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ls the site located in a 
wa1ershe<lwithc1mas1er 

planihatdefnes 
allowable runoff for both 
flood control and stream 
stability or other criteri,::i'? 

WE$ 

WE~ 

[M@ 
OR NOT 
OEF"INED 

~@➔ 

Does the ~ite, as pldMed. 
Guse increase<irnnofl? y~~ 

Flood Control Erosion 
W~I fl()O{l1ng prot>lems 

occur ~s.defined by 5600 
at ex1s\1ng downstream . r fon@_____. If diS(hJ1"girt9 to a stream 
strncturesorro;ids,for lflLJ ~ followcnteriainSeciion 
existirlg or futu re peal< 5505 

flows·? 

W,,rc: @ DRNOT 
ij l£@ DEFINED 

Doesthedeveloi;ment 
meet City defined crileria 
lorwai\/ingfloodcontrol 
requrl:!mefl!sor,i f there ~W~$-J arBnofloodingprol:h!ms 

isthe peakrunofffrom the 
site10%orlessof the 

total fkiw n the receiving 
stream? 

lonij DR NOT 
lMl!dl DEFINED 

Ecology 

W~ILJnacceptablew~ter 
qua~ty degradabon or 

adverseeailogical 
imp~ISOCCIJl1 

\Wlc:@ ORNOT 
LJ [£@ DEFINED 

[M@-J 

ll":1/.l{ 'S ,\- t.Sl>UU.l.\'l:"/1 · l N~ TO BW'NA'ILAL 
conserve open space 

, swalestolengthenlc 
• in f1ltraho11 
• borelelllioll 
• veg elative str~s 
• rain gardens 

wetlands 
• low impact de..-elOpmenl 
. scream buffe,s 
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NOAA Technical Memorandum NWS HYDR0-35 Notional Oceanic and Atmospheric 
Administration Of The Notional Weather Service, Deportment Of Commerce 
Silver Spring, Md.,June 1977. 
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And Return Periods From I yr To 100 Yrs. U.S. Weather Bureau, Deportment Of Commerce, 
Washington, 0. C., January 1963. 
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Transportation Federal Highway Administration, Washington, D.C.1 August 1979. 
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Figure 3 developed by modeling flow 
in typical representative hydraulic sections 
using Manning 's Equation . 

50 

-0.5 I-

"' 100 
UJ 

""' 0 - --.;;;--- 200 

-Cl) 
I.LI 
I-
::> 
z ro-- --- STREET ~ - GUT~-X - 2 I-

t- (!) 
600 z z I-

2.0 I.LI 800 BARE t-
0 ...J SOIL a. -1000 UJ 

...J ;:E - (!) UJ I-:s! z 0 z \_j - z z RIPRAP 4.0 ...J 
LLI 0::: <[ 

LLI 
Q. ::> X CONC 

~ 0 I- 0 V ...J 6.0 0::: 
Cl) I-

8 .0 

10.0 10,000 

V 
20.0 CONC 

EXAMPLE: 
3001 GRASS CHANNEL 
1% SLOPE 
TT: 1.85 MIN. 

Connect Slope a Channel Condition to 
locate point on Turning Lin• 

Extend line from Turninc;;i Line through 
Channel Lenoth, Read TT 

0.5 

1.0 

2.0 

4.0 

6.0 

8.0 

10.0 



�

����������� ��� 	
��
�������������

�������
�����
��������������� �� !��"�#����"�����$%"��&'�"(�)���*$�"��� ��$$��*+�#��,�"�-�#*)*#�#��,�"���)��& *",�&'�'�&./�0��& *",���������� �� !��"�#��,�1�$$*$%2���3!�"*&$����!-*$%������,�"�-����-�$"���(��'�&.*$%�'!���.*"�&!"��!( ��(%�/��(�)���"*-��-�,����#�"�(-*$�#�%(�4�* ���,�'(&-�5*%!(��6789:;�*$��*�!�&'� �� !��"*&$/����&�4(&)*#��'&(�'!"!(��#�)��&4-�$"�.��$�"���!4�"(��-� ��$$���*��!$*-4(&)�#<�"���������6789:7����������!��#�'&(� �� !��"*$%���/� ����
�����=��� ����
�����
�>?@���@
?�AB��	
@
�
�C
�
�BD�
E@���
��F
�GH�EE
��I�BD
�JKL� � M
�BN�@��JA@O?
NL�P�9� � Q�9�"&�6� � R8�S�6� � R6��T��U�F����
���V�%��*-��W�VX�*��"��� �� !��"�#�"*-����".��$�"���-�Y*-!-�(�*$'����*$"�$�*",�&'����"&(-��$#�"���4&*$"�&'�-�Y*-!-�#*� ��(%��&$�"���&!"��"��,#(&%(�4�/�V�%��*-��*��!��#�*$�"��#�&'�"*-��&'� &$ �$"(�"*&$�'&(�!$*"��,#(&%(�4��-&#���/�Z"���������� �� !��"�#����;[6"��"���"*-��&'� &$ �$"(�"*&$�W� X�%*)�$��,�4�(�%(�4��6789/Q�W\��$#�]X/������̂�_�̀�BF��DH�aB
@�EF�b&!"*$%�&'��,#(&%(�4���"�(&!%���"&(�%�����-�$"��&(�(���()&*(������������,�-&#*'*�#:�c!�����)���4&&��(&!"*$%/�b&!"*$%�"�(&!%�� ��$$��������������,�"���1!�d*$%!-:e!$%��-�"�&#/�Z'�"���#�"�$"*&$��''� "�&'��*%$*'* �$"��"&(�%��*$� ��$$�������*$#�(&�#.�,��-��$d-�$"��&(� !�)�("��*��"&����-&#���#<�"����(���*-4� "�#��,�"����"&(�%�����������-&#���#������(���()&*(<��$#�"���(�-�*$#�(�&'�"��� ��$$���-&#���#�!�*$%�1!�d*$%!-:�e!$%�/�f! ��*$ *#�$"���#�"�$"*&$�������$&"����!��#�'&(�#��*%$�#*� ��(%����"*-�"���!$��������&.�#��,�"���e*",[e&!$",��$#�*"� �$����(��*���,�#�-&$�"(�"�#�"��"��! ���"&(�%��.*������-�*$"�*$�#�&)�(�"���!��'!���*'��&'�"���4(&4&��#�*-4(&)�-�$"�/������g�G������@�BE��È�hB̀
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---Kansas Rural Regression* 

- - - Standard Error - Rural cqn. 

... Ka nsas Gages - Easte rn I /3 rd ** 

- - - Nat ionwide Urban Regression for Kansas*** 
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I I I I I ' \ 
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' r- * USGS rnral regression estimates for Kansas using Rasmussen and 
' ' Perry (2000), evaluated for central .l olmson County (P=J9 inches, S=.58 ... ' ... ' inches/hour. 3 parameter equation used for drainage area >30 sq. miks) . 

' ' ' ,. ' ** USGS gages cast of 97th meridian in Kaasas. 100-ycar estimates as 

' ' ' reported in Rasmussen and Perry. ' ' ' ' ' ' *** Nationwide urhan a<ljuslment for various HDF factors as given hy 
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---Missouri Rural Regression* 

Standard Error - Rural cqn . 

.t. Rural Gages - Missouri Region 1 

Missouri Urban Regression for g iven 
BDF ** 

' ..... 
..... -.. 

• USGS rural regression estimates fo r Missouri using Alexander 

and Wilson ( 1995), evaluated fo r Missouri 's region I, which 
includes th e Kan sas City area. Average slopes fur Region I 

were used. given 
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Ii Crippen and Hue. 1977 Maximum Floodllows in the Conterminous 
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* See Tahk 5602-1 for inform ation on documented extremes. 
Selected gages are identifi ed with reference numher 
•• See Fig. 5602-1 for informat ion on Kansas rural regression 
estimate 
~** See Fig. 5602-2 fru· infc)rmation on M issouri rural regression 

estimate 
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STU�P:��I"���"��'$ �$������)�����'� �!��@��*������$�*���*����)�) ���"�V��"�#�$�$ @#�#��)�����#�"�!��"�#�$�*�!��*�����#���$�����$!������) ��%�F���*$"@�) ���!��*�����#���#�"�$��$�*�*���#�"�$��)"������������!�$��� �#@#������#��(���#�$( �#��*%�<���#�$�*$"*0#����($!W�$��"������*���#�����������"�@��V�$������!$��(���#�*����*���"���������*������'� �!��@��$�*���*����)�) ��%�G$��"�#�"�$���(#�"�!����#��!�$���#����# �����!�$���#����!"�##0#�!������$�*�����"�) ���!���"� #�!$��!$�#��#����)�!$������"�@� �##%�;�����#��!$#�#���������"�@��V�$�����*��#�����$�� @�$�*���������������V�$�������#��(���#�*����*���"���������*������'� �!��@��$�*���*����)�) ��%��A@*"$� �!�!$ !� $����#�)�"������!�$��� #��$@�$ #��(���$*��(@�����X%H%�?"�@�YZ[\]�Ẑ�_̀ab̀cc[d]�ef_Y0g�hijc[�kl[̂imc�n[Ẑboc]d�Z[�ef_Y0J?H�J�'�"�p̀ioq]b]�kq]jcrd�mZr\ljc[�\[Za[ir]s�tuc�f_Y0g��"��"$��!������#��$��"�#�")$!���"�)� �#�)�"����0*����#���$ �#��$*@���"$*�$  @�'$"��*�) ������"�'�"#��)�$�@�!"�##�#�!����%�AvL0J?H��#�$�������"$��*�#@#�����)�#�)��$"���*�#����*�)�"�����"$!��'���#�����$��� ��0�$#W������� ��0�#�"������"W���'�"������%�<���#@#�����$#�#��$"$����@*"$� �!�$�$ @#�#�!��������#��*$�$�#��"$���$�*��$�$�������!$�$(� ����#���"$���!#�$�*�"���"�����)$!� ����#%�<���AvL0J?H�#@#�����#������*�*�)�"�!$ !� $������$��"�#�")$!���"�)� �#�)�"�#��$*@�$�*���#��$*@��"$*�$  @�'$"��*�) ��%�<���#@#����!$���$�* ��$�)�  ������"W��)�!�$��� #��$�*��*"���!�#@#������"�$�#��� ��"�'�"�"�$!�%�w�W��AvL0g��AvL0J?H��#�!$�$( ���)���*� ����#�(!"���!$ ��#���"!"���!$ ��$�*���x�*�) ���"�������$��"�#�")$!���"�)� �#%�B���%��!%�#$!�%$"�@%�� D%�����3���9�6�PSP�8y�z�P5�{P����78{N�5�
�|8T�6P�<���)�  ������ �#���"�'�*�#�����!����� @��#�*�!������"��"��"$�#�)�"�$�$ @}����#��!�)�!��@*"$� �!�#@#���#%�<��#��#�����$���x�$�#��'�� �#��$�*�$ ��"�$��#��$@�(���#�*������$��"�'$ �(@�����L��@CL����@�v������"%��3�~9�68P�T��SN��z�P5�{P�S9��
��S5��
68����HEGG�<"$�#��"��BvI?D���A�&J?�B+AE?D���H��"�L$*�BF��� �@D���&J/G�BXH�HD�R3�~9�68P�T��SN��z�P5�{P�S9��
�PP�
��
68����HEGG�v�<J?��BvI?D���GKXHv�B&A;D���A�&J?�B+AE?D���H��"�L$*�BF���"@D�� �



�

����������� �	� 
��
��
������	����

��������
������������� !����"#$%��&"'"!���()*+,-./01.,-��2,3.*,4!�5��67�8��9�88�����8:������
��;<
=:>��?����@(AB��&" (@!����@(A$ "��&" (@!����"#$%��&"'"!�����(�C����� !���"�//�D-031EF-.�03G�@HD$ I��@# !���J$K/��&"'"!�� �



�

����������� ��� 	
��
�������������

�

	��
�
����������
�����
���
�������� �!�"
#$
��%������&'#
��"�'���#�

12 

11 600 ( 1) (2) (3) 
500 EXAMPLE 8 9 10 

10 
400 8 5' x 2' Box o a 75 els 

Q I B a 15 els / ft . 7 8 
9 6 

7 300 6 
Inlet HW HW 5 o (feet) 6 

5 
8 (1) 1.75 3.5 

5 200 4 
(2 ) 1.90 3.8 4 
(3 ) 2.05 4.1 4 

7 3 
3 

3 

6 100 

I-
80 0 2 

0 2 u.. 
Cl:'. 60 2 

5 w 
/ o c.. 

50 Cl) ~ 1.5 
u.. / u 40 E. 1.5 

I- ~ / I- 1.5 w 
w in r1'-1/ 

I 
u.. 30 Cl 
~ 

4 q ~ UJ ~P- I 
0 I u.. I- / 0 

20/ 
0 

X 
~ Cl) 0 ::a; 1.0 

(lJ 
0 Cl:'. u.. I- w 

0 

A ..... ~~ I- .9 1.0 1.0 
I-

3 ~ I 

/ ~ Cl I 
UJ Wingwall _ I- .9 .9 I 10 c.. .8 I / u Flare w Cl) 

/ 0 8 
D 
Cl:'. 

LL w 8 .8 
/ 0 I- .7 

0 6 ~ / i== 
HW SCALE WINGWALL <( 5 0 

/ Cl:'. D FLARE <( .7 .7 w 
4 I .6 

2 (1) 30" to 75' 

3 (2) 90° and 15° .6 .6 

.5 
(3) O" ( extensions 

2 of sides) 

.5 .5 
To use scale (2) or (3) project 
horizonta lly to scale (1 ), then 
use straight inclined line through .4 
D and Q scales. or reverse as 
il lustrated . 

. 8 

□ t 
.4 .4 

.6 

.5 .35 .35 

I- -I .30 
B 

BUREAU OF PUBLIC ROADS JAN. 1963 
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180 10,000 ( 1) (2) (3) 
168 8,000 EXAMPLE 

6 . 
156 6,000 0 =42 inches (3.5 feet) 6. 

0=120 cfs 

144 5,000 5. 
4,000 HW' HW 6. 5. 

132 o (feet) 4 . 3,000 (1) 2.5 8.8 5. 4 . 
120 

(2) 2.1 7.4 
2,000 (3) 2.2 7.7 4. 

108 3. 
·o in feet 

3. 

96 1,000 
3. 

800 
84 

600 2:-

500 
,.,...... 

400 
,/ 0 2. 

72 
~\..'Ii;, / s: Cf) 300 "i;,"fJ'-~ ~ 1.5 w u 

I 
/ 

/ (f) 
(.) Cf) a:: 
~ 60 LL 200 / w 1.5 (.) I-
~ z / w 
§: 54 ~ 

g: <{ 

I- 0 
a:: _.,,,,. w 100 

~ w 48 / l') 
> a:: 80 I 
_j _..,,..., <{ I-
::J I 60 0.. 1.0 1.( (.) ., 42 (.) w 
LL Cl) 50 

HW SCALE ENTRANCE 0 
0 0 a:: 1.0 
a:: 40 D TYPE w 
w I- .9 .9 I- 36 30 (1) Square edge with ~ w .9 ::;;; headwall 0 
~ 33 

Groove end with 
<{ 

20 (2) w 0 
headwall I .8 .8 30 

(3) Groove end .8 

27 
projecting 

10 

8 
.7 .1-

24 .7 
6 To use scale (2) or (3) project 

21 5 horizontally to sca le (1 ). then 

4 use straight inclined line through 
D and Q scales. or reverse as .6 .6 

3 illustrated .6 
18 

2 

15 IT .5 
.5 .5 

1.0 

12 

BUR'i:AU OF PUBLIC ROADS JAN. 1963 
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151 X 97 
EXAMPLE 3000 

Size: 76" x 48" 
(2) 136 X 87 0=300 els 

(3) 2000 
4.0 HW• HW 

o (feet ) (1) 
121 X 77 (1) 2.8 11 .2 

4.0 3.0 
113X72 1000 (2) 2.2 88 3.0 

800 
(3) 2.3 9.2 

106 X 68 
' D in feet 

600 . .--- 2.0 
98 X 63 500 ----- 2.0 

1:,"1-f'':!'~ -----
91 X 58 

400 ------· 2.0 -----
1.5 

1.5 
(/) 83 X 53 ----· 
w ----- 0 
I ----- 1.5 
(.) ----- 200 s ~ t6X48 I 
z 
w w 

To use sca le (2) or (3) draw a Cf) 
0.. Q'. 0:: 68 X 43 Cf) straight line through known values 
_J LL 100 of size and discharge to intersect LL 

;; (.) 
scale (1). 0 1.0 1.0 z 80 
From point on scale (1) project 

Cf) 1.0 0 ::;;; 
LL 60 X 38 q 60 

horizontally to solut ion on e ither Cl'. 
0 scale (2) or (31 w .9 .9 w I- .9 w (.'.I 50 

~ (/) Cl'. 
Q'. 53 X 34 <( 40 I .8 .8 I I-
>< (.) 0.. 
z (/) 30 w 
<( 49 X 32 0 0 
0.. Cl'. 
~ w .7 .7 
w 20 I- .7 
~ 

45 X 29 ~ 
Cf) HW/ D ENTRANCE 0 

42 X 27 <( 
SCALE TYPE w .6 .6 I 

10 (1) Square edge with .6 

38 X 24 headwall 
8 

(2) Groove end with 

6 
headwall 

(3) Groove end .5 
.5 .5 

5 projecting 

4 

30 X 19 
3 

2 .4 .4 .4 

1.0 

8] 
23 X 14 

BUREAU OF PUBLIC ROADS JAN. 1963 
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97 X 151 
5000 

4000 EXAMPLE (2) 87 X 136 
(3) 3000 Size : 38" x 60" 

0=200 cfs 6 
( 1) 6 

77 X 121 2000 5 HW ' HW 5 
D (feet) 6 4 72 X 113 (1) 2.6 13.0 5 4 

68 X 106 (2) 2.0 10.0 
4 3 

1000 (3) 2.1 10.5 3 -
63 X 98 800 "Din feet 

3 

58 X 91 600 2 
/' 2 500 /---

(/) 53 X 83 400 ""'l's ---- 2 w 
<i;.1S" ----- 0 1.5 I 1.5 u 300 

-----
~ 

~ 48 X 76 

-----
I 1.5 

~ - w w 
----

(/) 
CL 

----- ii: a: 43 X 68 ---~✓---
(/) To use scale (2) or (3) draw a LL LL ...J u straight line throug h known values 0 <( ,.,..,--

> z 100 of size and discharge to intersect (/) 
1.0 0 ---- scale (1). ~ 1.0 

-'J8 X 60 0::: 1.0 LL 80 From point on scale (1) project w 0 w horizontally to solution on either I- .9 .9 w (!) 60 scale (2) or (3). ~ 9 (/) 0::: 
Er' <( 50 I 

34 X 53 I I- .8 8 
X a. u 40 w ,8 z (/) 
<( 32 X 49 i5 

0 
CL 30 0::: 

.7 ~ w ,7 
HW / D ENTRANCE I- .7 w 29 X 45 ~ N SCALE TYPE ui 20 0 

27 X 42 (1) Square edge with <( 
.6 ,6 w 

headwall I ,6 

(2) Groove end with 

24 X 38 10 headwall 

8 (3) Groove end ,5 .5 ,5 
pro1ecling 

6 
5 

4 
19 X 30 

rn 
.4 .4 .4 

3 

2 

1.0 
14 X 23 

BUREAU OF PUBLIC ROADS JAN. 1963 
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180 10,000 
( 1) 

168 8,000 
EXAMPLE 

6,000 D = 36 inches (3 .0 feet) 6. 
(2) 156 

5,000 Q = 66 els 
(3) 144 4,000 5. 6. HW• HW 

132 D (feet) 
3,000 

5. 6. (1) 1.8 5.4 

(2) 2.1 6.3 4. 
120 

2,000 (3) 2.2 6.6 5. ::; 
4. " 

108 ·o in feet 
4. 3. 

-,-- 96 1,000 3. 

800 3. 

84 600 2. 
500 

----- --
400 

2. 2. 72 ,,..,,,,. 
300 

/ 1.5 
/ 0 

en 200 
\:, / ~ en 60 LL 

~~ E. 1.5 1.5 w u 
I z \:,-JY en u / 0::: 
~ 54 §: / w 

I-~ 100 
/ w w / ::a ~ 48 

(9 
8(),-./ <( 

0::: iS I- <( 
0::: I z w u 60 

I 1.0 ::; > / ~ 1.0 0 -' 42 50 I-::J 0 a.. " ,,./ w 0: u 
1.0 "' 40 0 " LL / z 0 0::: .9 .9 t 0::: 30 ENTRANCE w 36 HW SCALE I-w 

~ I- D TYPE .9 w 
::a 33 20 Headwall 0 

(1) <( .8 .8 <( 
w iS 
I 30 

(2) Mitered to conform 
.8 to slope 

27 10 (3) Projecting 

.7 .7 
8 

24 .7 
6 

5 
To use scale (2) or (3) project 

21 4 horizonta lly to scale (1 ), then 
.6 use straight incl ined line through .6 

3 D and Q scales. or reverse as 
.6 illustrated . 

18 

2 

OJ 15 .5 
.5 

1.0 .5 

_, _ _ 
12 

RI IRFAIJ O F PIIRI 1r. RnAns .IAN 1M1 
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5,000 
( 1) 16'-7" X 10'-1" 4,000 

4 (2) 15'-4" X 9'-3" EXAMPLE 
4 (3)-

Size: 36" x 22" 
Q = 20cfs 3 4 

12'-10" X 8'-4" 

HW• HW 3 
D (feet) 

3 
,; 11 '-5" X 7'-3" (1) 1.10 20 
u 1,000 
w (2) 1.15 2.1 
I- 2 
~ (3) 1.22 2.2 

~ 9'-6" X 6'-5" 
2 

:, 
"'D in feet 

2 
I-
u 
:, 

"' 8'-2" X 5'-9" I- 1.5 "' 

l 1.5 1.5 
7'-0" X 5'-1" 

6'-1" X 4'-7" I 
() 
0:: // 
<( 1.0 
UJ 72" X 44" Cf) / 1.0 

LL 
~ () / 0 1.0 0.. ~ .9 
LL 65" X 40" ~<?'~ / $ .9 
0 

~ I 
w UJ 
Cf) 58" X 36" (.') / 

UJ 
.8 ii" 0:: 

Cf) .a 
<( 

/ 
ii" 

>< I u.. .8 () 0 z Cf) 
<( 50" X 31" i5 

Cf) 
0.. 2 .7 .7 
~ 0:: 
UJ / HW SCALE ENTRANCE UJ 

I-
!::,! 

43" X 27" D TYPE ~ Cf) / 
(1) Headwall I 

/ I- .6 0.. .6 :, 

/ 
UJ 

u (2) Mitered to conform 0 .6 
0 
er 

36" X 22" 
to slope 0:: ., 

UJ 0 
z (3) Projecting i ~ 

0 
<( .5 UJ .5 .5 

29" X 18" To use scale (2) or (3) project :r: 
horizonta lly to sca le (1 ), then use 
straight incl ined line through D and 
Q scales, or reve rse as illustrated. 

25" X 16'' 

,4 
.4 

.4 
22" X 13" 

0 18" X 11" ,35 .35 
.35 

' ADDITIONAL SIZES NOT DIMENSIONED ARE 
LISTED IN FABRICATOR'S CATALOG 

RI JR ~AI I rn= Pl J~I If: R O An~ ,IAN 1qi;:1 
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180 

168 

156 

144 

132 

120 

108 

96 

84 

72 

(/) 
w 
I 60 u 
~ 
~ 54 
§: 

(/) 
LL 
u 

f-
0:: 48 w 
> 
..J 

~ 

§: 
:::) w 
u 42 LL 
0 
0:: 
w 
f-
w 36 
~ 

Cl 
0:: 
<C 
I 
u 
(/) 

0 
<C 
0 33 

----

30 

27 

24 

21 

18 

15 

12 

FEDERAL HIGHWAY ADMINISTRATION 

MAY H'!7.1 

b 
TI 

0.042 

0.083 

3000 

2000 

1000 

800 

600 
500 

400 

300 

200 

100 

80 

60 
50 

40 

30 

-----

10 

8 

6 
5 

4 

3 

2 

1.0 

a C d ENTRANCE 
TI TI TI TYPE 

0.063 0.042 0.083 A 

0.125 0.042 0.125 B 

A B 
BEVELED RING 
MINIMUM 300° 

I 
3.6 3.[ 

~~ r r; l'Js·,·, ·., ·.-\--.· 3.0 

- , -I 
'> 

DIAMETER= D 2.[ 
'> 0 

2.0 ~ 
;s 
(/) 

0:: 
w 
f- 1.~ w 

1.5 ~ <( 

0 
z 
I 
f-
Cl.. 
w 
0 
0:: 
w 
f-

~ 
0 1.[ 

1.0 <( 
w 
I 

---.,. ____ \ ----- .9 .9 

E)(.P.M_l'l,.\_:. 
-----____ ...,..... 

----------
.8 .8 

.7 .7 

.6 .6 

OI .52 .5, 
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2000 

IU 
z 
::; 

1000 (!) 
z 
z 

800 120 
a: 
::, 
>-

600 108 

500 96 

400 84 

300 
72 

66 

200 60 

1/) 54 
u.. 
0 D =48 
~ a- -
~ 

Cl) _,,,,,,, 
LJ.J ,,,,,, 

100 I 
LJ.J ~11) _,,-<:::> 42 
C) 

BO~ 
z 

0::: 
~ <( ,_./ 

I 
~ 36 l) 

~ 60 0::: 33 0 LJ.J 
50 f--

_,,,..--
,,-: 

LJ.J 30 2 
40 <( 

i5 27 

30 24 

20 
21 

18 

10 15 

8 

6 12 

5 

4 

FUJRFAtl ()F P l IP.I I(: AOAnS .IAN H-lh~ 

SUBMERGED OUTLET CULVERT FLOWING FULL 
HW = H + h 0 - LS 0 

For outlet crown not submerged , compute HW by 
methods described in the design procedure 

_,,,,,,, 
/_,/ 

,,,..,,,,,.,,." 

// 

~l''--1:- /.,/½c;) (~ 
1:,-/J",/ c;:,c;:, ,f,G' 

_,// s; ;,.,s, 
_ _,,,,,, 

,,.< 
./ 

,,.,,, 
,<'-

\'l'\'I' 
,A 

01 

f--
LJ.J 
LJ.J 
u.. 
~ 

i 
0 
<( 
LJ.J 
I 

.4 

.5 

.6 

.8 

1.( 

2 

3 

4 

5 

6 

8 

10 

20 
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Cl) 
LL 
0 

~ 

§: 
w 
(.9 
~ 
<( 
I 
0 
Cl) 

0 

5000 

4000 

3000 

2000 

1000 

800 

600 

500 

400 

300 

200 

100 

80 

60 

50 

12 X 12. 

10 X 10 

9x9 

I- 8x8 
w 
w 
LL 7x7 
~ 
>< 
0 6x6 
[D 

w 
~ 
<( 
:::J SxS 
a 
Cl) 

LL 
0 
z 4x4 
0 
iii 
Z 3.5 X 3.5 
w 
::a 
0 3x3 

2.5 X 2.5 

o=~ -- --40 ___ 

2 x 2 
30 

20 

10 

8 

6 

5 

100 

80 
I-
w 
w 

60 LL 
w 

so ~ 
<( 
:::J 

40 a 
Cl) 

~ 
30 >< 

0 
[D 

~ 

20 :5 
:::J 
(.9 
z 
<( 
I-
u 
w 
~ 

10 LL 
0 

8 
<( 
w 
~ 
<( 

6 

5 ').~ 
/. ~o 

4 

w z 
:::; 
(!) 
z 
;;; 
0:: 
::, 
>-

/ \ 
► 

Slope S0 

SUBMERGED OUTLET CULVERT FLOWING FULL 
HW = H + ho . LS o 

For outtet crown not submerged, compute HW by 
methods described in the design procedure 

.4 

.5 

.6 

.8 

1 .( 

I-
w 
w 
LL 

~ 

g 2 
D 
<( 
w 
I 

3 

4 

5 

6 

8 

10 

20 
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(f) 
l1. 
0 

~ 

§: 
w 
C) 
D'. 
<{ 
I 
0 
(fl 
0 

2000 

1000 

800 

600 

500 

400 

300 

200 

_Q~?~ 
100 

80 

60 

50 

40 

30 

20 

10 

8 

6 

5 

(f) 
w 
I 
0 
z 
~ -------w 
(f) 

0:: 
>< 
z 
<{ 
0.. 

~ 
w 
~ 
(f) 

151 X 97 

136 X 87 

121 X 77 

113 X 72 

106 X 68 

98 X 63 

91 X 58 

83 X 53 

76x48 

68 X 43 

60 X 38 

-----
53 X 34 

5\-Z._'§. .-----49 X 32 

45 X 29 

42 X 27 

38 X 24 

30 X 19 

23 X 14 

BUREAU OF PUBLIC ROADS JAN. 1963 

----------. 

HWL 
z ' ' I 

'.:i 
H 

_. 
0.4 

Slope s0 

0.! 
SUBMERGED OUTLET CULVERT FLOWING FULL 

HW = H + h o - LS o 0.E 
For out let crown not submerged . compute HW by 
methods described in the design procedure 0.i 
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·----- ~ 3 
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----- ~§.)tl w 
I ------ _f=__)(_~l',;fplF.; 4 

·----. ---. <:,tltl 
----- 5 

-----
NOTE: --- 6 ------ __ f.f_~o 

Dimensions on size scale are --- 7 orderded for long axis horisontal 
installation. They shou ld be 8 
reverse for long axis vert ica l. 
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BUREAU OF PUBLIC ROADS JAN. 1963 

SUBMERGED OUTLET CULVERT FLOWING FULL 
HW = H + h o - LS o 

For outlet crown not submerged, compute HW by 
methods described in the design procedure 
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SUBMERGED OUTLET CULVERT FLOWING FULL 
HW = H + ho - LS o 

For outlet crown not submerged, compute HW by 
methods described in the design procedure 
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I \ : H 

Slope So 

SUBMERGED OUTLET CULVERT FLOWING FULL 
HW = H + h0 - LS0 

For outlet crown not submerged , compute HW by 
methods described in the design procedure 
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SUBMERGED OUTLET CULVERT FLOWING FULL 
HW=H+ho -LS o 

For outlet crown not submerged, compute HW by 
methods described in the design procedure 

Q = 260 CFS 

Size n 
6.1 X 4.6 0.0327 
81 X 58 0.0321 
11.4x7.2 0.0315 
16.6 X 10.1 0.0306 
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Slope aome 

as curb 

s' Transition 
Downstream side 

S'-0" Min. 

SECTION A-A 
Not to Sco/e 

10' Transition Upstream Side 

S' Transition both sides for sump inlet 

Flow 
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REFERENCE 

w z 
:; 
0 
z 
z 
Q'. 
::::, 
f-

Equation: C = 0.56(+) s 112 d 613 

n is roughness coeffiecient in Manning fo rmula 
appropriate to material in bottom of channel. 

Z is reciprocal of cross s lope 

Reference: HH.B. Proceedings 1946, 
page 150, equation (14). 

Example (see dashed lines): 

Given: 

Find : 

s = 0.03 
z = 24 
n = .02 
d = 022 

a= 2.0 c.f.s. 

INSTRUCTIONS: 

1. Connect zln ratio with slope ( s) 
and connect discharge ( C ) with 
depth (d ). These two li nes must 
inte rsect at turn ing line. 

(f) 
LL 
(.) 

w 
('.) 

~ 
I 
(.) 
(f) 

0 

100 
70 
50 

30 
20 

10 
7 
5 

3 

1 

.7 

.5 

.3 

.2 

.1 

.07 

.05 

.03 

.02 

.01 

2. Forsha llowV-shaped ~~-.. d , .,, , .,,· ' 
channel as shown use · , . / , 
nomograph with z = Tld . 

3. To determine discharge 
Q x in portion of channel 
having width x · I--- x ----

Determine depth d for total discharge in entire 
section a. Then use nomograph to determine 

C 0 in section b for depth d ' = d - (f ) 

4. To determine discharge 
in composite section: 
follow instruction 3. 
To obtain discharge 
in sect ion a at assumed 
depth d · , obtain C, for 
slope ratio z b and depth d ' 

Z,id- d ') 

Then Cr= c,+ ab. 

FEDER AL HIG HWAY ADMINISTRATION 1979 
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.001 

~ 
1-z 
0 
(l_ 

f­
(f) 
w 
(l_ 
w 
w 
0 
Cl'. 
0 
(Il 

Cl:'. 
::J 
(.) 

f­
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I 
1-
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w 
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2.0 
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.06 

.05 

.04 

.03 
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TYPE 1 CURB INLET TYPE 2 CURB INLET 

Type 

1 

2 

h d i do Qi 

10" 14" 9" 3.9L 

6" 10" 7" 2.1L 

Qi= Co h L (2 g do) 0 s 

Co = orifice coefficient (0.67) 
do = effective head on the center of the 
orifice throat, ft 
L = length of orifice opening , ft 
di = depth at lip of curb opening, ft 
h = height of curb opening orifice, ft 
g = gravitational constant , 32.2 ft/sec2 

Qi = theoretical inlet capacity (cfs) 

80%Qi 
3.1L 

1.7L 
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-N = --1/J 
.c -C. 
+' 

0.100 

0.01 0 --+----'------'------'--..__.._.__.._._ __ ....___,__.......______..____..__..---'-'--i __ .___...._..____.._---'--'-~----'--_.___'-----'-_.__._"-'-1 
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Particle Diameter (inches) 
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0.1 

-N 

E 
1/) 
.c -a. 
l-

.,,,-.,,,-.,,,-.,,,- ,. ,. .,,,- ,. ,. 

0.01 
,. ----

0.001 

1 

.,,,-.,,,-.,,,-.,,,-.,,,-
.,,,- ,. -.,,,- -.,,,-.,,,-.,,,-.,,,-.,,,- - ,. ,. -

,. ,. - ,. - ,. 

10 
Blow Count- "N" 

,. ,. --,. 
I Compact -- ,. 

-- -Medium Compact 

Loose Compact 

Explanation 
"N" Value 

Loose Compact 4-10 
Medium Compact 10-30 
Compact 30-50 

"N" = Nmnber of blows required to effect 12 inch penetration 
of the 2 inch split-spoon sampler seated to a depth of 6 inches 

driven with a 140 lb weight falling 30 inches. 

100 
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NUnruh
Pencil
Section 5608 Stormwater Detention and Retention

NUnruh
Pencil
Installation contracts shall require ongoing maintenance including watering and weeding of landscape installations in first year

NUnruh
Sticky Note
need pre-treatment types allowed and design examples based on scale to capture sedimentation for later removal
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EXAMPLE= 
TRIBUTARY AREA= 20 ACRES 

RATIONAL METHOD RUNOFF COEFFICIENT "c"= 0.6 

SEDIMENT STORAGE =120 CU. FT. PER ACRE PER YEAR 
TOTAL SEDIMENT STORAGE=120X 20= 2400 CU.FT. PER YEAR. 
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ANNUAL SEDIMENT STORAGE VOLUME CU FT. PER ACRE TRIBUTARY AREA 
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