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Alternative location for the 88" Street Detention Basin 

Due to the rapid development in the project area, it seemed possible that the 88" Street 
and McDowell location may be developed prior to the District's ability to purchase the 
land and reserve it for a detention basin. Given this possibility, the District requested that 
an alternative location for this basin be identified and some preliminary analysis be done 
to determine the viability of the site and its ability to integrate with the other elements in 
the Recommended Drainage Alternative. 

An alternative site was identified at the northeast comer of the intersection of Hawes 
Road and Culver Street (see conceptual drawing on accompanying pages). The basin 
would be located in the southwest corner of a privately owned parcel approximately 40 
acres in size (a very small portion of the parcel in the northeast comer is owned by the 
City of Mesa but is not required). 

Preliminary evaluation of the topography, contours, and Hydrology in the area indicate 
that this is a viable alternative location for the 88" Street Detention Basin. Please refer to 
the attached documentation for additional information including a StormCAD model of 
the revised storm drain alignments. 



Scenario: Base 

Title: McDoweil Rd-Hawes to Sossaman Project Engineer: Network Administrator 
w:\ ... \hydrauliw\storm cad\mcdowsouthoptionI.stm Wood Patel 8 Associates StormCAD "4.1 . I  (4.20141 
09126102 08:23:47 AM O Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06706 USA +I-203-755-1660 Page 1 of 1 



Scenario: Base 

Pipe Report 

Title: McDowell Rd-Hawes to Sossaman 
w:\ ... \hvdrauliCS\Storm cad\mcdowsoutho~tionl.stm Wood Patel 8 Associates 

Project Engineer: Network Administrator 
StormCAD "4.11 14.20141 
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Wood.,Patel & Associates, Inc. 

* - Diven flow into o&e barin "SS380" before combining with flow fcom "380. 
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W:\1999Projects\99989-Spook Hill ADMP Update\Hy&ology\Level2\Sumrnary.~b3 Pnnt Date 16-May-01 



Wocd, Patel & Associates, Inc. 
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W:\1999Projects\99989-Spook Hill ADMP Update\Hyd1ology\Level2\Su~.wb3 Print Date 16-May-01 



Wood, Patel &Associates, Inc. 

Spook Hill ADMP Level 11 Alternative Summary - Peak Flows II 

W:\1999Projects\99989-Spmk Hill ADMP UpdateWydrologyVRve12\S~.wb3 Print Date 16-May-01 



'32~d!~arkl & Associates, Inc. 

* - Diven flow into offline bssin "SS380" kiore combining with flow from "380". 

W:!!YWProjccrs\99989-S~mk Hill ADMP Update\Hydr(~logyV.eve12\Sunimiuy.wh~ Pr~nr D ~ L C  26-May-01 I 



Wood, Pate1 & .Associates. Inc. 
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W~\1999Projects\Y99X9-Spr,ok Hill ADMP Update\Hy&ologyUcvel2\Summary.wh3 Pnnt Date 26-May-OI 
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Wood, Patei & Assoc~ates. Inc. 

I Spook Hill ADMP Level I1 Alternative summary - Peak Flows I1 I 
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S ~ o o k  HillADMS U ~ d a t e  June 14,2001 
Flood Control District of Maricopa County WIF h' 99989 

FCD 99-43 
McKolli~s Road Alieoment 

Option MDZPMMKZ. 
Landscaped Earthen Channel Option (APPROXIMATED) 

MAJOR ELEMENTS: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 

1 Channel Excavation $4.00 CY 4,944 $19,777 

2 Drop Structures $310 CY 341 $105,847 

3 Splilier Structures $60,000 EA 1 $60.000 

4 Culverts $310 CY 46 $14,384 

5 Baisn Excavation $4 CY 177,467 $709,867 

SUBTOTAL MAJOR ELEMENTS $909,874 

CONTINGENCIES: 
Construction 35% $318,456 
Engineering 7% $63,691 
Const~uction Admln 6% $54,592 

TOTAL MAJOR ELEMENTS $1 ,346,614 

ADDITIONAL ELEMENTS: 

ITEM DESCRIPTION UNITPRICE UNIT QUANTITY AMOUNT 

I Landxaping (Channel &Basins) $1.10 SF 492,296 $541,526 

2 Fence $12 LF 14,800 $177,600 

3 Utility Relocations (W & S) $8,000 EA 0 $0 

SUBTOTAL ADDITIONAL ELEMENTS $719,126 

CONTINGENCIES: 
Construction 35% $251,694 
Engineering 7% $50,339 
Consmctian Admin 6% $43,148 

TOTAL ADDITIONAL ELEMENTS $1,064,306 

LAND ACOUISITION: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 

1 Channel Lsnd Acquisition $16,000 AC 1.9 $30,848 

2 Basin Land Acquisition $14,300 AC 10.0 $143,000 

SUBTOTAL LAND ACQUlSlTlON $173,848 

CONTINGENCIES : 25% $43,462 

TOTAL LAND ACQUISITION $217,310 

Note Flow for this optton (with Mcdowell mJ Pzs h.11 Diversion is place) floxrs arc abaul20% of 
existing flo\rr For appoxtmatioo, caimatcd qunntttics hwe brtn reduced to 20% of existing 





S ~ o o k  Hill ADMS U ~ d a l e  
Flood Control District of Maricopa County 
FCD 99-43 

Alternative to Pass Mountain 
Opiion ECZMDZE 

Landseaped Earthen Channel Option 

August 1,2001 
wm # 99989 

MAJOR ELEMENTS: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 

1 Channel Excavation $4.00 CY 297,402 $1,189,608 

2 Drop Stmchlres $310 CY 21,059 $6,528,303 

3 Splitter Slmchlres $60,000 EA 4 $240,000 

5 Basin Excavation $4 CY 250,067 $1,000,267 

SUBTOTAL MAJOR ELEhlENTS $9,783,707 

CONTINGENCIES: 
Construction 35% $3,424,298 
Engineering 7% $684,860 
Construction Admin 6% $587,022 

TOTAL MAJOR ELEMENTS $14,479,887 

ADDITIONAL ELEMENTS: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 

1 Landscaping (Channel & Basins $1.10 SF 3,005,734 $3,306,307 

2 Fence $12 LF 67,580 $810,960 

3 Utility Relocations (W & S) $8,000 EA 2 $16,000 

SUBTOTAL ADDITIONAL ELEMENTS $4,133,267 

CONTINGENCIES: 
Consauction 35% $1,446,644 
Engineering 7% $289,329 
Constmction Admin 6% $247,996 

TOTAL ADDITIONAL ELEMENTS $6,117,236 

LAND ACOUISITION: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 

1 Channel Land Acquisition $88,774 AC 78.53 $6,971,422 

2 Basin Land Acquisition $24,200 AC 18.62 $450,604 

SUBTOTAL LAND ACQUISITION $7,422,026 

CONTINGENCIES : 25% $1,855,507 

TOTAL LAND ACQUISITION $9,277,533 

TOTAL $29,874,655 



Land Takes 
A l t e m d l v ~  to Pass Mountain 

Level II 
Take 1T.P. PaMI  Am. Pamel Depthof Take Ann Taka Area LandVal". 

Segment Panure Parcel orN) (arrrr) WiOIhlft) T ~ k e l n )  (arms) 1%) If)  Conl l )  

channel 
Chsnnal 
Channel 
Channel 
Channsl 
Channel 
channel 
Channel 
Channsl 
Channel 
Cnannol 
Channel 
Channel 
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3a Channel 21921-0270 T 1.09 l O O O O X  1180,500 SIM.500 
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l a  Cnannd 2 1 8 . 2 ~ 0 2 8 ~  T 0.90 100.001 1180,500 It80,SW 
38 Channel 219.2W28N T 0.88 1W.OOPL 1208,BWI 1208.600 
)a Channel 218-2?-028E T <.I7 100.WX 1118,000 St70,OW 
3s ~nannsl 21926028J T 1.31 100.00% 1<18.10 $179,000 
3a Channml 210.2?-0298 P 2.82 I BS 107 0.49 17.2iX 1158,500 $27.3% 
3s Channel 218-BO28C P 1.88 $32 101 0.32 17.25% 181,SOO 111,124 
38 Channel 21926030A P 2.31 161 107 0.41 (7.32% 1112.500 UB.878 
3% Channel 218-2%0311\ P 2.36 $65 301 0.41 17.26% I I Y . 6 W  $19,197 11.410.297 
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Soook HillADMS Updote 
Flood Control District of Maricopa County 
FCD 99-43 

S ~ o o k  Hill Floodwav Channel Desien 
File: New-Geo 

Revised Incised Concrete Channel with Gabion Outlet 

May 7,2001 
WE' # 99989 

MAJOR ELEMENTS: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 

1 Concrete Channel $310 CY 14,300 $4,433,000 

2 Channel Excavation $4 CY 68,000 $272,000 

3 Gabion Channel Lining $75 CY 14,600 $1,095,000 

4 Concrete Bridge $60 SF 6,400 $384,000 

SUBTOTAL MAJOR ELEMENTS $6,184,000 

CONTINGENCIES: 
Construction 35% $2,164,400 
Engineering 7% $432,880 
Construction Admin 6% $371,040 

TOTAL MAJOR ELEMENTS $9,152,320 

ADDITIONAL ELEMENTS: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 

1 Box Culvert Removal (Thomas Rd) $100,000 Job 1 $100,000 

2 Utility Relocations (W & S) $8,000 EA 0 $0 

SUBTOTAL ADDITIONAL ELEMENTS $IOO,OOO 

CONTINGENCIES: 
Construction 35% $35,000 
Engineering 7% $7,000 
Construction Admin 6% $6,000 

TOTAL ADDITIONAL ELEMENTS $148,000 

LAND ACOUISITION: 

ITEM DESCRIPTION UNITPRICE UNIT QUANTITY AMOUNT 

1 Channel Land Acquisition $0 AC 0.00 $0 

2 Basin Land Acquisition $0 AC 0.00 $0 

SUBTOTAL LAND ACQUISITTON $0 

CONTINGENCIES : 25% $0 

TOTAL LAND ACQUISITION $0 

TOTAL $9,300,320 





Wood, Pate1 & Associates, Inc. 

Spook Hill FRS Channel Design - New-Geo 

Concrete and channel excavation Quantities based on HEC RAS Model. W:\1999 Projects\99989-Spook Hill ADMP Update\Hydraulics\sh-nj6\new-geo.prj 
Outlet Sta 95+48 to 122+50 - Existing channel profile to be used. Channel to be gabion lined from Sta 95+48 to Sta 122+50 
Channel will have an incised Concrete U channel from Sta 122+50 to Sta 200+00 Channel will be lined to the Freeboard Elevation which is 2. above WSEL 

Concrete and Excavation 

Gabion Ret Wall Channel 
Thickness Thickness Thickness 

Gabion and Excavation Sub-total 14,282.0 39,057.4 53,339.4 

2 I 1 I 0.50 I 1.00 1 2.0 1 2.0 1 2.0 1 2.0 

Chan Slab Concrete Concrete 
Thickness h/v (I) hlv (r) 

Quantify Summary 

Total Excavation 67,918 CY 
Total Concrete 14,282 CY 
Total Gabions 14,578 CY 

Gabion 

W:\1999Projects\99989-Spook Hill ADMP Update\Hydraulics\SH~NJ6WewWGeo\NewGeo.wb3 

Sub-total 14,578.5 14,578.5 

Print Date 07-May-01 



1 in Horiz. = 3000 fl 1 in Vert. = 8 fl 

















Wood, Patel& Ass*, hc. 

Print Date 30-Mar-01 



Wood, Patel &Associates, Inc. 

W:\l999Projects\99989-Spook Hill AI)MF' Update\HydroloM"\Level2\Summa1y.wb3 Print Date 17-Apr-Ol 

- 
Spook Hill ADMP Level I1 Alternative Summary - Peak Flows 



- - 

Wood, Pate1 &Associates, Inc. 

W:\l999Projects\99989-Spook Hill ADMP Update\Hydrology\Level2\Summary.~b3 Print Date 17-Apr-01 







Spook Hill ADMP Update - Option NJ6 Plan: 100-yr 24-hr Flow 
RS = 41000 Upstream 
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Spook Hill ADMP Update - Option NJ6 Plan: 100-yr 24-hr Flow 
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Spook Hill ADMP Update - Option NJ6 Plan: 100-yr 24-hr Flow 
RS = 26500 800's Hermosa Vista 
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Spook Hill ADMP Update - Option NJ6 Plan: 100-yr 24;hr Flow 
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Spook Hill ADMP Update - Option NJ6 Plan: 100-yr 24-hr Flow 
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Spook Hill ADMP Update - Option NJ6 Plan: 100-yr 24-hr Flow 
RS = 14373 
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Spook Hill ADMP Update - Option NJ6 Plan: 100-yr 24-hr Flow 
RS = 12600 
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Spook Hill ADMP Update - Option NJ6 Plan: 100-yr 24-hr Flow 
RS = 10000 

1560- .012+.0f2+-2 

EG No.1 
.......... ......... 

1558- Crit No.1 

WS No.1 

Ground 
1556- Bank Sta 

?z 
c 
0 1554.. 
z 
iii 

1552- 

1550- 

1548- I 

160 170 180 190 200 210 220 230 240 

Station (It) 



Spodc Hill ADMP Update - OptionNJ6 Plan::lQp)ir -. . M7hrF16* ,, ...,. .,. -;: 
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Spook Hill ADMP Update - Option NJ6 Plan: 100-yr 24-hr Flow 
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HEC-RAS Plan: 100yr Flow Rivec Spook Hill Reach: Channel Profile: No.1 
Reach I Riiersta I QTO~~I  I Min ~h EI I W.S. E I ~ V  / CritW.S. / E.G. Elev / E.G. Slope / Vel Chnl I ~ o w ~ r e a  I TOP Width I Froude#Chl I Maxchl ~ p t h  

I I (cts) I (fi) I (ft) I (fi) I (n) I (wn) I (ftls) I (sq R) I (n) I I (fi) 
Channel /41000 1 2800.00/ 1582.751 1588.891 1585.58 1589.131 0.000811/ 4.101 726.731 136.821 0.29 1 6.14 





Spook Hill ADMP Update - Option NJ6 Plan: lOOyr 24-hr Flow 
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Spook Hill ADMP Update - Option NJ6 Plan: 100-yr 24-hr Flow 
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Channel /26000.' 1 4300.00/ 1573.511 1580.051 / 1580.271 0.0004881 3.821 1174.601 199.241 0.261 6.54 
Channel /26500 1 4300.001 1573.821 1580.29 1 / 1580.521 0.000505/ 3.871 1161.41 / 198.&1/ 0.271 6.47 
Channel /27000.' 1 4300.001 1574.131 1580.541 I 1580.771 0.000522/ 3.901 1149.601 198.481 0.271 6.41 

HEC-RAS Plan: 100yr Flow River: Spook Hill Reach. Channel Profile: No.1 
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Spook Hill ADMP Update - EC24B-R Model Plan: 100-yr 24-hr Flow 
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Woodmatel 

Spook Hill ADMS Update 

Flood Control District of Maricopa County 
FCD 99-43 

McKelliDs Road Alienment 
Option EC2MK2E 

Landscaped Earthen Channel Option 

May 14,2001 
WIP # 99989 

MAJOR ELEMENTS: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 

I Channel Excavation $4.00 CY 24,721 $98,884 

3 Spliner Structures $60,000 EA 3 $180,000 

4 Culverts $310 CY 232 $71,920 

5 Baisn Excavation $4 CY 189,567 $758,267 

SUBTOTAL MAJOR ELEMENTS $1,638,305 

CONTINGENCIES: 
Construction 35% $573,407 
Engineering 7% $114,681 
Construction Admin 6% $98,298 

TOTAL MAJOR ELEMENTS $2,424,691 

ADDITIONAL ELEMENTS: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 

1 Landscaping (Channel & Basins $1.10 SF 936,882 $1,030,570 

2 Fence $12 LF 14,800 $177,600 

3 utility ~elocations-(W & S) $8,000 EA 0 $0 

SUBTOTAL ADDITIONAL ELEMENTS $1,208,170 

CONTINGENCIES: 
Construction 35% $422,859 
Engineering 7% $84,572 
Construction Admin 6% $72,490 

TOTAL ADDITIONAL ELEMENTS $1,788,091 

LAND ACOUISIl7ON: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 

1 Channel Land Acquisition $16,000 AC 9.64 $154,240 

2 Basin Land Acquisition $14,300 AC 15.0 $214,500 

SUBTOTAL LAND ACQUISlllON $368,740 

CONTINGENCIES : 25% $92,185 

TOTAL LAND ACQUISITION $460325 

TOTAL $4,673,708 



Land Takes 
Mckellips Road Opt ion 2E Earthen Channel 

Level  II 
Parcel Take 

Take (T, Area Parcel Depthof Area 
Segment Feature Parcel P, or N) (acres) Width (fl) Take (ft) (acres) 

Take Land 
Area (%) Value ($) Cost ($) 

Channel 21949-2H 
Channel 21949-2H 
Channel 11011°C 
Channel 2S4I-W 
Channel 24&%&? 
Channel 2l&%43 
Channel 24&%42 
Channel 24&%&? 
Channel WL%l4J 
Channel 219-26-7A 
Channel 219-26-6 
Channel 219-26-6 
Channel 219-2648 
Channel 219-2648 
Channel 219-2648 
Channel 219-2648 
Channel 219-26-3H 
Channel 19-26-107 
Channel 19-26107 

9 Channel 19-26-96E P 3.77 620 44 0.63 
10 Channel 19-2EllR P 14.98 800 44 0.81 

3 Basin 21949-21.1 P 75.22 470 470 5.07 

11 Basin 219-26-7A P 36.88 660 660 10.00 

Total (ac) 24.71 







Spook Hill ADMS Update 
Flood Control District ofMaricopa County 
FCD 99-43 

McKelli~s Road Alienment 
Option ECZMKlC 

Lsndseaped Earthen Channel Option 

May 15,2001 
W E  # 99989 

MAJOR ELEMENTS: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 

1 Channel Excavation $4.00 CY 46,182 $184,727 

2 Drop Structures $310 CY 2,643 $819,180 

3 Splitter Struchlres $60,000 EA 2 $120,000 

4 Culverts $310 CY 675 $209,250 

5 Baisn Excavation $4 CY 24,200 $96,800 

SUBTOTAL MAJOR ELEMENTS $1,429,957 

COFTINGENCIES: 
Construction 35% $500,4485 
Engineering 7% $100,097 
Construction Admi 6% $85,797 

TOTAL MAJOR ELEMENTS $2,116,336 

ADDITIONAL ELEMENTS: 

ITEM DESCRIPTION UNlTPRICE UNIT QUANTITY AMOUNT 

1 Landscaping (Channel &Basins $1.10 SF 622,500 $684,750 

2 Fence $12 LF 14,800 $177,600 

3 Utility Relocations (W & S) $8,000 EA 0 $0 

SUBTOTAL ADDITIONAL ELEMENTS $862,350 

CONTINGENCIES: 
Construction 35% $301,823 
Engineering 7% $60,365 
Construction Admin 6% $51,741 

TOTAL ADDITIONAL ELEMENTS $1,276J78 

LAND ACOUISITION: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 

1 Channel Land Acquisition $18,200 . AC 12.0 $218,400 

2 Basin Land Acquisition $5,100 AC 5.0 $25,500 

SUBTOTAL LAND ACQUISITION $243,900 

TOTAL LAND ACQUISITION $304,875 

TOTAL $3,697,489 



Level 11 
Take (T, P, Parcel Area Parcel Wldth Deplh of Take Area Take Area Land Value 

Segment Feature Parcel orN) (acres) (ft) Take (ft) (acres) (%) (8 cost 6) 

Channel 21949-2H P 
Channel 21449-2H P 
Channel P 
Channel 2.Wa-44 P 
Channel 2l04WZ P 
Channel %%3&43 P 
Channel ZU&42 P 
Channel avJa+6? P 
Channel 2KUl-40 P 
Channel 219-267A P 
Channel 219-256 P 
Channel 219-256 P 
Channel 219-2848 P 
Channel 219-2848 P 
Channel 219-2648 P 
Channel 2192848 P 
Channel 219-263H P 
Channel 219-25107 P 
Channel 219-26107 P 
Channel 219-2696E P 
Channel 21925-11R P 

Bask3 31PZ6-ZP, e 

Channel Total (ec) 11.95 $217.403 

3 Baoln 219492H P 75.22 470 470 5.07 6.74% $376,100 $25.356 $25.356 

Basin Tdal (ac) 5.07 







Spook Hill ADMS Updofe 
Flood Control District of Maricopa County 
FCD 99-43 

McDowell Road Alienment 
Option ECZMDZE 

Landscaped Earthen Channel Option 

May 18,2001 
WR # 99989 

MAJOR ELEMENTS: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 

1 Channel Excavation $4.00 CY 86,458 $345,831 

2 Drop Structures $310 CY 10,154 $3,147,838 

3 Splitter Structures $60,000 EA 4 $240,000 

4 Culverts $310 CY 1,389 $430,590 

5 Basin Excavation $4 CY 250,067 $1,000,267 

SUBTOTAL MAJOR ELEMENTS $5,164,525 

CONTINGENCIES: 
Construction 35% $1,807,584 
Engineering 7% $361,517 
Construction Admin 6% $309,872 

TOTAL MAJOR ELEMENTS $7,643,498 

ADDITIONAL ELEMENTS: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 

$1.10 SF 1,746,717 $1,921,389 

2 Fence $12 LF 36,780 $441,360 

3 Utility Relocations (W & S) $8,000 EA 2 $16,000 

SUBTOTAL ADDITIONAL ELEMENTS $2,378,749 

CONTINGENCIES: 
Construction 35% $832,562 
Engineering 7% $166,512 
Construction Admin 6% $142,725 

TOTAL ADDITIONAL ELEMENTS $3,520,548 

LAND ACOUISITION: 

ITEM DESCRIPTION UNlT PRICE UNIT QUANTITY AMOUNT 

1 Channel Land ~ c ~ u i s y  $89,088 AC 34.26 $3,052,155 

2 Basin Land Acquisition $24,411 AC 18.62 $454,533 

SUBTOTAL LAND ACQUISITION $3,506,688 

TOTAL LAND ACQUISITION $4,383,360 

TOTAL $15,547,405 







Land Takes 
MCDOWBI Road Option Ze Earthen Channel 

Level I1 
Take IT. P, Panel Area Panel Md th  Deplhof Take Area 

Panel or N) (acres) (R) Take(R) (acres) 
Take Area Landvalue 

1%) ($1 CosLl$l Segment 

Channel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channd 
Channel 
Channsl 
Chennel 
Channel 
Channel 
Channd 

Channsl 
Channel 
Channel 
Channel 
Channel 
Channel 
Channsl 
Channel 
Channel 
Channel 
Channel 
Channel 
Chennd 

Chsnnsl 21422412C P 2.35 165 80 0.30 
Channel 214224128 P 2.35 165 60 0.30 
Chsnnd 21422423C T 0.87 
Channel 219-22423E T 1.33 
Channel 218-220220 P 2.03 305 80 0.56 
Chsnnd 21422MlA P 4.20 330 80 0.61 
Channd 21422MOC P 4.48 420 80 0.77 
Channel 21922419H P 1.81 190 60 0.35 
Channe4 219-22418Q T 0.93 
Chtnnd 218.22018L T 0.8 
Channd 21422424B T 0.8 
Channel 219224240 P 1.89 130 80 0.24 

Basin 21933M7A P 

Besin 219-194K P 

Channel 21P33M7A P 

Channel 219-31M)4E T 
Channel 21931M)4F T 
Channel 21931M)4C P 

Channel 219-2W3M P 
Channel 21924003P T 
Channel 21924001H P 
Channel 219-240010 P 

Basin 219-2W3N T 

Channel 210-2W3R P 
Channel 218-24003V T 
Channel 219-24003U T 
Channd 219.24M140 P 
Chsnnel 21914004F T 
Channsl 219.240040 T 

Total (ac) 52.86 

Basln(ac) 46.62 

Channel (sc) 34.26 



Spook Hill ADMS U~dnle  
Flood Control District of Marieopa County 
FCD 99-43 

MeDowell Road Alienment 
Option EC2MD3E 

Landscaped Earthen Channel Option 

April 30,2001 
WIT # 99989 

MAJOR ELEMENTS: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 

1 Channel Excavation $4.00 CY 115,365 $461,460 

2 h o p  Struchlres $310 CY 14,437 $4,475,431 

3 Splitter Structures $60,000 EA 4 $240,000 

4 Culverts $310 CY 608 $188,356 

5 Basin Excavation $4 CY 250,067 $1,000,267 

SUBTOTAL MAJOR ELEMENTS $6,365,514 

CONTINGENCIES: 
Conshuction . . 
Engineering 7% $445,586 
Conshuction Admin 6% $381,931 

TOTAL MAJOR ELEMENTS $9,420,961 

ADDITIONAL ELEMENTS: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 

1 Landscaping (Channel & Basins $1.10 SF 2,174,115 $2,391,526 

2 Fence $12 LF 47,340 $568,080 

3 Utility Relocations OK&S) $8,000 EA 2 $16,000 

SUBTOTAL ADDITIONAL ELEMENTS $2,975,606 

CON77NGENCIES: 
Construction 35% $1,041,462 
Engineering 7% $208,292 
Conshuction Admin 6% $178,536 

TOTAL ADDITIONAL ELEMENTS $4,403,897 

LAND ACOUISITION: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTlTY AMOUNT 

1 Channel Land Acquisition $202,850 AC 18.40 $3,732,440 

2 Basin Land Acquisition $24200 AC 18.62 $450,604 

SUBTOTAL LAND ACQLlISlTlON $4,183,044 

CONTINGENCIES : 25% $1,045,761 

TOTAL LAND ACQUlSITION $5,228,805 

TOTAL $19,053,663 





Land Takes 
McDowell Road Option 3e Earthen Channel 

Level I1 
Take (T. P, Parcel Area Parcel Wldth Depth of Take Area Take Area Land Value 

Parcel orN) (acres) (it) Take (it) (acres) (?A] $ 1  Cost ($) Segment Feature 

Channel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 

Channel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel. 
Channel 
Channel 
Channel 

Channel 219-22-012C P 
Channel 219-22-0128 P 
Channel 219-22-023C T 
Channel 219-22-023E T 
Channel 219-22-0220 P 
Channel 219-22421A P 
Channel 219-22-02OC P 
Channel 219-22-018H P 
Channel 219-22-0180 T 
Channel 219-22-018L T 
Channel 219-22-0248 T 
Channel 21422-024D P 

Channel 21435027A P 19.28 1246 

Channel 219-31-W4E T 
Channel 21P31-004F T 
Channel 219-31-W4C P 7.81 660 

Channel 219-24403M P 4.70 330 
Channel 219-24-003P T 
Channel 219-24-001H P 37.90 635 
Channel 219-24-0010 P 8.90 625 

Basin 219.24-003N T 9.39 620 

Channel 219-24403R P 5.00 330 



5 Channel 219.24-003V T 
Channel 21824-003u T 
Channel 219-24-0040 P 

5 Channel 21824-oo4F T 
5 Channel 21824-004D T 

8s Channel 21821.88 P 
8a Channel 21821-19B T 
88 Channel 21821-17C T 
8a Channel 21821-15 P 
8a Channel 21821-13 P 
8a Channel 21821-118 P 
8a Channel 21821-1OC P 

8b Channel 218204 P 
8b Channel 2182B3 P 
8b Channel 2182B2H P 
8b Channel 2182B2G P 

8c Channel 219-20-20 P 

Total (ac] 

Basin (gc) 

Channel (ac) 





Woodmatel 

Suook Hill ADMS Uudote 
Flood Control District of Maricopa County 
FCD 99-43 

Pass Mountain BermIChannel 
Level I1 Concept Analysis Opinion of Probable Costs 

Earthen BermIChanncl 

April 26,2001 
W E  # 99989 

MAJOR ELEMENTS: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 

1 Channel Excavation $4.00 CY 107,048 $428,190 

2 Berm Earthwork $2.00 CY 22,080 $44,160 

3 Drop Structures $310 CY 699 $216,659 

4 Culverts 5310 CY 254 $78,740 

SUBTOTAL MAJOR E L E m S  $767,749 

CONTINGENCIES: 
Construction 35% $268,712 
Construction Admin 6% $46,065 

TOTAL MAJOR ELEMENTS $1,082,526 

ADDITIONAL ELEMEWS: 

ITEM DESCRIPTION UNITPRICE UNIT QUANTITY AMOUNT 

1 Landscaping 51.10 SF 996,000 51,095,600 

2 Fence $12 LF 14,720 $176,640 

3 Utility Relocations $8,000 EA 0 $0 

SUBTOTAL ADDIllONAL ELEMENTS $1,272,240 

CONTINGENCIES: 
Construction 35% $445,284 
Construction Admin 6% $76,334 

TOTAL ADDITIONAL ELEMENTS $1,793,858 

LAND ACOUISITION: 

ITEM DESCRlPTION UNITPRKE UNIT QUANTITY AMOUNT 

1 Channel Land Acquisition $43,560 AC 22.9 $996,000 

2 Basin Land Acquisition $0 AC 0 $0 

SUBTOTAL LAND ACQUISITION $996,000 

CONTINGENCIES : 25% $249,000 

TOTAL LAND ACQUISITION $1J45,000 

TOTAL $4,121,384 



BOX CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

April 26, 2001 

................................................................................ 

PROGRAM INPUT DATA 
DESCRIPTION VALUE 

.......................................... Culvert Span (ft). 
Culvert Rise (ft) ........................................... 
FHWA Chart Number ........................................... 

................ FHWA Scale Number (Type of Culvert Entrance) 
................... Manning's Roughness Coefficient (n-value) 

................ Entrance Loss Coefficient of Culvert Opening 
......................................... Culvert Length (ft) 

Invert Elevation at Downstream end of Culvert (ft) .......... 
Invert Elevation at Upstream end of Culvert (it) ............ 

....................................... Culvert Slope (ft/ft) 

Starting Flow Rate (cfs) ................................ 
Incremental Flow Rate (cfs) ............................. 
Ending Flow Rate (cfs) .................................. 
Starting Tailwater Depth (ft) ............................... 

............................ Incremental Tailwater Depth (ft) 
Ending Tailwater Depth (ft) ................................. 

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet 

(2:: Depth Inlet Outlet Depth Depth Outlet Velocity 
(ft) Control Control (ft) (ft) (ft) (fps) ................................................................................ 

140.0 3.7 2.94 3.91 1.56 1.83 3.0 4.67 

................................................................................ 

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996 
Dodson & Associates, Inc., 5629 FM 1960 West, Suite 314, Houston, TX 77069 
Phone:(281)440-3787, Fax:(281)440-4742, Email:software@dodson-hydro.com 
All Rights Reserved. 
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Woodmatel 

Suook Hill ADMS Uudate 
Flood Control District of Maricopa County 
FCD 99-43 

Sienal Butte Prinei~sl Spillwnv Modification 

May 1,2001 
WR # 99989 

MAJOR ELEMENTS: 

ITEM DESCRlPTlON UNIT PRICE UNIT QUANTITY AMOUNT 
1 Concrete Spillway Onlet, box ,outlet, etc.) $450 CY 201 $90,585 

2 Grouted Riprap $45 SY 645 $29,025 

3 Handrail $50 LF 64 $3,200 

4 Fence $11 LF 215 $2,365 

5 Walkway $100 LF 25 $2,500 

6 Removals (Spillway, Riprap, Headwalls, etc.) $50,000 EA 1 $50,000 

SUBTOTAL MAJOR ELEMENTS $177,675 

CONllNGENCIES: 
Construction 35% $62,186 
Engineering 7% $12,437 
Consvuction Admin 6% $10,661 

TOTAL MAJOR ELEMENTS 16262,959 

W:ll999Pr~#~*i99989~Sp~~k Hill ADMP UpdosLFpreodshae~lCmt~~imi~~~WLttta~~ Cml AmIydblLevel IllsigngniB~~~e Spillwayxls-Eorthan Channel 
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BOX CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

May 2, 2001 

................................................................................ ................................................................................ 
PROGRAM INPUT DATA 

DESCRIPTION VALUE 

........................................... Culvert Span (ft) 
Culvert Rise (ft) ........................................... 
FHWA Chart Number ........................................... 
FHWA Scale Number (Type of Culvert Entrance) ................ 
Manning's Roughness Coefficient (n-value) ................... 
Entrance Loss Coefficient of Culvert Opening ................ 
Culvert Length (ft) ......................................... 
Invert Elevation at Downstream end of Culvert (ft) .......... 
Invert Elevation at Upstream end of Culvert (ft) ............ 

....................................... Culvert Slope (ft/ft) 

.................................... Starting Flow Rate (cfs) 
Incremental Flow Rate (cfs) ................................. 
Ending Flow Rate (cfs) ...................................... 
Starting Tailwater Depth (ft) ............................... 
Incremental Tailwater Depth (ft) ............................ 

................................. Ending Tailwater Depth (ft) 

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet 
Depth Inlet Outlet Depth Depth Outlet Velocity 
(ft) Control Control (ft) (ft) (ft) (~Ps) 

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996 
Dodson 6 Associates, Inc., 5629 E'M 1960 West, Suite 314, Houston, TX 77069 
Phone:(281)440-3787, Fax:(281)440-4742, Email:software@dodson-hydro.com 
All Rights Reserved. 



d:\program files\james\spreadsheets\Trap Channel Lining Quantities.xls 













Wood, Patel Associates, Inc. Spook Hill ADMP - TR-20 Analysis 

TR-20 Output Comparison 
Signal Butte FRS I 

- In z=a c 
Emerg. Spillway 4 2 $# 
crest = 1712.40 fi 2 - J S W  
Top of Dam = m z: 5 

C .- a 0 .- 
1721.77 ft .- m 

ESH 

FBH 

10-day PSH 

WPA #99989 

Page 6 of 6 

Maximum Stage (ft) 
Peak Inflow (ds) 
Inflow Volume (ac-ft) 
Peak Storage (ac-ft) 
Peak Outflow (ds) 

1713.17 ft 
4577.8 
2667.2 
1479.6 
303.5 

171 1.17 ft 
5628.4 
3146.8 
1250.2 
600.7 

(2.00 ft) 
22.950% 
17.981% 
(15.504%) 
97.924% 



Ash Patel 

From: 

To: 
Subject: 

Rick Hiner 
Monday, April 30,2001 10:35 AM 
Ash Patel 
RE: Signal Butte 

Based on the original design survey data (NGVD '29): 

Emergency Spillway Crest = 1712.4 
Original 100-year HW Elevation = 1712.63 
W/Pass Mntn & 4X Spillway = 1709.50 

Based on the new survey data (NGVD '88): 

Emergency Spillway Crest = 1714.63 
Original 100-year HW Elevation = 1714.86 
W/Pass Mntn & 4X Spillway = 1711.73 

-----Original Message----- 
Fmm: Ash Patd 
Sent: Monday, April 30,2001 10:24 AM 
To: Rick Hiner 
Subjea: Signal Butte 

I need to know our 100-year HW elevation in FRS with quadruple spillway capacity and Pass Mtn in place. Thanks! 

@Ash0k, Patel , 
Principal 

Wood, Patel &Associates, Inc. 
2051 West North- Avenue, Suite 100 
Phoenix, AZ 85021 
(602)335-8504 (Direct Line) 
(602)335-8500 (Office) 
(602)335-8580 (Fax) 
Email: apatel@woDdpatel.com 
Web Address: www.woodpatel.com 



TRAPEZOIDAL CHANNEL ANALYSIS 
RATING CURVE COMPUTATION 

April 30, 2001 

PROGRAM INPUT DATA 
DESCRIPTION VALUE 

Channel Bottom Slope (ft/ft) ................................ 
Manning's Roughness Coefficient (n-value) ................... 
Channel Left Side Slope (horizontal/vertical) ............... 
Channel Right Side Slope (horizontal/vertical) .............. 
Channel Bottom Width (ft) ................................... 
Minimum Flow Depth (ft) ..................................... 
Maximum Flow Depth (ft) ..................................... 
IncrementaA Head (ft) ....................................... 

........................ 
COMPUTATION RESULTS 

Flow Flow Flow Froude Velocity Energy Flow TOP 
Depth Rate Velocity Number Head Head Area Width 
(ft) (Cf5) (fps) (ft) (ft) (sq ft) (ft) ................................................................................ 
1.0 19.47 1.62 0.309 0.041 1.041 12.0 14.0 

................................................................................. 

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996 
Dodson & Associates, Inc., 5629 FM 1960 West, Suite 314, Houston, TX 77069 
Phone: (281)440-3787, Fax: (281) 440-4742, Email:software@dodson-hydro.com 
All Rights Reserved. 



BOX CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

April 30, 2001 

................................................................................ 

PROGRAM INPUT DATA 
DESCRIPTION VALUE 
--------------------------------------+----------------------------------------- 

Culvert Span (ft) ........................................... 5.0 
Culvert Rise (ft) ........................................... 5.0 
FHWA Chart Number ........................................... 10 
FHWA Scale Number (Type of Culvert Entrance). ............... 2 
Manning's Roughness Coefficient (n-value). .................. 0.012 
Entrance Loss Coefficient of Culvert Opening ................ 0.5 
Culvert Length (ft) ......................................... 125.0 
Invert Elevation at Downstream end of Culvert (ft), ......... 1,690.0 
Invert Elevation at Upstream end of Culvert (ft) ............ 1,690.01 
Culvert Slope (ft/ft) ....................................... 0.0001 

Starting Flow Rate (cfs) .................................... 
Incremental Flow Rate (cfs) ................................. 

...................................... Ending Flow Rate (cfs) 

Starting Tailwater Depth (ft) ............................... 
............................ Incremental Tailwater Depth (ft) 

Ending Tailwater Depth (ft) ................................. 

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) Normal Critical De~th at Outlet -.. 
Rate Depth Inlet Outlet Depth Depth butlet velocity 

(ft) Control Control (ft) (ft) (ft) (fP3) ................................................................................ 

======--------------------------- ........................................................... 

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996 
Dodson & Associates, InC., 5629 FM 1960 West, Suite 314, Houston, TX 77069 
Phone:(281)440-3787, Fax:(281)440-4742, Email:software@dodson-hydro.com 
All Rights Reserved. 
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PIPE CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

February 27, 2001 

................................................................................ 

PROGRAM INPUT DATA 
DESCRIPTION VALUE 

Culvert Diameter (ft) ....................................... 
FHWA Chart Number ........................................... 
FHWA Scale Number (Type of Culvert Entrance) ................ 
Manning's Roughness Coefficient (n-value) ................... 
Entrance Loss Coefficient of Culvert Opening ................ 
Culvert Length (ft) ......................................... 
Invert Elevation at Downstream end of Culvert (ft) .......... 
Invert Elevation at Upstream end of Culvert (ft) ............ 
Culvert Slope (ft/ft) ....................................... 
Starting Flow Rate (cfs) .................................... 
Incremental Flow Rate (cfs). ................................ 
Ending Flow Rate (cfs) ...................................... 
Starting Tailwater Depth (ft). .............................. 
Incremental Tailwafer Depth (ft) ............................ 
Ending Tailwater Depth (ft). ................................ 

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet 
Rate Depth Inlet Outlet Depth Depth Outlet Velocity 
(cf.1 (ft) Control Control (ft) (ft) (ft) (fPS) ................................................................................ 

465.0 1.0 8.08 9.08 9.12 5.29 5.29 1 1 . 8 4 ~ ~ F C r ~ &  
490.0 1.2 8.36 9.4 9.12 5.43 5.43 12.08 
515.0 1.4 8.63 9.71 9.12 5.58 5.58 12.31 
540.0 1.6 8.91 10.02 9.12 5.71 5.71 12.53 

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

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996 
& Associates, Inc., 5629 FM 1960 West, Suite 314, Houston, TX 77069 

Phone: (281)440-3787, Fax: (281)440-4742, Email:software@dodson-hydro.com 
All Rights Reserved. 



PIPE CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

February 21, 2001 

................................................................................ 
P R O G M  INPUT DATA 

DESCRIPTION VALUE 
................................................................................ 
Culvert Diameter (ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.75 
FHWA Chart Number . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
FHWA Scale Number (Type of Culvert Entrance) . . . . . . . . . . . . . . . .  1 
Manning's Roughness Coefficient (n-value) . . . . . . . . . . . . . . . . . . .  0.024 

. . . . . . . . . . . . . . . .  Entrance Loss Coefficient of Culvert Opening 0.5 
Culvert Length (ft) ......................................... 68.1 
Invert Elevation at Downstream end of Culvert (ft) . . . . . . . . . .  1,653.99 
Invert Elevation at Upstream end of Culvert (ft) . . . . . . . . . . . .  1,654.95 
Culvert Slope (ft/ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0141 

Starting Flow Rate icfs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Incremental Flow Rate (cfs) 

Ending Flow Rate (cfs) 

Starting Tailwater Depth (ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Incremental Tailwater Depth (ft) 

Ending Tailwater Depth (ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

COMPUTATION RESULTS 

Flow Tailwater Headwater lftl Normal Critical Depth at Outlet 
Rate Depth Inlet Outlet Depth Depth Outlet Velocity 
(cis) (f t) Control Control (it) (ft) (ft) (fps) 

................................................................................ 
6.0 1.0 1.3 1.42 0.97 0.9 1.0 4.22 
7.0 1.2 1.43 1.55 1.07 0.98 1.2 3.98 

................................................................................ 

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996 
Dodson & Associates, Inc., 5629 FM 1960 West, Suite 314, Houston, TX 77069 
Phone:(281)440-3787, Fax:l281)440-4742, Email:software@dodson-hydro.com 
All Rights Reserved. 



PIPE CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

February 21, 2001 

................................................................................ ................................................................................ 
PROGRAM INPUT DATA 

DESCRIPTION VALUE 
................................................................................ 

Culvert Diameter (ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.0 
FHWA Chart Number . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
FHWA Scale Number (Type of Culvert Entrance) . . . . . . . . . . . . . . . .  3 
Manning's Roughness Coefficient (n-value) . . . . . . . . . . . . . . . . . . .  0.024 
Entrance Loss Coefficient of Culvert Opening . . . . . . . . . . . . . . . .  0.8 
Culvert Length (ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  71.0 
Invert Elevation at Downstream end of Culvert (ft) . . . . . . . . . .  1,659.92 
Invert Elevation at Upstream end of Culvert (ft) ............ 1,661.75 
Culvert Slope (ft/ft) ....................................... 0.0258 

Starting Flow Rate (cfs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Incremental Flow Rate (cfs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ending Flow Rate (cis). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Starting Tailwater Depth (ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Incremental Tailwater Depth (ft) ............................ 
Ending Tailwater Depth (ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet 
Rate 
(cfsl 

Depth Inlet Outlet Depth Depth Outlet Velocity 
(f t) Control Control (ft) (ft) (ft) (fpsl 

................................................................................ 

24.0 1.0 2.45 0.0 1.34 1.58 1.34 7.82 

................................................................................ ................................................................................ 
HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996 
Dodson & Associates, Inc., 5629 FM 1960 West, 'Suite 314, Houston, TX 77069 
Phone:(281)440-3787, Fax:(281)440-4742, Email:software@dodson-hydro.com 
All Rights Reserved. 



PIPE CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

February 21, 2001 

................................................................................ ................................................................................ 
PROGRAM INPUT DATA 

DESCRIPTION VALUE 

Culvert Diameter (ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.5 
FHWA Chart Number . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
FHWA Scale Number (Type of Culvert Entrance) . . . . . . . . . . . . . . . .  1 
Manning's Roughness Coefficient (n-value) . . . . . . . . . . . . . . . . . . .  0.024 
Entrance Loss Coefficient of Culvert Opening . . . . . . . . . . . . . . . .  0.5 
Culvert Length (it) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  57.1 
Invert Elevation at Downstream end of Culvert (ftl . . . . . . . . . .  1,672.16 
Invert Elevation at Upstream end of Culvert (ft) . . . . . . . . . . . .  1,673.75 
Culvert Slope [ft/ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0278 

Starting Flow Rate (cfs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Incremental Flow Rate (cfs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ending Flow Rate (cis) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Starting Tailwater Depth (ftl 
Incremental Tailwater Depth (ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ending Tailwater Depth (ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet 
Rate Depth Inlet Outlet Depth Depth Outlet Velocity 

(f tl Control Control (ft) (ft) (ft) (fps) 
................................................................................ a ""' 

17.0 1.0 2.02 0.0 1.19 1.39 1.19 7.39 
19.0 1.1 2.17 0.0 1.27 1.48 1.27 7.6 
21.0 1.2 2.33 0.0 1.35 1.56 1.35 7.79 
23.0 1.3 2.48 0.0 1.42 1.63 1.42 7.96- fip &I/  
25.0 1.4 2.64 0.0 1.5 1.7 1.5 8.1 

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright ( c )  1996 
Dodson & Associates, Inc., 5629 FM 1960 west, Suite 314, Houston, TX 77069 
Phone:(281)440-3787, Fax:(281)440-4742, Email:software@dodson-hydro.com 
All Rights Reserved. 



PIPE CULVERT ANALYSIS 
C0,MPUTATION OF CULVERT PERFORMRNCE CURVE 

February 21, 2001 

................................................................................ ................................................................................ 
PROGRAM INPUT DATA 

DESCRIPTION VALUE 

Culvert Diameter (ft) ....................................... 
FHWA Chart Number . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
FHWA Scale Number (Type of Culvert Entrance) . . . . . . . . . . . . . . . .  
Manning's Roughness Coefficient (n-value) . . . . . . . . . . . . . . . . . . .  
Entrance Loss Coefficient of Culvert Opening . . . . . . . . . . . . . . . .  
Culvert Length (ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Invert Elevation at Downstream end of Culvert (ft) . . . . . . . . . .  
Invert Elevation at Upstream end of Culvert (ft) . . . . . . . . . . . .  
Culvert Slope (ft/ft) ....................................... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Starting Flow Rate (cfs) 
................................. Incremental Flow Rate (cfs) 

Ending Flow Rate (cfs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Starting Tailwater Depth (ft) 

Incremental Tailwater Depth (ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ending Tailwater Depth (ft) 

COMPUTATTON RESULTS 

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet 
Rate Depth Inlet Outlet Depth Depth Outlet Velocity 0 (cfsl (ft) Control Control (ft) (ft) (ft) (fps) 

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

10.0 1.0 1.65 0.0 1.05 1.13 1.05 6.02 

...................................... ................................................................................ 
HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996 
Dodson & Associates, Inc., 5629 FM 1960 West, Suite 314, Houston, TX 77069 
Phone:(281)440-3787, Fax:(281)440-4742, Email:software@dodson-hydro.com 
All Rights Reserved. 



PIPE CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

February 21, 2001 

PROGRAM INPUT DATA 
DESCRIPTION VALUE 

Culvert Diameter (ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
FHWA Chart Number . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
FHWA Scale Number (Type of Culvert Entrance) . . . . . . . . . . . . . . . .  
Manningcs Roughness Coefficient (n-value) . . . . . . . . . . . . . . . . . . .  
Entrance Loss Coefficient of Culvert Opening . . . . . . . . . . . . . . . .  
Culvert Length (ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Invert Elevation at Downstream end of Culvert (ft) .......... 
Invert Elevation at Upstream end of Culvert (ft) ............ 
Culvert slope (ft/ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Starting Flow Rate (cfs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Incremental Flow Rate (cfs) ................................. 
Ending Flow Rate (cfs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Starting Tailwater Depth (ft) ............................... 
Incremental Tailwater Depth (ft) ............................ 
Ending Tailwater Depth (ft) ................................. 

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet 
Rate Depth Inlet Outlet Depth Depth Outlet Velocity 
(cfs) (ft) Control Control (ft) (ft) (ft) (fps) 

................................................................................ 

................................................................................ 
HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996 
Dodson & Associates, Inc., 5629 FM 1960 West, Suite 314, Houston, TX 77069 
Phone:(281)440-3787, Fax:(281)440-4742, Emai1:softwareQdodson-hydro.com 
~ l l  Rights Reserved. 



PIPE CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

February 21, 2001 

................................................................................ ................................................................................ 
PROGRAM INPUT DATA 

DESCRIPTION VALUE 
................................................................................ 
Culvert Diameter (ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.5 
FHWA Chart Number . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
FHWA Scale Number (Type of Culvert Entrance) . . . . . . . . . . . . . . . .  1 
Manning's Roughness Coefficient (n-value) ................... 0.024 
Entrance Loss Coefficient of Culvert Opening ................ 0.5 
Culvert Length (ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  58.6 
Invert Elevation at Downstream end of Culvert (it) . . . . . . . . . .  1,727.33 
Invert Elevation at Upstream end of Culvert (ft) . . . . . . . . . . . .  1,728.88 
Culvert Slope (ft/ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0265 

Starting Flow Rate (cfs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Incremental Flow Rate (cfs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ending Flow Rate (cfs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Starting Tailwater Depth (ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Incremental Tailwater ~epth (ft) 
Ending Tailwater Depth (ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

COMPUTATION RESULTS 

Flow Tailwater 
Rate 
(cfs) 

Depth 
(ft) 

...................... 

Headwater 
'Inlet 
Control 

(ft) Normal Critical 
Outlet Depth Depth 
Control (ft) (ft) 

Depth at Outlet 
Outlet Velocity 

(ft) (fps) 
................... 

1.21 7.25&-r;7/f3< CuLI 
1.29 7.46 
1.37 7.63 
1.45 7.8 
1.53 7.95 
1.61 8.07 

................................................................................ 

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996 
Dodson & Associates, Inc., 5629 FM 1960 West, Suite 314, Houston, TX 77069 
Phone:(281)440-3787, Fax:(281)440-4742, Ernai1:softwareOdodson-hydro.com 
All Rights Reserved. 



PIPE CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

February 19, 2001 

................................................................................ - ------- - 
PROGRAM INPUT DATA 

DESCRIPTION VALUE 

Culvert Diameter (ft) ....................................... 2.5 
FHWA Chart Number ........................................... 1 
FHWA Scale Number (Type of Culvert Entrance) ................ 1 
Manning's Roughness Coefficient In-Value) ................... 0.012 
Entrance Loss Coefficient of Culvert Opening ................ 0.5 
Culvert Length (ft) ......................................... 114.5 
Invert Elevation at Downstream end of Culvert (ft) .......... 1,751.9 
Invert Elevation at Upstream end of Culvert (ft) ............ 1,753.6 
Culvert Slope (ft/ft) ....................................... 0.0148 

Starting Flow Rate (cfs). ................................... 
Incremental Flow Rate (cfs) ................................. 
Ending Flow Rate (cfs). ...................................... 
Starting Tailwater Depth tft) ............................... 
Incremental Tailwater Depth (ft) ............................ 
Ending Tailwater Depth (ft) .................................. 

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) Normal 
Rate Depth Inlet Outlet Depth 
(cis) (ft) Control Control (ft) ................................................... a 20.0 1.0 2.3 0.0 1.05 
22.0 1.1 2.46 0.0 1.11 

Critical Depth at 
Depth Outlet 
(ft) (ft) 

1.52 1.05 
1.6 1.11 
1.67 1.17 
1.74 1.22 

Outlet 
Velocity 

(fps) 

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996 
Dodson & Associates, Inc., 5629 EM 1960 West, Suite 314, Houston, TX 77069 
Phone:(281)440-3787, Fax:(281)440-4742, Email:software@dodson-hydro.com 
All Rights Reserved. 



PIPE CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

February 19, 2001 

................................................................................ 

PROGRAM INPUT DATA 
DESCRIPTION VALUE 

Culvert Diameter (ft)......... ............................... 
FHWA Chart Number ........................................... 
FHWA Scale Number (Type of Culvert Entrance)...... .......... 
Manning's Roughness Coefficient (n-value) ................... 
Entrance Loss Coefficient of Culvert Opening ................ 
Culvert Length (ft).......... ............................... 
Invert Elevation at Downstream end of Culvert (ft) .......... 
Invert Elevation at Upstream end of Culvert (ft) ............ 
Culvert Slope (ft/ft) ....................................... 
Starting Flow Rate (cfs) .................................... 
Incremental Flow Rate (cfs) ................................. 
Ending Flow Rate (cfs) ...................................... 
Starting Tailwater Depth (ft) ............................... 
Incremental Tailwater Depth (ft) ............................ 
Ending Tailwater Depth (ft).... ............................. 

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet 
Rate Depth Inlet Outlet Depth Depth Outlet Velocity 
(CfS) (ft) Control Control (ft) (ft) (ft) (fps) ................................................................................ 
95.0 1.0 4.03 0.0 1.41 2.77 1.41 20.8 
97.0 1.1 4.09 0.0 1.43 2.8 1.43 20.91 
99.0 1.2 4.15 0.0 1.45 2.83 1.45 21.04 
101.0 1.3 4.2 0.0 1.46 2.86 1.46 21.16 

................................................................................ 

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996 
Dodson & Associates, Inc., 5629 M 1960 West, Suite 314, Houston, TX 77069 
Phone:(281)440-3787, Fax:(281)440-4742, Email:software@dodson-hydro.com 
All Rights Reserved. 
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PIPE CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

February 21, 2001 

PROGRAM INPUT DATA 
DESCRIPTION VALUE 

Culvert Diameter (ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
FHWA Chart Number . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
FHWA Scale Number (Type of Culvert Entrance) . . . . . . . . . . . . . . . .  
Manning's Roughness Coefficient (n-value). . . . . . . . . . . . . . . . . . .  
Entrance Loss Coefficient of Culvert Opening . . . . . . . . . . . . . . . .  
Culvert Length (ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Invert Elevation at Downstream end of Culvert (ft) .......... 
Invert Elevation at Upstream end of Culvert (it) ............ 
Culvert Slope (ft/ft) ....................................... 
Starting Flow Rate (cfs) .................................... 
Incremental Flow Rate (cfs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ending Flow Rate (cfs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Starting Tailwater Depth (ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Incremental Tailwater Depth (ft) ............................ 
Ending Tailwater Depth (it) ................................. 

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet 
Rate Depth Inlet Outlet Depth Depth Outlet Velocity 
(cis) (it) Control Control (ft) (ft) (ft) (fps) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
22.0 1.0 2.42 2.62 1.61 1.6 1.6 6 . 6 5 e p / F  /; /I 
24.0 1.1 2.57 2.76 1.72 1.67 1.67 6.9 
26.0 1.2 2.73 2.89 1.83 1.74 1.74 7.14 
28.0 1.3 2.94 3.03 1.95 1.8 1.8 7.38 
30.0 1.4 3.16 3.18 2.1 1.87 1.87 7.63 
32.0 1.5 3.31 3.35 2.5 1.93 1.93 7.88 
34.0 1.6 3.52 3.58 2.5 1.98 1.98 8.14 
36.0 1.7 3.74 3.14 2.5 2.04 2.5 7.33 
38.0 1.8 3.97 3.43 2.5 2.08 2.5 7.74 
40.0 1.9 4.22 3.7 2.5 2.13 2.5 8 . 1 5 e  a p  
42.0 2.0 4.48 3.99 2.5 2.17 2.5 8.56 
44.0 2.1 4.75 4.27 2.5 2.21 2.5 8.96 
46.0 2.2 5.03 4.57 2.5 2.24 2.5 9.37 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  --------------==---------------------- ...................... 
HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996 
Dodson & Associates, Inc., 5629 FM 1960 West, Suite 314, Houston, TX 77069 
Phone:(281)440-3787, Fax:(281)440-4742, Email:software@dodson-hydro.com 
All Rights Reserved. 



BOX CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

March 20, 2001 

................................................................................ 

PROGRAM INPUT DATA 
DESCRIPTION VALUE 

Culvert Span (it) ........................................... 
Culvert Rise (ft) ........................................... 
FHWA Chart Number ........................................... 
FHWA Scale Number (Type of Culvert Entrance) ................ 
Manning's Roughness Coefficient (n-value) ................... 
Entrance Loss Coefficient of Culvert Opening ................ 
Culvert Length (ft) ......................................... 
Invert Elevation at Downstream end of Culvert (ft) .......... 
Invert Elevation at Upstream end of Culvert (ft). ........... 
Culvert Slope (ft/ft). ...................................... 
Starting Flow Rate (cfs) .................................... 120.0 
Incremental Flow Rate (cfs) ................................. 10.0 
Ending Flow Rate (cfs) ...................................... 220.0 

Starting Tailwater Depth (ft) ................................ 
Incremental Tailwater Depth (ft) ............................ 
Ending Tailwater Depth (ft) ................................. 

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet 

(2::: Depth Inlet Outlet Depth Depth Outlet Velocity 
(ft) Control Control (ft) (ft) (ft) (fPS) ................................................................................ 

................................................................................ 

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996 
Dodson & Associates, Inc., 5629 FM 1960 West, Suite 314, Houston, TX 77069 
Phone: (281)440-3787, Fax:(281)440-4742, Email:software@dodson-hydro.com 
All Rights Reserved. 



- 
PIPE CULVERT ANALYSIS 

COMPUTATION OF CULVERT PERFORMANCE CURVE c! /WE@ 4 &??r?v~ &C J d 
February 21, 2001 

---------------------------------------------------==================----------- ................................................... 
PROGRAM INPUT DATA 

DESCRIPTION VALUE 

Culvert Diameter (ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
FHWA Chart Number . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
FHWA Scale Number (Type of Culvert Entrance) . . . . . . . . . . . . . . . .  
Manning's Roughness Coefficient (n-value) . . . . . . . . . . . . . . . . . . . .  
Entrance Loss Coefficient of Culvert Opening . . . . . . . . . . . . . . . .  
Culvert Lenuth (ftl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Invert Elevation at Downstream end of Culvert (ft) . . . . . . . . . .  
Invert Elevation at UDstream end of Culvert (ft) . . . . . . . . . . . .  
Culvert Slope (ft/ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
starting Flow Rate (cfs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Incremental Flow Rate (cfs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ending Flow Rate (cis) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
starting Tailwater Depth (ft) ................................ 
Incremental Tailwater Depth (ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ending Tailwater Depth (ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet 
Rate Depth Inlet Outlet Depth Depth Outlet Velocity 
(cf s) (ft) Control Control (ft) (ft) (ft) (fps) 

................................................................................ 

30.0 1.0 2.53 0.0 1.11 1.77 1.11 12.67 
32.0 1.1 2.65 0.0 1.15 1.84 1.15 12.88 
34.0 1.2 2.76 0.0 1.18 1.89 1.18 13.11 

................................................................................ ........................................................ 
HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996 
Dodson & Associates, Inc., 5629 FM 1960 West, Suite 314, Houston, TX 77069 
Phone:(281)440-3787, Fax:(281)440-4742, Emai1:softwareOdodson-hydro.com 
All Ri~hts Reserved. 
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PIPE CULVERT ANALYSIS 

COMPUTATION OF CULVERT PERFORMANCE CURVE 
V O / o  

February 21, 2001 
CL/ /we& k 3 m ~ d  8 rQp &< 

PROGRAM INPUT DATA 
DESCRIPTION VALUE 

Culvert Diameter (ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
FHWA Chart Number . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
FHWA Scale Number (Type of Culvert Entrance) . . . . . . . . . . . . . . . .  
Manning's Roughness Coefficient (n-value) . . . . . . . . . . . . . . . . . . .  
Entrance Loss Coefficient of Culvert Opening . . . . . . . . . . . . . . . .  
Culvert Lenqth (ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Invert  levi it ion at Downstream end of culvert (ft). . . . . . . . . . 
Invert Elevation at Upstream end of Culvert (ft) ............ 
Culvert Slope (ft/ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Starting Flow Rate (cfs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Incremental Flow Rate (cfs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ending Flow Rate (cis) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

starting Tailwater Depth (ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Incremental Tailwater Depth (ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ending Tailwater Depth (ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet 
Rate Depth Inlet Outlet Depth Depth Outlet VePocity 
(cfs) (ft) Control Control (ft) (ft) (ft) (fps) 

................................................................................ 

50.0 1.0 3.26 0.0 1.46 2.21 1.46 13.2 

................................................................................ ................................................................................ 
HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996 
Dodson & Associates, Inc., 5629 FM 1960 West, Suite 314, Houston, TX 77069 
Phone:(281)440-3787, Fax:(281)440-4742, Email:software@dodson-hydro.com 
All Rights Reserved. 
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PIPE CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

February 21, 2001 

==================z============z============m=================================== 

PROGRAM INPUT DATA 
DESCRIPTION VALUE 
~ ~ ~ ~ ~ - . . . ~ ~ - - ~ - - ~ - - ~ - - ~ ~ ~ - - - - - - ~ ~ - ~ - - - - - ~ - ~ ~ ~ . . ~ ~ - - ~ ~ ~ - - - . . . ~ ~ ~ ~ - - - - - ~ . ~ - ~ ~ - - - - -  

Culvert Diameter (ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.75 
FHWA Chart Number . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
FHWA Scale Number (Type of Culvert Entrance) . . . . . . . . . . . . . . . .  1 
Manning's Roughness Coefficient (n-value) . . . . . . . . . . . . . . . . . . .  0.024 
Entrance Loss Coefficient of Culvert Opening . . . . . . . . . . . . . . . .  0.5 
Culvert Length (it) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60.3 
Invert Elevation at Downstream end of Culvert (ft) . . . . . . . . . .  1,814.5 
Invert Elevation at Upstream end of Culvert (ft) . . . . . . . . . . . .  1,814.74 
Culvert Slope (ft/ft) ....................................... 0.004 

starting Flow Rate (cfs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Incremental Flow Rate (cfs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ending Flow Rate (cfs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Starting Tailwater Depth (ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Incremental Tailwater Depth (ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ending Tailwater Depth (ft) ................................. 

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet 
Rate Depth Inlet Outlet Depth Depth butlet velocity 

(ft) Control Control (ft) (ft) (it) (fps) 
................................................................................ 

-------------------------------==----- ----------------------------===--------_ _---______-__-__--_------------ -----==____________---------------- --------- 
HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996 
Dodson & Associates, Inc., 5629 FM 1960 West, Suite 314, Houston, TX 77069 
Phone:(281)440-3787, Fax:(281)440-4742, Emai1:softwareOdodson-hydro.com 
All Rights Reserved. 



PIPE CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

February 21, 2001 

................................................................................ 

PROGRAM INPUT DATA 
DESCRIPTION VALUE ................................................................................ 
Culvert Diameter (ft) ....................................... 1.5 
FHWA Chart Number ........................................... 1 
FHWA Scale Number (Type of Culvert Entrance) ................ 1 
Manning's Roughness Coefficient (n-value) ................... 0.013 
Entrance Loss Coefficient of Culvert Opening ................ 0.5 
Culvert Length (ft) ......................................... 46.62 
Invert Elevation at Downstream end of Culvert (ft) .......... 1,808.87 
Invert Elevation at Upstream end of Culvert (ft) ............ 1,808.88 
Culvert Slope (ft/ft) ....................................... 0.0002 

Starting Flow Rate (cfs) .................................... 
Incremental Flow Rate (cfs) ................................. 
Ending Flow Rate (cfs). ..................................... 
Starting Tailwater Depth (ft) ............................... 
Incremental Tailwater Depth (ft) ............................ 
Ending Tailwater Depth (ft)...... ........................... 

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) Normal Critical De~th at Outlet 

a Rate Depth Inlet Outlet Depth Depth butlet Velocity 
(Cfs) (ft) Control Control (ft) (ft) (ft) (fps) ................................................................................ 
6.0 1.0 1.46 1.62 1.5 0.95 1.0 4.79 t CU// 
7.0 1.1 1.64 1.81 1.5 1.02 1.1 5.04 
8.0 1.2 1.86 1.72 1.5 1.1 1.5 4.53 
9.0 1.3 2.04 1.9 1.5 1.16 1.5 5.09 
10.0 1.4 2.28 2.09 1.5 1.22 1.5 5.66 
11.0 1.5 2.55 2.9 1.5 1.27 1.5 6.22F- m y  a p  
12.0 1.6 2.84 3.27 1.5 1.31 1.5 6.79 
13.0 1.7 3.16 3.67 1.5 1.35 1.5 7.36 

................................................................................ 

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996 
Dodson & Associates, Inc., 5629 E'M 1960 West, Suite 314, Houston, TX 77069 
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All Rights Reserved. 



PIPE CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

February 21, 2001 

PROGRAM INPUT DATA 
DESCRIPTION VALUE 

....................................... Culvert Diameter (ft) 
........................................... FHWA Chart Number 

FHWA Scale Number (Type of Culvert Entrance) ................ 
................... Manning's Roughness Coefficient (n-value) 

Entrance LOSS Coefficient of Culvert Opening ................ 
Culvert Length (ft). ........................................ 

.......... Invert Elevation at Downstream end of Culvert (ft) 

.......... Invert Elevation at Upstream end of Culvert (ft).. 
....................................... Culvert Slope (ft/ft) 

Starting Flow Rate (cfs) .................................... 
Incremental Flow Rate (cfs) ................................. 
Ending Flow Rate (cfs).... .................................. 

............................. Starting Tailwater Depth (ft) 
.......................... Incremental Tailwater Depth (ft) 

.............................. Ending Tailwater Depth (ft). 

COMPUTATION RESULTS 

Flow Tailwater Headwater Iftl Normal . . ~ 

Rate Depth Inlet Outlet Depth 
(ft) Control Control (ft) 

................................................... 

Critical Depth at Outlet 
Depth Outlet Velocity 
(ft) (ft) (fps) ............................. 
0.95 0.71 7.2 4 t  P/F  &'' 

................................................................................ 

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996 
Dodson & Associates, Inc., 5629 FM 1960 West, Suite 314, Houston, TX 77069 
Phone:(281)440-3787, Fax:(281)440-4742, Email:software@dodson-hydro.com 
All Rights Reserved. 



PIPE CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

February 22, 2001 

PROGRAM INPUT DATA 
DESCRIPTION VALUE 

Culvert Diameter (ft) ....................................... 
FHWA Chart Number ........................................... 
FHWA Scale Number (Type of Culvert Entrance)... ............. 
Manning's Roughness Coefficient (n-value) ................... 
Entrance Loss Coefficient of Culvert Opening ................ 
Culvert Lenath (ft)... ...................................... - 
Invert Elevation at Downstream end of Culvert (it)... ....... 
Invert Elevation at Upstream end of Culvert (ft) ............ 
Culvert Slope (ft/ft) ....................................... 
Starting Flow Rate (cfs) .................................... 65.0 
Incremental Flow Rate (cfs) ................................. 1.0 
Ending Flow Rate (cfs). ..................................... 75.0 

Starting Tailwater Depth (ft).. ............................. 
Incremental Tailwater Depth (ft) ............................ 
Ending Tailwater Depth (ft) ................................. 

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) Normal Critical De~th at Outlet 
Rate Depth Inlet Outlet Depth Depth Outlet Velocity 

(ft) Control Control (ft) (it) (ft) (fPs) ................................................................................ 

................................................................................ 

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996 
Dodson & Associates, Inc., 5629 FM 1960 West, Suite 314, Houston, TX 77069 
Phone:(281)440-3787, Fax:(281)440-4742, Email:software@dodson-hydro.com 
All Rights Reserved. 



PIPE CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

February 22, 2001 

PROGRAM INPUT DATA 
DESCRIPTION VALUE 
................................................................................ 
Culvert Diameter (ft) ....................................... 4.5 
FHWA Chart Number ........................................... 2 

................ FHWA Scale Number (Type of Culvert Entrance) 1 
Manning's Roughness Coefficient (n-value) ................... 0.02 
Entrance Loss Coefficient of Culvert Opening ................ 0.5 

......................................... Culvert Length (ft) 84.9 
Invert Elevation at Downstream end of Culvert (ft). ......... 1,827.42 
Invert Elevation at Upstream end of Culvert (ft) ............ 1,829.17 
Culvert Slope (ft/ft) ....................................... 0.0206 

Starting Flow Rate (cfs). ................................... 
................................. Incremental Flow Rate (cfs) 

...................................... Ending Flow Rate (cfs) 

Starting Tailwater Depth (ft) ............................... 
Incremental Tailwater Depth (ft) ............................ 
Ending Tailwater Depth (ft) ................................. 

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet 
Rate Depth Inlet Outlet Depth Depth Outlet Velocity 

(ft) Control Control (ft) (ft) (ft) (fPS) 
................................................................................ 

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996 
Dodson & Associates, Inc., 5629 E'M 1960 West, Suite 314, Houston, TX 77069 
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All Rights Reserved. 



PIPE CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

February 22, 2001 

................................................................................ 

PROGRAM INPUT DATA 
DESCRIPTION VALUE 
................................................................................ 
Culvert Diameter (ft) ....................................... 10.0 
FHWA Chart Number ........................................... 2 
FHWA Scale Number (Type of Culvert Entrance) ................ 2 
Manning's Roughness Coefficient (n-value) ................... 0.03 
Entrance Loss Coefficient of Culvert opening ................ 0.8 
Culvert Length (ft) ......................................... 148.7 
Invert Elevation at Downstream end of Culvert (ft).. ........ 1,569.41 
Invert Elevation at Upstream end of Culvert (ft) ............ 1,569.56 
Culvert Slope (ft/ft) ....................................... 0.001 

Starting Flow Rate (cfs) .................................... 567.0 
Incremental Flow Rate (cfs) ................................. 80.0 
Ending Flow Rate (cfs) ...................................... 1,447.0 

Starting Tailwater Depth (ft) ............................... 
Incremental Tailwater Depth (ft) ............................ 
Ending Tailwater Depth (ft) ................................. 

Flow Tailwater Headwater (ft) Normal Critical 
Rate 
(CfS) 

Depth Inlet Outlet Depth Depth 
(ft) Control Control (ft) (ft) .............................................................. 

567.0 1.0 8.67 10.0 10.0 5.7 

Depth at 
Outlet 

(ft) 

Outlet 
Velocity 

(fps) 

................................................................................ 

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996 
Dodson & Associates, Inc., 5629 EN 1960 West, Suite 314, Houston, TX 77.069 
Phone:(281)440-3787, Fax:(281)440-4742, Email:software@dodson-hydro.com 
All Rights Reserved. 



PIPE CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

February 23, 2001 

PROGRAM INPUT DATA 
DESCRIPTION VALUE 
................................................................................ 
Culvert Diameter (ft) ....................................... 3.0 
FHWA Chart Number ........................................... 1 
FHWA Scale Number (Type of Culvert Entrance)....... ......... 1 
Manning's Roughness Coefficient (n-value) ................... 0.012 
Entrance Loss Coefficient of Culvert Opening ................ 0.5 
Culvert Length (ft) ......................................... 62.2 
Invert Elevation at Downstream end of Culvert (ft) .......... 1,613.0 
Invert Elevation at Upstream end of Culvert (ft) ............ 1,613.85 
Culvert slope (ft/ft) ....................................... 0.0137 

Starting Flow Rate (cfs) .................................... 
Incremental Flow Rate (cfs) ................................. 
Ending Flow Rate (cfs) ...................................... 
Starting Tailwater Depth (ft). .............................. 
Incremental Tailwater Depth (ft) ............................ 
Ending Tailwater Depth (ft) ................................. 

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet 
Rate Depth Inlet Outlet Depth Depth Outlet Velocity 
(Cfs) (ft) Control Control (ft) (ft) (ft) (fP.9) ................................................................................ 
36.0 1.0 3.04 0.0 1.37 1.95 1.37 11.47t~/,GS&// 
37.0 1.1 3.1 0.0 1.39 1.98 1.39 11.55 

- -------- ................................................................................. 

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright ( c )  1996 
Dodson & Associates, Inc., 5629 FM 1960 West, Suite 314, Houston, TX 77069 
Phone:(281)440-3787, Fax:(281)440-4742, Email:software@dodson-hydro.com 
All Rights Reserved. 



PIPE CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

February 23, 2001 

................................................................................ ................................................................................ 
PROGRAM INPUT DATA 

DESCRIPTION VALUE 

Culvert Diameter (ft) ....................................... 3.0 
FHWA Chart Number ........................................... 1 
FHWA Scale Number (Type of Culvert Entrance). ............... 1 
Manning's Roughness Coefficient (n-value). .................. 0.012 
Entrance Loss Coefficient of Culvert Opening ................ 0.5 
Culvert Length (ft) ......................................... 62.2 
Invert Elevation at Downstream end of Culvert (ft) .......... 1,619.42 
Invert Elevation at Upstream end of Culvert (ft) ............ 1,620.7 
Culvert Slope (ft/ft) ....................................... 0.0206 

Starting Flow Rate (cfs). ................................... 
Incremental Flow Rate (cfs) ................................. 
Ending Flow Rate (cfs). ..................................... 
Starting Tailwater Depth (ft) ............................... 
Incremental Tailwater Depth (ft) ............................ 
Ending Tailwater Depth (ft) ................................. 

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet 
Rate Depth Inlet Outlet Depth Depth Outlet Velocity 
(cfs) (ft) Control Control (ft) (ft) (ft) (fps) ................................................................................ 
35.0 1.0 2.96 0.0 1.2 1.92 1.2 13.23 
36.0 1.1 3.02 0.0 1.22 1.95 1.22 13.35tflp" ru;/// 
37.0 1.2 3.09 0.0 1.24 1.98 1.24 13.43 

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996 
Dodson 6 Associates, Inc., 5629 FM 1960 West, Suite 314, Houston, TX 77069 
Phone:(281)440-3787, Fax:(281)440-4742, Email:software@dodson-hydro.com 
All Rights Reserved. 



PIPE CULVERT ANALYSIS 
COllPUTATION OF CULVERT PEilF311MANCk: CURVE 

February 23, 2001 

PROGRAM INPUT DATA 
DESCRIPTION VALUE 

Culvert Diameter (ft) ....................................... 
FHWA Chart Number ........................................... 
FHWA Scale Number (Type of Culvert Entrance).. .............. 
Manning's Roughness Coefficient (n-value) ................... 
Entrance Loss Coefficient of Culvert Opening ................ 
Culvert Length (ft) ......................................... 
Invert Elevation at Downstream end of Culvert (ft) .......... 
Invert Elevation at Upstream end of Culvert (ft) ............ 
Culvert Slope (ft/ft) ....................................... 
Starting Flow Rate (cfs) .................................... 
Incremental Flow Rate (cfs) ................................. 
Ending Flow Rate (cfs). ..................................... 
Starting Tailwater Depth (ft) ............................... 
Incremental Tailwater Depth (ft) ............................ 
Ending Tailwater Depth (ft) ................................. 

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet 
Rate Depth Inlet Outlet Depth Depth Outlet Velocity 
(CfS) (ft) Control Control (ft) (ft) (ft) (fPS) 

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996 
Dodson & Associates, Inc., 5629 FM 1960 West, Suite 314, Houston, TX 77069 
Phone:(281)440-3787, Fax:(281)440-4742, Email:software@dodson-hydro.com 
All Rights Reserved. 



PIPE CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

February 23, 2001 

................................................................................ 

PROGRAM INPUT DATA 
DESCRIPTION VALUE 

Culvert Diameter (ft).. ..................................... 
FHWA Chart Number ........................................... 
FHWA Scale Number (Type of Culvert Entrance) ................ 
Manning's Roughness Coefficient (n-value) ................... 
Entrance Loss Coefficient of Culvert Opening ................ 
Culvert Length (ft). ........................................ 
Invert Elevation at Downstream end of Culvert (ft) .......... 
Invert Elevation at Upstream end of Culvert (ft)..... ....... 
Culvert Slope (ft/ft) ....................................... 
Starting Flow Rate (cfs) .................................... 
Incremental Flow Rate (cfs) ................................. 
Ending Flow Rate (cfs) ...................................... 
Starting Tailwater Depth (ft) ............................... 
Incremental Tailwater Depth (ft) ............................ 
Ending Tailwater Depth (ft) ................ :................ 

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) Normal Critical 
Rate Depth Inlet Outlet Depth Depth 
(cfs) (ft) Control Control (ft) (ft) 

------------------------------------------------------------. 

22.0 1.0 2.47 0.0 1.45 1.6 
24.0 1.1 2.63 0.0 1.53 1.67 
26.0 1.2 2.8 0.0 1.62 1.74 
28.0 1.3 3.01 0.0 1.71 1.8 
30.0 1.4 3.21 0.0 1.8 1.87 
32.0 1.5 3.36 0.0 1.9 1.93 
34.0 1.6 3.58 3.51 2.01 1.98 
36.0 1.7 3.81 3.65 2.16 2.04 
38.0 1.8 4.05 3.8 2.5- 2.08 
40.0 1.9 4.31 3.98 2.5 2.13 
42.0 2.0 4.58 4.19 2.5 2.17 
44.0 2.1 4.87 3.2 2.5 2.21 
46.0 2.2 5.16 3.35 2.5 2.24 

Depth at Outlet 
Outlet Velocity 

(ft) (fPS) 

1.45 7 . 4 6 t - f i ~  &IL/ 
1.53 7.6 

1.9 7.99 
2.01 
2.16 

8.03- r-i'up cap 
7.99 

2.5 7.74 
2.5 8.15 

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996 
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PIPE CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

February 23, 2001 

PROGRAM INPUT DATA 
DESCRIPTION VALUE 

Culvert Diameter (ft) ....................................... 3.0 
FHWA Chart Number ........................................... 1 
FHWA Scale Number (Type of Culvert Entrance). ............... 1 
Manning's Roughness Coefficient (n-value). ................... 0.012 
Entrance Loss Coefficient of Culvert Opening ................ 0.5 
Culvert Length (ft).. ....................................... 62.4 
Invert Elevation at Downstream end of Culvert (ft).. ........ 1,648.65 
Invert Elevation at Upstream end of Culvert (ft) ............ 1,649.19 
Culvert Slope (ft/ft) ....................................... 0.0087 

Starting Flow Rate (cfs).. .................................. 
Incremental Flow Rate (cfs)...... ........................... 
Ending Flow Rate (cfs) ...................................... 
Starting Tailwater Depth (ft) ............................... 
Incremental Tailwater Depth (ft) ............................ 
Ending Tailwater Depth (ft) ................................. 

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet 
Rate Depth Inlet Outlet Depth Depth Outlet Velocity 
(cfs) (ft) Control Control (ft) (ft) (ft) (fPS) ................................................................................ 
35.0 1.0 2.98 0.0 1.54 1.92 1.54 9.6 -f-fi/iec&p 
36.0 1.1 3.04 0.0 1.56 1.95 1.56 9.67 
37.0 1.2 3.1 0.0 1.59 1.98 1.59 9.73 
38.0 1.3 3.17 0.0 1.62 2.01 1.62 9.8 

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996 
Dodson & Associates, Inc., 5629 E'M 1960 West, Suite 314, Houston, TX 77069 
Phone:(281)440-3787, Fax:(281)440-4742, Email:software@dodson-hydro.com 
All Rights Reserved. 



PIPE CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

February 23, 2001 

................................................................................ - --- -- - - 
PROGRAM INPUT DATA 

DESCRIPTION VALUE 
................................................................................ 
Culvert Diameter (ft) ....................................... 3.0 
FHWA Chart Number. .......................................... 1 
FHWA Scale Number (Type of Culvert Entrance)... ............. 1 
Manning's Roughness Coefficient (n-value) ................... 0.012 
Entrance Loss Coefficient of Culvert Opening ................ 0.5 
Culvert Length (ft) ......................................... 62.3 
Invert Elevation at Downstream end of Culvert (ft) .......... 1,659.81 
Invert Elevation at Upstream end of Culvert (ft). ........... 1,660.38 
Culvert Slope (ft/ft) ....................................... 0.0091 

Starting Flow Rate (cfs) .................................... 
Incremental Flow Rate (cfs).. ............................... 
Ending Flow Rate (cfs) ...................................... 
Starting Tailwater Depth (ft) ............................... 1.0 
Incremental Tailwater Depth (it) ............................ 0.1 
Ending Tailwater Depth (it) ................................. 2.5 

................................................................................ 

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) Normal Critical De~th at Outlet 
Rate Depth Inlet Outlet Depth Depth Outlet VeLocity 

(ft) Control Control (ft) (ft) (ftl (fps) 
................................................................................ 

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright ( c )  1996 
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PIPE CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

February 23, 2001 

PROGRAM INPUT DATA 
DESCRIPTION VALUE 

Culvert Diameter (ft). ...................................... 
FHWA Chart Number ........................................... 
FHWA Scale Number (Type of Culvert Entrance)...... .......... 
Manning's Roughness Coefficient (n-value) ................... 
Entrance Loss Coefficient of Culvert opening ................ 
Culvert Length (ft) ......................................... 
Invert Elevation at Downstream end of Culvert (ft).. ........ 
Invert Elevation at Upstream end of Culvert (ft) ............ 
Culvert Slope (ft/ft) ....................................... 
Starting Flow Rate (cfs) ..................................... 
Incremental Flow Rate (cfs) ................................. 
Ending Flow Rate (cfs) ...................................... 
Starting Tailwater Depth (ft) ............................... 
Incremental Tailwater Depth (ft) ............................ 
Ending Tailwater Depth (ft) ................................. 

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet 
Rate Depth Inlet outlet Depth Depth Outlet Velocity 
(Cfs) (ft) Control Control (ft) (ft) (ft) (fps) 

21.0 1.0 2.39 0.0 1.26 1.56 1.26 8.46 
22.0 1.1 2.47 0.0 1.3 1.6 1.3 8.5 6 e f i ~  CUP 
23.0 1.2 2.55 0.0 1.33 1.63 1.33 8.65 
24.0 1.3 2.63 0.0 1.37 1.67 1.37 8.73 

................................................................................ 
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PIPE CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

February 23, 2001 

PROGRAM INPUT DATA 
DESCRIPTION VALUE ................................................................................ 
Culvert Diameter (ft). ...................................... 2.83 
FHWA Chart Number... ........................................ 1 
FHWA Scale Number (Type of Culvert Entrance). ............... 1 
Manning's Roughness Coefficient (n-value) ................... 0.012 
Entrance Loss Coefficient of Culvert Opening ................ 0.5 
Culvert Length (ft) ......................................... 62.3 
Invert Elevation at Downstream end of Culvert (ft) .......... 1,676.17 
Invert Elevation at Upstream end of Culvert (ft) ............ 1,676.66 
Culvert Slope (ft/ft) ....................................... 0.0079 

.................................... Starting Flow Rate (cfs) 
................................. Incremental Flow Rate (cfs) 

...................................... Ending Flow Rate (cfs) 

............................... Starting Tailwater Depth (ft) 
............................ Incremental Tailwater Depth (ft) 

................................. Ending Tailwater Depth (ft) 

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) 
Rate Depth Inlet Outlet 
(cfs' (ft) Control Control 

----------------------------------------. 

30.0 1.0 2.8 0.0 

Normal Critical> Depth at Outlet 
Depth Depth Outlet Velocity 
(ft) (ft) (ft) (fPS) 

................................................................................ 

HYDROCALC Hydraulics for Windows, Version l.2a Copyright (c) 1996 
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PIPE CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

February 23, 2001 

...................................... 
PROGRAM INPUT DATA 

DESCRIPTION VALUE 

Culvert Diameter (ft) ....................................... 2.5 
FHWA Chart Number ........................................... 1 
FHWA Scale Number (Type of Culvert Entrance) ................ 1 
Manning's Roughness Coefficient (n-value) ................... 0.012 
Entrance Loss Coefficient of Culvert Opening ................ 0.5 
Culvert Length (ft)...... ................................... 61.2 
Invert Elevation at Downstream end of Culvert (ft).. ........ 1,688.02 
Invert Elevation at Upstream end of Culvert (ft) ............ 1,688.24 
Culvert Slope (ft/ft) ....................................... 0.0036 

Starting Flow Rate (cfs) .................................... 
Incremental Flow Rate (cfs) ................................. 
Ending Flow Rate (cfs) ...................................... 
Starting Tailwater Depth (ft) ............................... 
Incremental Tailwater Depth (ft) ............................ 
Ending Tailwater Depth (ft)...... ........................... 

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet 
Rate Depth Inlet outlet Depth Depth Outlet Velocity 
(Cfs) (ft) Control Control (ft) lft) (ft) (fps) ................................................................................ 
20.0 1.0 2.32 2.44 1.62 1.52 1.52 6.41tP/pe PU// 
21.5 1.1 2.44 2.55 1.7 1.58 1.58 6.59 
23.0 1.2 2.56 2.66 1.79 1.63 1.63 6.77 
24.5 1.3 2.68 2.77 1.89 1.69 1.69 6.96 

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright ( c )  1996 
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All Rights Reserved. 



PIPE CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

February 23, 2001 

................................................................................ ................................................................................ 
PROGRAM INPUT DATA 

DESCRIPTION VALUE 

Culvert Diameter (ft) ....................................... 
FHWA Chart Number ........................................... 
FHWA Scale Number (Type of Culvert Entrance) ................ 
Manning's Roughness Coefficient (n-value) ................... 
Entrance Loss Coefficient of Culvert Opening ................ 
Culvert Length (ft) ......................................... 
Invert Elevation at Downstream end of Culvert (ft).. ........ 
Invert Elevation at Upstream end of Culvert (ft) ............ 
Culvert Slope ift/ft) ....................................... 
Starting Flow Rate (cfs) .................................... 
Incremental Flow Rate (cfs) ................................. 
Ending Flow Rate (cfs). ..................................... 
Starting Tailwater Depth (ft) ............................... 
Incremental Tailwater Depth (ft) ............................ 
Ending Tailwater Depth (ft) ................................. 

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) Normal Critical Depth at outlet 
Rate Depth Inlet Outlet Depth Depth Outlet Velocity 
(cfs) (ft) Control Control (ft) (ft) (ft) (fps) 

35.0 1.0 2.98 0.0 1.46 1.92 1.46 1 0 . 2 9 & - ~ ~ c ?  xu// 

.......................................................... ...................... 

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996 
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All Rights Reserved. 



PIPE CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

February 23, 2001 

----------- ------- ................................................ ------------m=------------------------------------------------ 

PROGRAM INPUT DATA 
DESCRIPTION VALUE 
................................................................................ 
Culvert Diameter (ft) ....................................... 2.0 
FHWA Chart Number. .......................................... 1 

................ FHWA Scale Number (Type of Culvert Entrance) 1 
Manning's Roughness Coefficient (n-value) ................... 0.012 
Entrance Loss Coefficient of culvert Opening ................ 0.5 
Culvert-Length (ft).... ..................................... 101.4 
Invert Elevation at Downstream end of Culvert (ft)..... ..... 1,700.99 
Invert Elevation at Upstream end of Culvert (ft) ............ 1,701.63 
Culvert Slope (ft/ft) ....................................... 0.0063 

Starting Flow Rate (cfs) .................................... 
Incremental Flow Rate (cfs). ................................ 
Ending Flow Rate (cfs) ...................................... 
Starting Tailwater Depth (ft).. ............................. 
Incremental Tailwater Depth (ft) ............................ 
Ending Tailwater Depth (ft) ................................. 

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) 
Rate Depth Inlet Outlet 
(cfs) (ft) Control Control 

.......................................... 
13.0 1.0 2.02 0.0 

Normal Critical Depth at Outlet 
Depth Depth butlet Velocity 
(ft) (ft) (ft) Ifps) 

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996 
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All Rights Reserved. 



PIPE CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

February 23, 2001 

................................................................................ 

PROGRAM INPUT DATA 
DESCRIPTION VALUE 

Culvert Diameter (ft) ....................................... 
FHWA Chart Number ........................................... 
FHWA Scale Number (Type of Culvert Entrance).... ............ 
Manning's Roughness Coefficient (n-value) ................... 
Entrance Loss Coefficient of Culvert Opening ................ 
Culvert Length (ft) ......................................... 
Invert Elevation at Downstream end of Culvert (ft) .......... 
Invert Elevation at Upstream end of Culvert (ft) ............ 
Culvert Slope (ft/ft) ....................................... 
Starting Flow Rate (cfs) .................................... 
Incremental Flow Rate (cfs)... .............................. 
Ending Flow Rate (cfs). ..................................... 
Starting Tailwater Depth (ft) ............................... 
Incremental Tailwater Depth (ft) ............................ 
Ending Tailwater Depth (ft) ................................. 

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) Nonnal Critical Depth at 
Rate 
(CfS) 

Depth Inlet Outlet Depth Depth Outlet 
(ft) Control Control (ft) (ft) (ft) ....................................................................... 

35.0 1.0 2.98 0.0 1.69 1.92 1.69 
37.0 1.1 3.11 0.0 1.75 1.98 1.75 

Outlet 
Velocity 

(fPS) 
- - - - - - - - - 

8.56f- p/pe cff[/ 
8.67 
8.77 
8.87 
8.95 
9.03 

................................................................................ 
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PIPE CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

February 27, 2001 

PROGRAM INPUT DATA 
DESCRIPTION VALUE 

Culvert Diameter (ft).......... ............................. 
FHWA Chart Number........ ................................... 
FHWA Scale Number (Type of Culvert Entrance). ............... 
Manning's Roughness Coefficient (n-Jalue) ................... 
Entrance Loss Coefficient of Culvert Opening ................ 
Culvert Length (ft). ........................................ 
Invert Elevation at Downstream end of Culvert (ft) .......... 
Invert Elevation at Upstream end of Culvert (ft) ............ 
Culvert Slope (ft/ft) ....................................... 
Starting Flow Rate (cfs). ................................... 
Incremental Flow Rate (cfs)..... ............................ 
Ending Flow Rate (cfs) ...................................... 
Starting Tailwater Depth (ft) ............................... 
Incremental Tailwater Depth (ft) ............................ 
Ending Tailwater Depth (ft) ................................. 

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet 
Rate Depth Inlet Outlet Depth Depth Outlet Velocity 
(Cf.7) (ft) Control Control (ft) (ft) (ft) (fps) ................................................................................ 
22.0 1.0 2.47 0.0 1.18 1.6 1.18 9.63- F ' { p z / j I /  
24.0 1.1 2.63 0.0 1.24 1.67 1.24 9.85 
26.0 1.2 2.79 0.0 1.3 1.74 1.3 10.05 
28.0 1.3 3.0 0.0 1.36 1.8 1.36 10.22 

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996 
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BOX CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

March 20, 2001 

................................................................................. 

PROGRAM INPUT DATA 
DESCRIPTION VALUE 
................................................................................ 
Culvert Span (ft) ........................................... 6.5 
Culvert Rise (ft) ........................................... 3.0 
FHWA Chart Number ........................................... 8 
FHWA Scale Number (Type of Culvert Entrance) ................ 1 
Manning's Roughness Coefficient (n-value) ................... 0.012 
Entrance Loss Coefficient of Culvert Opening ................ 0.5 
Culvert Length (ft) .......................................... 61.4 
Invert Elevation at Downstream end of Culvert (ft) .......... 1,714.22 
Invert Elevation at Upstream end of Culvert (it) ............ 1,714.95 
Culvert Slope (ft/ft) ....................................... 0.0119 

Starting Flow Rate (cfs) .................................... 
Incremental Flow Rate (cfs). ................................ 
Ending Flow Rate (cfs). ..................................... 
Starting Tailwater Depth (it) ............................... 
Incremental Tailwater Depth (ft) ............................ 
Ending Tailwater Depth (it) ................................. 

COMPUTATION RESULTS 

Flow Tailwater Headwater (it) 
Rate 

Normal Critical Depth at Outlet 
Depth Inlet Outlet Depth Depth Outlet Velocity 

(cfs) (ftl Control Control (ft) (ft) (ft) (fps) ................................................................................ 

................................................................................ 
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PIPE CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

February 27, 2001 

................................................................................. 

PROGRAM INPUT DATA 
DESCRIPTION VALUE 

Culvert Diameter (ft) ....................................... 
FHWA Chart Number ........................................... 
FHwA scale Number (Type of Culvert Entrance) ................ 
Manning's Roughness Coefficient (n-value) ................... 
Entrance LOSS Coefficient of Culvert Opening ................ 
Culvert Length (ft).. ....................................... 
Invert Elevation at Downstream end of Culvert (ft) .......... 
Invert Elevation at Upstream end of Culvert (ft) ............ 
Culvert Slope (ft/ft) ....................................... 
Starting Flow Rate (cfs) .................................... 
Incremental Flow Rate (cfs) ................................. 
Ending Flow Rate lcfs). ..................................... 
Starting Tailwater Depth (ft). .............................. 
Incremental Tailwater Depth (ft) ............................ 
Ending Tailwater Depth (ft) ................................. 

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet 

a Rate Depth Inlet Outlet Depth Depth Outlet Velocity 
(CfS) (ft) Control Control (ft) (ft) (ft) (fps) ................................................................................ 
39.0 1.0 3.09 0.0 1.91 2.0 1.91 7.84 
41.0 1.1 3.2 0.0 1.98 2.05 1.98 7.92 (-- ~~e<u/ /@Chp~pj  
43.0 1.2 3.32 , 0.0 2.04 2.1 2.04 8.0 
45.0 1.3 3.43 0.0 2.11 2.15 2.11 8.07 

................................................................................ 

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996 
Dodson & Associates, Inc., 5629 M 1960 West, Suite 314, Houston, TX 77069 
Phone:(281)440-3787, Fax:(281)440-4742, Email:software@dodson-hydro.com 
All Rights Reserved. 



PIPE CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

February 27, 2001 

................................................................................ 

PROGRAM INPUT DATA 
DESCRIPTION VALUE ................................................................................ 
Culvert Diameter (ft) ....................................... 2.5 
FHWA Chart Number ........................................... 1 
FHWA Scale Number (Type of Culvert Entrance)... ............. 1 
Manning's Roughness Coefficient (n-value) ................... 0.012 
Entrance Loss Coefficient of Culvert Opening ................ 0.5 
Culvert Length (ft) ......................................... 61.2 
Invert Elevation at Downstream end of Culvert (ft) .......... 1,761.24 
Invert Elevation at Upstream end of Culvert (ft) ............ 1,761.28 
Culvert Slope (ft/ft) ....................................... 0.0007 

Starting Flow Rate (cfs)... ................................. 
Incremental Flow Rate (cfs) ................................. 
Ending Flow Rate (cfs). ..................................... 
Starting Tailwater Depth (ft) ............................... 
Incremental Tailwater Depth (ft). ........................... 
Ending Tailwater Depth (ft).. ............................... 

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) Normal 
Rate Depth Inlet Outlet Depth 
(cfs) (ft) Control Control (ft) 

--------------------------------------------------. 

20.0 1.0 2.32 2.48 2.5 
22.0 1.1 2.48 2.64 2.5 
24.0 1.2 2.64 2.79 2.5 

Critical Depth at Outlet 
Depth Outlet Velocity 
(ft) (ft) (fps) 

1.52 1.52 6 . 4 1 5 R e  
1.6 1.6 6.65 

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996 
Dodson & Associates, Inc., 5629 FM 1960 West, Suite 314, Houston, TX 77069 
Phone:(281)440-3787, Fax:(281)440-4742, Email:software@dodson-hydro.com 
All Rights Reserved. 



PIPE CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

February 27, 2001 

................................................................................ 

PROGRAM INPUT DATA 
DESCRIPTION VALUE ................................................................................ 
Culvert Diameter (ft) ....................................... 2.5 
FHWA Chart Number ........................................... 1 
FHWA Scale Nwnber (Type of Culvert Entrance) ................ 1 
Manning's Roughness Coefficient (n-value)... ................ 0.012 
Entrance Loss Coefficient of Culvert Opening ................ 0.5 
Culvert Length (ft) ......................................... 61.1 
Invert Elevation at Downstream end of Culvert (ft) .......... 1,764.04 
Invert Elevation at Upstream end of Culvert (ft) ............ 1,764.98 
Culvert Slope (ft/ft) ....................................... 0.0154 

Starting Flow Rate (cfs) .................................... 
Incremental Flow Rate (cfs) ................................. 
Ending Flow Rate (cfs) ...................................... 
Starting Tailwater Depth (ft) ............................... 
Incremental Tailwater Depth (ft) ............................ 
Ending Tailwater Depth (ft) ................................. 

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet 
Rate Depth Inlet Outlet Depth Depth Outlet Velocity 

(ft) Control Control (ft) (ft) (ft) (fPs) ................................................................................ 

................................................................................ 

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996 
Dodson & Associates, Inc., 5629 FM 1960 West, Suite 314, Houston, TX 77069 
Phone:(281)440-3787, Fax:(281)440-4742, Email:software@dodson-hydro.com 
All Rights Reserved. 



BOX CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

March 20, 2001 

---------------------------------------============----------=====------------- ...................................... 
PROGRAM INPUT DATA 

DESCRIPTION VALUE 

Culvert Span (ft) ........................................... 
Culvert Rise (ft) ........................................... 
FHWA Chart Number ........................................... 
FHWA Scale Number (Type of Culvert Entrance) ................ 
Manning's Roughness Coefficient (n-value) ................... 
Entrance Loss Coefficient of Culvert Opening ................ 
Culvert Length (ft) ......................................... 
Invert Elevation at Downstream end of Culvert (ft). . . . . . . . . .  
Invert Elevation at Upstream end of Culvert (ft) ............ 
Culvert Slope (ft/ft) ....................................... 
Starting Flow Rate (cfs) .................................... 200.0 
Incremental Flow Rate (cfs) ................................. 10.0 
Ending Flow Rate (cfs) ...................................... 300.0 

Starting Tailwater Depth (ft) ............................... 
Incremental Tailwater Depth (ft) ............................ 
Ending Tailwater Depth (it) ................................. 

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) 
Rate 

Normal Critical Depth at Outlet 
Depth Inlet Outlet Depth Depth Outlet Velocity 

(cfs) (ft) Control Control (ft) (ft) (ft) (fps) 

................................................................................ 

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996 
Dodson & Associates, Inc., 5629 FM 1960 West, Suite 314, Houston, TX 77069 
Phone:(201)440-3787, Fhx:(281)440-4742, Email:software@dodson-hydro.com 
All Rights Reserved. 



PIPE CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

February 27, 2001 

PROGRAM INPUT DATA 
DESCRIPTION VALUE 

Culvert Diameter (ft) ....................................... 
FHWA Chart Number.... ....................................... 
FHWA Scale Number (Type of Culvert Entrance)................ 
Manning's Roughness Coefficient (n-value) ................... 
Entrance Loss Coefficient of Culvert Opening ................ 
Culvert Length (ft) ......................................... 
Invert Elevation at Downstream end of Culvert (ft) .......... 
Invert Elevation at Upstream end of Culvert (ft) ............ 
Culvert Slope (ft/ft) ....................................... 
Starting Flow Rate (cfs)........ ............................ 
Incremental Flow Rate (cfs) ................................. 
Ending Flow Rate (cfs) ...................................... 
Starting Tailwater Depth (ft) ............................... 
Incremental Tailwater Depth (ft).. .......................... 
Ending Tailwater Depth (ft) ................................. 

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet 
Rate Depth Inlet Outlet Depth Depth Outlet Velocity 
(cfs) (ft) Control Control (ft) (ft) (ft) '(fps) ................................................................................ 

415.0 1.0 7.74 8.67 8.67 5.06 5.06 11.6 fP/pe CUN 
425.0 1.1 7.86 8.8 8.67 5.12 5.12 11.71 
435.0 1.2 7.98 8.93 8.67 5.18 5.18 11.81 
445.0 1.3 8.09 9.07 8.67 5.25 5.25 11.91 
455.0 1.4 8.21 9.2 8.67 5.31 5.31 12.01 

................................................................................ 

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996 
Dodson & Associates, Inc., 5629 FM 1960 West, Suite 314, Houston, TX 77069 
Phone:(281)440-3787, Fax:(281)440-4742, Email:software@dodson-hydro.com 
All Rights Reserved. 



PIPE CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

February 27, 2001 

................................................................................ 

PROGRAM INPUT DATA 
DESCRIPTION VALUE 
................................................................................ 
Culvert Diameter (ft) ....................................... 2.0 
FHWA Chart Number ........................................... 1 
FHWA Scale Number (Type of Culvert Entrance).. .............. 1 
Manning's Roughness Coefficient (n-value) ................... 0.012 
Entrance Loss Coefficient of Culvert Opening ................ 0.5 
Culvert Length (ft) ......................................... 117.0 
Invert Elevation at Downstream end of Culvert (ft). ......... 1,598.03 
Invert Elevation at Upstream end of Culvert (ft) ............ 1,598.36 
Culvert Slope (ft/ft) ....................................... 0.0028 

Starting Flow Rate (cfs). ................................... 
Incremental Flow Rate (cfs) ................................. 
Ending Flow Rate (cfs).. .................................... 
Starting Tailwater Depth (ft) ............................... 
Incremental Tailwater Depth (ft) 
Ending Tailwater Depth (ft) ................................. 

Flow Tailwater 
Rate Depth 
(CfS) (ft) ...................... 
7.0 1.0 

COMPUTATION RESULTS 

Headwater ( ft) Normal 
Inlet Outlet Depth 
Control Control (ft) 

Critical Depth at Outlet 
Depth Outlet Velocity 
(ft) (ft) (fPS) 

--- ------------------ 
HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996 
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PIPE CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

February 27, 2001 

................................................................................ 

PROGRAM INPUT DATA 
DESCRIPTION VALUE 

Culvert Diameter (ft) ....................................... 
FHWA Chart Number ........................................... 
FHWA Scale Number (Type of Culvert Entrance) ................ 
Manning's Roughness Coefficient (n-value) ................... 
Entrance Loss Coefficient of Culvert Opening ................ 
Culvert Length (ft).. ....................................... 
Invert Elevation at Downstream end of Culvert (ft) .......... 
Invert Elevation at Upstream end of Culvert (ft).... ........ 
Culvert Slope (ft/ft) ....................................... 
Starting Flow,Rate (cfs)...... .............................. 
Incremental Flow Rate (cfs) ................................. 
Ending Flow Rate (cfs) ...................................... 
Starting Tailwater Depth (ft). .............................. 
Incremental Tailwater Depth (ft) ............................ 
Ending Tailwater Depth (ft) ................................. 

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) Normal Critical De~th at Outlet 
Rate Depth Inlet Outlet Depth Depth butlet Velocity 

(ft) Control Control (ft) (ft) (ft) (fPs) 
................................................................................ 

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996 
Dodson & Associates, Inc., 5629 FM 1960 West, Suite 314, Houston, TX 77069 
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\. 
BOX CULVERT ANALYSIS 

COMPUTATION OF CULVERT PERFORMANCE CURVE 

March 20, 2001 

-----------------------------------------==----------------------=============== ......................................... 
PROGRAM INPUT DATA 

DESCRIPTION VALUE 

Culvert Span (ft) ........................................... 10.0 
Culvert Rise (ft) ........................................... 3.0 
FHWA Chart Number ........................................... 8 
FHWA Scale Number (Type of Culvert Entrance) ................ 1 
Manning's Roughness Coefficient (n-value) ................... 0.012 
Entrance Loss Coefficient of Culvert Opening ................ 0.5 
Culvert Length (ft) ......................................... 104.6 
Invert Elevation at Downstream end of Culvert (ft) .......... 1,615.25 
Invert Elevation at Upstream end of Culvert (ft) ............ 1,616.44 
Culvert Slope (ft/ft) ........................................ 0.0114 

Starting Flow Rate (cfs) .................................... 150.0 
Incremental Flow Rate (cfs) ................................. 10.0 
Ending Flow Rate (cfs) 250.0 

Starting Tailwater Depth (ft) ............................... 
Incremental Tailwater Depth (ft) ............................ 
Ending Tailwater Depth (ft) ................................. 

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet 
@ iute Depth Inlet Outlet Depth Depth Outlet Velocity 

(cfs) (ft) Control Control (ft) (ft) (ft) (fps) ................................................................................ 
150.0 1.0 3.08 0.0 1.17 1.91 1.17 12.78 
160.0 2.0 3.22 0.0 1.22 2.0 1.22 13.07 
170.0 3.0 3.36 2.74 1.27 2.08 1.27 13.35 
180.0 4.0 3.49 3.85 1.32 2.16 3.0 *Cbp 
190.0 5.0 3.82 4.97 1.37 2.24 3.0 6.3 
700.0 6.0 4.1 6.1 1.42 2.32 3.0 

"+ 
6.67 

---------------- ................................................................................ 
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Spook Hill ADMS Update 
Flood Control District of Maricopa County 
FCD 99-43 

McDowell Road Alienment 

August 9,2001 
W/P # 99989 

From Level I analysis, Option MDIB, estimate costs for entire option based on sample segment (Sossaman to Hawes) 
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UcPwvall.lda.MoDo~P1 Costs . . .  . . 

Earthen Channel Option MD2E-From 
Level I1 Analysis 
Earthen Channel Estimate for McDowell 
Rd, Sossaman to Hawes Rd (I mile) 

Total earth channel cost assuming 1.52 
miles of earth channel 

Cost of option MDlB which is not 
associated with channel construction 

$15,151,877 

$5,891,194 

$8,954,614 

$6,197,263 



Woodmatel 

Spook Hill ADMS Update 
Flood Control District of Maricopa County 
FCD 99-43 

McDoweU Road Alienment 
Sossaman Road to Hawes Road 

Landscaped Earthen Channel Option 

May 15,2001 
W P  # 99989 

MAJOR ELEMENTS: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 
1 Channel Excavation $4.00 CY 55,103 $220,412 

2 Drop Structures $310 CY 3,327 $1,031,314 

3 Culverts $310 CY 1,389 $430,590 

SUBTOTAL MAJOR ELEMENTS $1,682,3 16 

CONTINGENCIES: 
Construction 
Engineering 
Construction Admin 

TOTAL MAJOR ELEMENTS $2,489,828 

ADDITIONAL ELEMENTS: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 
1 Landscaping $1.10 SF 363,053 $399,358 

2 Fence 

3 Utility Relocations (W & S) $8,000 EA 2 $16,000 

SUBTOTAL ADDl'IlONAL ELEMENTS $542,078 

COmINGENcIES: 
Construction 
Engineering 
Construction Admin 

TOTAL ADDITIONAL ELEMENTS $802,276 

LAND ACOUISITION: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 
1 Channel Land Acquisition $118,208 AC 17.59 $2,079,272 

2 Basin Land Acquisition $24,197' AC $0 

SU5TOTAL LAND ACQUISI'MON $2,079,272 

TOTAL LAND ACQUISITION $2,599,090 

TOTAL $5,891,194 

Wl1999Projects199989SpwkHillADhP Update~Spreadrheets\C~dtEstim~esL4Lter~I~~e CarfAdydis\Lwel InComoyance cost analysis - McKellips & 
McDoweI1.xlsEmhen CluMnel 



Suook Hill ADMS Update August 9,2001 
Flood Control District of Maricopa County W P  # 99989 
FCD 99-43 

McKellios Road Alignment 

From Level I analysis, Option MIUE, estimate costs for entire option based on sample segment. 

Earthen Channel Option MK2E-From 
Level I1 Analysis 

Earthen Channel Estimate for McKellips 
Rd (Sepents 4,5,6,7,8,9, & 10) Length 
= 5400 R. 
Total earth channel cost assuming 5400 
feet of earth channel 
%ost of option MK2E which is not 
associated with channel construction 

$4,673,708 

$1,425,593 

$1,425,593 

$3,248,115 

Cost of Major Elements for the McDowell 
Reach (5280 feet) 
Major elements adjusted to McKellips 
Reach wsts (5280 feet) 

Cost of Major Elements adjusted to 5400 
feet of reach length 
Cost of Additional Elements (5400 feet) 
Cost of Land Acquisition (5400 feet) 
Total Adjusted Cost (5400 feet) 

1 W:\l999Pmjeds\99989Spwk Hill ADMP Update\Spreadsheets\C~~tErtimates\ALt~ Cost Anaipisuevel Ii\Conveyance cast analysis - McKellips & McDowell.xls-McKelli Costs 

Option 
Earthen Channel 
RGRCP 
Box Culvert with Roughness Elements 
CMP Type I1 Aluminized Sluny Backfill 

McKellips Reach 

Earthen Channel 

NA 

$700,277 

$716,193 
$537,729 
$171,671 

$1,425,593 

McDowell Reach 

Sample Segment Cost 

$1,425,593 
$1,612,156 
$1,585,779 
$1,377,973 

Earthen Channel 

$2,489,828 

$700,277 

$716,193 
NA 
NA 
NA 

Estimated Total cost 
$4,673,708 
$4,860,271 
$4,833,894 
$4,626,088 

RGRCP 

$3,211,004 

$903,112 

$923,637 
$375,866 
$3 12,652 

$1,612,156 

Additional Compared 
to CMP Cost 

$47,620 
$234,183 
$207,806 

$0 

Box Culvert with 
Roughness Elements 

$3,119,307 

$877,322 

$897,261 
$375,866 
$3 12,652 

$1,585,779 

CMP Type I1 Aluminized 
Slurry Backtill 

$2,396,873 

$674,133 

$689,455 
$375,866 
$312,652 

$1,377,973 



Woodmatel 

Spook Hill ADMS Uudofe 
Flood Control District of Maricopa County 
FCD 99-43 

McKellius Road Alienment 
5400 feet Channel Segment 

Landscaped Earthen Channel Option 

May 15,2001 
WIP # 99989 

MAJOR ELEMENTS: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 
1 Channel Excavation $4.00 CY 19,221 $76,884 

3 Splitter Structures $60,000 EA 0 $0 

4 Culverts $310 CY 155 $48,050 

5 Baisn Excavation $4 CY 0 $0 

SUBTOTAL MAJOR ELEMENTS $483,914 

CONTINGENCIES: 
Construction 35% $169,370 
Engineering 7% $33,874 
Construction Admin 6% $29,035 

TOTAL MAJOR ELEMENTS $716,193 

ADDITIONAL ELEMENTS: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 
1 Landscaping (Channel & Basins) $1.10 SF 212,482 $233,730 

2 Fence $12 LF 10,800 $129,600 

3 Utility Relocations (W & S) $8,000 EA 0 $0 

SUBTOTAL ADDI'IlONAL ELEMENTS $363,330 

CONTINGENCIES: 
Construction 35% $127,166 
Engineering 7% $25,433 
Construction Admin 6% $21,800 

TOTAL ADDITIONAL ELEMENTS $537,729 

LAND ACOUISITION: 

ITEM DESCRIPTION UNITPRICE UNIT QUANTITY AMOUNT 
1 Channel Land Acquisition $21,492 AC 6.39 $137,337 

2 Basin Land Acquisition $14,300 AC 0.0 $0 

SUBTOTAL LAND ACQUISITION $137,337 

TOTAL LAND ACQUISITION $171,671 

TOTAL $1,425,593 
W l1999Pmject~W9989-SpookHillADMP UpdoreiSpm~?dchoetsIC~stEst im~?te~WLr~ Cost AnolysisLevel NIConveyance cost anolysis -MeKelIips & MeD0veII.xis 
Eonhen ChmtneI(McXxIIipi0) 



Spook Hill ADMS Update August 9,2001 
Flood Control District of Maricopa County WIP # 99989 
FCD 99-43 

Cost Analysis for Convevance Materials on McDowell & McKelli~s Roads 

W.\r999Proleds\9ss84spMk Hill ADMP Update\Spreadsheets\CoStEstimstes\ALtemB1ive Cost AnaEpioUevsl II\Conveysnce cost analysis - McKellips 8 MeDowell.xls-Total Costs 
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' Wood, Pate1 &Associates, Inc. 

Offline Basin Parameters 

Alternative Name: Non-Jurisdictional 

Option Name: NJ4 

Basin Name: SS380 

Items Hydrograph Peak Flow Volume 
Name (cfs) (Ac-Ft) 

Inflow C380 4597 1077 

Bypass DD380 1960 976 
Div. Flow 380s 2637 100 
Bleedoff SS380 38 100 
Total DIS Flow CC380 1998 1077 

Alternative Name: 

Option Name: 

Basin Name: 

'Items Hydrograph 
Name 

Inflow C380 

Bypass DD380 
Div. Flow 380s 
Bleedoff SS380 
Total DIS Flow CC380 

Non-Jurisdictional 

Peak Flow Volume 

(cfs) (Ac-Ft) 

I W.\1999Projects\99989-Spook Hill ADMP UpdateUlydrologyU.,eve12\0ffline.~b3 Print Date 27-Apr-01 



' Wood, Patel &Associates, Inc. 

Offline Basin Parameters 

Alternative Name: McDowell Road 

Option Name: MD2E 

Basin Name: S370 

Items Hydrograph Peak Flow 
Name (cfs) 

I d o w  C370 1046 
Bypass D370 140 
Div. Flow BS370 906 
Bleedoff S370 10 
Total DIS Plow CC370 150 

Volume Hydrograph Peak Elow 
(Ac-Ft) Name (cfs) 

Alternative Name: McDowell Road 

Option Name: MD3E 

Basin Name: S370 

Items Hydrograph Peak Flow Volume 
Name (cfs) (Ac-Ft) 

Inflow C370 1046 58 
Bypass D370 140 24 
Div. Flow BS370 906 34 
Bleedoff S370 10 34 
Total D/S Flow CQ70 150 58 

i 

(Ac-Ft) 

\ 
Hydrograph Peak Elow Volume Hydrograph P ak Elow/~olume 

Name (cfs) (Ac-Ft) Name \is)/ (A&) 

W:\1999Projects\99989-Spook Hill ADMP ~ ~ d a t e ~ ~ d r o l o ~ ~ \ l e v e l 2 \ 0 f f l i ~ e . ~ b 3  Print Date 27-Apr-01 



' Wood, Pate1 & Associates, Inc. 

Offline Basin Parameters 

Alternative Name: McKellips Road 

Option Name: MK2E 

Basin Name: SS340B SS380B 

Items Hydrograph PeakFlow Volume Hydrograph PeakFlow Volume 
Name (Cfs) (Ac-Ft) Name (cfs) (AcPt) 

Inflow C340B 394 14 C380B 986 75 
Bypass DD340B 18 8 DD380B 85 32 
Div. Flow BS340B 376 6 BS38OB 900 44 
Bleedoff SS340B 2 6 SS38OB 15 44 
Total D/S Flow CC340B 20 14 CC380B 100 75 

Alternative Name: McKellips Road 

Option Name: MKlC 

Basin Name: SS34OB 

Items Hydrograph Peak Flow Volume 
Name (cfs) (Ac-Ft) 

Inflow C340B 394 14 
Bypass DD340B 18 8 
Div. Flow BS340B 376 6 
Bleedoff SS340B 2 6 
Total DIS Flow CC340B 20 14 

W.\1999Projects\99989-Spook Hill ADMP UpdateUIydrology\Level2\0ffline.~b3 Print Date 27-Apr-01 



Suook Hill ADMS Update 
Flood Control District of Maricopa County 
FCD 99-43 

McDowell Road Alignment 

April 12,2001 
WE' # 99989 

From Level I analysis, Option MDIB, estimate costs for entire option based on sample segment (Sossaman to Hawes) 



Woodmatel 

Spook Hill ADMS Update 
Flood Control District of Maricopa County 
FCD 99-43 

McDowell Road A l i m e n t  
Sossaman Road to Hawes Road 

Landscaped Earthen Channel Option 

April 4,2001 
W E  # 99989 

MAJOR ELEMENTS: 

ITEM DESCRIPTION UMTPRICE UMT QUANTITY AMOUNT 

1 Channel Excavat~on $4.00 CY 55,103 $220,412 

3 Culverts $310 CY 1,389 $430,590 

SUBTOTAL MAJOR ELEMENTS $1,682,316 

CONTIhGENCIES: 
Construction 
Engineering 
Construction Admin 

TOTAL MAJOR ELEMENTS $2,489,828 

ADDITIONAL ELEMENTS: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 
1 Landscaping $1.10 SF 363,053 $399,358 

2 Fence $12 LF 10,560 $126,720 

3 Utility Relocations (W & S) $8,000 EA 2 $16,000 

SUBTOTAL ADDITIONAL ELEMIWTS $542,078 

% - 
CONTINGENCIES: 
Construction 
Engineering 
Construction Admin 

TOTAL ADDITIONAL ELEMENTS $802,276 

LAND ACOUISITION: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 
1 Channel Land Acquisition $201,268 AC 10.27 $2,067,022 

2 Basin Land Acquisition $28,280 AC $0 

SUBTOTAL LAND ACQUISITION $2,067,022 

CONTINGENCIES : 25% $51 6,756 

TOTAL LAND ACQVISITION $2,583,778 

TOTAL $5,875,881 
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S m o k  Hill ADMS U ~ d n t r  
Flood Conh.01 District ofMvicops Covnry 

FCD 99-43 
McDoarll Road Alienmcnt 

Sorsnmvl Road IoBra r r  Road 
RGRCP Pipe Option 

MAJOR ELEMENTS: 

ITEM DESCRIPTION UNITPRICE UNlT QUANTITY Ah4OUNT 

I 132' RCPRpc WonStd Length) $762 LF 99 $75.398 
126" RCPPipc Won-Std Length 
120" RCP Pipe Wan-Sld Length) 
114" RCPPipc 
114' RCPPipe Won-Std Length) 
108" RCPPipc 
108" RCPPipc @%a-Std Length) 
10T RCPPipc 
96" RCPPips 
96" RCP Pips Won-Std LcngUI) 
90" RCPPips 
7V RCPPips 
96" (78" 1.D.) Dias. Ring 
108" (90" LD.) Disr. Ring 
114" (96" 1.D.) Dis. Ring 
120" (102" ID.) Disr. Ring 
126" (108" ID.) &sr. Ring 
13T (114' LD.) Disr. Ring 

Export 
Manholes 

SUBTOTALMAJOR ELEMPATS $2,169,598 

TOTALMAJOR ELEMENTS $3,21l,W4 

ADDITIONAL ELEMENTS: 

ITEM D E S C m O N  UNITPRICE UNlT QUANTITY m O U W  

1 hdssapiog $1.10 SF 211200 $232,320 

3 Utility Rclocatioar W) $8,000 EA 2 $16,000 

SUBTOTAL ADDIllONAL ELEMi3NT.S $248220 

CONTINGENCIES 
Conrmcfloo 35% $86312 
Englnssnng 7% $17,382 
Conawcr~on Adrmn 6% $14,899 

TOTALADDlTlONAL ELEMENTS $367,514 

lTEM DESCRlPllON UNITPRICE UNIT QUANTITY AMOUW 
1 W n d A c q u i r i t i o n  $87,120 AC 2.42 SZ10.830 

2 Basin Land Acqvisition $28280 AC 0.00 $0 

SUBTOTAL LAND ACQUISmON $210,830 

TOTAL LAND ACQUISTION $305,7M 

T O T A L  $3,884,222 



Woodmatel 

1 S ~ o o k  Hill ADMS UDdate 
Flood Control District of Maricopa County 

FCD 99-43 
McDowell Road Alienment 

Sossaman Road to Hawes Road 
Box Culvert Option 

April 11,2001 
WiP # 99989 

MAJOR ELEMENTS: 

ITEM DESCRIPTION UNITPRICE UNIT QUANTITY AMOUNT 

1 10' x 7' Box Culvert $300 CY 3,546 $1,063,656 
2 10' x 4' Box Culvert 
3 Export 
4 Manholes 

SUBTOTAL MAJOR ELEMENTS $2,107,640 

CONTINGENCIES: 
Construction 35% $737,674 
Engineering 7% $147,535 
Construction Admin 6% $126,458 

TOTAL MAJOR ELEMENTS $3,119,307 

ADDITIONAL ELEMENTS: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 
1 Landscaping $1.10 SF 211,200 $232,320 

2 Fence $12 LF 0 $0 

3 Utility Relocations (W & S) $8,000 EA 2 $16,000 

SUBTOTAL ADDITIONAL ELEMENTS $248.320 

CONTINGENCIES: - 
Construction 35% $86,912 
Engineering 7% $17,382 
Conshvction Admin 6% $14,899 

TOTAL ADDITIONAL ELEMENTS $367,514 

LAND ACOUISITION: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 

1 Channel Land Acquisition $87,120 AC 2.42 $210,830 

2 Basin Land Acquisition $28,280 AC 0.00 $0 

SUBTOTAL LAND ACQUISITION $210,830 

CONTINGENCIES : 45% $94,874 

TOTAL LAND ACQUlSmON $305,704 

TOTAL $3,792,525 



Woodmatel 

S ~ o o k  Hill ADMS Undnle 
Flood Control District of Maricopa County 
FCD 99-43 

McDowell Road Alienment 
Sossaman Road to Hawes Road 

CMP Pipe Opfion 

MAJOR ELEMENTS: 

ITEM DESCRIPIION UNITPRICE UNIT QUANTITY AMOUNT 

1 1l.Z" CMPPipe $359 LF 660 $236.940 
2 108" CMPPipe $292 LF 1.320 $385,440 
3 102" CMP Pipe $278 LF 660 $183,480 
4 96" CMPPipe $262 LF 660 $172,920 
5 90" CMPPipe $238 LF 1,320 $314,160 
6 84" CMPPipe $224 LF 660 $147,840 
7 Export $7 CY 18,676 $130,729 
8 Manholes $6,000 EA 8 $48,000 

SUBTOTAL MAJOR ELEMENTS $997,129 

CONTINGENCIES: 
Construction 35% $348,995 
Engineering 7% $69,799 
Construction Admin 6% $59,828 

TOTAL MAJOR ELEMENTS $1,475,751 

CMP Aluminized Type II with Concrete Invert and with slurry bacldil to 1' over top of pipe 

ADDITIONAL ELEMENTS: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 

1 Landscaping $1.10 SF 211.200 $232,320 

2 Fence $12 LF 0 $0 

3 Utility Relocations (W & S) $8,000 EA 2 $16,000 

CONTINGENCIES: 
Construction 35% $86,912 
Engineedng 7% $17.382 
Construction Admin 6% $14,899 

TOTAL ADDITIONAL ELEMENTS $367,514 

LAND ACOUISITION: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 

1 Channel Land Acquisition $87.120 AC 2.42 $210,830 

2 Basin Land Acquisition $28.280 AC 0.00 $0 

SUBTOTAL LAND ACQUISITION $210,830 

CONTINGENCIES : 45% $94.874 

TOTAL LAND ACQUISITION $305,704 

TOTAL $2,148,968 
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PRODUCE 
COMPANY 

PO Box 1938 - 1910 lSt Ave. North 
Fargo, ND 58107 , I I  pL-c 

Ph. (701) 237-9800 (70 1 )  3 99-6 7 5 7  
Fax (701) 237-0972 

Date: March 8.2001 

Please deliver the following pages to: Rick 

from: Brian Eiseman 

Total number of pages including this cover letter: 10 

IF YOU DO NOT RECEIVE ANY OF THE FOLLOWING PAGES, PLEASE CALL 
ME AT (701) 799-6757 (cell). 
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In August, 1969, the ~ m e r l a n  

CULVERT VELOCITY REDUCTION concrete Pipe AsMclatIon con- 

BY 
traaed with Vlrginia Polytechnic 
Instltuk and State Unlvenlty (VP1) 

INTERNAL ENERGY DlSSlPATORS 
Tiit* clc~luncf is  ollen concernecl s irb hulenc(~. hfnrl oullcl proleclion cln.icci 

nrwlris scour ot erosion at lhc outlcl . ~ m  esrenriaiiy slilling balins, de~ ipnd  ro 
(I! r Orlrrinape cuiverl conr~ructed on .I rhr hs,ciraulic iymp is l o rm~d  in lhc b ~ r i ~ .  
*lceP Slope. Such eroskln can caure serl- 
,,us ,nJinlenance, tillin8 pOiiulion . This anicle describes dis>ip.>torr inl<.na- 

pnrblcmr, The ,,si~rilv arociatcrl "(1 10 ionn llre hrdmulir iump s.lllin 
,r;th ,lm,~ .clcrp slr,pn, is oi,ir.r; 111e cuh-err. thus dinlinaling cus~h rw~it.: 
.n.7r.t,nelt*r in the rros#<r: ~s:r,r ,..-. nruclures. These dlsripalors ~6 ciru;.~: 

R~.<;~~I~,,~ of tl,n t,~:o~(; c., .UCI, iiln-. r i n ~ s  snacwl along rhr Pipi- a1 1111' dinro- 
i , , I ; ;  i t ,  , , dream end. Thc ring* raurc r wrier of 
I ;  ; h ; A I h~'(lraul1e iunlps Ilr lorm In the lrarrrd 01 
u p  ' I  I .  i i .  I .  rhv pipe. r~rulling in, a near oprintum 

1 p ,  1 I :  i i i  - ~ 1 i s ~ i ~ a r 1 ~ 1  ni cnerp and viruralh ntini- 
r'~n.rrha,~hl#~ i.rlt.rx9. in tho ris.c~liirls lur- ,*tail if<rrrB>;? 1nllll (.nergv.~t I ~ P  ,wtic.:. 

GENERAL 
rwious research conducted at channel. since' culverts operating 

PVlqlnla Polytechnic Instltuteon under In* control simulate open 
the use of rough,ness elements in channel flow, appliutlon of this 
OPNI channels established that ax- type of internal energy dissipation 
car  energy in rtonn wakr flow- to culvcm could polably mul t  in 
in8 down.s(esp drainage channels more efflclant utilization of the 
could bC dlsripated by construct- culwn barrel and reduced outlet 
tng roughness elements within the velocities. 

to investigate and determine the 
fwlbility and rp~~lcable da im 
procedures for wins rough& 
elemenb a$ energy dlssipaton of 
free-surface flow in circular wn- 
Crete pipe c u b m .  Results of the 
rewarch are published in Highway 
Research Record Number 373 
Roughness Elemenls as Enaay 
Diniprton of F160-Surface Flow 
in Clrmlar Plpea. Becauw of fhe 
crltcrla of rsrurlng free urrfxe 
flow, full capacity of the conduit 
was not realbed and necfflltated 
an increase in plpe size within the 
length of culvert In which @ 
roughnerr elemen8 a n  placed. 
Bwed on the laboratory and field 
0bSe~ation~ during this initial re- 
search, subsequent tests were con- 
ducted for full Row conditions oc- 
curring near the outlet end at 
maximum design discharge. By 
eliminating the criteria of free mr- 
face flow and allowing the culwrt 

FIGURE 1. TUMBLING FLOW IN PIPE CULVERT. 

CONCRETE PIPE NEWS/ 87 
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f IOURE 2 ROUGHNESS 
ELEMENT IN PIPE. 

to approach full flow, It was found 
velocity reduction could be ef- 
fact& without an increase in pipe 
size. The results of this later re- 
search and design procedures for 
both the full flow condition and 
the free surface flow condition 
are presented in the following 
paragraphs. 

FREE SURFACE FLOW TESTS 
The performance characteristics 

of disslpator rings were investi- 
gated initially in laboratory mod- 
el@ and later with a full scale.18- 
inch reinforced concrete pipe pro- 
totype. Different numbers of rings 
of various crosl-sectional dimen- 
sions and spacings were tested In 
the &Inch diameter clear plastic 
model pipe which could be ad- 
justed to any rlope'from zero to 

\IMITH DMOTA COMETE FAX: 17012235620 PAGE 2 

30 percent. An early conclusion 
was that only five rings were 
necessary to achieve consistent 
results. The full scale prototype 
was tasted at flatter slope than 
the laboratory model beauso tclt 
facilltior wlth unlimited quantitlas 
of water were not available within 
a reasonable distance of VPI. 

Since the objectives of the re- 
search were to dissipate energy 
and reduce high velocltles as* 
ciated with culverts on what are 
considered steap slopes, the cut- 
verts were operating under inlet 
control. Accordingly, the flow 
characteristics were observed to 
be one of critical flow at the en- 
trance of the pipe with the flow 
acceietating down the length of 
the pipe untll the first ring, or 
roughness element, was reached. 
At that point, a hydraulic jump 
was formed, wlth extreme turbu- 
lence. The flow then encountered 
another roughness dement while 
still in an agltated condition from 
the first and this pattern of action 
was repeated until a cyclic con- 
dition was reached, where the 
flow conditions over the rough- 
ness elements were uniform, Cm- 
erally, this cyclic action was at- 
tained after the second or third 
element. The agitated flow, char- 
acterized by a greater depth over 

the element than before It, a fall 
into a valley betwien the e b  
ments, and P form resembling a 
hydraulk Jump shortly before the 
next dement, Is ul led tumbling 
f lw .  Thus one cycle Is completed 
and the flow tumbles into the mm 
cycle untll the outlet b reached. 
This tumbling flow can only be 
established and maintained under 
less than full flow conditions. Fig- 
ure 3 shows how tumbllng flow 
with a free flow surface at less 
than maximum design discharge 
appeared in the 6-inch clear plas- 
tic pipe 

FULL now TEST5 
During the previous VPi re- 

search on open channel flow, it 
WM observed that if one large dis- 
slpator element was placed up- 
stream it created a large hydraulic 
lump which was maintained 'by 
the smaller downstream elements. 
In applying this observation to 
pipe flow at maximum design dis- 
charges, it war theorized that the 
hydraulic jump at the large up- 
stream ring would cause the pipe 
to flow full with the smaller down- 
stream rinds maintaining the lull 
flow condition. 

Several t e e  of various ring con- 
figurations quickly indicated the 
soundnar of this ao~roach. Sub- 
sequently extended iests for the 
full flow condition were made in 
the laboratory model with a rtng 
configuntion consisting of three 
small ring$ at the exit preceded 
by one large ring at double spac- 
ing as illustrated in Figure 4. The 
three mall ringa were spaced at  
rpacing-dlarneter ratio (UD) of 
1.5 with a ring height-diameter 
ratio (WD) of 0.0625. The large 
ring, at double spaclng, had a 
height ratio KID of 0.146. 

Model tesU were run for this 
configuration at three slopes of 
4.3,9.3 and 15.2 percent In order 
to compare these model tests with 
the full scale prototype tests un- 
der free _surface flow, the range 
of test flows was equivalent to 10 

FIOURE3. TUMBLING FLOW IN &INCH PLASTIC PIPE. to 15 cubic feet per ~ c o n d  in an 

M I  CONCREE PIPE NEW8 i 
.! 
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FIGURE 4. FULL FLOW IN  PIPE CULVERT. 

TABLE I. TEST RESULTS OF @INCH PLASTIC' PIPE. 

18-inch dlamcter pipe. In all of 
thae larger flows (larger than in- 
dlcatad by tumbling flow crlterla), 
the pipe flowed full at the outlet 
with the initial hydraulic jump 
varylng in position above the 
leadlng dng depending upon the 
slope and flow rate. In wme uses 
there were slugs of air moving 
unsteadily down the pipe, wter- 
ing at a vortex In the headwater 
and moving through regions of 
full flow In entrained bubble. In 
such cam, the quantity and 
movement of air through the pipe 
would Indicate pressurea only 
slightly rbwe abnwpherlc and in- 
1st control rtlll governed. Table I 
details the test dab a d  wits 
and Table II Iisb the cornpub. 
tions relating the teat mutts to the 
expected performance of an 18- 
inch diameter prototype pipe, The 
prototype discharge Q was de- 
termined by using a Froude rela- 
tlonship for slmilltude, Q. = I., "'. 
In al l  urar except where tumbling 
flow Is noted, the model pipe was 
flowfng full at the downstream 
end. Therefore, prototype velocity 
QP was determined by dividing 
prototype discharge by prototype 
area, where the prototype ama is 
the a m  of the pipe at the oudet 
mlnus the decrement in area re- 
sulting from the kst rlng. 

TML% 11. CALCULATW PERFQRMANCE 
OF IBINW CONCRETE PIPE. 
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FULL FLOW DESIGN 
PROCEDURE 

2. For culverts operating under The dngle upstream ring would On the 
inlet control, determine oudet flow ta t  results, the following de- then be located at twice th is  

sign pmcedura is'sul(gested: velocity by means of Man- spaclng and sized to be ap- 
1. Select required pipe rlza b a d  Formulr. pmlmrtely double the down- 

on the hydraulic deign pro- 3. If veloclty reduction is desired, stream rings, 
cedurs~ pwsentd in Hydraulic *Iect a 4. Determine the hydraulic cnns- 
Enginwring Circular Nos. 9 or for the three downs'-m rings secttonal area at the last down- 

with a height-dlsmeter ratio ,tmm ring. prepsd by the between 0.06 and 0.09,. Highway Administration or the 
0.06 b IUD 48 0.0 

5. Divide the design discharge by 
Concreta Pipe Design Manual the resultant area determined 
publhhed by the American and a spacing-diameter ratio of in Stcp 4 to determine theout- 
Concrete Pips Assoclatlon. 1.5. UD = 1.5 let velocity. 

(;I\('*' Cuhrsrt, 36-Inch diameter, F~nd Size and spacing of rough- %lut~on 
125 feet long, n a 0.012, 4% ness elements for full flow con- 1. Check culwrt control. 
slope ditions Figure 44, p. W Concrete Pips 
Design Q * 60 cfs Design Manual 
AHW = 4.5 feet 

lnkt control: 
HW 4.4 feet o.k 
Outlet control: ' , 

HW + S L  5.1 feet 
HW 5.1 - 0.04 X 125 
HW 0.1 feet 0.k. 
Therefore, inlet Control gov- 
erns. 

2. Determine outlet velocity 
Figure 4, p. 181 Concrete Pipe 
Design Manual 

4 . n  = 145 dr 
Vr.n = 20.5 fps 
Figure 18, p. 195 Concreta Pipe 
Design Manual 
Q,~/Qruu = 601145 1 0.41 
Vd / Vrun = 0.94 
V* = 0.94 X 20.5 = 19.3 fps 

3. Velocity reductiondesired. 
Dowmtream ring height 
0.06 rL. K/D LOB9 
Use K 0.25 feet or.3 inches 
Downstream ring spacing 
WD = 15 
Use L = 4.5 feet 

Upstream ring height 
Use K = 6 inch-- 

Upstream ring spacing 
Use L = 9 feet 
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4. Determino Hydraulic crcws- 
sedlonrl am# at last ring 



FILE No.140 03/08 '01 AN 08:42 1D:ND CONCRETE - B.EISEnON FAX:7014923480 

FILE No.804 03/07 '01 Ftl 02:03 1D:NORTH DAKOTA CONCRETE FAX :I7012235620 

PAGE 7 

PAGE 6 

FUEE SURPACE FLOW 
DESIGN PROCEDURE 

BtKd upon the free surface flow 3. If veioclty reduction is desired, 4. %la a mughncu e l h n i r l z e  
tu t  resulb, !he following design select a pipe dlamclter within , for the dlrripator rings with a 
pmcedum is  suggested: the following. range: helghtdhmemr raUo between 
1. Select required pipe size b a d  0.10 and 0.15, 

on the kydnuik design p r o m  0.10 k KID CO.15 
dura p m t e d  in Hydraulic and a spacfng-diameter mtlo 
Engineering Circular Nos. 5 or [&r 'b]'" 

between l.5 and 2.5. 
10 prepared by the Federal where Q = deslgn discharge 13 6 ~ 0 6 2 . 5  
Hietiway Adminl~tratlon or the 
Concmte Ptpe Deslsn Manual 

g = acce'eranon due to 5. Determine hydraulic cross-sec- 
gravity (32.2) 

published by the American tlonal area at  last dlulpator 
Contrete Pipe &sociation. dng based upon crftical depth. 

The five dlsslpator r ing will be 
2. For culverb operating under placed within this pipe diam- 6. Divide the design discharge by 

Inlet coneol, determine outlet eter. the csrultant area determined . . 
velocity by means of Manning's in Step 5 to determine the out- 
Formula. let veiodtyi 

&mpie z 
Given: Same as Example 1. Find: Size and spacing of rough- Solution: 

n w  elements for free surface flow 
conditions. 1. Check cul& control bee Ex- 

~ W I ) L  II c r r m u ~  o * ~  ample 1). 
CII#LU c(m inlet control governs. . . 

3 
2. Determine outlet velocity (see 

2 Example 1); 
Qhu = 145 h 

1 VM = 20.5 fp6  

0 
qu,=M)dS 
Vdmb 193 fps 

6 3. Velodty reduction. desired, s t  
l e t  pipe diameter for culvert ' 

outlet, 

Y 
4 

8 14 4.0 h D 4 4.6 
12 TF/ a-48-inch diameter pipe. 

10 
4. Select roughness elmerit size 

: 8 and spacing. 

6 
K 

0.10 + 60.15 
4 ' 4.8 C; K h6.0 

o IDOO 20(D  MY) UXX) Try K Ip 5 inches. 
DISCHAROE 0 CFS 

011 W N C R ~  PIPE NEW6 



FILE No.140 03/08 '01 AD 08:42 1D:ND CONCRETE - B.EISEHAN FAX:7014923480. 

72 4 1 6 1 2 0  
Spacing of five elemenb be- 
tween 6 and 10 feet allows 
placing one element in aach of 
flw Ia8t culvert W o n %  

5. Determine hydraulic cross-sec- 
tional area of last dng 
inride pipe diameter = 
48.inches 
inside ring diameter - 
38-inches (3.2 feet) 
From Figure 25, pap  202, Con-. 
Crete Pipe Design Manual, for 
D a 3.2 feet, 6 2.45 fact 

Fmm Table A-10, page 363, 
Concrete Design Manual, 
Area - 0.6446 

Area a 0.6446 (3.2)' 
Area = 6.62 sq. ft 

6. Determine outlet vclo~ity. 
V QIA 
V 6016.62 
V 9.1 fps. 

Therefore, use five e l s  
nmnD, 5 inch- high spa& 6 
t o  10 feet or the length of the 
pipa section if within this range, 
in the 1st five WOW of pipe 
which are ,incrtassd to 48. : 

inches in diameter. ;. . . . . ;. .. . . . . . .: . . . .  . .  .. . . . .. . . ., 

PAGE 8 

P I X  7 

Dbntstlon 
The joining of the two sizes of 

pipe could be accomplished by 
te!Nmping or slipping the 36-inch 
Pipe into the 48-inch pipe for at 
least the long& of a normal joint 
and using normal waling materlah 
in the annular space. 

Although the velocity nductlon 
is somewhat greater for free sur- 
face flow than for full flow wndi- 
tions, the method ulcd should be 
dected only after a complete rr- 
view of the economics, Installa- 
tion procedures and rquirementr 
of the project Early consulh(lon 
with the concrete pipe producer 
is su8eclted to take full advantage 
of manufiaudng capabilities and 
design details. . 
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