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City of Phoenix
Engineering Deportment

All Major Street Paving Design
Engineering Consultants

MISCELLANEOUS INFORMATION AND
CLARIFICATIONS CONCERNING STORM

DRAIN LATERAL AND CATCH BASIN
CONNECTOR PIPE DESIGN

AND PLAN SUBMITTALS

As an interim update to the Storm Drain Design Manual for Storm Drains with
Paving of Major Streets, the following information is being sent:

1. Storm Drain Design Manual Changes, dated 7/8/87.

2. Storm Drain Plans and Design Guidelines, dated 7/8/87.

3. Latest Storm Drain Check List and Information Details, dated 7/8/87.

Currently, the C~ty is engaged in a storm drain pipe study which may change
some criteria "in the manual. Also, the Arizona Department of Transportation
has indicated a need for other information and some design changes for
Federal-aid projects which are currently not contained within the manual.
When these matter are settled, the Storm Drain Manual will be formally revised
in its entirety.

Very truly yours,

J. E. ATTEBERY, P.E., City Engineer

.~ . d
ROBERT J. BO~R...t:.TF':..#--,TP.E. ..~
Engineering Supervisor

LDE:ps/LDE04

Enclosure

125 East Washington Street, Phoenix, Arizona 85004-2342
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STORM DRAIN DESIGN MANUAL CHANGES
DATED 7/8/87

Throughout -the manual references are made to catch basin types which have been
changed to new letter designations per -the current City of Phoenix Standard
Details.

These changes are:

•

•

•

•

•

OLD DESIGNATION

"D" (7') - "G" (14')

"H" (7') ~ "K" (14')

"L"

"A" - 3'6" curb opening
"B" - 5'6"" "
"C" - 8' " "

"E" & "F"

None

None

None

NEW DESIGNATION

"J" - P-1566

"K" - P-1567

"L" - P-.1568

"M" - P-1569

"N" - P-1570

"P" - P-1571

"Q" - P-1572
uses large type 1
Detail P-1565
grate

"R" - P-1573

COMMENTS

"Apron type" - not to be
used on Major Streets 
OK on Residential
Streets

Combination Curb and
Grate

No change - curb and
parkway openings

Most popular use in City
of Phoenix with mild
slopes

Grate only

New - Double curb
openings for frontage
roads

Combination -- curb and
grate - used when you
need to clear utilities
back of curb

Same as "Q" except it
uses a small type 2
Detail P-1565 grate

•

•

In addition to the above current standard catch basins, there are two
additional Special Detail Catch Basins:

Type "M" Modified - has an offset towards the back of sidewalk in order to
clear existing utilities near the curb line.

Type "R" Modified - this is a combination curb and grate opening with the

tb)
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•

basin and wings offset towards the street.

The above Special Details are available by request through the Major Streets
Design Section.

Other changes are:

1. Page 2, under "Hydrology" - the pervious area (Ap) part of the
modified rational formula can usually be neglected for built up
residential areas on flat slopes for storms of the one and two-year
recurrence intervals. When ground slopes are relatively steep (2% or
greater) or for other reasons applicable, the pervious area should.be
taken into account and the straight C.I.A. Formula with an appropriate
weighted "c" Factor should be used.

2. Page 3, under "Brief Outline for Design of Storm Drain System" -
4. Should be amended to read, "Complete design and spacing of catch
basins, maintaining one dry lane, 12-foot wide in each direction"but
not to exceed 660 feet (more or less) between catch basins. ' ---

3. Page 4, paragraph 10 - the storm drain lateral should be designed for
,the two-year storm event for its entire length not for the first 1/2
mile then only for the one-year event for the last 1/2 mile. This is
mainly applicable for 'all laterals which have outlets into major storm
drain trunk lines which have outfalls designed after 1978.

4. Page 5, under "Lateral Design Policy" - add Item 5 - minimum lateral
size is 18 inches circular or equivalent.

5. Page 36, third paragraph last sentence - "Gage thickness of CMF to be
used is shown in Standard Detail 215." should read, "Gage thickness of'
CMF to be used is shown in Standard Detail 1!£ (minimum gage is 14
~).

D-load requirements shall be determined using an earth loading of 140
pcf for major street lateral and connector pipes. (Chart attached)

Tenth paragraph - Detail #524 replaces Detail #213 Special Detail 621
(available through Major Streets Design S~ction ) is to be used when
the outside diameter of the connecting pipe is greater than 1/2 the
inside diameter of the existing main.Concrete pipe is to be rubber
gasketed up to 36" diameter (changed from 48") where private
irrigation crosses streets only rubber gasketed reinforced concrete
pipe is to be used. ~

(c)
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MAJOR STREET STORM DRAIN PLANS AND DESIGN GUIDELINES

7/8/87

STORM DRAIN PIPE QU&~TITIES

Do not show storm drain pipe, main or connector, on the "Roadway Summary"
sheet. Do add a note to this sheet mentioning that this data may be found on
the "Alternate Pipe Chart". Total lengths of pipe shown on the proposal in
the specifications should be the same as totals on the Alternate Pipe Chart.

UNDERGROUND TELEPHONE FACILITIES

All the underground telephones shall be labeled according to type. In no case
will the letter (T) be acceptable on the pla~s. If underground cable,spell
out cable, if underground conduit, give all details such as number of ducts
and whether or not encased in concrete. The engineer shall contact Mountain
Bell if any questions arise about types or locations of underground
facilities.

HYDRAULIC AND ENERGY GRADE LINE

We require a plot of the hydraulic and energy grade lines ror all main line
storm drain pipe designed by the engineer. The grade lines shall be submitted
on a separate sheet and turned in with the design data sheet for preliminary
plan review. Included with the grade lines shall be:

a) The finished street elevation over the pipe.

b) The pipe profile and size shown.

c) The Q'sinthe pipe.

d) The velocity in the pipe.

e) Appropriate stationing.

A sample hydraulic profile is attached as a guide.

SANITARY SEWER MANHOLES (EXISTING)

On the storm drain plan sheets, the engineer shall show the rim and invert
elevations at all existing sewer manholes.

WATERLINE VALVE NUT ELEVATIONS

The engineer shall take nut elevations and all water valves on the projec't.

(e)
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These nut elevations shall be shown on the plan view beside the water valve
and called out.

STORM SEWER PLANS

The following items shall be shown in the right-hand column of the storm sewer
plan sheets as pay items:

1. New Storm Sewer Pipe
2. Manholes .
3. Catch Basins
4. Connector Pipe
5. Pipe Collars When 24" or Over in Diameter
6. Prefabricated Tees
7. Other Drainage Appurtenances

If the storm sewer is existing and no separate storm sewer plans are required,
the above mentioned items shall be shown as pay items in the right-hand column
of the paving plans.

PIPE INFORMATION

Minimum strength for non-reinforced concrete pipe is the "D" load times 1.5
times the diameter of the pipe in feet.

The minimum gauge for eMF is 14 gauge (to obtain design life requirements).

Minimum thickness, in inches, for cast-in-place concrete pipe is equal to the
inside diameter of the pipe (in feet) + 1/2" with the minimum thickness being
2.5".

SIDE STREET ELEVATIONS

(see attachments)
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The engineer shall supply elevations at the locations represented by dots on
the above sketch. This shall be done at all streets intersecting the project
which drain onto the project.
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2.

3.

• 4.

•
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ENGINEER'S MAJOR STREET
STORM DRAIN CHECK LIST

INFORMATION DETAILS

Item
Soil borings requires at a minimum of 1320' intervals and as
near to the proposed pipe centerline as possible if, trench is
10' or over in depth when street profile is finalized or as
otherwise required per design contract.
Soil boring sheet information per A.P. #13 and its addendums
(include "responsibility note").
Check for old concrete underlay.
Check if storm drain will be too close to existing utilities or
existing backfilled trenches to give proper stability. Use 45°
slope between storm drain and the utility (especially
waterlines).

5. Are water and sewer taps shown?
6. Top of S.S. manhole and invert elevations should be shown on the

paving and storm drain plan sheets.
7. Have all pertinent water valve nut elevations been noted? When

pertinent water valves are not found or need. to be uncovered,
they should be so noted on the preliminary plans and a request
made through Major Streets to have these located and/or
uncovered.

8. "Major Street Storm Drain Design Summary Sheet" submitted on a
24" x 36" print.

9. Sealed Hydraulic and Energy Grade Line Profile submitted.
10. ·All underground telephone called out on the plans as to type,----- number of ducts and whether or not encased in concrete. The

symbol "T" alone will not be accepted.
11. Telephone ducts shown per configuration and size on S.D.

--~---- profiles. .
12. Utility "as-built" plans submitted to Major Streets with----- Preliminary Plans.
13. Letter and location map requestih~ potholing of pertinent

utilities (with) prelimina~y plans submittal.
14. Check to see if upstream building's finished floor elevations

are a mi~imum of .5' above crown. Should be plotted on paving
pr~tile sheets.

15. Check for need of pipe supports on sanitary sewer crossings over
storm drain mains. Specify Std. Detail 403 where needed.

16. ;Check for potential problems with existing waterline kick
blocks.

17. Check main design - m-inimum 5' cover. -Minimum velocity 5 F. P. S.
Flowing Full.

______ 18. Typical Section to be shown on each profile sheet of main.
___~__ 19. A completed Drainage Area Map containing the following:

a) Done to scale (no less than 1" =200')
b) Each individual area colored to delineate it from adjacent

areas.
c) Show drainage directional arrows on all streets, parking

lots, paved areas and vacant land.
d) Show the zoning on each parcel.
e) Show all catch basins (dot existing catch basins).
f) Each area number shall correspond to the number of catch

basin to which it contributes (i.e., Area 1 contributes to
Catch Basin 1, Areas 3, 3a and 3b contribute to Catch Basin 3
etc.

( i )
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I----g)

•
Begin the catch basin numbering system by assigning the first catch basin
at the upstream end of the storm drain the number 1. Assign the next
catch basin, which contributes to the storm drain, the number 2, etc.
(see example below).

ill
•

outfall storm sewer.

®I I
~--.-I I

I I
I
I I

" !=f'I I \L/,r----®
: :'------- New or existing

•

•
1t h biN'tht th to th "DESIGN SUMMARY SHEET" b in e eg n a e op Wl. ca c as n o. .

I MAJOR STREET STORM DRAIN DESIGN SUMMARY SHEET

\ ~d
~~I~%

I I
2. 2
3 3
4 4 - ..-

5 5
(0 <0
7 7 Catch basins 8 & 9 should-------- be separated since they

have nothing to do with
~ the design of the lateral

8 8 ~ storm drain.

9 .9

•

•

•

•

•

~) . 'On the Storm Drain and/or Paving Plans assign the same number
to each catch basin as used on Design Summary Sheet and area
map (i.e., don't number catch basins beginning with number
one on each sheet) Use a hexagon symbol «([) ) to number
each catch basin on both the Plans and the Drainage Area
.t1,ap ( l)
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20. Previous Drainage Studies Checked.----- 21. Potential ponding behind sidewalks checked.
---- 22. Alternate Pipe Chart included. Use 140 lbs/ft 3 "D" Load Chart.

23. SRP design requested (copy to Major Streets).-----____ 24. SRP Preliminary Plans approved.
25. SRP mylars submitted.----- 26. Submit private irrigation design and calculations.----- 27. Check condition and amount of cover of existing SRP and RID----- irrigation.
28. a) Check to see if private irrigation is deep enough for pipe to

----- have minimum of l' of cover after subgrade excavation from
structural section. If not, cap the pipe.

b) Street crossings (check D-load under side street crossings),
cap if necessary.

c) Use Class 2 RGNRCP behind sidewalk and use RCP of proper
D-load under streets or driveways when minimum of 1.5' of
cover cannot be maintained.

d) Check with SRP for amount of delivery - water master of
concerned area.

e) Check that eyesores are not created and that the systems
operation is as good, if not better, than original.

f) If an existing irrigation service is being deleted, a letter
of authorization to delete this service must be obtained from
the property owner or his agent. Check SRP records for
history of deliveries to first determine if irrigation is or
is not being used. Begin your investigation at the most
do~~stream delivery point.

_____ 29. Show existing ground in connecting pipe profiles.
30. Don't use M-l, L=17" catch basins (or greater) unless flows are

in the magnitude of 10C.F.S.+.
31. Check side crownbreakover where sump is needed - maximum

--- 2-1/2%.
32. Set elevation at 1/4 pts. where necessary.-----____ 33. Check that one 12' dry lane each way is.maintained in catch

basin design.
34. Sufficient intersecting street elevations to determine flow---- velocities and street capacities.

______ 35. Driveway/catch Basin Conflicts checked.
36. ~~jor Street Storm Drain Runoff Factors:----- a) If retention (la-year or lOa-year) exists on an area or a

grading and drainage plan for the area has been submitted to
the City for approval, no runoff will be calculated from
the area. .. ----. - _..

b) If contributory land i~ vacant and no grading and drainage
plans have been submitted to the City of Phoenix Plans Review
Section for review, use a 25% impervious runoff factor for
these areas.

c) When land has already been developed without on-site
retention, use the.runoff factors according to the existing
zoning per page 20 of the Major Street Storm Drain Design
Hanual.

d) Zoning is assumed to extend to the monument line at the
boundaries of the areas being considered.

37. Maximu~ spacin3 bet~een catch basin = 660 feet +.
------ 38. Reproducible S.D. Summary Sheet (updated) and Master Drainage

Area Map (updated) submitted to City of Phoenix. Both are to be
sealed.

(K)
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PROJECT NAME __

ENGINEER'S MAJOR STREET
STORM DRAIN CHECK LIST

INDEX NO. P------------

ITEM•
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Submit copy with each Storm Drain plan submitted to Major Streets.
NOTE - Complete all items or be subject to return of plans for
non-completeness.

STATUS
1. Soil Boring Taken.
2. Soil Borings Sheet Completed.
3. Exist Concrete Pavement Underlay.
4. S.D. Conflicts with Other Utilities.
5. Water and Sewer Service Taps Shown.
6. s.s. Manhole Rim and Invert Elevations on Plans.
7. Top of Water Valve Nut Elevations Noted on S.D. Plan View.
8. Storm Drain Design Summary Sheet Completed (36"x24").
9. Hydraulic Energy Grade Line Profile Submitted.

10. Tel. Identified Properly - If Conduit, Need Number of Ducts.
11. Tel. Ducts Plotted in Correct Scale on All Profiles.
12. Utility As-Builts Submitted to *COP (with Preliminary Plans).
13. Pothole Request Letter to *COP (with Preliminary Plans).
14. Upstream Floor Elevs. Minimum of .5' Above Street Crown.
15. Pipe Supports for S.S. Above Main Storm Drain.
16. Waterline Kick Block Conflicts.
17. Main S.D. Minimum 5' Cover and Minimum Velocity 5 f.p.s. flowing

full.
18. Typical X-Sections for Each S.D. Main Profile Sheet.
19. . A completed Drainage Area Map Containing the Following:

a) Done to scale (no less than 1"=200').
------- b) Each area colored. '

c) Directional drainage arrows on all streets, parking lots,----- paved areas, and vacant land.
______ d) Zoning shown on each parcel.
______ e) Catch basins shown (existing catch basins dotted).
_______ f) Each catch basin number corresponds to the number of the area

which contributes to it.
_______ g) Catch basins numbered beginning with number 1 being the first

catch basin contributing to the storm drain at the upstream
end. The next catch basin contributing being number 2,' etc.

_______ h) On the Storm Drain and/or Paving Plans the same number has been
assigned to each catch basin as used on Design Summary Sheet
and Area Map. A hexagon symbol (~) has been used to number
each catch basin on both the Plans and the Drainage Area Map.

20. Previous Drainage Studies Checked.
21. Potential Ponding Behind Sidewalks Checked.
22. Alternate Pipe Chart, Use 140 Ibs/ft3 "0" Load Chart.
23. **SRP Design Requested (copy to *COP). Profile Sheet.
24. SRP Preliminary Plans Approved (copy to *COP).
25. SRP Mylars Submitted.
26. Private Irrigation Design and Calculations Submitted.
27. Condition and Amount of Cover for SRP and'***RID Pipes Checked.
28. a) Check to see if private irrigation is deep enough for pipe to

have minimum of l' of cover after subgrade excavation from
structural section. If not, cap the pipe.

( I)
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_________ b) Street crossings (check D-Load under side street crossings),
cap if necessary.

c) Use Class 2 RGNRCP behind sidewalk and use RCP of proper D-Load--------- under streets or driveways when minimum of 1.5' of cover cannot
be maintained.

d) Check with SRP for amount of delivery - water master of--------- concerned area.
_________ e) Check that eyesores are not created and that the systems

operation is as good, if not better, than original.
f) If an existing irrigation service is being deleted, a letter of

authorization to delete this service must be obtained from the
property o\~er or his agent. Check SRP records for history of
deliveries to first determine if irrigation is or is not
being used. Begin your investigation at the most downstream
delivery point.

29. Existing Ground Sho~ on All Connector Pipe Profiles.
30. U~e M-l, L+17 or Greater Only When Flows are 10 cfs+.
31. Max. Side Street Cro~ Breakover is 2-1/2%.
32. 1/4 Point Elevs. Set Where Necessary.
33. 12' Wide Dry Lane in Each Direction.
34. Sufficient Intersecting Street Elevations Noted.
35. Driveway/Catch Basin Conflicts Checked.
36. Major Street Storm Drain Runoff Factors:

________ a) If retention (lO-year or laO-year) exists on an area ora
grading and drainage plan for the area has been submitted to
the City for approval, no runoff will be calculated from
the area.

________ b) If contributory land is vacant and no grading and drainage
plans have been submitted to the City of Phoenix Plans Review
Section for review, use a 25% impervious runoff factor
for these areas.

_________ c) When land has already been developed without on-site
retention, use the runoff factors according to the existing
zoning per page 20 of the Major Street Storm Drain Design
Manual.

________ d) Zoning is assumed to extend to the monument line at the
boundaries of the areas being considered.

37._, Max. Catch Basin Spacing = 660+.
38. S.D. Summary Sheet Original (updated) and Master Drainage Area

Map (update-d) submitted. Both are tabe sealed;

*COP - City of Phoenix Major Streets Attn: P~o~ec.t MaYla.~e.

**SRP - Salt River Project *** - Roosevelt Irrigation District.

On)
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General

Procedures outlined in this manual are Intended to provide guidance for hydrologic & hydraulic
design of storm drains and Inlets to be installed with the paving of Major stree,ts ih the City of
Phoenix. Arizona. They are based on hydrology developed in two reports on storm drainage done
by Yost and Gar.dner Engineers. Derivation of the hydrology is explained in detail in the 1956
report on storm drainage for the City of Phoenix and referred to in the 1970 report on storm
drainage for the Maricopa Association of Governments.;
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A - Area - acre
Ai - Impervious area - acre
Ap - Pervious area - acre
a1 ,- Cross sectional area of C.B. connector pipe - sq. ft.
c - Co efficient of discharge for submerged orfices
C '- Constant in runoff formula
C.B. - Catch Basin
d - Diam. of connector pipe see fig.13 on page 33 - ft. or in.
d l - Diam. of connector pipe between 1st and 2nd C.Bv see fig.130n page 33 ··ft. or in.
d2 - Diam. of connector pipe for 2nd C.B. see fig.13 on page 33 - ft. or in.
fc - Infiltration rate - In./Hour
G - Fall (between inlets or 2 points) - ft.
H - Head loss - QZ - ft.

2ga2 c 2

h - Height of C.B. inlet opening (Type AvB.C.D. & E.) - In. or Ft.
I - Intensity of rainfall - In.lhour
L - Length of C.B. inlet opening - ft.
n - Manning's roughness co-efficient
Q - Quantity of flow - cu. ft./sec.
S - Slope (longitudinal slope of the street) - ft.J1 ,000 ft.
Sc - Cross slope of street - ft.l1 ,000 ft.
tc - Time of concentration - min.
VI or V2 - Velocity.af flow in the connecter pipe
VI - Depth of 1st inlet see Fig. 13 on page 33 - ft.
Vz - Depth of 2nd inlet see Fig. 13 on page 33 - ft.
v - Velocity - ft./sec.
W - Spread - ft.
yg - Depth of water in gutter at upstream side of CvB. - ft.
Z - 1/Sc

1
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CIT YOF PHOENIX DESIGN POLICIES

The policies are general in nature and applicable to areas where no recognizable natural
water courses exist, urbanization is probable and the general slope of the terrain is less than
2%. For areas that will not be developed and are steeper than 2%, use Soil Conservation Ser
vice method for determining runoff.

Main Spacing

1. Generally, at one mile intervals on section lines north and south, designed for run off from
1-year storm - 1 mi Ie wide. Future mains at 1/2 mile intervals north and south, designed for
2-year storm 1/2 mi Ie wide.

Lateral Spacing

1. Generally, at one-mile intervals on section line streets aligned east and west sized for run-
off from the two-year storm.r 'I" III! 1111 Ii;"r 'I" I!! I (! " iiI! ""E i I, r

Ii r f ( J II II i!lli! fJ jj iii j I Jj Ii. t t" I iii

2. Laterals to be added at 1/2 mile intervals in the future, sized for two-year storm.

Hydrology

1. The runoff formula as developed in the Phoenix Storm Drain Report of 1956, shall be the
basis for design for storm drain trunks and laterals. This formula is:
Q = 0.8 (I - fc) Ap+0.9 (I - 0.2) Ai, Where:
Q = Discharge in cubic feet per second
I = Intensity of rainfall for the appropriate time of concentration and frequency. From the

chart on page 24, if the outfall design basis was TP#40, if TP #25 was used, the
graph on page 23 is to be used.

fc =Infiltration rate in inches per hour. (From the map on page 22)
Ap = Pervious area in acres
Ai =Impervious area in acres

2. Intensities of rainfall shall be from the rainfall curve on page 23 or page,24.
3. Time of Concentration

(a.) Time of concentration' from impervious areas should be computed using average gutter
velocities from the graph on page 26 and average pipe velocities from the graph on
page 25. '

(b.) An investigation of the gutter velocity chart reveals velocity is relatively insensative
to variations in Q and cross-slope, The chart on page 26 may be entered with a a of 3
cfs arid the average longitudinal slope of the area. The veiacity obta-ined by this pro-
cedure may be used for the average velocity in computing times of concentration.

(c.) Time of concentration for runoff from commercial areas shall be computed summing flow
times over asphalt, in the gutter, and in the pipe.

(d.) For pu.rposes of lateral sizing, time of concentration is computedat the upstream termi
nation of the' lateral and pipe flow time is added at each inlet downstream. If the maxi
mum runoff to any individual catch basin is greater than the accumulated runoff to that
point using the accumulated time of concentration, the Q for the catch basin shall be
used to size the main at that point.

Drainage Areas

4. Drainage Areas
(a.) Laterals and inlets are sized for runoff from impervious areas and pervious areas ex

cept as noted hereinafter.
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(b.) Percentages of total areas that are impervious will be computed using existing zoning
and the table giving % impervious on page 20.

(c.) In irrigated areas it is reasonable to assume no runoff from the irrigated sump or from any
pervious or imprevious area draining into the irrigated sump for storms of the one or two
year magnitude.

(d.) In single family residential areas, impervious areas that drain to pervious areas (roof
tops, etc.) are not considered in determining peak runoff for sizing storm drain laterals
of inlets.

(e.) The above exceptions are accounted for in arriving at the % impervious table on page
20.

(1.) No runoff is assumed from lawns that are "relatively flat and grassy when one and two
year design storms are used.

5. Rainfall Intensities
(a.)· Intensities for the design of laterals whose outfall is a trunkline designed in accord

ance with rainfall intensities from the rainfall curve based on Weather Bureau Techni
cal Paper #25 shall be from the curve reproduced on page 23•

(b.) Intensities for the design of laterals whose outfall is a trunkline designed in accord
ance with rainfall curves based on Weather Bureau Technical paper #40 shall be from
the curve on page 24. .

Street Design Policies

In no instance shall the elevation of the crown of the street exceed an elevation of 0.5' be- .
low the floor elevation of buildings on the upstream side of the street.
Laterals shall extend to the point at which one 12' wide traffic lane in each direction re
mains above water for the 2-yearstorm.
Future developments shall not be allowed to introduce runoff into arterial streets in excess
of street capacity as defined bythe.one lane in each direction above water criteria.
Streets shall be designed so as not to dis.turb natural drainage patterns for flows in excess
of street plus storm drain capacity to top of curb.
Care shall be taken to ensure that·street design does not increase runoff onto private proper
ty.
Spread into the street shall be computed by dividing depth of flow in the gutt~r by street
cross-slope.

Brief Outline for Design of Storm Drain System (Federal-Aid Street)

1. Obtain aerial contours and/or street as-builts to determine pattern of runoff and limits of
drainage areas. _

2. Obtain zoning map of area to provide basis for using runoff factors.
3. Start at upper end of project and size areas for a's contributary to catch basins that are com

patible with the most economical location of catch basins.
Data necessary to determine capacity of catch basins at any given location is as follows:
(a) Cross slope of street at catch basin location
(b) Average longitudinal slope of street
(c) Sump or flow-by situation
(d) Time of concentration contributary to each catch basin (average slope and distance)
Adjust size of contributary area to catch basin to obtain a a of run-off and flow-by from
catch basin upstre~m that is compatible with a a from attached charts for capacity of streets
and catch basins, if catch basin location is not fixed by other considerations. Design catch
basin for 2-year storm.

4. Complete design and spacing of catch basins, maintaining one dry lane. 12' wide, in each
direction.

5. Use areas from catch basin design to size main storm drain preliminari (y. Use runoff formula
a = .9 (I - .2") Ai + .8 (I - fc) Ap. The pervious portion of formula can be ignored if per
vious areas are irrigated or are relatively flat lawns. Use new time of concentration for storm

3



•

•

•

drain. Set preliminary grade at average slope of ground. If a north-south main is being de.:.
signed, depths must be maintained to accommodate future laterals at their respective pickup
points. Maintain minimum silt carrying velocity of 5 Lp~s. if possible. Generally, maintain
minimum cover on storm drain sufficient to allow sewer taps to pass over storm drain.

6. Investigate underground utility conflicts using as-builts and exposing of utilities, if neces
sary, to set final grade for main storm drain.

7. Determine hydraulic grade line of main storm drain. ,
8. Determine head for each connecting pipe. Head =vertical distance from .5' below lip of

gutter to hydraulic grade line of main storm drain. Size connecting pipe using chart from this
Manual. Minimum sized connecting pipe to be 15" diameter for cleaning purposes.

9. Determine depth of catch basin using chart or formula from this Manual.
10. A complete storm drain system with storm drains on the section lines north and south and

and laterals on section lines east and west is the primary goal. The ultimate system will
have storm drains on the half section lines north and south and on half section li'nes east
and west also, and will be designed to handle a two-year storm event The initial storm
drain lateral will be designed for the two-year storm for the upstream half mile and then the
remaining half mi Ie is designed for the one-year storm using areas from the total mile reach.
This design is then checked to see that the downstream half mile will accommodate" the two
year storm event for the downstream half mile contributary area when the half mile north
south mains are installed at Some future date. The largest sized pipe required by either
design at any location is the size used in the final design for that location. These general
directions apply except where modified by special studies.

Inlet Design

1. Considerations for inlet design and spacing are the draining of intersections, low points and
areas where spread into the roadway is such that one lane of traffic in each direction would
not remain above water.

2. Inlets are spaced using the modified rational formula Q = .9 (I - .2") Ai + .8 (I - fc) Ap,
and the intensities for a two-year storm, to conform with the ultimate plan.

3. Inlet capacities are computed using the graphs on pages 28, 29, and 30 of this manual, or
using equations developed by the Bureau of Public Roads.
For curb opening inlets,the theoretical length needed to capture all the gutter flow is de
termined from the formula. ~: =0.7 (.+Y)~Z~'(I_.~Y)~] or on the graph shown on page 28 at 12a•

. The interception capacity of a given length of curb opening is then determined by the formula:

.2..= (t+I)~-(-v+I-t-j'z or from the graph shown on page 28 as "12b".
o. (V+I)~Z-(~)~

Definitions of terms are as follows:
La = Required length of curb opening to intercept entire -flow
a = Depth of catch basin depression in feet
y = Depth of flow in approach gutter in feet
L = Length of clear curb opening in feet
Qa = Discharge in approach gutter in cubic feet per second
Q = Discharge intercepted by catch basin in cubic feet per second
Depth of flow in the gutter is determined by using the nomograph developed by the Bureau of
Public Roads and reproduced on page 27. .

5. The graph on page 30 may be used for the capacity of grated inlets in sumps. For grated in
lets on a continuous grade the rationale is as follows:

A grated inlet placed in a sloping gutter will provide optimum interception of flow if the
bars are placed parallel to the direction of flow, if the openings total at least 50 percent of the
width of the grate (i.e. normal to the direction of flow). and if the unobstructed opening is long
enough (parallel to the direction of flow) that the water falling through will clear the down
stream end ofthe opening.

4
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The minimum length of clear opening required depends on the depth and velocity of flow 'in
the approach gutter and the thickness of the grate at the end of the slot. This minimum
length may be estimated by the partly emperical formula•

where L = minimum length of slot in feet

...r -= average velocity of flow in the approach gutter in feet per second
y = depth of water at curb in approach gutter in feet
d om thickness of grate at downstream end of s lot in feet·

A rectangular grated inlet in a gutter on a continuous grade can be expected to intercept all
the water flowing in that part of the gutter cross section that is occupied by the grating,
plus an amount that will flow in along the exposed sides. However, unless the grate is
over 3 feet long or is greatly depressed (but extreme warping of the pavement is seldom per
missible), any water flowing outside the grate width can be considered to bypass the inlet.
The quantity of flow in the prism intercepted by such a grate can be computed by u.~il"\~ ~'nc

~W"lt.ph 0 .... '!>.....eet~7 ~nd t .......e design chart 12b. on page 28 to determine interception
rates.
Manning's •• nIt for street flow is .015.
A summary of inlet design calculations should be submitted in the format shown on page 39.
If thene is flow-by, past an inlet, this Q is to be added to the design Q for the next inlet
downstream without adjustment to tc.
Many variables effect catch basin depths (utilitfes, placement of the main line, etc.). Mini
mLim depth of catch basins will be calculated using the method shown on pages 31 to 34'.
The diameter of catch basin connector pipe and pipe connecting catch basins in series will
be computed using the LACFCD procedure shown on page 31 to 34. Minimum diameter in all
cases shall be 15 inches.

Lateral Design Policy

1. Minimum design velocity is 5 fps - small variations from this velocity are to be expected
2. The hydraulic grade line for the storm drains shall remain within the pipe except for local

variations.
3. Pipe capacities shall be determined using the graph on page 25.
4. Manholes shall be spaced as follows:

For pipe diameters of 30" or less every 330 feet
For pi~ediametersof 33" to 45" every 44Qfeet
For pipe diameters of 48" and greater every 660 feet

Items Required for Submittal of Storm Drain Design for Major Street Project

(Federal-Aid Street) (In du.plic.a.te)

• 1-
2.
3.
4.
5.• 6.

Discussion of storm drain design for the project.
Contours of area and/or street flow pattern.
Map showing drainage areas contributing to catch basins.
Zoning map of area of project used in determining impervious areas.
Tabulated design data for storm drain system.
One set of prints of plans of subject project for storm drain review.

• 5
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• PROBLEM: Design the lateral for 9th Street.

DESIGN DATA: Zoning R1-6, non-irrigated, trunklines in 1st and 9th Avenue, long-range plans
for a lateral in 5th Street and a trunk in 5th Avenue, a commercial strip 220' wide along 9th
Street, 1st Ave, and 9th Ave. Assume 1st Ave. has an existing main designed with intensities

• from page 23.
Figure 1

• 6
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The first step in the solution of this problem is to determine the point where surface drainage
is no longer acceptable. Valley gutters on minor streets intersecting major streets are not de
sirableand will not be used for collector-major, and major-major intersections. Surface drain
age is allowable until spread in the roadway becomes such that one lane in each direction is
not above the water's surface, or until a sump situation is encountered. Valley gutters across
major streets are unacceptable.

For this example, valley gutters will be assumed unacceptable and the lateral will extend from
1st Avenue to 8th Avenue.

Now compute times of concentration and drainage areas for each inlet.

Average slope of the drainage area =53/2 (5280) ... 0.0050, N - S slope:.005.E - Wslope = .005

Entering the Chart.on page 26 Guttervelocity (v) is read as follows:
A Q = 3 cfs, v = 2.3 fps.

The minimum tc used would be 10 minutes, in ten minutes the distance traveled by a water par
ticle;:;; 10 (2.3) (60) = 1380'. The entire area contributes to inlet #1 @ tc = 10 min.

4) M
~ as 4)

s: on E4) ()

~
M

~I.s:

~
~co Commercial

t.>.1 .~ "-

9th Street

:rI 11I2

Figure 3

The Commercial strip along 9th Avenue drains to the 9th Avenue storm drain

In sizing laterals times of concentration are quite short and only the impervious area need be
considered as contributing~

At 8th Avenue Inlets #1 & #2

Area contributing to inlet #1 & #2 (Zoning is assumed to extend to monument line at boundaries
of area being considered).

Ai = (.85) comm. strip 440 (220) 143560 +440 (440) (0.25) table on p. 20:143560 = 1.9 +1.1 .. 3.0

8
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First half mile of lateral will be designed for 2-year stOI111 intensities from page 24, as future 5th
Avenue storm drain will be designed using these intensities.

I =2.7 from page 24
Q =.9 (I - .2) Ai
Q = 0.9 (3.0) (2.7 - 0.2) = 6.75 c.f.s.

So total Q at 8th Avenue inlets =6.75 c.f.s.

Assume the inlets pick up all the Q and size the pipe
Try pipe slope =0.005

From the, chart on page 25 to achieve a velocity of 5 fps use 18" pipe (18", min. size main) now
investigate the corner at 7th Avenue.
F low time in pipe =66Q/5(60} =2.2 minutes
So tc at 7th Avenue =10 + 2.2 =12.2 minutes

j.
~ 8s:: s::Q) Q)>

~<
.c: .c:.,

asp.to-
L~ 660 660~. I

9th Street
I

" I Figure 4 I
~

•

•

•

•

At .inlets #3 and #4, Ai =3.0 + 2.8 + 1.67 =7.9 acres
Then for tc =12.2, I =2.5
Q =.9 (I - .2) Ai
Then 7.5 (2.5-- .2) =16.6 cfs
Total Q at 7th Avenue inlets =16.6 cfs
Enter the chart on page 25 with slope =0.005 & v =5 fps

Use a 24" pipe
At 6th Avenue the process is repreated for inlets #5 & #6
Pipe flow time = 2.2 min. from 7th Avenue to 6th Avenue so tc = 14.4 min.
from chart on page 24 fin~ I =2.3 in../hr.

Area at inlets #5 and #6, Ai = 2(4.5) + 3.0 = 12 acres
Q =0.9(2.3 - .2) (12) =23.6 cfs

9
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So total Q to 6th Avenue inlets = 23.6 cfs
Enter chart on page 25 with S = .005, v = 5.0 fps use a 27" pipe

At inlets #8 and #9, Ai =3(4.5) +3 = 16.5 acres
Pipe flow time = 2.2 min. from 6th Avenue to 5th Avenue

So tc = 16.6: min. 1=2.1 in.ihr.

Q =.9 (I - .2) Ai

So Q = .9(2.1 - .2) 16.5 = 28.2 cfs

Enter chart on page 25 with slope = 0.005 & v = 6 fps
Use a 30" pipe up to inlets 8 and 9.

From this point on the lateral will be sized using a one-year design storm using total accumu
lated impervious area and intensities from page 23. After this is done the last half mile will be
checked to be sure that the designed size will accommodate a 2-year storm for the last half
mile wide area only.

Assume gutter velocity = 2.3 fps

Max distance a water particle must travel to arrive at inlet #7 is 5280, (see initial layout page
7).

tc = 5280/2.3 (60) =38.3 minutes
A i total = 16.5 + 0.25 (110 ) = 44.0 acres
From chart on page 23 for tc = 38 min. I = 0.76 in.lhr.
Q = 0.9 (I - .2) Ai = 0.9(.76 - .2)48.5 = 24.4 cfs

So size for lateral at inlet #7 is 30" since 24.4 cfs less than 28.2 cfs from above.
Pipe flow time of 4th Avenue = 660/6(60) = 1.83 min.
So use 40 minutes for the tc at 4th Avenue

IV

• ~i
CV"l

I
Figure 5

•
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Area contributing at inlets #12 and #13

Ai 44 +(3.3 x .85) + (40 - 3.3) .25 = 44 + 2.8 + 9.2 = 56 acres
I = .71
At inlet = 12 Q = .9(.71 - .2) 56 = 25.7 cfs
25.7' is I~ss than 28.2 Use 30" pipe

At Third Avenue inlets #15 and #16
Ai = 56 (from #12 and #13) + (36.66 x .25) +{3.33 x .8S} = 68 acres
Flow time is 1.83 minutes so tc at inlets #15 and #16 is 41.8 min.
1=0.69
Q total = .9 (I - .2)A i = .9( .69-.2) 68 = 30 cfs
Pipe Size (from chart on page 31 S = .OOS) = 30"

At 2nd Avenue inlets #18 and #19

Flow time at 6 fps = 1.83 so tc = 43.6 minutes

Ai = 68 + 9.2 + 2.8 = 80 acres

J from chart = .67

Q = .9(1 - .2) Ai = .9(.67 - .2) 80 = 34 cfs

Pip~ size (from chart page 25 S = .005) = 33"

At 1st Avenue inlets #21 and #22

As there is a trunk storm drain (with inlets at every intersection from 5th St. to 9th St.) in 1st
Avenue, drainage that would have eventually found its way to inlets #21 and #22 is intercepted
by the main line.

Ai at inlets #21 and #22 = 80 + 3.33.(.85} + 6,66(.25} = 85 acres

Flow time =1.83 minutes so tc = 45.4 min.

I = .66 ino;/hr.

Q = .9(1 - .2} Ai = .9(.66 - .2)85 = 35 cfs

Pipe size = 33"

The foregoing computations are listed on the Cal. Sheet 'on page 39

11
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INLET AND CONNECTOR DESIGN

The next step in lateral design is to space and size inlets, keeping in mind the following cri
teria:

Criteria

1. Governing considerations shall be the draining of intersections and low points.
2. In some instances, long blocks on a continuous grade may be encountered and spread into

the roadway may become a problem. Spread for the two-year storm shaJ I not exceed the
point at which one lane in each direction remains above the gutter flow.

3. Inlets in sumps are generally much more efficient and economically justifiable than inlets on
a continuous grade, so the street designer should strive to adjust grades, when practical,
to provide sumps for inlets. A sump is created at each intersection of a side street with a
major street where the crown of the side street is extended at least to the quarter point of
of the major street. This provides an efficient pick up point. However, on the downstream
side of the side street, incoming storm drainage will tend to flow on down the major street
and by pass a catch basin. (See Fig. 6) Therefore, where conditions permit, the side street
may be depressed for a short distance upstream from the curb return to provide a second
efficient pick up point, if the side street is bringing in a large volume of runoff.

•

•

•

•

•

•

•

Figure 6

Other alternatives are a Type G or multiple catch basins to intercept the excessive runoff.
The most economical alternatjve shall be used.

4. Computed Inlet Capacities shall 'be reduced as follows to allow for clogging and future pave
ment overlays:

Grates

1. Sump Conditions: (Ml per chart on page 30)
a. Orifice Flow Actual Area =2.0 x required area (orifice f1ow,.8' depth and over)
b. Weir Flow: Actual Perimeter = 2.0 x required perimeter

2. Continuous grade conditions:
a. Actual width of opening perpindicular to flow = 2.0 x required width or greater

Curb Opening Inlets

1. Sump Condi tions or Continuous grade
a. Actual length of opening =1.~ x required length or greater

12
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Combination Grate(and Curb Opening: (Where length of curb opening =Length of grate)

1. Sump Conditions and Continuous Grade Conditions
a. 1.0 x capacity of grate only

City of Phoenix Type D

1. 1.0 x capacity of grate + (.8) capacity of curb opening upstream from grate

• HYDROLOGY FOR INLET SPACIN~

Proceeding with the inlet spacing design for our example problem:
First an initial layout for the system is required: From inspection of the drainage pattern
for the example problem note the following:

•

•

1. Relatively little area contributers runoff to inlets on 6th, 7th, and 8th Avenues. Experi
ence would indicate that type •• C" & •• B" inlets on the northeast and southeast corner
respectively of each intersection would be adequate so this will be the initial assumption
for these streets. Note: The inlets on the southeast corners are difficult to justify economi
cally, however. the legal implications of increasing the runoff, to the south are such that it
is prudent to place inlets o~these corners.

2. At 5th Avenue, a considerable area is drained so an inlet pattern as shown below will prob
able be required.

• Figure 7

.Note: If possible, street grades should be adjusted so the major street does not drain to a
residential street.

3. For 2nd 3rd and 4th Avenues, an initial layout as shown below will probably be required.

Type' , B"
or' • E" Figure 8

.-

Type" C"
•

•

•

•
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Preliminary Layout For Storm Drain Lateral in 9th Street

Note: Inlet II's correspond to those on the Inlet calc. tab
sheet on page 39.
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Catch basin types ,t tt ., "

113,5,8,12,15,18,21 are type' '.' H oR K
111,7,10,11,14,17,20 are type' 'C"
112,4,6, 9, 13, 16, 19, 22 are type" B"
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Calculations for 8th Avenue are as follows·:

Ai contributing to inlet #1 at 8th Avenue:: 2.4 acres at a time of concentration of 10 minutes.

And I = 2.1 (from the graph on page 24 for the 2-year frequency)

Q =.9 (2.7 - .2)2.4 = 5.4 cfs

Since this inlet is located in a sump and is a type •• COl which is a curb opening inlet, the
graph on page 29 is used to determine the depth the water must pond to in order that -sufficient
capacity is developed.

Assume gutter Yo = 0.4', ther.J capacity from page 29 = .85 cfs per ft. of curb opening
The opening for a type •• C" inlet is 8 ft. So inlet capacity .85 x 8 = 6.8 cfs
Clogging factor .8 capacity, .8(6.8) = 5.4 cfs
This is greater than the flow to the inlet. Now check spread into the roadway.

Cross-slope (from street cross-section) = .02, 0.4./.02 = 20', O.K •

. With a 64' street and 12' lanes spread can be 20' so the inlet is O.K. for the two-year storm.

Since inlets #3 and #5 have identical contributing areas the following calculations apply to both.

Ai = (6.66 x .25) + (3.33 x .85) = 4.5 acres
Tc =10 min.
I =2.7 Q =.9(1 - .2)Ai
Q =.9(2.7 - .2)4.5 =10.13

Check spread: From page 27 get y = .38'
Spread = .38 =19' spread

.02

.4 sumps are created at intersections at 6th and 7th Avenues .
From &~APH- find'K6atch basin capacity in .4' sump equals 11;'2cfs

For all inlets on the south side of 9th Street up to 5th Avenue
Ai = 0.6 acres, I =2.7 inchesl1 hour
a = .9(2.7 - .2).6 = 1.35 cfs

To find inletcapacityJt is first necessary to determine Yg, the depth of flow in the gutter and spread.

To determine Yg at an inlet on a continuous grade, it is necessary to use the 8PR nomograph
for flow in triangular channels on page 27. It is entered with a Zin number, where Z is the re
ciprocal of the cross-sl,ope (Sc) and n is Manning's n =0.015 for Asphalt surface courses.

If Sc = .02 then Z = 1/.02 = 50
Zin = 50/.015 =3300

If the longitudinal slope of the street (S) = .005 & a = 1.35 cfs then from the nomograph Yg = 0.19
Spread w = Yg(Z) = 40(19) = 7.6

The Phoeni~ Type' •8" catch basin is a 5.5' catch basin on a continuous grade.

15
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Enter the chart on page 28 with a y = .19 and a depression depth = .16 and get Qs..= .13, min.
size curb opening inlet type" 8" has 5.5 curb opening. La

53% "7~ ~7% ~7c1
Qa = 1.35, La = 10.4~ = 5.5 =""/o,~ = .16 = .84, Q =".1.35 x .... = Vcfs. X .8 c..lC(lCJ·IJI'I'"

La 10.4 Y .19 Qa .fa.e-ro~

•72 ~":J == 0"7Z C·Ps
1.35 - -=:%= at!J cfs flowby

These computations are done for all inlets on the south side of 9th Street and entered in the
summary sheet shown on page 39.

The inlets on the northwest corners of 6th Avenue and 7th Avenue are checked as discussed
previously.

Calculations for inlet capacities at 5th Avenue. Inlets shall be designed for 1-year storm and a
contributing area without 5th Avenue storm drain in place as this Q will control over contribu
ting Q with 5th Avenue storm drain in place.

Earlier it was determined that an inlet layout as shown in Figure 10 would
probably be required.

Figure 10

•

•

Type

•

•

"Area contributing to inlet #10 in Figure 10
. A~90 + (3 x 6.66) = 110 a<?res Ai= 11g x .25 = 27.5 acres

Use v = 2.3 ft"/sec. for velocity, tc = 7 x 660 = 33.5 minutes. I from the chart on page 23. is
2.3 x 60

.8 in/hr. Q =.9 (8 - .2) 27.5 = 14.85 cfs

Inlets #7 and #10 are on' a continuous grade of .005 and the cross-slope of 5th Avenue Sc = .025
Z = 1/)25= 4 O.Z/n = 40/.015 = 2.667.0

•
-VI
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Since the crown of the street is only 0.38' water will cross the crown of 5th Avenue and each
gutter will be carrying 7.42 cfs. The nomograph gives a y of .37 for this Q.

Use type •• C" inlets for both 1110 and 117 and enter the charts on page 28 to determine capa
city.

F low intercepted by inlets 1110 and 117
From chart on page 28 with Yg = .37 fL Qa = 7.42 = .25, La = 30, L = 8 = .27, a = .43

,(1) La """La La 30 y
-(;p)'O I 4~

Q intercepted = 40% ,It;"
Q.x 40 = 7.42(.40) = 3 cfs , '57

•

Flow by - past inlet 117 to inlet 118 and past inlet 1110 to 1111
Q = 7.42 - 3 = 4.42 cfs

F Iowan the street to inlet #8 computed as follows:
Ai = 4.5 tc = 10 min., 1=2.7
Q = .9 (2.7 - .2) 4.5 = 10.1 cfs

So total Q = 4.42 + 10.1 = 14.52 cfs "2.0 /3,~

At .4 sump depth, capacity of ...... equals Q i 5) +.8(~x .85) = S8- cfs

~ l' ,6rDoT CoB. <:'-'5".03 (La: \7/)~
Use Type •~ catch basin for inlet tl8

/.$.,J;. .'12
Flowby from inlet 118 to #11 = 14.52 -1EIa= Aecfs

M-\ L- \7',

".
Flowby from inlet 1110 to #11 = 4.42

#lJ.z 5.31
Total a at inlet #11 = 4.42 + '-'+="'cfs

~.

Z ='1/.02 = 50, Z:ln = 501.015 = 3,300 _
Yg = 0.29, spread w = .29/.025 = 14.5 so O.K. at inlet #11 use type •• C"

From page 28 flowby intercepted at inlet 1111 = 4.84 x 47% = 2.27 cfs. Flowby = 4.84 - 2.27 = 2.57
Quite a bit of flow comes down 4th Avenue so use an arrangement as shown in Figure 10 to limit
flowby to inlet #12

\\ II

)<
Type· .....

12

Type •• C"

F lowby to 4th A venue = 2.57 cfs
For the inlets at 2nd, 3rd, and 4th Avenue a layout as shown in Fig. 11 will probably be required.

Flow on street to inlet #12
Ai =(36.6).25 +:r.33(.85) = 12
tc=2640 =19min.

2.3 x 60
I =1.5 in./hr.

•

• 'I Type • I B"

Figure 11

• 11
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Q = .9(1.5 - .2) 12 = 14 cfs. With crown of .33' in residential street 4th Avenue, each half of street
will carry 7 cfs.
Total flow to ;/12 is 7 + 2.57 = 9.57 cfs
Capacity of type IrK" at Yg = 0.4 = 11.2 cfs O.K. for .4 sump
Check spread = 0.4/.02 = 20.0' 6]<. Use type tlK" catch basins.

Then Q at inlet #14 = 7 cfs From p. 28 Q intercepted by #14 = 7 x 39% = 2.73 cfs
Flowby from inlet #14 to #15 = 7 - 2.73 = 4.27 cfs
Total Q at inlet #15 = 7 + 4.27 = 11.27 cfs
At 2nd and 3rd Avenue situation is repeated and Type' 'K" inlet in 4' sump will intercept all
the flow.

Use Type ','K" catch basin.

The next step is to determine minimum depths of catch basins and the size of connector pipe
required. The minimum size to be used is 15", for maintenance purposes.

Minimum catch basin depth is calculated by the method explained on page 33 of this manual for
single catch basins. For example: The inlet at 8th Avenue receives a flow of 5.4 cfs. Using
the chart on page 31 We find that the connector pipe diameter required is less than 15" if H-5'.
(For this example assume the hydraulic grade line is 5.5 feet below gutter elevation.)

Minimum catch basin depth is then:

DCB = 1.17' +1.5 V l
2 + d

2g

VI is the velocity of flow in the connector pipe
VI': Q/a
Area for a 15" pipe a = 1.227 ft.2

v 12 = Qla = 5.4/1.23,= 4.4 fps

VI 2/2g :: 19.3:164.4 =.3
Depth required = 2.42 + 1.5 (.3) = 2.87 ft.
Go to page 25 to find hydraulic slope of pipe needed, S = .006 for pipe flowing full.
Head needed for pipe is 32' x .006 = .20'. Total H needed is .45 + .2 = .65'
Available I-i = 5' O.K.

Minimum depth per standard Type" C" basin is 4' - 0" from top of curb so use 4.0 feet mini
mum. Therefore, 15" pipe will be sufficient for inlet #1.

For inlets in series, such as those at" 5th Ave-nue, the method outlined on page 31 is used to
determine catch basin depth and connector pipe size. Q intercepted at inlet #7 is 3 cfs, at #8
it is 14.1 cfs. The hydraulic grade line is 5.5 feet below the gutter elevation of inlet #7 so
available head is 5'. The fall from inlet #7 to inlet #8 is 0.3' difference in gutter elevations.
Assume 15" connecto~ pipe will be required.

Minimum depth for #7 inlet
v I = Q/a = 3/1.23 = 2.5 fps from page 25 hydraulic slope of pipe needed, S = .008
v I = 1.17 + 1.5v, 2 + d = 2.40 + 1.5 (.1) = 2.55 feet. Minimum depth per std.

2Q
detai I is 4 feet, use 4.0 feet minimum depth.

HI = .15 + (20' x .008) = .3'

18
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Total Q in pipe out of inlet #8 is 17.1 cfs.
Vz :: Q/a:: 17.1/1.767:: 9.7 fps. Hydraulic slope of 18" pipe required is S:: .025, L :: 32: Head
loss in pipe =32 x .025 :: .8'

v~ :: (9.7) z/64.4 :: 1.45 Hz :: 1.5 (1.45) +.a:: 3'
2g

Vz :: 1.17 + 1.5(1.45) + 1.5=4.87' Check on page 32. Vz :: 4.8' O.K.

Now using the available Head, Hz:: 5.0 - .3' :: 4.7 ft. and the total Q for the connector pipe from
inlet #8 enter the nomograph on page 31 to find the minimum connector pipe allowab.le is 18"
so our selection of 18" is okay.

Utility conflicts may cause catch basin minimum depth to vary considerably from this value. In
no instance shall the minimum depth be less than as specified on the Standard Details or as
calculated using this procedure.

This process is repeated for the remainder of the connector pipes on the project and the results
entered in the tabular summary on page 39.

With the initial layout established, surveys and an exhaustive utilities search must be under
taken to establish final alignment depth and slope of the pipe. The desired minimum velocity in
the laterals is 5 fps,and slopes must be reconciled with uti lity conflicts to obtain this velo
city when possible. If slopes differ from the preliminary layout due to uti lity conflict, or for
some other reason, it may be necessary to recompute pipe sizes.

Inlets may have to be rearranged slightly due to utilities, driveways, etc., and grades may be
altered slightly without significant effect on the computations since spread is usually not the
governing factor for in let. locations. .

The intent of ~his manual is to provide a logical, sequential approach to storm drain design in
conformance with local conditions. It should in no way be considered a substitute for experi
ence and judgement on the part of a designer.

When in the opinion of the designer, conditions are such that procedures preViously outlined do
not apply, the proper solution in his judgement should be presented.

19
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% IMPERVIOUS

15.

15.

•

18.

18.

20.

25.

25.

25.

60.

65.

70.

70.

75.

90.

90.

85.

e~.

85.

F.
F.
F.
F.

Mul ti-Family Res. l-Unit For Each 3000 S.
If .. II II II II 1500 s.
If If II II II n IPOO s.
II n II n II n 1000 S.

Co:n'lleric1.al Office District - Restricted Commercial

Hj.~h Rise Distri ct

Genernl C~mercial

Intermediate Commercial

_Plnnned Shopptn~...:;r!:.o.'-:C:::.::c::.:.n:.::t~e~r _

}lei ct:borhClod 0 CC:'11l!ercial

RI·G

R-3

R-4

R-4A

RoS

C~

HR
PSC

C-l

C-2

C-3·
P-l Parldng (Open) 85.

P.2 Parkin~ '(Structures .85.

IND. PARK Industt'ial Park 75.

A-l L1eht InduptrinJ 75.

o A.2- }leayy Industrial 75.
I

P.A.O. Planned Area Development .85.

D.G. Dtrelli,ng Group 0 .85.

RIGHT OF WA,Y (R.O.W.) __~ 100.

•

•

•

•

•

•
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RAINFALL INTENSITY. DURATION! FREQUENCY (use only when trun \<.
-storm drait" was desiqnea for the one year return -period.)
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'. II. Catch Basins in Series

•

•

'.
•

•

•

C·F.z

L

L Z
Figure 13

a. Connector Pi pes·

1. Determine the available head (H) as shown In figure 13•.

2. Compute head loss for each catch basin and connector pipe in the
series by culvert equation. The sum of head losses in the series
must be less than or equal to the available head.
(I.e. H, + Hz = +Hn H)

b. Minimum Catch Basin Depth - V •

1. The first catch basin depth is the same as for a single catch
basin.

z
V1 = 1.16 + 1.5 v I +dl

7r
2. The second catch basin depth may be determined as follows:

Referring to Figure 13-

Vz =C.F' I +0.5 +H, +1.5 vf+..!!t- -G
~ coss1

Assuming C.F·. I ':: 0.66

cos S2 =1

33

H
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II. Catch Basins in Series - continued.

V = 1.16 +H + 1.5 v~ +d2 - G
2g

*3. Check the fre!'lboard provided for the. second catch basin.

4. Succeeding catch basin depths in the series may be determined by
simi Jar computations.

III. Where especially "tight" condi tions prevai I, the 0.5' freeboard may
be omitted and the difference between gutter elevation and storm
drain soffit elevation may be accepted as the available head (H).

C.F. =Curb face assumed to equal 1.0'
V =Catch basin depth measured from

invert of connector pipe to top of
curb.

• v =Velocity in connector pipe.

•

•

•

•

•

•

d = Diameter of connector pi pe.

s =Slope of connector pipe.

L =Length of connector pipe.

H =Available head

HI, H2,•••Hn =Lost head.

G = Difference in elevation of top of
curb.

* Freeboard2 =Vz -d2 - 1.5 vi - C.F.2
Coss z 29 AssumingC.F. z = 0.67&cos S=1

Freeboard2 =Vz - d'2 -1.5 v! - .66 :; V1 => 0 0.5' Min.
2g

FINAL CHECK FOR ADVERSE SLOPE: Vi. +G> Vi +0.5'
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PRESENTATION OF STORM DRAIN IN PLANS

A table is to be made giving the alternate pipe information shown in the sample table on
page 38.

On storm drain mains that have more than ten-foot depth of trench, soil boring information
and soil resistivity is to be provided and shown on the plans by the Consulting Engineer. In
formation shall be prOVided as per Administrative Procedure #13. From this information it will
be determined if C.I.P.P. is a feasible alternate. If the soil will not stand, C.J.P.P. will not be
considered as an alternate material. Alsoif too many utility interferences are involved, C.I.P.P.
will not'be used.

Corrugated metal pipe will be Type D on'the main storm drain and Type A for connecting
pipes. Type • •D", corrugated metal pipe, is asphalt coated outside and smooth flow asphalt
inside with N =.012. For mains over 54" diameter, either'Z~x Y, orS" x1" corrugations may
be used. Type" A"· corrugated metal pipe is asphalt coated inside and out, but not smooth
flow, with N =.024 forz~ x Y, corrugations. Gage thickness of C.M.P. to be used is shown in
Standard Detai I 215. .

The diameter of the main storm drain will be the same for all alternates. This diameter is
to be shown on plans in profile without reference to type of material. For Federal Aid projects,
pipes into manholes shall match crowns.

Connecting pipe to be shown in cross sections by diameter of reinforced concrete pipe al
ternate, but without reference to type of material.

Manholes are to be spaced as follows:

For pipe diameters of 30" or less every 330'
For pipe diameters of 33" to 45" every 440'
For pipe diameters of 48" and greater every 66G'

D-Load requirements shall be determined U.S I NCO a. '"too p.c. F. ea.\'"th \oa..c:l. In ord inary
soil conditions, positive projected condition shall be used up to 10' of cover. Trench ,condition
shall be used for deeper trenches in ordinary soil conditions. If the soil information indicates
unstable soil. positive proJ~cted condition shall be used exclusively in determining D-Load
requirements.

Complete Specifications on pipe alternates are included in Uniform Standard Specifications
of Maricopa Association of Governments.

Prefabricated tees are to be used on all connections to the ZliZ main
storm drains where a new main is being, installed and connection is not at a manhole location •

On projects whereJhe storm drain main is existing, connections are -to be made with De
tail 52c;. if the outside diameter of the connecting pipe is less than 112 the inside diameter of
the main. Where the outside diameter of the connecting pipe is greater than Y, the inside diamet-
er of the existing main, Spe.c..i a..l"det~i \ _G:,Z 1 is to be used.

The concrete pipe is to be rubber gasketed up to 48" diameter.
Storm drain catch basins, connecting pipe, and mains are to be shown in plan view of paving

sheets of plans and storm drain sheets.
Quantities of catch basins. connecting pipes, and mains are to be shown on storm drain

sheets only.
Where private irrigation crosses streets, only rubber gasketed concrete pipe is to be used.
Crown elevation of side streets at curb alignment of major streets is to be shown in plan

and profi Ie of paving plans.
The consulting engineer must seal the hydraulic calculations.
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PERMANENl' PIPE ~UPPORT5

PRE Ft>.BRICATEO TE.E':I

NO. 5TA.TION ':Il'0. DET.

COf\,lSi",. ..rl~ e....GINUq
;c'" :0.... ':'£
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(Z) 4+50 TO 5+00 50 3<0"

:.~~~~ yr... ,,( DOC; "'0 .)~~T:;~erE~~ AS 8UIl.T

! ~PtZ !

NO. ':ITATION SHAFT e>ASE
(3) 4 +50 MAG SZZ MAG SZO

CONC~ETE PIPE COLLARS <14'4 LARGER)

NO. STATION I 51!.E I DETAIL

~<O} :> +00 I 42" IMAG 505

(5) 3+40 4Z"" 4'2."'" 15"

·NO. ':ITA.TION 51'Z.E
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•

DR~\NSTORM
CITY OF PHOENIX, ARIZONA

.. ENGINEERING OEPARTMENT

FRAMARl'H EZ ROAD
NORTHWEST AVE..TO SOUTHEAST ST.
PROJECT NO. P-19ZT71

f'or Paving See Shed 2.

1&-For eatcn ~osin X·Sections-See Sheel 10,
.. .&.-For Salt l:?iver Project Pions -!;ee ~hee1 \5.

&-For I'riwte lrriqotion- See ~heet 20.
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