 
2.168 BASE6.0UT 1637 1221 .3 1226.69 
2.168 BASIN6.0UT 1619 1221 .3 1226.66 
2.168 PIMASD6.0UT 1 1221 .3 1221 .53 1221.43 

P:\06\077\H&H\Hydraul ics\HEC-RAS\HEC-RAS Output.xls 

E.G. Elev 
(ft) 

1229.09 
1229.44 
1229.7 

1229.68 
1227.12 

1227.62 
1227.82 
1227.97 
1227.96 
1226.52 

1226.44 
1227.21 
1227.04 
1227.02 
1224 .61 

1226.36 
1227.16 
1226.98 
1226.96 
1224.17 

1226.23 
1227.06 
1226.88 
1226.86 
1221.68 

1226.14 
1227.01 
1226.83 
1226.8 

1221 .53 

-c • '-
I 

""] 

b 

E.G. Slope Vel Chnl Flow Area Top Width 
Froude #Chi Comments 

(ft/ft) (ftls) (sq ft} (ft) 
0.004282 6.04 145.62 140.87 0.97 FEMA FIS: GRW at Pima Rd . 
0.004519 6.9 175.19 142.95 1.03 HEC-1 ID : RD08 
0.004578 7.44 197.86 144.53 1.05 HEC--1 ID: RD12 
0.00451 7.36 196.84 144.46 1.04 HEC-1 ID: RD12 

0.017117 1.38 0.82 17.9 1.14 Flow.interce_Q_ted at structure #8 (INT8) . 

0.004567 5.32 204.57 336.06 0.97 
0.00518 6.13 244.36 352.36 1.06 

0.005865 6.79 268.25 361 .8 1.13 
0.005908 6.78 264.59 360.37 1.14 
0.000012 0.08 13.13 106.62 0.04 

0.000881 4.33 528.51 374.28 0.49 FEMA FIS: GRW at McDowell Rd . 
0.000544 4.09 863.96 453.9 0.4 HEC-1 ID : CD03 
0.000592 4.12 784.91 433 .06 0.42 HEC -1 ID: CD03 
0.000599 4.12 774.14 427.64 0.42 HEC -1 ID: CD03 
0.00574 4.16 56.21 130.12 0.99 HEC-1 ID: CD03 

0.001362 6.57 368.05 223.39 0.65 
0.000859 6.17 615.98 323 .73 0.54 
0.000924 6.2 556.43 311 .56 0.55 
0.000935 6.2 548.07 305.87 0.56 
2.033023 10.21 0.1 3.83 11 .26 Flow intercepted at structure #9 (INT9). 

0.000536 4.84 622.74 399.75 0.42 
0.00038 4.66 999.14 449.08 0.37 

0.000398 4.65 918.37 433 0.38 
0.000401 4.65 906.86 432.2 0.38 
0.001054 0.7 1.43 10.64 0.34 

0.00034 4.03 802.4 363.79 0.34 
0.000302 4.28 1142.62 413.41 0.33 
0.000304 4 .2 1068.43 409.49 0.33 
0.000305 4.19 1057.79 408.93 0.33 
0.001172 co.n~ 1.38 10.6 0.35 

1/25/2008 



- River Sta Profile 
Q Total MinCh El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width . 

Froude #Chi Comments 
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) 

2.128 FCOMC 1997 1240 1220.75 1224.88 1225.91 0.002151 9.65 266.87 135.27 0.85 
2.128 FCOMC 2002 1767 1220.75 1225.54 1225.54 1226.76 0.002262 10.95 391.61 226.83 0.89 
2.128 BASE6.0UT 1637 1220.75 1225.35 1225.35 1226.58 0.002329 10.82 350.9 212.21 0.9 
2.128 BASIN6 .0UT 1619 1220.75 1225.32 1225.32 1226.55 0.002342 10.8 345.03 211 .37 0.9 
2.128 PIMAS06.0UT 1 1220.75 1220.87 1220.87 1220.91 0.018723 1.68 0.59 10.3 1.24 

2.044 FCOMC 1997 1240 1220.2 1223.94 1223.94 1224.91 0.002247 8.58 258.01 211 .3 0.84 
2.044 FCOMC 2002 1767 1220.2 1224.32 1224.58 1225.64 0.002786 10.29 357.54 278 .33 0.95 
2.044 BASE6.0UT 1637 1220.2 1224.23 1224.47 1225.48 0.002671 9.92 333.56 275.07 0.93 
2.044 BASIN6.0UT 1619 1220.2 1224.22 1224.45 1225.45 0.002648 9.85 330.71 274.68 0.92 
2.044 PIMAS06.0UT 1 1220.2 1220.66 1220.38 1220.66 0.000064 0.25 4.04 17.63 0.09 

1.961 FCOMC 1997 1240 1218.9 1223.37 1221.68 1223.75 0.000665 5.68 393.63 143.48 0.48 
1.961 FCOMC 2002 1799 1218.9 1224.17 1222.42 1224.69 0.000749 6.74 529.9 231 .17 0.52 HEC .. 1 10: CC11 
1.961 BASE6.0UT 1708 1218.9 1224.03 1222.29 1224.55 0.000746 6.61 499.28 231.17 0.52 HEC-1 10: CC11 
1.961 BASIN6.0UT 1689 1218.9 1224.01 1222.26 1224.51 0.000744 6.58 492 .99 231 .17 0.52 HEC-1 10: CC11 
1.961 PIMAS06.0UT 131 1218.9 1220.44 1220.5 0.000374 2.03 95.05 79 0.3 HEC-1 10: CC11 

1.925 FCOMC 1997 1240 1218.7 1222.69 1223.51 0.00169 7.87 252.66 137.93 0.74 
1.925 FCOMC 2002 1799 1218.7 1223.03 1224.37 0.002477 10.14 300.39 137.93 0.91 
1.925 BASE6.0UT 1708 1218.7 1222.98 1224.24 0.002357 9.8 292.95 137.93 0.88 
1.925 BASIN6.0UT 1689 1218.7 1222.96 1224.21 0.002337 9.74 291 .06 137.93 0.88 

- 1.925 PIMAS06.0UT 131 1218.7 1220.19 1219.83 1220.36 0.001494 3.29 40.44 44.43 0.57 ' 

1.879 FCOMC 1997 1240 1218.3 1221 .81- 1221 .81 1222.97 0.002634 9.12 205.34 109 0.9 
1.879 FCOMC 2002 1799 1218.3 1222.7 1222.7 1223.75 0.001928 9.2 403 .12 257 0.81 
1.879 BASE6.0UT 1708 1218.3 1222.61 1222.61 1223.65 0.001926 9.06 380.15 257 0.8 
1.879 BASIN6.0UT 1689 1218.3 1222.59 1222.59 1223.62 0.001921 9.02 375.73 257 0.8 I 

1.879 PIMAS06.0UT 131 1218.3 1219.36 1219.36 1219.71 0.005329 4.79 28.24 44.07 1 

1.81 FCOMC 1997 1240 1217.4 1221.43 1220.68 1221.82 0.000984 6.23 491 .71 262.98 0.57 
1.81 FCOMC 2002 1799 1217.4 1222.42 1221 .23 1222.78 0.000742 6.33 771 .06 296 0.51 
1.81 BASE6.0UT 1708 1217.4 1222.29 1221 .15 1222.65 0.000756 6.27 732.29 296 0.52 
1.81 BASIN6.0UT 1689 1217.4 1222.26 1221 .14 1222.62 0.000763 6.27 722 .5 296 0.52 
1.81 PIMAS06.0UT 131 1217.4 1219.1 1218.5 1219.17 0.000513 2.34 86.35 80 0.35 

1.725 FCOMC 1997 1240 1216.5 1220.46 1221 .24 0.001527 7.72 260.15 115 0.71 
1.725 FCOMC 2002 1843 1216.5 1221 .36 1222.27 0.001429 8.64 408.98 206 0.71 HEC-1 10: CC08 
1.725 BASE6.0UT 1752 1216.5 1221 .22 1222.13 0.001459 8.56 381 .63 196.13 0.71 HEC-1 10: CC08 
1.725 BASIN6.0UT 1730 1216.5 1221 .19 1222.1 0.001466 8.54 375.17 196 0.71 HEC-1 10: CC08 
1.725 PIMAS06.0UT 286 1216.5 1218.46 1218.73 0.001336 4.31 84.18 64.78 0.58 HEC-1 10: CC08 

1.67 FCOMC 1997 1240 1216 1219.79 1220.72 0.001983 8.13 218.78 102 0.79 
1.67 FCOMC 2002 1843 1216 1220.46 1221 .73 0.002218 9.71 294 138 0.86 
1.67 BASE6.0UT 1752 1216 1220.37 1221 .58 0.002186 9.5 281 .78 127.69 0.85 
1.67 BASIN6.0UT 1730 1216 1220.34 1221 .55 0.00218 9.45 278.87 123.38 0.85 
1.67 PIMAS06.0UT 286 ----- 1216 1218 1218.29 0.001677 4.43 75.96 63.5 0.64 

e 
P:\06\077\H&H\Hyd raulics\HEC-RAS\HEC-RAS Output.xls 1/25/2008 



e 

e 

I 

l e 

River Sta Profile 
Q Total MinCh El 

(cfs) (ft) 

1.575 FCOMC 1997 1240 1215.3 
1.575 FCOMC 2002 1843 1215.3 
1.575 BASE6.0UT 1752 1215.3 
1.575 BASIN6 .0UT 1730 1215.3 
1.575 PIMAS06.0UT 286 1215.3 

1.522 FCOMC 1997 1240 1214.8 
1.522 FCOMC 2002 1843 1214.8 
1.522 BASE6.0UT 1752 1214.8 
1.522 BASIN6.0UT 1730 1214.8 
1.522 PIMAS06.0UT 286 1214.8 

1.499 FCOMC 1997 1240 1214.6 
1.499 FCOMC 2002 1843 1214.6 
1.499 BASE6.0UT 1752 1214.6 
1.499 BASIN6.0UT 1730 1214.6 
1.499 PIMAS06.0UT 286 1214.6 

1.438 FCOMC 1997 1240 1213.8 
1.438 FCOMC 2002 1843 1213.8 
1.438 BASE6.0UT 1752 1213.8 
1.438 BASIN6.0UT 1730 1213.8 
1.438 PIMAS06.0UT 286 1213.8 

1.373 FCOMC 1997 1240 1213 
1.373 FCOMC 2002 1843 1213 
1.373 BASE6.0UT 1752 1213 
1.373 BASIN6.0UT 1730 1213 
1.373 PIMAS06.0UT 286 1213 

1.353 FCOMC 1997 1240 1212.8 
1.353 FCOMC 2002 1843 1212.8 
1.353 BASE6.0UT 1752 1212.8 
1.353 BASIN6.0UT 1730 1212.8 
1.353 PIMAS06.0UT 286 1212.8 

1.301 FCOMC 1997 1240 1212.1 
1.301 FCOMC 2002 1895 1212.1 
1.301 BASE6.0UT 1800 1212.1 
1.301 BASIN6.0UT 1780 1212.1 
1.301 PIMAS06.0UT 483 1212.1 

1.262 FCOMC 1997 1240 1212 
1.262 FCOMC 2002 1895 1212 
1.262 BASE6.0UT 1800 1212 
1.262 BASIN6.0UT 1780 1212 
1.262 PIMAS06.0UT 1 1212 

- ------

P:\06\077\H&H\Hydraulics\HEC-RAS\HEC-RAS Output .xls 

W.S. Elev Crit W.S. E.G. Elev E.G. Slope 
(ft) (ft) (ft) (ft/ft) 

1219.15 1219.78 0.001452 
1219.92 1220.68 0.001441 
1219.81 1220.55 0.001451 
1219.78 1220.52 0.001463 
1217.09 1217.39 0.001954 

1218.11 1219.2 0.002641 
1218.99 1220.15 0.002215 
1218.89 1220.02 0.002212 
1218.89 1219.99 0.00216 
1216.38 1216.78 0.002398 

1217.79 1218.89 0.002512 
1218.7 1218.7 1219.89 0.002024 
1218.59 1218.59 1219.77 0.002064 
1218.56 1218.56 1219.74 0.002079 
1216.21 1216.5 0.001711 

1217.56 1218.16 0.001367 
1218.19 1217.78 1218.91 0.001438 
1218.11 1217.71 1218.81 0.001418 
1218.09 1217.69 1218.79 0.001412 
1215.63 1215.93 0.001807 

1216.64 1217.55 0.00218 
1217.65 1218.42 0.001444 
1217.51 1218.3 0.001539 
1217.47 1218.28 0.001562 
1215.19 1215.42 0.001147 

1216.96 1217.23 0.00063 
1217.83 1218.19 0.000662 
1217.71 1218.06 0.000655 
1217.69 1218.02 0.000654 
1215.24 1215.32 0.000306 

1216.34 1216.97 0.001197 
1216.99 1217.87 0.001453 
1216.85 1217.74 0.001508 
1216.8 1217.7 0.001553 

1214.22 1214.22 1214.97 0.003766 

1216.3 1216.48 0.000439 
1216.95 1217.22 0.000558 
1216.8 1217.07 0.000574 
1216.75 1217.02 0.00059 
1211 .96 1212.05 1213.71 17.37347 

Vel Chnl Flow Area Top Width Froude #Chi Comments 
(ftls) (sq ft) (ft) 

7.25 325.73 178.69 0.68 
8.25 472.41 199.48 0.7 
8.13 449 .97 197.9 0.7 
8.12 443 .29 197.43 0.7 
4.65 89.21 78.27 0.68 

9.23 269.49 211 .76 0.91 
9.93 468.71 249.35 0.87 
9.77 444.92 237.76 0.86 
9.65 444.51 237.76 0.85 
5.25 71.23 65.18 0.76 

8.59 306.34 156.59 0.88 
9.2 551.46 324.02 0.82 

9.11 515.89 315.88 0.83 
9.1 506 .52 311 .31 0.83 
4.3 93.13 86.17 0.64 

6.83 347.71 250.63 0.66 
7.85 518 .93 286 0.69 
7.69 496.58 286 0.69 
7.65 491.07 286 0.68 
4.44 73.08 75.52 0.65 

8.25 245.97 177 0.82 
8.1 499.36 302 0.7 

8.16 455.41 302 0.72 
8.17 444.83 300.11 0.72 
3.96 88.51 77.08 0.54 

5.19 601 .37 290.63 0.46 
6.07 891 .88 383.6 0.49 
5.94 847.04 373.5 0.48 
5.91 836.42 370.13 0.48 
2.48 216.44 152 0.29 

6.94 304.91 160.02 0.63 
8.5 441 .51 289.76 0.71 HEC-1 10: CC06 
8.47 402.82 244.81 0.72 HEC-1 10: CC06 
8.53 390.54 222.56 0.73 HEC-1 10: CC06 
7.11 83 .17 70.15 0.97 HEC-1 10: CC06 

4.39 646.8 229 0.38 
5.47 832.63 353.18 0.44 
5.43 783.35 316.37 0.45 
5.46 766.48 294.82 0.45 ' 

0.09 3.25 0 Flow intercepted at structure P11Jif'JT11 ). ] 

1/25/2008 



e River Sta Profile 
Q Total MinCh El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width 

Froude #Chi Comments (cfs) {ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) 
1.239 FCDMC 1997 1240 1210.9 1215.47 1216.11 0.010024 6.88 236.15 200.77 0.69 
1.239 FCDMC 2002 1895 1210.9 1216.83 1217.06 0.002963 4.68 568.2 291 .24 0.39 
1.239 BASE6.0UT 1800 1210.9 1216.67 1216.92 0.003289 4.82 523.61 274.11 0.41 
1.239 BASIN6.0UT 1780 1210.9 1216.61 1216.87 0.0035 4.93 506.66 267.31 0.42 
1.239 PIMASD6.0UT 1 1210.9 1211 .11 1211 .11 1211 .17 0.062203 1.94 0.52 4.5 1.01 

1.224 FCDMC 1997 1240 1206.5 1215.45 1215.58 0.00072 3.15 508.68 264.18 0.21 
1.224 FCDMC 2002 1895 1206.5 1216.79 1216.88 0.000488 2.92 1125.66 554.81 0.18 
1.224 BASE6.0UT 1800 1206.5 1216.63 1216.73 0.000518 2.97 1037.68 543.03 0.18 
1.224 BASIN6.0UT 1780 1206.5 1216.57 1216.67 0.000541 3.02 1002.77 538 .28 0.19 
1.224 PIMASD6.0UT 1 1206.5 1210.89 1206.73 1210.89 0 0.01 117.26 40.34 0 

1.181 FCDMC 1997 1240 1204.95 1215.1 1215.32 0.001357 3.95 360.2 104.82 0.28 
1.181 FCDMC 2002 1895 1204.95 1216.36 1216.63 0.001359 4.47 534.29 181 .82 0.29 
1.181 BASE6.0UT 1800 1204.95 1216.21 1216.47 0.001361 4.42 506.43 181 .82 0.29 
1.181 BASIN6.0UT 1780 1204.95 1216.14 1216.4 0.001398 4.45 493.34 181 .82 0.29 
1.181 PIMASD6.0UT 1 1204.95 1210.89 1210.89 0 0.01 106.72 32.74 0 

1.138 FCDMC 1997 1240 1207.5 1214.81 1215 0.001362 3.54 355.57 84.16 0.28 
1.138 FCDMC 2002 1895 1207.5 1216.03 1216.31 0.00149 4.27 464.37 92.64 0.3 
1.138 BASE6.0UT 1800 1207.5 1215.89 1216.15 0.001456 4.16 451 .6 91 .54 0.29 
1.138 BASIN6.0UT 1780 1207.5 1215.81 1216.08 0.001489 4.17 444.6 91 .21 0.3 
1.138 PIMASD6.0UT 1 1207.5 1210.89 1210.89 0 0.01 116.76 47.33 0 e 1.121 FCDMC 1997 1240 1206 1214.62 1214.87 0.00119 4.16 338.27 75.36 0.27 
1.121 FCDMC 2002 1895 1206 1215.81 1216.15 0.00141 5.01 475.83 134 0.3 
1.121 BASE6.0UT 1800 1206 1215.67 1215.99 0.001395 4.93 456.4 134 0.3 
1.121 BASIN6.0UT 1780 1206 1215.58 1215.91 0.001448 4.98 444.05 134 0.31 
1.121 PIMASD6.0UT 1 1206 1210.89 1210.89 0 0.01 128.3 41 .7 0 

1.115 FCDMC 1997 1240 1205.66 1214.63 1210.04 1214.78 0.001009 3.14 395.37 85.9 0.24 
1.115 FCDMC 2002 1895 1205.66 1215.81 1211 .08 1216.05 0.00123 3.93 482.7 129.85 0.27 
1.115 BASE6.0UT 1800 1205.66 f 2f 5.67J 1210.93 1215.9 0.001194 3.81 472.29 129.85 0.27 
1.115 BASIN6.0UT 1780 1205.66 1215.58 1210.91 1215.81 0.001224 3.82 465.68 129.85 0.27 
1.115 PIMASD6.0UT 1 1205.66 1210.89 1205.84 1210.89 0 0.01 167.34 48.1 0 

1.1115 Bridge Apartment leasing office. 

1.108 FCDMC 1997 1240 1205.6 1214.54 1210.59 1214.69 0.001142 3.07 403.37 118.72 0.25 
1.108 FCDMC 2002 1895 1205.6 1215.46 1211 .57 1215.7 0.001467 3.93 482.6 161 .61 0.29 
1.108 BASE6.0UT 1800 1205.6 1215.36 1211.45 1215.58 0.001405 3.8 474.1 158.81 0.29 
1.108 BASIN6.0UT 1780 1205.6 1215.28 1211.41 1215.51 0.001441 3.81 467.36 156.59 0.29 
1.108 PIMASD6.0UT 1 1205.6 1210.89 1205.83 1210.89 0 0.01 149.23 53.98 0 

e 
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e River Sta Profile 
Q Total MinCh El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width 

Froude #Chi Comments 
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sgf!.) (ft) 

1.101 FCDMC 1997 1240 1205.5 1214.51 1214.65 0.000783 3.61 442.8 97.36 0.23 
1.101 FCDMC 2002 1895 1205.5 1215.39 1215.64 0.00128 4.96 541 .1 132.96 0.29 
1.101 BASE6.0UT 1800 1205.5 1215.3 1215.53 0.001197 4.76 529.06 127.7 0.28 
1.101 BASIN6 .0UT 1780 1205.5 1215.22 1215.45 0.001204 4.75 519.42 123.34 0.28 
1.101 PIMASD6.0UT 1 1205.5 1210.89 1210.89 0 0.01 175.16 61.48 0 

1.084 FCDMC 1997 1240 1205.2 1214.43 1214.58 0.0008 3.63 426.64 87.9 0.23 
1.084 FCDMC 2002 1895 1205.2 1215.27 1215.53 0.001285 4.92 505.67 103 0.29 
1.084 BASE6.0UT 1800 1205.2 1215.18 1215.42 0.001225 4.77 496.48 103 0.28 
1.084 BASIN6 .0UT 1780 1205.2 1215.1 1215.34 0.001259 4.81 487.94 102.76 0.29 
1.084 PIMASD6.0UT 1 1205.2 1210.89 1210.89 0 0.01 173.23 60.94 0 

1.075 FCDMC 1997 1240 1202.6 1214.42 1209.53 1214.55 0.000354 3.81 528 .1 110.07 0.2 
1.075 FCDMC 2002 1895 1202.6 1215.26 1211 .79 1215.47 0.000525 4.87 649.48 196.74 0.24 
1.075 BASE6.0UT 1800 1202.6 12j5J 7 1211.49 1215.36 0.000498 4.72 632.36 182.44 0.23 
1.075 BASIN6.0UT 1780 1202.6 1215.09 1211.44 1215.29 0.000511 4.75 617.63 169.19 0.24 
1.075 PIMASD6.0UT 1 1202.6 1210.89 1202.68 1210.89 0 0.01 99.27 53.8 0 

1.0645 Culvert McDowell Rd. crossing . 

1.054 FCDMC 1997 1417 1202.5 1213.22 1212.9 1213.84 0.001599 7.57 375.33 202.61 0.41 FEMA FIS: GRW at Van Buren St. 
1.054 FCDMC 2002 2204 1202.5 1214.11 1213.75 1214.66 0.001609 8.01 593.54 297.32 0.42 HEC-1 10: CC03 
1.054 BASE6.0UT 2044 1202.5 1214 1213.56 1214.54 0.001542 7.79 562.09 285.66 0.41 HEC-1 10: CC03 

e 1.054 BASIN6.0UT 1953 1202.5 1213.72 1213.47 1214.4 0.001879 8.46 485.35 251 .38 0.45 HEC-1 10: CC03 
1.054 PIMASD6.0UT 334 1202.5 1210.71 1205.44 1210.89 0.000466 3.42 97.75 19.01 0.21 HEC··1 ID: CC03 

1.042 FCDMC 1997 1417 1203.7 1213.4 1213.51 0.000982 3.39 674.38 425.22 0.26 
1.042 FCDMC 2002 2204 1203.7 1214.28 1214.36 0.000683 3.14 1066.79 469.99 0.23 
1.042 BASE6.0UT 2044 1203.7 1214.17 1214.25 0.000676 3.09 1014.1 467.84 0.23 
1.042 BASIN6.0UT 1953 1203.7 1213.93 1214.03 0.000827 3.33 906.86 445.2 0.25 
1.042 PIMASD6.0UT 334 1203.7 1210.68 1210.82 0.001176 3.02 110.41 28.78 0.27 

1.001 FCDMC 1997 1417 1203.7 1213.05 1213.26 0.001142 3.91 472.53 329.81 0.3 
1.001 FCDMC 2002 2204 1203.7 1214 1214.17 0.000944 3.96 841.58 394.99 0.28 
1.001 BASE6.0UT 2044 1203.7 1213.89 1214.06 0.000914 3.86 800.25 394.99 0.27 I 

1.001 BASIN6.0UT 1953 1203.7 1213.56 1213.79 0.00123 4.31 669.25 394.99 0.32 I 

1.001 PIMASD6.0UT 334 1203.7 1210.59 1210.64 0.000494 1.9 177.97 59.17 0.18 

0.966 FCDMC 1997 1417 1203.6 1212.96 1213.07 0.000605 3.19 635.51 231 .14 0.22 
0.966 FCDMC 2002 2204 1203.6 1213.86 1214 0.000696 3.74 935.26 436 .5 0.25 
0.966 BASE6.0UT 2044 1203.6 1213.76 1213.9 0.00065 3.59 895.71 415.12 0.24 
0.966 BASIN6.0UT 1953 1203.6 1213.41 1213.58 0.000804 3.86 764.03 334.24 0.26 
0.966 PIMASD6.0UT 334 1203.6 1210.52 1210.56 0.000319 1.67 237.5 118.62 0.15 

----

e 
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- River Sta Profile 
Q Total MinCh El W.S. Elev Grit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude #Chi Comments 
jcfs) (ft) (ft) (ft) (ft) (tUft) (ft/s) (sq ft) {ft) 

0.915 FCOMC 1997 1417 1203.1 1212.78 1212.91 0.000678 3.47 639 .87 274.5 0.24 
0.915 FCOMC 2002 2204 1203.1 1213.67 1213.82 0.000747 3.96 889.77 283.3 0.25 
0.915 BASE6.0UT 2044 1203.1 1213.59 1213.73 0.000684 3.76 868 .24 282.77 0.24 
0.915 BASIN6.0UT 1953 1203.1 1213.19 1213.36 0.000888 4.13 753.47 279 .92 0.27 
0.915 PIMAS06.0UT 334 1203.1 1210.43 1210.48 0.000329 1.81 214.98 107.64 0.15 

0.883 FCOMC 1997 1417 1203.1 1212.65 1212.79 0.000639 3.46 604.73 294.4 0.23 
0.883 FCOMC 2002 2204 1203.1 1213.53 1213.69 0.000716 3.95 868 .82 305.51 0.24 
0.883 BASE6.0UT 2044 1203.1 1213.47 1213.61 0.000648 3.74 849.96 305.02 0.23 
0.883 BASIN6.0UT 1953 1203.1 1213 1213.2 0.000882 4.2 710.24 301 .38 0.27 
0.883 PIMAS06.0UT 334 1203.1 1210.39 1210.43 0.000204 1.6 226.15 75.13 0.12 

0.865 FCOMC 1997 1417 1202.9 1212.63 1212.73 0.000478 2.99 732.86 297.75 0.2 
0.865 FCOMC 2002 2204 1202.9 1213.5 1213.62 0.00055 3.47 997.6 307.35 0.22 HEC-1 10: CB07 
0.865 BASE6.0UT 2038 1202.9 1213.44 1213.55 0.000492 3.27 979.82 307.06 0.21 HEC-1 10: CB07 
0.865 BASIN6.0UT 1721 1202.9 1213.01 1213.11 0.000506 3.19 846.64 304.87 0.21 HEC-1 10: CB07 
0.865 PIMAS06.0UT 275 1202.9 1210.38 1210.41 0.000145 1.27 238.14 92.04 0.1 HEC-1 10: CB07 

0.857 FCOMC 1997 1417 1208.5 1211 .5 1211 .5 1212.44 0.003014 8.9 280.28 173.03 0.95 
0.857 FCOMC 2002 2204 1208.5 1212.35 1212.35 1213.32 0.00242 9.54 475.36 295.73 0.89 
0.857 BASE6.0UT 2038 1208.5 1211 .95 1211.95 1213.17 0.003404 10.45 362.51 197.69 1.03 
0.857 BASIN6.0UT 1721 1208.5 1211 .83 1211 .83 1212.81 0.002841 9.31 338.93 190.95 0.93 
0.857 PIMAS06.0UT 275 1208.5 1209.82 1209.82 1210.26 0.004184 5.57 63.38 86.34 0.95 

0.821 FCOMC 1997 1417 1207.1 1211 .61 1209.97 1211 .82 0.000547 5.19 687.9 345.14 0.44 - 0.821 FCOMC 2002 2204 1207.1 1212.26 1210.74 1212.57 0.000693 6.41 922.4 367.2 0.5 
0.821 BASE6.0UT 2038 1207.1 1212.14 1210.59 1212.43 0.000664 6.17 877.52 364.49 0.49 
0.821 BASIN6.0UT 1721 1207.1 1211 .89 1210.26 1212.14 0.000606 5.69 785.86 356.67 0.46 
0.821 PIMAS06.0UT 275 1207.1 1209.26 1208.26 1209 .35 0.000451 2.84 175.74 129.83 0.35 

0.786 FCOMC 1997 1417 1206.9 1211.01 1211 .01 1211 .63 0.001449 7.99 460.85 309.32 0.7 
0.786 FCOMC 2002 2204 1206.9 ( 1211.45) 1211.45 1212.31 0.001955 9.94 597.61 311 .52 0.83 
0.786 BASE6.0UT 2038 1206.9 1211 .34 1211 .34 121 2.18 0.001909 9.67 564.78 310.99 0.81 
0.786 BASIN6.0UT 1721 1206.9 1211 .14 1211 .14 1211 .91 0.001784 9.06 501 .19 309.97 0.78 
0.786 PIMAS06.0UT 275 1206.9 1208.97 1208.33 1209.21 0.001057 4.29 92.55 60.44 0.53 

0.729 FCOMC 1997 1417 1206.6 1209.97 1209.64 1210.31 0.001385 6.63 570.65 373.82 0.66 
0.729 FCOMC 2002 2204 1206.6 1210.69 1210.05 1211.03 0.001208 7.1 847.9 411.48 0.63 
0.729 BASE6.0UT 2038 1206.6 1210.55 1209.98 1210.89 0.001241 7.02 789.76 383.87 0.64 
0.729 BASIN6.0UT 1721 1206.6 1210.26 1209.82 1210.6 0.001305 6.83 681 .21 378 .75 0.65 
0.729 PIMAS06.0UT 275 1206.6 1208.08 1208.07 1208.62 0.004111 6.22 59.18 68.87 0.97 

0.674 FCOMC 1997 1417 1205.8 1209.03 1209.03 1209.75 0.002453 8.75 383.22 267.23 0.87 
0.674 FCOMC 2002 2204 1205.8 1209.54 1209.54 1210.46 0.002842 10.41 520.75 271 .31 0.96 
0.674 BASE6.0UT 2038 1205.8 1209.46 1209.46 1210.32 0.00272 10.03 497.86 270.64 0.94 
0.674 BASIN6.0UT 1721 1205.8 1209.26 1209.26 1210.04 0.002559 9.36 444.5 269.06 0.9 
0.674 PIMAS06 .0UT 275 1205.8 1207.69 1207.19 1207.93 0.001248 4.29 95.17 78.6 0.57 

- ---
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te River Sta Profile Q Total MinCh El W.S. Elev Grit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width 
Froude #Chi Comments 

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ftls) (sq ft) (ft) 

0.627 FCOMC 1997 1417 1205.3 1208.01 1208.01 1208.31 0.002196 6.85 515.5 342 .04 0.79 
0.627 FCOMC 2002 2204 1205.3 1208.4 1208.04 1208.84 0.002726 8.46 653.49 356 .02 0.9 
0.627 BASE6.0UT 2038 1205.3 1208.29 1208.01 1208.72 0.002776 8.31 614.02 355.46 0.9 
0.627 BASIN6.0UT 1721 1205.3 1208.02 1208.01 1208.46 0.003156 8.24 520.35 342 .11 0.94 
0.627 PIMAS06.0UT 275 1205.3 1206.92 1206.92 1207.41 0.003847 6 67.83 85.59 0.94 

0.542 FCOMC 1997 1417 1203.2 1205.52 1205.84 1206.94 0.005938 9.73 167.11 108.06 1.25 
0.542 FCOMC 2002 2230 1203.2 1206.68 1206.68 1207.8 0.002647 8.93 359.7 224.59 0.9 HEC-1 10: CB05 
0.542 BASE6.0UT 2092 1203.2 1206.57 1206.57 1207.66 0.002679 8.77 335.29 223.84 0.9 HEC-1 10: CB05 
0.542 BASIN6.0UT 1756 1203.2 1206.26 1206.26 1207.3 0.002859 8.42 272.19 194.72 0.91 HEC-·1 10: CB05 
0.542 PIMAS06.0UT 308 1203.2 1204.31 1204.44 1204.89 0.009058 6.09 51 .62 81.48 1.3 HEC-·1 10: CB05 

0.503 FCOMC 1997 1417 1202.3 1204.37 1204.62 1205.43 0.006847 10.38 286.19 225.67 1.34 
0.503 FCOMC 2002 2247 1202.3 1204.58 1205.22 1206.55 0.011367 14.35 337.3 264.9 1.75 HEC··1 10: CB03 
0.503 BASE6.0UT 2109 1202.3 1204.52 1205.14 1206.41 0.011319 14.03 320.83 252 .93 1.74 HEC-1 10: CB03 
0.503 BASIN6.0UT 1782 1202.3 1204.37 1204.91 1206.05 0.010892 13.08 285.55 225.14 1.69 HEC··1 10: CB03 
0.503 PIMAS06.0UT 391 1202.3 1203.58 1203.58 1203.97 0.004592 5.87 126.52 176.31 1 HEC-1 10: CB03 

0.459 FCOMC 1997 1417 1199.4 <:;1 202.48~ 1201 .91 1203.03 0.002095 7.47 356.48 161.18 0.79 
0.459 FCOMC 2002 2247 1199.4 1203.44 1202.59 1204.14 0.001855 8.56 521 .33 183.43 0.78 
0.459 BASE6.0UT 2109 1199.4 1203.28 1202.48 1203.96 0.001904 8.43 492.64 179.87 0.78 
0.459 BASIN6.0UT 1782 1199.4 1202.9 1202.19 1203.53 0.002033 8.07 424.85 171 .03 0.8 

- 0.459 PIMAS06.0UT 391 1199.4 1200.42 1200.78 1201 .67 0.023556 10.19 63.77 125.79 2.11 

0.421 FCOMC 1997 1417 1198.5 1201 .67' 1202.52 0.002804 8.82 299.78 149.37 0.92 
0.421 FCOMC 2002 2247 1198.5 1202.33 1202.15 1203.6 0.003309 10.98 402.89 170.88 1.03 
0.421 BASE6.0UT 2109 1198.5 1202.24 1202.02 1203.43 0.003182 10.6 388.59 167.04 1.01 
0.421 BASIN6.0UT 1782 1198.5 1202.12 1203.04 0.002586 9.32 368.42 161.47 0.9 
0.421 PIMAS06.0UT 391 1198.5 1200.37 1200.2 1200.72 0.002223 5.24 123.07 121 .69 0.74 

0.369 FCOMC 1997 1417 1197.8 1200.75, 1200.75 1201 .67 0.003304 9.22 294.99 158.84 0.99 
0.369 FCOMC 2002 2247 11 97.8 1201 .59 1201 .59 1202.67 0.002941 10.4 460.47 218.37 0.97 
0.369 BASE6.0UT 2109 1197.8 1201.49 1201.49 1202.54 0.002905 10.16 440.12 217.5 0.96 
0.369 BASIN6.0UT 1782 1197.8 1200.95 1200.95 1202.13 0.003976 10.59 325.91 161 .06 1.1 
0.369 PIMAS06.0UT 391 1197.8 1199.51 1199.51 1199.98 0.003099 5.94 108.29 138.27 0.86 

0.326 FCOMC 1997 1417 1197.4 1200.06 1199.5 1200.57 0.002981 7.98 372 193.28 0.92 
0.326 FCOMC 2002 2247 1197.4 1200.89 1200.2 1201 .52 0.002527 8.98 539.55 209.95 0.89 
0.326 BASE6.0UT 2109 1197.4 1200.75 1200.1 1201.37 0.002642 8.91 510.51 205 0.9 I 

0.326 BASIN6.0UT 1782 1197.4 1200.41 1199.83 1201 .01 0.002924 8.66 441.21 202 .52 0.93 
0.326 PIMAS06 .0UT 391 1197.4 1199.14 1198.31 1199.25 0.001149 3.57 210.25 159.63 0.52 

I 

0.320 FCOMC 1997 1417 1197.3 1199.99 1200.48 0.002186 6.8 418.46 269.5 0.78 
0.320 FCOMC 2002 2247 1197.3 1200.96 1201.4 0.001364 6.77 686.29 289.5 0.66 
0.320 BASE6.0UT 2109 1197.3 1200.81 1201.25 0.001445 6.75 642.72 289.5 0.67 
0.320 BASIN6.0UT 1782 1197.3 1200.43 1200.89 0.001703 6.74 538.07 271 .2 0.71 
0.320 PIMAS06.0UT 391 1197.3 1198.75 1198.75 11 99.15 0.003834 5.43 109.89 182.8 0.91 

,e 
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- River Sta Profile Q Total MinCh El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude #Chi Comments 
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ftls) (sq ft) (ft) 

0.303 FCOMC 1997 1417 1197.3 1199.21 1199.21 1200.13 0.006274 9.05 252 .3 145.25 1.25 
0.303 FCOMC 2002 2247 1197.3 1199.86 1199.86 1201 .1 0.005382 10.48 346.25 145.25 1.22 
0.303 BASE6.0UT 2109 1197.3 1199.76 1199.76 1200.95 0.005509 10.28 331 .24 145 .25 1.23 
0.303 BASIN6.0UT 1782 1197.3 1199.51 1199.51 1200.57 0.005786 9.72 295.61 145.25 1.23 
0.303 PIMAS06.0UT 391 1197.3 1198.05 ... 1198.06 1198.5 0.019019 6.78 86.72 132.61 1.76 

0.288 FCOMC 1997 1417 1190.9 1199.03 1195.28 1199.25 0.000357 4.85 565.06 160.53 0.34 
0.288 FCOMC 2002 2244 1190.9 1200.3 1196.22 1200.58 0.000384 5.69 768.65 160.53 0.36 HEC~ 1 10: CB01 
0.288 BASE6.0UT 2105 1190.9 1200.04 1196.08 1200.32 0.000397 5.64 726.63 160.53 0.37 HEC-1 10: CB01 
0.288 BASIN6.0UT 1782 1190.9 1199.5 1195.71 1199.77 0.000404 5.41 640.41 160.53 0.37 HEC~ 1 10: CB01 
0.288 PIMAS06.0UT 549 1190.9 1196.21 1193.61 1196.31 0.000292 3.25 272.76 74.81 0.29 HEC-1 10: CB01 

0.272 FCOMC 1997 1417 1190.8 1199.11 1193.01 1199.19 0.000148 3.02 710.05 97.21 0.22 
0.272 FCOMC 2002 2244 1190.8 1200.37 1193.05 1200.52 0.000221 4.11 832.02 97.21 0.27 
0.272 BASE6.0UT 2105 1190.8 1200.11 1193.01 1200.25 0.000214 3.97 807.27 97.21 0.27 
0.272 BASIN6.0UT 1782 1190.8 1199.59 1193.01 1199.7 0.000191 3.58 756.07 97.21 0.25 
0.272 PIMAS06.0UT 549 1190.8 1196.25 1193.01 1196.28 0.000075 1.71 457.7 76.82 0.15 

0.257 FCOMC 1997 1417 1189.5 1198.76 1196.74 1199.1 0.000367 6.25 563.34 199 0.36 
0.257 FCOMC 2002 2244 1189.5 1200.1 6 1198.53 1200.46 0.000326 6.47 841.7 199 0.35 
0.257 BASE6.0UT 2105 1189.5 1199.87 1198.43 1200.18 0.000349 6.57 783 .23 199 0.36 
0.257 BASIN6.0UT 1782 1189.5 1199.26 1197.93 1199.61 0.000389 6.66 661.81 199 0.38 1- 0.257 PIMAS06.0UT 549 1189.5 1195.09 1193.36 1196 0.001083 7.64 71 .84 34.48 0.57 

0.244 Culvert SRP well site crossing . 

0.231 FCOMC 1997 1417 1189.2 1198.45 1196.46 1198.54 0.000136 3.79 961.02 289 .7 0.22 
0.231 FCOMC 2002 2244 1189.2 1200.26 1197.1 1200.33 0.0001 3.66 1485.64 289 .7 0.19 
0.231 BASE6.0UT 2105 1189.2 1199.98 1197.02 1200.05 0.000103 3.67 1404.2 289 .7 0.2 
0.231 BASIN6.0UT 1782 1189 .2 1199.3 1196.8 1199.37 0.000115 3.69 1206.16 289.7 0.21 
0.231 PIMAS06.0UT 549 1189.2 1193.92 1193.11 1195.21 0.001947 9.11 60.25 18.24 0.75 

0.225 FCOMC 1997 1417 1188.73 1196.62 1196.49 1198.1 0.002502 10.48 176.47 55 0.73 
0.225 FCOMC 2002 2244 1188.73 1198.04 1197.71 1199.81 0.002501 11.97 254.51 55 0.75 
0.225 BASE6.0UT 2105 1188.73 1197.82 1197.53 1199.54 0.002501 11 .75 242.49 55 0.75 
0.225 BASIN6 .0UT 1782 1188.73 1197.28 1197.07 1198.9 0.002502 11 .19 213 .07 55 0.74 
0.225 PIMAS06.0UT 549 1188.73 1194.01 1192.95 1194.98 0.0025 7.92 69.34 16.81 0.69 

• 
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E. Cost Estimates 

1. Detention Basins Alternative 

GRANITE REEF WASH DRAINAGE STUDY & 
PRELIMINARY DESIGN IMPROVEMENTS 

2. Alternate Flow Path- FCDMC 2002 Alternative Update 

3. PRC Alternative 
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1. Detention Basins Alternative 



I e 

Estimated Implementation Cost 
Detention Basin Alternative: Pima Park 

Item No. Item Description 

1 Excavation 
2 Turf ReplacemenUirrigation 
4 Storm Drain 
5 Interception Structures 
6 lnleUOutlet Structures 
7 Scupper/Weir Structure 
8 Utility Relocation 
9 Asphalt Removal/Replacement 

10 Curb/Gutter Remove/Replace 
11 Sidewalk Remove/Replace 

Units 

CY 
AC 
LF 
EA 
EA 
LS 
LS 
SY 
LF 
SF 

e 
Detention Basin Alternative 

Cost Estimate 

Unit Cost Quantity 

$6.00 11,639 
$65,000.00 2.70 

$125.00 600 
$50,000.00 1 
$15,000.00 2 

$100,000.00 1 
$100,000.00 1 

$20.00 1,089 
$50.00 40 
$75.00 22.2 

Construction-Total 
7% Mobilization 

Sub-Total 
30% Contingency 

Sub-Total 
Rights-of-way 

Environmental Permitting 
Aesthetics/Public Acceptance 

Estimated Implementation Cost 

P:\06\077\Cost Estimates\Detention Basin Alternative\DB Cost Estimate.xls 

Cost 

$69,834 
$175,500 

$75,000 
$50,000 
$30,000 

$100,000 
$100,0001 

$21,780 
$2,000 
$1,665 

$625,779 
$43,805 

$669,584 
$200,875 
$870,459 

$0 
$100,000 

$50,000 
$1,020,459 

I _ --- ---

e 

2/29/2008 



e 

Estimated Implementation Cost 

e 
Detention Basin Alternative 

Cost Estimate 

Detention Basin Alternative: Hohokam Elementary School 

Item No. Item Description Units Unit Cost Quantity 
1 Excavation CY $6.00 23,377 
2 Turf Replacement/Irrigation AC $65,000.00 5.09 
4 Storm Drain LF $125.00 2,300 
5 Interception Structures EA $25,000 .00 10 
6 Inlet/Outlet Structures EA $15,000.00 2 
8 Util ity Relocation LS $100,000.00 1 
9 Asphalt Removal/Replacement SY $20.00 4,844 

10 Curb/Gutter Remove/Replace LF $50.00 40 
11 Sidewalk Remove/Replace SF $75.00 22.2 

Construction-Total 
7% Mobilization 

Sub-Total 
30% Contingency 

Sub-Total 
Rights-of-way 

Environmental Permitting 
Aesthetics/Public Acceptance 

Estimated Implementation Cost 

P:\06\077\Cost Estimates\Detention Basin Alternative\DB Cost Estimate.xls 

e 

Cost 
$140,262 
$330,850 
$287 ,500 
$250,000 

$30,000 
$100 ,000 

$96,880 
$2,000 
$1 ,665 

$1,239,157 
$86,741 

$1,325,898 
$397,769 

$1,723,667 
$381,510 
$100,000 
$100,000 

$2,305,177 

2/29/2008 



e 

Estimated Implementation Cost 
Detention Basin Alternative: Apache Park 

Item No. Item Description 
1 Excavation 
2 Turf ReplacemenUirrigation 
4 Storm Drain 
5 Interception Structures 
6 lnleUOutlet Structures 
8 Utility Relocation 
9 Asphalt Removal/Replacement 

10 Curb/Gutter Remove/Replace 
11 Sidewalk Remove/Replace 

Units 
CY 
AC 
LF 
EA 
EA 
LS 
SY 
LF 
SF 

e 
Detention Basin Alternative 

Cost Estimate 

Unit Cost Quantity 
$6 .00 43,327 

$65,000.00 3.55 
$250 .00 2,590 

$75,000.00 1 
$15,000.00 2 

$100,000.00 1 
$20.00 5,222 
$50.00 40 
$75.00 22.20 

Construction-Total 
7% Mobilization 

Sub-Total 
30% Contingency 

Sub-Total 
Rights-of-way 

Environmental Permitting 
Aesthetics/Public Acceptance 

Estimated Implementation Cost 

P:\06\077\Cost Estimates\Detention Basin Alternative\DB Cost Estimate.xls 

e 

Cost 
$259,962 
$230,750 
$647,500 

$75,000 
$30,000 

$100 ,000 
$104,440 

$2,000 
$1 ,665 

$1,451,317 
$101,592 

$1 ,552,909 
$465,873 

$2,018,782 
$266,123 
$100,000 
$150,000 

$2,534,905 

2/29/2008 
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2. Alternate Flow Path- FCDMC 2002 Alternative Update 



e 
Estimated Implementation Cost 
Channel I Interceptor Alternative 

t~f?;g~~r~J ... ~~r P~i. 
r.~I.¥d • . ~.t;_;;.•,-.... ·1 

~~~~- .; · ~~~. 'J~~~eltJi·io~s'Grirptio'iltllt,·i\tllliJ! r,.·, 1~'"''!:: ,, '~~···:~tt'' ... . . ,,. ~-· .. , ,, ' 
~~~~u- ~f\..;:-'· --~;;.. . , , ·. ~ ~. )\ , -~!.~J-_·;i l ·;. qf;;·~q: ~ 

'4 _ .! ~~ .. Jt·· -~--t~U.~ ~..,..__._~t~~- __ ._ -.x •a..Jl·~·W......_ _ -~~<i....-- · 

1 Excavation 
2 Removal of Structures 
3 Landsca_Qing Costs 
4 Roadway Crossings (Arterial) 
5 Road Crossing (Collector) 
6 Roadway Re-Alignment 
7 Pavement Removal 
8 Outlet Structures 
9 Proposed RCB 

10 Right-of-Way (ROW) Acquisition 
Developed Residential (Homes)* 
Developed Residential (Townhouses)* 
Developed Industrial 
Mobile Home Park 
Mobile Homes* 
Other Buildings 
Commercial/Industrial Buildings 
Undeveloped Commercial 
SRP-MIC Land (Section 12) 

e 
Channel/Interceptor Alternative 

Cost Estimate 

' ·· t;- - ~-·~- ';•;:,,} ,\# ,of.Qwellin,gs to~ .. ~t.- .~-~ .... , rc. ··· ·,·~~.)~. .~ 
. ·:-:' Units '. ~;; . ':!\!l;Jni( CC!Istf . · ;1 

1,1. ~ ' .1.•' ~ · .._be Purm as'ed " .:-~-~---t...u..L --·~··" .IJ.<c-nW~ •. 
C.Y. $5.50 
EA. $50,000.00 
S.F. $3.50 
EA. $50,000.00 
EA. $20,000.00 
L.S. $750,000.00 
S.Y. $4.00 
EA. $50,000.00 
L.S. $1 '150,000.00 

L.S. 94 $28,734,125.00 
L.S. 2 $838,125.00 
AC. $335,000.00 
AC. $135,000.00 
EA. 21 $50,000.00 
EA. 4 $115,000.00 
EA. 2 $100,000.00 
AC. $170,000.00 
AC . $335,000.00 

Sub-Total 123 

... w. __ ·ta\,.; .• 1t~~_{;;, ..... I'll' ·{! ,,.,.,1 
,· :;auantity,_.

1 

;.;\0·-~n- G:r ~A t ., ~~a 
, · t. _ OS ·" _ .o~ 

-~; - _b.- Ji.:·;;··~~ ~. - ~- ~!9!;~~;.;. ~J: 

602,050 $3,311 ,275 
123 $6,150,000 

1,850,560 $6,476,960. 
2 $100,000 
2 $40,000 
1 $750,000 

51,404 $205,616 
3 $150,000 
1 $1 ,150,000 

1 $28,734,125, 
1 $838,125: 
6 $2,010,000 
6 $810,000 

21 $1,312,500 
4 $460,000 
2 $200,000 
5 $850,000 

20 $6,700,000 

$60,248,601 

25% Contingency $15,062,150 
Estimated Implementation Cost $75,310,751 

*Refer to the Property Acquistion table for the breakdown of individual home values . 25% was added to the Assessor's value to 
compensate for the actual value. 
Note: All cost estimate tables were obtained from Alternative 1 (Watercourse Restoration) of the FCDMC's 2002 study on Granite Reef 
Wash. All information was updated to match current values. 
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Property Acquisition 
Single Family, Townhouses, Mobile homes 

Single Family Homes 

Address Parcel No. 

8 8624 E Coronado Rd., Lot 1035 131-46~89 

9 8632 E Coronado Rd., Lot 1036 131-46~90-A 

1 o 8628 E Granada Rd. 131-46~65 

11 8622 E Granada Rd. 131-46~64 

12 8637 E Palm Ln. 131-46~21 

13 8633 E Palm Ln. 131-46~20 

14 8625 E Palm Ln. 131-46~19 

15 8638 E Palm Ln. 131-46~23 

16 8632 E Palm Ln. 1 3 1 -46~24 

17 8628 E Palm Ln. 131-46~25 

18 8624 E Palm Ln. 131-46~26 

19 1834 N 87th St. 131-46~49 

20 8643 E Hubbel St. 131-46~48 

21 8637 E Hubbel St. 131-46~47 

22 8631 E Hubbel St. 131-46-Q46 
23 8650 E Hubbel St. 131-45~54 

24 2010 N 87th Sl 131 -45~55 

25 2018 N 87th St. 131~56 

26 2026 N 87th Sl 131-4~57 

27 2032 N 87th St. 131-45~58 

28 8646 E Hubbel St. 131-45~53 

29 2017 N 86th Pl. 131-45~52 

30 2023 N 86th Pl. 131-4~51 

31 8646 E Dianna Dr. 131-45~50 

32 8640 E Dianna Dr. 131-45~49 

33 8649 E Holly St. 131-4~61 

34 8643 E Holly Sl 131-4~62 

35 8639 E Holly St. 131-45~63 

36 8646 E Holly Sl 131-4~97 

37 8642 E Holly Sl 131~96 

38 8636 E Holly Sl 131-4~95 

39 8654 E Cypress St. 131-46~12 

40 8601 E Oak St. 131-48~11 

41 8607 E Oak St. 131-48~10 

42 861 3 E Oak St. 13 1..-48~09 

43 8619 E Oak Sl 131-48~08 

44 8625 E Oak Sl 131-48~07 

45 8628 E Oak St. 131-42~94 

46 8622 E Oak St. 131 -42~93 

47 8616 E Oak Sl 131-42~92 

48 8619 E Vernon Ave. 131-42~86 

49 8625 E Vernon Ave. 131-42-Q85 
50 8631 E Vernon Ave. 131-42~84 

51 8701 E Vernon Ave. 131 -42~83 

52 8707 E Vernon Ave. 131 -42~82 

53 8713 E Vernon Ave. 131-42~81 

54 8717 E Vernon Ave. 131-42~80 

55 8720 E Vernon Ave. 131-42~79 

56 8716 E Vernon Ave. 131-42~78 

57 8710 E Vernon Ave. 131-42~77 

58 8702 E Vernon Ave. 131-42~76 

59 8632 E Vernon Ave. 131-42~75 

60 8626 E Vernon Ave. 1 31-42~74 

61 8633 E Sheridan St. 131-42~64 

62 8701 E Sheridan St. 131-42~63 

63 8707 E Sheridan St. 131-42~62 

64 8713 E Sheridan St. 131-42~61 

65 8717 E Sheridan St. 131-42~60 

66 8716 E Sheridan Sl 131-42~59 

67 8710 E Sheridan St. 131-42~58 

68 8702 E Sheridan St. 1 31 -42~57 

69 8701 E Lewis Ave. 131-42~49 

70 8707 E Lewis Ave. 131-42~48 

71 8712 E Lewis Ave. 131-42~46 

72 8702 E Lewis Ave. 131-42~45 

73 8701 E Wilshire Dr. 1 31-42~36 

74 8707 E Wilshire Dr. 131 -42~35 

ChanneVInterceptor Alternative 
Cost Estimate 

2008 Assessors Value 
(Full Cash Value) 

$266,600 
$267,200 
$334,000 
$245,500 
$244,500 
$230,000 
$248,500 
$251,000 
$247,500 
$261 ,000 
$231 ,000 
$248,000 
$242,000 
$244,500 
$241,500 
$248,500 
$216,500 
$233,000 
$253,500 
$262,500 
$266,500 
$239,500 
$255,000 
$270,000 
$239,000 
$223,500 
$214,500 
$240,500 
$241 ,000 
$256,500 
$241,000 
$258,500 
$262,500 
$265,000 
$285,000 
$242,500 
$262,000 
$266,000 
$264,500 
$289,000 
$252,500 
$220,500 
$235,500 
$213,500 
$249,500 
$237,000 
$242,500 
$224,000 
$268,500 
$195,500 
$196,500 
$249,000 
$259,000 
$225,500 
$208,000 
$230,000 
$216,000 
$276,500 
$271,000 
$202,500 
$193,500 
$221 ,000 
$249,000 
$266,500 
$235,500 
$236,500 
$261,500 
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Sales Price 
Date #of Dwellings 

Purchased per Bldg 
1 
1 
1 

$142,000 3/1/2003 1 
1 
1 
1 
1 
1 
1 
1 

$159,000 4/1 /2004 1 
1 
1 
1 
1 
1 

$134,900 1/1/2000 1 
$147,000 7/1/2000 1 
$149,900 6/1/2001 1 

1 
$216,500 9/1/2004 1 
$132,900 10/1/1999 1 

1 
1 

$139,300 4/1/2001 1 
$159,900 6/1/2003 1 
$152,000 4/1/2002 1 

1 
$365,000 3/1/2006 1 

1 
1 
1 
1 
1 
1 

$127,000 5/1/1999 1 
$168,000 2/1 /2002 1 

1 
1 
1 
1 
1 
1 

$247,500 1/1/2005 1 
$100,000 4/1/1996 1 

1 
$142,000 5/1 /2002 1 

1 
1 
1 

$151 ,000 7/1/2001 1 
1 
1 

$139,900 8/1 /2003 1 
1 

$85,000 9/1/1999 1 
$145,000 12/1/1998 1 

1 
1 
1 
1 
1 

$199,000 5/1/2004 1 
1 
1 

$102,000 12/1/1996 1 
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Address 

75 8708 E Wilshire Dr. 
76 8702 E Wilshire Dr. 
77 8701 E Virginia Ave. 
78 8709 E Virginia Ave. 
79 8702 E Virginia Ave. 
80 8708 E Virginia Ave. 
81 8714 E Virginia Ave. 
82 8701 E Cambridge Ave. 
83 8707 E Cambridge Ave. 
84 8708 E Cambridge Ave. 
85 8702 E Cambridge Ave. 
86 8701 E Windsor Ave. 
87 8707 E Windsor Ave. 
88 8713 E Windsor Ave. 
89 8710 E Windsor Ave. 
90 8702 E Windsor Ave. 
91 8701 E Roanoke Ave. 
92 8707 E Roanoke Ave. 
93 8711 E Roanoke Ave. 
94 8710 E Roanoke Ave. 
95 8702 E Roanoke Ave. 
96 8701 E Edgemont Ave. 
97 8709 E Edgemont Ave. 

700 No Assessors Information 
701 No Assessors Information 
702 No Assessors Information 
703 No Assessors Information 

Townhouses 

Address 

8521 E McDowell Rd., Lot 13 
8521 E McDowell Rd., Lot B1 
8521 E McDowell Rd., Lot B2 
8521 E McDowell Rd., Lot B3 
8521 E McDowell Rd., LotA1 
8521 E McDowell Rd., Lot A2 
8521 E McDowell Rd., Lot A3 

Mobile Homes 

Address 

Mobile Home Park 

Parcel No. 

13142-034 
13142-033 
13142-002 
13142-001 
13141-135 
13141-136 
13141 -137-B 
13141-115 
13141-114 
13141-113 
13141 -112 
13141-090 
13141-089 
13141-088 
13141-087 
13141-086 
13141-061 
13141-060 
13141-059 
13141-058 
13141-057 
13141-030 
13141-029 

ChanneVInterceptor Alternative 
Cost Estimate 

2008 Assessors Value 
(Full Cash Value) 

$257,000 
$214,000 
$247,500 
$247,000 
$240,000 
$227,500 
$220,500 
$220,500 
$326,500 
$294,500 
$243,000 
$195,000 
$230,000 
$266,000 
$292,500 
$215,000 
$206,500 
$197,500 
$256,500 
$294,000 
$215,000 
$269,000 
$217,000 
$240,000 
$240,000 
$240,000 
$240,000 

Sub-Total $22,987,300 

Sales Price 

$320,000 

$152,590 

$69,000 
$89,300 
$94,900 

$292,000 

$159,900 

$152,000 

$113,000 
$155,000 
$142,500 

$316,000 
$78,000 

Date #of Dwell ings 
Purchased per Bldg 

1 
12/1 /2005 1 

1 
1/1/2004 1 

1 
2/1 /1996 1 
7/1/1997 1 
4/1/1997 1 

1 
1 

6/1/2006 1 
1 

10/1/2003 1 
1 
1 

11/1/2004 1 
1 

9/1/2000 1 
1/1 /2004 1 
2/1/2000 1 

1 
10/1/2005 1 
6/1/1998 1 

1 
1 
1 
1 

25% Adjustmen~---....;$.;.28~,~7.;.34.;.:•.;.1 2.;.5;.,: djustment based on comparison between 
Assessor's values and Zillow.com 

Parc,el No. 
2008 Assessors Value 

Sales Price 
Date #of Dwellings 

(Full Cash Value) Purchased per Bldg 
131 -53-051 $102,500 1 
131-53-007 $102,500 1 
131-53-008 $79,000 1 
131-53-009 $102,500 1 
131-53-001 $102,500 1 
131-53-002 $7g,ooo 1 
131-53-003 $102,500 1 

Sub-Total! $670,5001 
25% Adjustmentlt------$:ic8:::3:-::8:'-,1:-:2:-::15 Adjustment based on comparison between 

Assessor's values and Zillow.com 

Parcel No. 
2008 Assessors Value 

Sales Price 
Date #of Mobile 

(Full Cash Value) Purchased Homes 
$50,000 21 

Sub-Total $1,050,000 
25'Y. Adjustmen~----.;;$.;.1•:.;.3.;.12~,:.;,5.;.00;., ,Adjustment based on comparison between 

Assessor's values and Zillow.com 

Sub-Totals: 
Single Family Homes 
Townhouses 
Mobile Homes 

Total 

$22,987,300 
$670,500 

$1,050,000 

x25% 
$30,884,7 50 

Note: Refer to FCDMC's 2002 study for additional ownership information. ID 700 and greater indicates one or several homes with no Assessors 
information. For Townhomes the Parcel No. and Address shown are for one building only. 

P:\06\077\H&H\Hydraul ics\3. Channel-Interceptor Alt\Cost Estimate.xls 6/14/2007 



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

• 

• 

• 



3. PRC Alternative 

1-



• 

• 

• 



City of Scottsdale 
GRANITE REEF WASH WA TE.r~SHED FLOOD MITIGATION 

• Pima Road Conduit and Interception Structures 

Quantities 

Conduit Costs 

ADOT For average Reach Total Conduit ADOT Table Total 
No. of D/S Table Use Length Length B-02.10 Qtv Unit Cost 

Start End Direction Section Size Shape Barrels Fill Heiaht B-02.10 Table Material (If) {If) lcv/lfl TcVl Unit ($/per) Total 

Osborn/86th Osborn/87th WE 10'x4' Box 1 0 I I Concrete 540 540 1.102 595 cy $425 $252,909 

Osborn/87th Osborn/Alley WE 10'x5' Box 1 1 I I Concrete 560 560 1.182 662 cy $425 $281 ,316 

Osborn/Alley Osborn/Pima FR WE S'x6' Box 1 3 I I Concrete 140 140 0.746 104 cy $425 $44,387 

Osborn/Pima FR Fairmount Ave/Pima FR SN 72 CIPP 2 3 nla nla Concrete 1,860 3,720 nla nla If $288 $1,071 ,360 

Osborn/Pima FR Earii/Pima FR NS 72 CIPP 2 3 nla nla Concrete 1,230 2,460 nla nla If $288 $708,480 

EarlV86th EariVPima FR WE 6'x4' Box 1 0 I I Concrete 1,160 1,160 0.691 802 cy $425 $340,663 

EarlVPima FR Thomas/Pima NS 102 CIPP 2 4 nla nla Concrete 1,310 2,620 nla nla If $408 $1 ,068,960 

Thomas/87th Thomas/Pima WE 54 RCP 2 8 nla nla Concrete 255 510 nla nla If $270 $137,700 

Thomas/Pima McDoweJVPima NS 120 CJPP 2 8 nla nla Concrete 5,280 10,560 nla nla If $480 $5,068,800 

McDoweJVCoronado McDoweiVPima WE 72 CIPP 2 16 nla nla Concrete 1,745 3,490 nla nla If $288 $1,005,120 

McDoweiVPima McKellips/Pima NS 120 CJPP 2 15 nla nla Concrete 5 ,280 10,560 nla nla If $480 $5,068,800 

McKelliRsiPima Salt River/Pima Align NS 12'x16' Box 1 12 v IV Concrete 4,550 4,550 3.165 14,401 cv $425 $6 ,120,319 
40,870 16,564 Stonm Drain: $21,168,814 

Interception Structures Unit Costs Right-of-way 

Qty Penmanent 
leal Unit Unit Cost Total Structural Easement 

Salt River CSA Penetration/Reconstruction 1 LS $75,000 $75,000 CIPP Class IV RCP Concrete SRPMICROW Area Unit Cost 

Outlet Structure 1 LS $50,000 $50,000 Unit Cost Unit Cost Unit Cost Unit Cost RTclhts-of Wav Limits (SRPMIC _(acres) $/acres) 

Flap Gate 1 LS $25,000 $25,000 ($/dia inch) ($1dia inch) ($/cy) ($/acres) From Earll to Roosevelt 4.85 $886,446 $4,297,920 
Pima Road a{ McKellips Interception Structures 0 LS $100,000 $0 $4.00 $5.00 $425 $886,446 From Roosevelt to Salt River 5.38 $886,446 $4 ,773,296 

Pima Road at McDowell Drop Structure/Junction Structure 1 LS $175,000 $175,000 X Total 10.23 $9,071 ,216 

Pima Road Conduit Appurtenances Pipe Penetrations 330 EA $750 $247,500 320 

Manholes 105 EA $5,000 $525,000 102 Cost Summary & Totals 

McDowe/VCoronado Park Interception Structure 1 LS $155,000 $155,000 X 

Junction Structure 1 LS $45,000 $45,000 Stonm Drain- Interception Structure Total $23,666,314 

Thomas/87th Transverse Grate/Curb Openino 1 LS $75,000 $75,000 Mobilization 7.00% $1 ,656,642 

Thomas/Pima Curb/Gutter Grates 1 LS $210,000 $210,000 X Sub-Total $25,322,956 

Ear/V86th Transverse Grates 1 LS $75,000 $75,000 Contingency 30.00% $7,596 ,887 

Ear/V87th Transverse Grates 1 LS $125,000 $125,000 X Sub-Tota l $32,919,842 

e EartVAIIev Channel Grates 6 LS $15,000 $90,000 Design EngineerinQ 6.50% $2,139,790 

EartVPima Frontage Road Transverse Grate Inlet 1 LS $75,000 $75,000 Rights-of-way $9,071 ,216 

Junction Structure 1 LS $50,000 $50,000 Grand Total $44,130,848 

Osborne/86th Curb/Gutter Grates 1 LS $50,000 $50,000 
Transverse Grate 1 LS $75,000 $75,000 

Osborn/87th Curb/Gutter Grates 1 LS $25,000 $25,000 

Transverse Grate 1 LS $25,000 $25,000 

Osborn/A/lev Transverse Grates 1 LS $25,000 $25,000 
Junction Structure 1 LS $50,000 $50,000 .. 

Pima Frontage (indian School to Osborn) Transverse Grates 2 LS $50,000 $100,000 -
Pima Frontage (Osborn to Earll) Inverted Siohon 1 LS $150,000 $150,000 

Structures: $2,497,500 

Notes: 
Interception Structure estimates anticipate : 

- Pavement, curb, gutter and sidewalk removal/replacement 
-Deeo excavation shoring and protection 

Structural concrete I 
- Design of AASHTO loading Qrate suooort and fabrication 
-Wall and floor th ickness sized for momentum forces during larq e flows 
-Thrust blocking 
-Access barriers 
-Maintenance Access 
- Deep manholes 
-First flush (small flows only) and sedimenVdebri capture 
-Sound wall footing protection 
-Utility protectionladiustments/encasement 
- Traffic ControVShoeflies I 

e 
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City of Scottsdale 

GRANITE REEF WASH WATERSHED FLOOD MITIGATION 

Unit Cost Research 
ADOT Bid Tab Website: www.azdol.gov/e2c21Historica1Price.asox 

Average 
Bid Date Item# Description Project Name Measure Qty State Bidder1 Bidder2 BidderJ Bid 

3/16/2007 601 0005 
Structure Concrete 

Shea Blvd - Loop 1 01 cu.yd. 1063 $ 450 $ 400 $ 410 $ 520 $ 443 
(Class S) (F'c=4,500) 

3/16/2007 6010003 
Structure Concrete 

Shea Blvd - Loop 101 cu.yd. 1345 $ 400 $ 470 $ 550 $ 770 $ 5g7 
(Class S) (F'c=3,500) 

2116/2007 6010005 
Structure Concrete 

Jomax/Dixileta Tl cu.yd. 1358 $ 600 $ 350 $ 400 $ 425 $ 3g2 
(Class S) (F'c=4,500) 

3/16/2007 6010003 
Structure Concrete 

Shea Blvd- Loop 101 cu.yd . 1403 $ 400 $ 470 $ 550 $ 780 $ 600 
(Class S) (F'c=3,500) 

3/30/2007 6010005 
Structure Concrete SR 7 4 Tl , Carefree 

cu.yd . 1449 $ 550 $ 400 $ 600 $ 400 $ 467 
(Class S) (F'c=4,500) Highway 

2/16/2007 6010005 
Structure Concrete 

Jomax/Dixileta Tl cu.yd. 1472 $ 700 $ 525 $ 470 $ 475 $ 490 (Class S) (F'c=4,500) 

2/16/2007 6010003 
Structure Concrete 

Jomax/Dixileta Tl cu.yd. 1861 $ 600 $ 360 $ 410 $ 425 $ 398 
(Class S) (F'c=3,500l 

3/16/2007 6010005 
Structure Concrete 

Shea Blvd- Loop 101 cu.yd. 2486 $ 500 $ 430 $ 420 $ 630 $ 493 
(Class S) (F'c=4,500) 

3/30/2007 6010003 
Structure Concrete SR 74 Tl, Carefree 

cu.yd. 2530 $ 450 $ 280 $ 450 $ 350 $ 360 (Class S) (F'c=3,500) Highway 

3/16/2007 6010005 
Structure Concrete 

Shea Blvd - Loop 101 cu.yd. 2533 $ 500 $ 430 $ 420 $ 650 $ 500 
(Class S) (F'c=4,500) 

Total Average: $ 474 

- ADOT -Structural Concrete-Phoenix District-2007 Bids I 
Use Based on Proj . Qty. $ 425 

-
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GRANITE REEF WASH DRAINAGE STUDY & 
PRELIMINARY DESIGN IMPROVEMENTS 

F. General Documentation and Correspondence 

PSOMAS F 



------------
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Jason Kelley 

From: Amir Motamedi - FCDX [amm@mail.maricopa .gov] 

Sent: Wednesday, November 21 , 2007 3:02 PM 

To: Strosnider, Scott 

Cc: Jason Kelley; Afshin Ahouraiyan - FCDX; Jul ie Cox - FCDX; Thomas Loomis- FCDX 

Subject: RE: Granite Reef Wash 

Scott, 

The Flood Control District will be formally adopting the NOAA 14 point rainfall data once the 
new Drainage Design Manuals for Maricopa County are adopted in early spring of 2008. 
With that in mind , Flood Control District has started using NOAA 14 on certain 
studies/designs with the expected completion dates scheduled after the above mentioned 
adoption date. This is also done on a case by case basis , to insure consistent design on 
the storm drainage systems (we don't want to change design parameters half way through 
construction of a channel). 

Generally speaking , the end result of any hydrologic model should be calibrated and 
verified , regardless of rainfall data used. We usually do this by calibrating against actual 
events , or against other statistical and regression data. Even though we have no objection 
to your consultant investigating the effects of NOAA 14 on the design flows of the proposed 
storm drain system, we have very little data to calibrate and verify the "new" results. 

Given the history of Granite Reef Wash hydrology and the many different peak discharges 
developed to date, and lack of certainty for these discharge estimates, it is our thought that 
generating new flows would not be very productive at this time, unless we have the data 
and the means to verify the new results . 

Hope this answers your question , and please do not hesitate to contact me if I can be of 
any assistance. 

Amir M. Motamedi, P.E. 
Hydrology and Hydraulics Branch Manager 
Flood Control District of Maricopa County 
Tele:(602) 506-4871 
Fax: (602) 506-4601 

Web site: www.fcd.maricopa.gov 

From: Strosnider, Scott [mailto:SStrosnider@Scottsdaleaz.gov] 
Sent: Thursday, November 08, 2007 12:40 PM 
To: Amir Motamedi - FCDX 
Cc: Jason Kelley 
Subject: Granite Reef Wash 

Amir, 

1/14/2008 
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Quick question for you . Now that the district is accepting NOM Atlas 14 rainfall data, should we update the 
Granite reef HEC-1 model from NOM 2 to reflect the better rainfall data? I want to make sure the district is 
comfortable and accepting of this update before we do it. 
Thank you, 

Scott Strosnider, P.E. , CFM 
Sr. Stormwater Engineer 
City of Scottsdale 
7447 E. Indian School Road , Suite 205 
Scottsdale, AZ 85251 
(480) 312-7055 
Fax: (480) 312-7971 
SStrosnider@ScottsdaleAZ.gov 
www.ScottsdaleAZ..gov 

111 4/2008 



Flood Control District 
of Maricopa County 

Date: July 20, 2007 

To: Afshin Ahouraiyan, P .E. 
Planning and Project Management Division 

From: Julie Cox, Senior Hydrologist 
Engineering Division 

Subject: Granite ReefWashHEC1 Model Revisions byPSOMAS 

INTEROFACE MEMORANDUM 

I have reviewed the following items prepared and submitted by PSOMAS: 

HEC 1 input and output files BASE6.DAT and BASE6.0UT, Excel spreadsheets, narrative 
descriptions of changes to the model and HE C 1 schematic changes to the model. My comments 
are listed below. 

Hydrology/Hydraulics Comments 

1. The warning message for the route RE03W states "FDKRUTWARNING TIME S1EP 
CALCULATION FAILED TO ffiNVERGE. STABILI1Y PROBLEMS MAY RESULT." 
The problem lies within the finite difference calculations of the kinematic wave routing method. 
Elimination of this warning message can be achieved by changing NDXMIN on the RK record. I 
recommend that the consultant use a value of 5 or greater for NDXMIN. 

2. The warning message for sub-basins G04, D07, and CD7 states "WARNING EXCESS AT 
PONDING LESS TIIANO FOR PERIOD. EXCESS SET TO ZERO." This warning message is 
not an indication of model instability and can be disregarded. 

3. Run the model with IO = 3. The warning message for multiple routings states "WARNING 
MODIFIED PULS ROUTING MAY BE NUMERICALLY UNSTABLE FOR OUTFLOWS 
BE1WEEN AND . THE ROUTED HYDROGRAPH SHOULD BE EXAMINED FOR 
OSOLLATIONS OR OUTFLOWS GREATER TIIANPEAK INFLOWS. TI-llS CANBE 
ffiRRECfED BY DECREASING THE TIME INTERVAL OR INCREASING STORAGE 
(USE A LONGER REAm) ." 

I recommend that the consultant take the following steps to evaluate the warning messages: 

a. Compare the routed peak discharge to the range listed in the warning message. 
b. Compare the routed peak discharge to the inflow peak discharge to determine if an increase 
resulted due to the routing computations. 
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c. Plot the routed hydrograph and check for oscillations if either Item a. or b. above is a concern. 

4. A 20% clogging factor was applied to the existing pipe flows. I recommend that the consultant 
model the existing pipe flows without applying a clogging factor. For the new (proposed) storm 
drain design, I recommend using an appropriate clogging factor for the inlets. This will entail 
changing DI/DQ records . 

5. The PSOMAS report (when submitted) should state that HEG 1 Version 4.1- June 1998 was 
used. 

6. There are statements throughout the model that say "See the detention calculations in the 
Appendix", "See diversion calculation in Appendix D of Hydrology Report", and "The storage 
calculations can be found in the Appendix". Please modify the statements to say "See the __ 
calculations in Appendix D of the Data Collection Notebook Granite Reef Wash Drainage Master 
Plan (Entellus April2002). 

7. Pipe routing RFOSW is described as a 66" dia. (5.5' dia) RCJ> with a slope of 0.004 ft/ft. If this is 
correct, please change Fields 2 and 6 of the RK record to reflect this. 

8. Both pipes RF05W and RF07W are reinforced concrete pipes. Why were different n values of 
0.02 and 0.013 used? Please evaluate and change n values as necessary. 

9. For pipe routings (examples RF07W and RE02'W), I recommend that the consultant use 
kinematic wave rather than Muskingum-Omge routing. Please use the RK record instead of the RD 
record. 

10. Please check the rating table and input data for diversion DD13. At elevation 1234.98 ft in the 
rating table, the DQ record for Earll Drive is 3.0 cfs. I don't have the Flowrnaster report to check, 
but I believe the entry in Column 2 of the DQ record in the model should be between 2.0 and 2.5 
cfs. 

11. Both the diversion and retrieval symbols show DOl, rather than DDOl, on Plate 4-2. Please 
change symbols to DDOl. I believe the consultant already caught this. 

Please stop by or call me at 602-506-8401 if you have any questions. 

2801 West Durango Street Phoenix, Arizona 85009 P®ne: 602-506-1501 Fax : 602-506-4601 



PSOMAS 

City of Scottsdale 
Granite Reef Wash Drainage Study and Preliminary Design 

Responses to FCDMC Review Comments for Base Hydrology 
(Notes/Responses are in bold) 

Note: The original model (GR6CIS.dat) was approved by the FCD. All 
updates/ changes were based on the methods and procedures used in the .Data 
Collection Note/Joo.k Granite Ree/!Pasb .Drainage Alaster .Plan (April2002). 

1. The warning message for the route RE03W states "FDKRUTWARNING TIME STEP 
CALOJLATION FAILED TO CDNVERGE. STABIUTY PROBLEMS MAY 
RESULT." The problem lies within the finite difference calculations of the kinematic wave 
routing method. Elimination of this warning message can be achieved by changing 
NDXMIN on the RK record. I recommend that the consultant use a value of 5 or greater 
for NDXMIN. Corrected. Warning message was resolved. 

2. The warning message for sub-basins G04, D07, and CD7 states "WARNING EXCESS 
ATPONDING LESS THANO FOR PERIOD. EXCESS SET TO ZERO." This warning 
message is not an indication of model instability and can be disregarded. 

3. Rnn the model with IO = 3. The warning message for multiple routings states 
"WARNING MODIFIED PULS ROUTING MAYBE NUMERICALLY UNSTABLE 
FOR OUTFLOWS BETWEEN AND . 1HE ROUTED HYDROGRAPH 
SHOULD BE EXAMINED FOR OSOLLATIONS OR OUTFLOWS GREATER 
THAN PEAK INFLOWS. THIS CAN BE CDRRECTED BY DECREASING 1HE 
TIME INTERVAL OR INCREASING STORAGE (USE A LONGER REAQ-l) ." 

I recommend that the consultant take the following steps to evaluate the warning messages: 

a. Compare the routed peak discharge to the range listed in the warning message. 
b. Compare the routed peak discharge to the inflow peak discharge to determine if an 
increase resulted due to the routing computations. 
c. Plot the routed hydrograph and check for oscillations if either Item a. or b. above is a 
concern. Checked. Most routes were found to contain this message and have flows 
within the range. Only RC06 had an outflow larger than the inflow. The plot was 
checked and no oscillations were found. 

4. A 20% clogging factor was applied to the existing pipe flows. I recommend that the 
consultant model the existing pipe flows without applying a clogging factor. For the new 
(proposed) storm drain design, I recommend using an appropriate clogging factor for the 
inlets. This will entail changing DI/DQ records. 20% clogging factor was used in the 
original approved FCD model. Updated model was not changed. 

5. The PSOMAS report (when submitted) should state that HEC1 Version 4.1- Jnne 1998 
was used. Will comply. 
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PSOMAS 

6. There are statements throughout the model that say "See the detention calculations in the 
Appendix", "See diversion calculation in Appendix D of Hydrology Report", and "The 
storage calculations can be found in the Appendix". Please modify the statements to say 
"See the __ calculations in Appendix D of the Data Collection Notebook Granite Reef 
Wash Drainage Master Plan (Entellus April2002). Complied. All mentioned statements 
were revised. 

7. Pipe routing RFOSW is described as a 66" dia. (5.5' dia) Rcr with a slope of 0.004 ft/ft. 
If this is correct, please change Fields 2 and 6 of the RK record to reflect this. Corrected. 

8. Both pipes RFOSW and RF07W are reinforced concrete pipes. Why were different n 
values of 0.02 and 0.013 used? Please evaluate and change n values as necessary. Values 
were from original approved FCD model. Will change n value to 0.013. 

9. For pipe routings (examples RF07W and RE02"W), I recommend that the consultant use 
kinematic wave rather than Muskingum-Omge routing. Please use the RK record instead of 
the RD record. Routing was based on original approved FCD model. Updated model 
was not changed. 

10. Please check the rating table and input data for diversion DD13 . At elevation 1234.98 ft 
in the rating table, the DQ record for Earll Drive is 3.0 cfs. I don't have the Flowrnaster 
report to check, but I believe the entry in Column 2 of the DQ record in the model should 
be between 2.0 and 2.5 cfs. Corrected. 3.0 changed to 2.0 cfs. 

11. Both the diversion and retrieval symbols show DOl, rather than DDOl, on Plate 4-2. 
Please change symbols to DD01. I believe the consultant already caught this. Corrected. 
DOl changed to DD01. 
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G. Survey Field Notes 

PSOMAS G 

GRANITE REEF WASH DRAINAGE STUDY & 
PRELIMINARY DESIGN IMPROVEMENTS 



1CI1, 896809.959, 707517.516, 
1121.982, GDACS CONTROL 
cos 4254, 904931.6, 704986.8, 
1/2"RB IN HOLE DOWN 0.4 1 

cos 4364, 899644.9, 704955.5, 
BCHH 
cos 5014, 894356.7, 704906.0, 
BCHH 
cos 5122, 891721.5, 707529.9, 
ADOT BCHH DOWN 0.5 1 

GRW SURVEY CONTROL 
1219.461, 33027 1 55.08162"N, 111053' 31. 24288"W, 

1238.13, 33029'15.427"N, 111054 I 01. 097"w, 1140.71, 

1226.95, 33028' 23 .130"N, 111054'01.476"W, 1129.49, 

1202.64, 33027' 30. 818"N, 111054 1 02.070"W, 1105.14, 

1192.13' 33027 1 04.746"N, 111053 I 31.111"W' 1094.62, 

AVALON, 903335.996, 707387.696, 1231.520, 33028'59.63874"N, 111053 1 32.75715"W, 
1134.083, 3" COS BC FLUSH w/PUNCH NO ID 
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GRW PANEL COORDINATES - COS GROUND 
710,905731.282,702995.738,1241.503,MCS * 3/4" COTTON PICKER SPINDLE FL 
711,905718.690,704990.349,1239.496,MCS * 3/4" COTTON PICKER SPINDLE FL 
712,905690.791,707321.039,1237.684,MCS * 3/4" COTTON PICKER SPINDLE FL 
715,903832.859,705255.150,1235.157,MCS * 3/4" COTTON PICKER SPINDLE FL 
716,903833.750,702956.882,1236.154,MCS * 3/4" COTTON PICKER SPINDLE FL 
717,902018.001,703046 . 912,1232.164,MCS * 3/4" COTTON PICKER SPINDLE FL 
718,901996.164,705159.587,1231.893,MCS * 3/4" COTTON PICKER SPINDLE FL 
719,901994.764,707279.919,1223.220,MCS * 3/4" COTTON PICKER SPINDLE FL 
721,900326 . 954,706846.164,1218.431,MCS * 3/4" COTTON PICKER SPINDLE FL 
723,898063.467,706749.856,1218.391,MCS * 3/4" COTTON PICKER SPINDLE FL 
725,896046.010,706756.569,1215.003,MCS * 3/4" COTTON PICKER SPINDLE FL 
727,893845.185,706781.137,1193.822,MCS * 3/4" COTTON PICKER SPINDLE FL 
736,885174.330,708645 . 182,1190.756,MPK * MAGNAIL FL IN AC 
735,885671.735,706769.265,1192.851,MPK * MAGNAIL FL IN AC 
713,905718.535,708077.368,1236.826,MIR * 1/2" RB w/PUNCH FL 
714,904029.690,707999.712,1234.152,MIR * 1/2" RB w/PUNCH FL 
720,901945.660,708032.939,1210.995,MPK * MAGNAIL FL IN AC 
722,900337.141,708634.453,1214.974,MNL * CONC NAIL FL IN CONC 
724,898186.887,708641.789,1233.863,MNL * CONC NAIL FL IN CONC 
726,895940.656,708587.722,1226.203,MPK * MAGNAIL FL IN AC 
728,893838.954,708631.285,1193.960,MIR * 1/2" RB w/PUNCH FL 
730,891689.816,708605.860,1194.677,MPK * MAGNAIL FL IN AC 
731,889517.968,706752.162,1186.913,MIR * 1/2" RB w/PUNCH FL 
729,891724.307,706810.235,1191.520,MPK * MAGNAIL FL IN AC 
733,887373.884,706737.212,1180.105,MIR * 1/2" RB w/PUNCH FL 
734,887379.125,708668.876,1158.265,MIR * 1/2" RB W/PUNCH FL 
732,889535.396,708107.972,1191.599,MIR * 1/2" RB w/PUNCH FL 
737,892681.451,702975.984,1190.786,MCS * 3/4" COTTON SPINDLE FL 
738,892725.277,704762.354,1193.879,MCS * 3/4" COTTON SPINDLE FL 
739,892704.315,706757.279,1191.884,MCS * 3/4" COTTON SPINDLE FL e 740,891832.202,702255.653,1191.234,MPK * MAGNAIL FL IN AC 
741,890592.377,702231.340,1188.172,MPK * MAGNAIL FL IN AC 
742,889534.395 , 703478.742,1182.347,MIR * 1/2" RB w/PUNCH FL 
743,889529.824,704859.577,1185.112,MIR * 1/2" RB w/PUNCH FL 
744,888432.630,702183.441,1180.716 , MPK * MAGNAIL FL IN AC 
745,886351.988,702301.920 ,1178.455,MIR * 1/2" RB w/PUNCH FL 
746,886549.235,702971.128,1172.992,MIR * 1/2" RB w/PUNCH FL 
747,886596.827,704845.741,1170.739,MIR * 1/2" RB w/PUNCH FL 
748,886736.935,706639.163,1153.423,MIR * 1/2" RB w/PUNCH FL 
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• H. Electronic Files 

PSOMAS H 

GRANITE REEF WASH DRAINAGE STUDY & 
PRELIMINARY DESIGN IMPROVEMENTS 


