
J PPE )IX 
SIZING STORM WATER DRAINAGE SYSTEMS 

D 101.0 General. 

I D 101.1 Applicability. This appendix provides general 
guidelines for the sizing of storm water drainage systems 
based on maximum rates of rainfall for various cities. The 
rainfall rates in Table D 10 1.1 shall be permitted to be used 
for design unless higher values are established locally. 

D ] 02.0 Sizing by Flow Rate. 

D 102.] General. Storm drainage systems shall be 
permitted to be sized by storm water flow rates, using the 
gallons per minute per square foot [(Lls)/m2] of rainfall 
listed in Table D 1Ol.1 for the local area. Multiplying the 
listed gallons per minute per square foot [(L/s)/m2] by the 
roof area being drained (in square feet) (m2) by each inlet 
produces the gallons per minute (gpm) (Lis) of required 
flow for sizing each drain inlet. The flow rates shall be 
permitted to be added to determine the flows in each of the 
drainage systems. Required pipe sizes for various flow rates 
are listed in Table 1101.8 and Table 1101.12. 

D ]03.0 Sizing by Roof Area. 

D 103.] General. Storm drainage systems shall be 
permitted to be sized using the roof area served by each of 

the drainage system. Maximum allowable roof areas with 
various rainfall rates are listed in Table 110 1.8 and Table 
1101.12, along with the required pipe sizes. Using this 
method, it shall be permitted to interpolate between two 
listed rainfall rate columns (inches per hour) (mm/h). To 
determine the allowable roof area for a listed pipe size at a 
listed slope, divide the allowable square feet (m2) of roof 
for a 1 inch per hour (in/h) (25.4 mm/h) rainfall rate by the 
listed rainfall rate for the local area. For example, the 
allowable roof area for a 6 inch (150 mm) drain at Y8 inch 
per foot (l0.4 mm/m) slope with a rainfall rate of 3.2 inJh 
(81 mm/h) is 21400/3.2 = 6688 square feet (621.3 m2). 

D 104.0 Capacity of Rectangular Scuppers. 

D 104.1 General. Table D 104.1 lists the discharge capacity 
of rectangular roof scuppers of various widths with various 
heads of water. The maximum allowable level of water on 
the roof shall be obtained from the registered design 
professional, based on the design of the roof. 

TABLE D 101.1 
MAXIMUM RATES OF RAINFALL FOR VARIOUS CITIES' 

STATES AND CITIES 

--------, - -- -

--- -+----

Birmingham 3.7 0.038 
----

. Hun~vi.ll_e __ _ 
1---

3.3 0.034 

Mobile 

Montg0!1lery 
_____ ..l ___ _ 

_4._5 __ - -- - - 1'-'- --= 0~047-~=m-~--~ 
I 3 _._8 _____ ----.I 0.039 

I ALASKA r- -- -- ~ 

Aleutian Islands ________ --l-I _______ ---=I=---.o=__ 

Anchorage --.- J 
I ~~t:e~nkS __ -_ __ E_ -___ ~:~ ___ ._-=====I~ 
F~~au_ ___ __ __=0_.-6-=_~ ____ _ 

-O~10----···~ 
- --- -- --------~---------------

0.006 
---------- - -

0.008 

0.6 

0.010 
0.006 

.::..:.::::=---- --- - ---- -- ---- - ---- - - ----
I ~l~:-t~-ff-N-A -t------ 2~3 --- - ----- - 0.024 

I_~_~_::_:_~x_---- ____ =-=-=_-_-_-__ -_____ --=--~_=:~_==_-_-__ -_ ---~ ___ - ~jiL _____ -=--::-::: 
- ----_ .. ----

ARKANSAS 
-----

I Eudora 3.8 
Ft. Smith 3.9 

,Jonesboro --- 3.5 
---f----

Little Rock 3.7 
----- -----

---~- -----

-+-1 ______ Q:039 

---+--
-~-- ---

0.041 
----"--~ 

0.036 

0.038 
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APPENDIX D 

TABLE D 101.1 

MAXIMUM RATES OF RAINFALL FOR VARIOUS CITIES· (continued) 

- - ---r--- - ---STORM DRAINAGE 6o:MiNu'rEDURA·fiOi\[1oo-YEAR RETURN 
STATES AND CITIES 

inches per hour 

--- I 

gallons per minute per square foot - I 
CALlH>RNIA 
Eureka 

Lake Tahoe 

i~()s AngeJ.es 

~llcern~_y ~l~l' __ 
'Needles 

Palmdale 

. Re<iding 

ISan Di~go 

San Francis(;Q 

New Haven L. __ ,___ _ _______ _ 

,DELAWARE 

1.5 
- ----------- -----_.-

I 1.3 
0.016 

---- - -_. - - --j 

0.014 I ,--------- ----

2.0 0.021 
0.-026 ------ i 

-, --------- -1- --- - ~:~ -----t-
0.016 

3.0 __ ~-=--___ 1.5 --=-______ _ 
1.5 

- --- -----

1.5 T--------U - -- --

---
0.031 

-----_. 

0.016 
0.016 

=l ----
0.016 
0.016 

--- i 

==-=-=---[ -
- I 

~--

- -- ---1.-5---- - -- T - - ------- 0.-016 
-- -- --- -- --------

2.2 0.023 
-, 

1.8 - - I ----- --0.019 -- --
__________________ J ___________ _ 

3.0 0.031 

______ - ______ J 

I 2.8 
-------~ -- --- --

3.0 
0.029 

--t-------- - -----, 
0.031 

t-.-- ---- -~---­
0.036 IDover 3.5 e- -- - ----

I~eh0t>t:th ~~~h _______ ~__ __ _ _ 3.6 ~- -I 
-----

0.037 
----- ---i 

tD!ST~I!=:T ()FCOLlJ_MB~A_---_---t- - - - -=--=-_ 
rW~h~~1gto~_- -___ --=----_ ~ __ 4.0 ---- 0.042 =1 
W~~~I::~~h --- --~------4.0=__ ___________ = __ -0.Q42 __ = 
i~:~~~::~ll~___ -=---==±-=---~_= ::~ _ -=_~ ---=- C-__ ~:~:~ ---I 
ftv1elbourn~ _______ 1 _________ 4.0 -- ______ .2..042 I 

I*~~m~~a~h ___ _ --- ~:~- -t ____ ~__ . 
~~:ir~:;s~~;-- ----~I---: ---~ ::~_ _ _ _ :::~-~ 

-;----~ 
I AtJ;~~----- ---- - - -- 3.5 0.036 

;:~~:iek ________ -- ------T -- ----~----;-:~-------------- -t-------------~----~=:~-;~-----=----------=--. ~ 
!Sa~anl~h-- --- -- - - ,---- --4.0--- - -0-.0-4-2 ---- - -----I, 

!Tbomasville-- r-- ----4.0-- - ---- 0.042-------
-- - -- ---~ ---

_____ J 

GEORGIA 

IE)='..:~II___,----------~~---=-r~ ~ ____ = --- -~~~--=-~-=----- ---= -=--=-- .. _~ 
Rainfall rates in the Hawaiian Islands vary from 1 Yo irlches per hour to 8 inchesI>e~hour, depending on loca~d~levation. Consult IO~da~ 

~~:o_ ----- --- +---- -_. 1.0 ~ 0.010 

i !~aho !~]]s ___ .=-~~--=~_=-~-___ =---l~ -=-_=-=-=~ ___ ---= -0.012--____ = -I 
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APPENDIX D 

TABLE D 101.1 
MAXIMUM RATES OF RAINFALL FOR VARIOUS CITIES· (continued) 

STATES AND CITIES 
STORM DRAINAGE SO·MINUTE DURATION, 100-YEAR RETURN 

inches per hour gallons per minute per square foot 

Lewiston 1.0 0.010 

Twin Falls 1.1 0.011 

ILLINOIS - -

Chicago 2.7 0.Q28 

Harrisburg 3.1 0.032 

Peoria 2.9 0.030 
Springfield 3.0 0.031 

INDIANA - -
Evansville 3.0 0.031 
Indianapolis 2.8 0.029 
Richmond 2.7 0.028 

South Bend 2.7 0.028 

IOWA - -

Council Bluffs 3.7 0.038 

Davenport 3.0 0.031 

Des Moines 3.4 0.035 
Sioux City 3.6 0.037 

KANSAS - -
Goodland 3.5 0.036 

Salina 3.8 0.039 
Topeka 3.8 0.039 

Wichita 3.9 0.041 

KENTUCKY - -

Bowling Green 2.9 0.030 
Lexington 2.9 0.030 
Louisville 2.8 0.029 

Paducah 3.0 0.031 

LOUISIANA - -

Monroe 3.8 0.039 

New Orleans 4.5 0.047 

Shreveport 4.0 0.042 

MAINE - -

Bangor 2.2 0.023 
Kittery 2.4 0.025 

Millinocket 2.0 0.021 

MARYLAND - -
Baltimore 3.6 0.037 

Frostburg 2.9 0.030 

Ocean City 3.7 0.Q38 

MASSACHUSETTS - -
Adams 2.6 0.027 

Boston 2.7 0.028 

Springfield 2.7 0.028 
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APPENDIX D 

TABLE D 101.1 
MAXIMUM RATES OF RAINFALL FOR VARIOUS CITIES· (continued) 

STATES AND CITIES 
STORM DRAINAGE 6o-MINUTE DURATION,100-YEAR RETURN 

inches per hour gallons per minute per square foot 

MICHIGAN - -

Detroit 2.5 0.026 

Grand Rapids 2.6 0.027 
Kalamazoo 2.7 0.028 

Sheboygan 2.1 0.022 

Traverse City 2.2 0.023 

MINNESOTA - -
Duluth 2.6 0.027 

Grand Forks 2.5 0.026 

Minneapolis 3.0 0.031 

Worthington 3.4 0.035 

MISSISSIPPI - -

Biloxi 4.5 0.047 

Columbus 3.5 0.036 

Jackson 3.8 0.039 

MISSOURI - -

Independence 3.7 0.038 

Jefferson City 3.4 0.035 

St. Louis 3.2 0.033 

Springfield 3.7 0.038 

MONTANA - -

Billings 1.8 0.019 

Glendive 2.5 0.026 

Great Falls 1.8 0.019 

Missoula 1.3 0.014 

NEBRASKA - -

Omaha 3.6 0.037 

North Platte 3.5 0.036 

Scotts Bluff 2.8 0.029 

NEVADA - -
Las Vegas 1.5 0.016 

Reno 1.2 0.012 

Winnemucca 1.0 0.010 

NEW HAMPSHIRE - -

Berlin 2.2 0.023 

Manchester 2.5 0.026 

NEW JERSEY - -
Atlantic City 3.4 0.035 

Paterson 3.0 0.031 

Trenton 3.2 0.033 

NEW MEXICO - -
Albuquerque 2.0 0.021 

Carlsbad 2.6 0.027 

Gallup 2.1 0.022 
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APPENDIX D 

TABLE D 101.1 
MAXIMUM RATES OF RAINFALL FOR VARIOUS CITIES' (continued) 

-~ -----

1_. STATE~ ~D CITI~ ______ _:= 
NEW YORK I 

,BinghamtOil--- -I - - -- ----

rBuffalo---- -----

STORM DRAiNAGE SO-MINUTE DURATION, 100-YEAR RETURN 

inches pe~ hour _____ ----9--a.llons per minute per s-q-ua-re-f-oo-t --=J 
__ J 

-j 0.02.S-· 
0.024 

New York City ------ ----- I Tl- -------- ·0.032--

Ischenectady--- - - - ---- .----, 2.5 -----0:0261 
~yracuse---- --- ... -----.--J-- ------.2--:4-- ----- ---0]j25 

t~RtH CAROLINA--=-------=- -------1 - - --- ---=---=----r--~=-~-------- -- - .. -----l 
AshevlTie---------- --1- 32 - -- -7 0.033- -- -- -I 

~arloite----- -- - _ ==- __ =-~=-=---=- ---=3 __ 4= ------1- -- ._ 0.03~=-~ 
i~~~~gton---- --- -- __ ---L -- .- ----~:~ -- i---- ~:~~~-
1--- -------- --' --------- - - -- --.-.----

_ __ .c __________ _ 

0.030 
0.027 ---~ 

--. ------------- I 

NoJfillDAKOTX- -.----- - - -,- - --- ---
IBIsmarck- ------ - - ---1___ ---.---- 2.7--
L- ------ - ________________ _ 
Fargo 1 2.9 
[Min~_--- - ---- -~-

.... ___ ______ .J __ _ 
-+- _ .. _--

'OHIO 
_____ J 

.--- ·-0:029 ts!.i1Clilnati ---- -- - - -----2.-8-- ------

i ~~~~~:~ ---- - - - --- ---t------------~:~--

IToledo--- - -- ---- --2-:6-

Youngstown - - --2:4----- _...1_ 
0.025- -----, 

r 
~OKLAHOMA -- - -,- 1----- - - - -- - -------1 ----------,-~-

~~~o~~~----~ - ~-. -==--~ - j---=---- - !:~ ---= -- ---1------- ~:~!~-
,Oklahoma City ------ - - -+ - - 4:( - - -- i- --- --- 0.043 -- I 

r OliE~O~- ~--- ~. ~ - ~ __ -: ~ ~;- -_--- -- - =---- t - ~ = ~ =--=-=_~_ -----=_ - - ~ 
~dford - , l.3 1 0.014 
iOntarlo-- --_-__ --=-_-_-=-_~_~- -1-- ----1.0--- -- -------------- 0.010 
~POrtTand ---1- -- -·-1-.-3 - --- --- -1-----

1- ------- - -.- ... -,-- --- 0.014 

'PENNSYLVANIA -- - - --- ----1- -- -- -- - --"-
-----j ,Erie - - --. -r4 

rHarrisbtlrg--- - - ... -----~ - - - - --2.OC-9--

[-:~t~~~~;~--------=--~-.--=--1------ ---~~---
'Scranton -----,- --2Y--- ---

---r---- -----

---- ----.----~-. ---=1 
J 0.025 

0.030 
o 033 - ---=.] 

------ ~:~~~ ------ ..... [ 

~O~EI~~AND-=~-- - .. _ ~ _-~_~-=--==--=-= __ -~--=-- -----T· 

'Newport 3.0 0.03r 
~r~~idence - -- -- -=-____ 2.9 - - - 0.030---=-=.j 

I 

--------1 
_. __ .1 

~lJT~ C~ROLfN~ __ -=--=---=-J -----=--=--=-=-~_=__ __ ~=-~_-r- ----------_~ ... ___ --.----------1 
I Charleston ! 4.1 0.043 1 

rColumb-ia-- --- - - -.-. -- ---t- --- --- 3.5 -- -.----- 0.()36 

TheenVlI1e 
.--------- -, -------3~3--

0.034 
I 
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APPENDIX D 

TABLE D 101.1 
MAXIMUM RATES OF RAINFALL FOR VARIOUS CITIES· (continued) 

____ L 
, 

I---~----- --~---~--- ----~-~~---~~-----~~ ---- --I 

i~~T~EXA~_________ -~ ___ ~-~~-~ __ --~----_-_-_____ ~--_---~~_~ _--____ -~ ____ ---=-~_1 

l~~~~S_~hriS~ -~--- - ~- -- -~-- ::~- -- -- ~- --~:~:1----- -- I 

lEI Pas-o ---- - ---~- - 2.0 -I ~O.o21 ._- l 
~~j:-::-OO-'O- --~=t_~_ .• _-_--_:~---~~_ -_r_r-~ ~~. -t .-. ~-~ ·:_j~!r -=--__ ~ -
iUTAII- ~----I--
IBlliff- 2.0 -~ --- -l- - ----.--- -

ICedar City 1--- - r.5~ -

I Sal~ L_a~e S:lty--____ ~~ ----- [~=- ~~=----=- 1.3_ ---
___ J~ ___ _ 

____ L __ _ 

tvE~MON!.---__ 
---- ---- -~---T------

Bennington 
Burlingt()n 
Rutland 

I VlRGJNIA. -- -

,CharlotteSVIlle 

~~~rt~~nd-----
lRoailoke 
~------ ._---

I WAS IIIN < ;TON 

I-~;~~:n-:--=---- --
[Walla Walla---

cWEsYvlRGIN rA 
I-Charleston 
I Martinsburg 
rMo~'i<lnto~I1-_-_______ =_ 

2.5-
---~~-~~2T 

2.4 

~--T----~------ -- ----"-

I 

r 

3.4 
4.0 

--- - - 4.0--
-------1---- 3.-:3 

-' --------~- -I ]f---
-------------------- 1.0---

---r-~ ~-- 0.026 
0.024 
-0.025-__ too 

--I 

1---
I 

0.035 

0.010 
----- ---6.01 b 

--- ~---~- --ro- --------- .----- --- 0.010 

-~-- ---T~------

-- -- -I----~ 

~"'·SCONSIN­

~Green-Bay--
--------1-

~~~{JI~:e-e-=-
Wausau 

I 

-- i 

! --I 

1._- _ _._ 
'WYOMING 
'casper----

r
CheYCnne -­
Evanston­
RockSprings 

-- -- --~t---~= ___ --=-~~-=-l.~----------=---------- T--______ ~0~020 ~---------l 

~ 
2.5 -, 0.026 

1 ___ - _.____ __ .. _ 

-_---=-=----=_=-_=~ 13_= _______ ...:....._ ~~- --~-~- - 6:014 _ I 
1.4 ---o-.ofs - -- --- -- I 

For SI units: 1 inch per hour = 25.4 mm!h 1 gallon per minute per square foot = 0.61S [(Lls)m2j 

*The rainfall rates in this table are hased on U.S. Weather Bureau Technical Paper No. 40, Chart 14: lOa-Year 60-Minute Rainfall (inches). 
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TABLE D 104.1 
DISCHARGE FROM RECTANGULAR SCUPPERS (gallons per mil1ute)l, 2, 3, 4 

WATER HEAD WIDTH OF SCUPPER (inches) 

(inches) --6-- 12 18 I 
-Y2--- L - 6 -- I 13 -~_ 

~ ___ '_:~ --{ --;_~ __ +=:: _- ___ -'::9_1 
2Y2 136 

3 -=---1 177 

3V, 

4 

For SI units: 1 inch = 25.4 mm, J gallon per minute = 0.06 L's 
Notes: 

~--I 
271 ' 

+--~~9 
412 

1 ________ _ 

I Tahle D 104.1 is based on discharge over a rectangular weir with end contractions. 
Head is the depth of water above bottom of the scupper opening. 

3 The height of the scupper opening shall be not less than two times the design head. 
4 Coordinate the allowable head of water with the structural design of the roof. 
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24 

25 

71 

130 

200 

278 

364 

457 

556 

30 

32 

I 
ge) 

r- 163 

251 

349 

458 

575 

700 
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---- - -- --------" 

36 

38 

107 

196 

302 

420 
------~-

551 
-------" 

693 

844 
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