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APPENDIX C
LIST OF SYMBOLS
Symbol | Description Units, English
Regression constant -
a Gutter depression in.
A Cross sectional area of flow ft?
A Drainage area acres
A Sub-basin drainage area mi?
The most downstream part of the larger primary area
A, that will co_ntribute to the dis_charge during the time of acres
concentration associated with the smaller, less
pervious area
Aq Clear opening area of the grate ft?
Ax Basin area sq mi
As Contributing drainage area sq mi
Aw Flow area in depressed gutter width ft?
Ay Gutter flow area in a width equal to the grate width ft?
AB,C Basin characteristics --
B Bottom width of channel ft
b, c,d Regression coefficients --
C Dimensionless runoff coefficient -
Co Orifice coefficient --
Cw Weir coefficient --
CN Curve number --
d Depth of flow ft
d Average depth across the grate: 0.5 (d; + dy), ft
d De_pth at curb measured from the normal cross slope, ft
(d=T Sy))
D Culvert height or diameter ft
ds Depth at point B of a VV shaped gutter ft
dc Depth at point C of a V shaped gutter ft
dec Critical depth ft
di Depth at lip of curb opening ft
do Effective head on the center of the orifice throat ft
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Symbol | Description Units, English
dz Depth at curb --
dso Average riprap size ft
Dso Average riprap size ft
E Inlet efficiency percent
EGL; EGL at the inlet end
EGL, EGL at the outlet end
E, Ratio of flow in a chosen width (usually the width of a B
grate) to total gutter flow (Quw/Q)
B Adjusted f_rontal flow area ratio for grates in composite B
cross sections
F Froude number --
Fo Adjustment factor for pond and swamp areas --
g Acceleration due to gravity 32.16 ft/s?
G Grade of roadway percent
G Approach grade percent
G; Approach grade percent
h Height of curb-opening inlet or orifice ft
h Orifice throat width ft
H Head (above weir crest excluding velocity head) ft
Hs Friction loss ft
he Head _measured as the distance from the c_ulvert invert ft
(flow line) at the outlet to the control elevation
I Rainfall intensity in/hr
IA Percent of basin occupied by impervious surfaces percent
la Initial abstraction in
k Intercept coefficient (Table 2-3) --
K Vertical curve constant, rate of vertical curvatures ft/ percent
Ke Empirical coefficient equal to .933 -
Ke Entrance loss coefficient --
L Curb opening length ft
L Flow length ft
L Horizontal length of curve ft
L Actual culvert length -
L Curb opening length required to intercept 100 percent ft
of the gutter flow
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Symbol | Description Units, English
Ly Adjusted culvert length --
n Hydraulic resistance variable --
n Manning's roughness coefficient -
Ny Desired n value -
P Depth of 24-hr precipitation in
p Perimeter of the grate disregarding the side against the ft
curb
q Hydrograph ordinate for a specific time fta/s
Q Flow ft’/s
Q' One half the total flow --
Oa Adjusted peak flow ft’/s
o Peak flow ft’/s
o ;a;)?gl?égéd;%qgaspr%gg:j;jll)scharge from appropriate #3/s/mi2fin
Ou Unit peak flow ft3/s/mi?/in
Qb Bypass flow ft’/s
Qb Depth of direct runoff in
o) InterC(_apted flow, interception flow capacity, inflow, flow /s
capacity
0. glow capacity o_f the gutter section above the /s
epressed section
Qw Flow rate in the depressed section of the gutter ft/s
R qulraulic radius (flow area divided by the wetted ft
perimeter)
RI2 Rainfall intensity for 2-hr, 2-yr recurrence in/hr
RQ+ T-year rural peak flow ft’/s
R¢ Ratio of frontal flow intercepted to total frontal flow --
Rs Ratio of side flow intercepted to total side flow -
S Surface slope ft/ft
Main channel slope (measured between points that are
SL 10 and 85 percent of the main channel length upstream ft/mi
of the site)
S, Longitudinal slope ft/ft
ST | reservairs, swamps, and wetlandsy percent
Se Equivalent cross slope ft/ft
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Symbol | Description Units, English
Sp Slope percent
Sr Retention in
Sw Cross slope of the depressed gutter ft/ft
S, Cross slope of the gutter measured from the cross fi/ft
slope of the pavement, S
Sx Cross slope ft/ft
t Time --
tp Time base hr
tc Time of concentration hr
ty T?me of concentration of the smaller, less pervious hr
tributary area
te Time of concentration associated with the larger hr
primary area
tp Time to peak hrors
T Distance of the spread, width of flow (spread) ft
T Hypothetical spread ft
T One half the total spread ft
Ta Spread at the average velocity in a triangular gutter ft
T, Width of spr_ea_d from the junction of the gutter and the B
road to the limit of the spread
Tii Travel time min
Tin Segment 1, sheet flow, travel time min
Tii2 Segment 2, shallow concentration flow, travel time min
Tiiz Segment 3, conduit flow, travel time min
T, Sprgad at the upstream end of the triangular gutter ft
section
T, Sprgad at the downstream end of the triangular gutter ft
section
UQ+ Urban peak discharge for T-year recurrence interval ft’/s
Vv Velocity, frontal flow efficiency ft/s
Va Average velocity ft
Vo Gutter velocity where splash-over first occurs ft/s
W Width of gutter, width of grate ft
X Subs_cript designating values for incremental areas with .
consistent land cover
X Distance from sag point --

389




UFC 3-230-01

AC 150/5320-5C

8/1/2006 9/29/2006
Symbol | Description Units, English
y Depth of water in the channel -
Y Depth of ponding --
Ys Depth at the flanking inlet --
. Hori_zontal distance of the side slope to a rise of 1 ft. ft
vertical
< Less than --
< Equal to or less than --
> Greater than -
> Equal to or greater than --
= Equals --
% Percent --
° Degree --
) Diameter --
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APPENDIX E

WAIVER PROCESSING PROCEDURES FOR DOD

E-1 ARMY
E-1.1 Waiver Procedures:
E-1.1.1 Installation. The installation’s design agent, aviation representative

(safety officer, operations officer, and/or air traffic and airspace [AT&A|] officer) and DEH
master planner will:

E-1.111 Jointly prepare/initiate waiver requests.
E-1.1.1.2 Submit requests through the installation to the major command (MACOM).

E-1.1.1.3 Maintain a complete record of all waivers requested and their disposition
(approved or disapproved). A list of waivers to be requested and those approved for a
project should also be included in the project design analysis prepared by the design
agent, aviation representative, or DEH master planner.

E-1.1.2 The MACOM will:
E-1.1.2.1 Ensure that all required coordination has been accomplished.

E-1.1.2.2 Ensure that the type of waiver requested is clearly identified as either
“Temporary” or “Permanent.” “Permanent” waivers are required where no further
mitigative actions are intended or necessary. “Temporary"” waivers are for a specified
period during which additional actions to mitigate the situation must be initiated to fully
comply with criteria or to obtain a permanent waiver. Follow-up inspections will be
necessary to ensure that mitigative actions proposed for each temporary waiver granted
have been accomplished.

E-1.1.2.3 Review waiver requests and forward all viable requests to U. S. Army
Aeronautical Services Agency (USAASA) for action. To expedite the waiver process,
MACOMs are urged to simultaneously forward copies of the request to:

E-1.1.2.3.1 Commander, U. S. Army Aeronautical Services Agency (USAASA),
ATTN: ATAS-AI, 9325 Gunston Road, Suite N319, Fort Belvior, VA 22060-5582.

E-1.1.2.3.2 Commander, U.S. Army Safety Center (USASC), ATTN: CSSC-SPC,
Bldg. 4905, 5th Ave., Fort Rucker, AL 36362-5363.

E-1.1.2.3.3 Commander, U. S. Army Aviation Center (USAAVNC), ATTN: ATZQ-ATC-
AT, Fort Rucker, AL 36362-5265.

E-1.1.2.3.4 Director, USACE Transportation Systems Center (TSMCX), ATTN:
CENWO-ED-TX, 215 N 17th St., Omaha, NE 68102.
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E-1.1.3 USAASA. USAASA is responsible for coordinating these reviews for the
waiver request:

E-1.1.3.1 Air traffic control assessment by USATCA.
E-1.1.3.2 Safety and risk assessment by USASC.
E-1.1.3.3 Technical engineering review by TSMCX.

E-1.1.3.4 From these reviews, USAASA formulates a consolidated position and
makes the final determination on all waiver requests and is responsible for all waiver
actions for Army operational airfield/airspace criteria.

E-1.2 Contents of Waiver Requests. Each request must contain this
information:
E-1.2.1 Reference to the specific standard and/or criterion to be waived by

publication, paragraph, and page.

E-1.2.2 Complete justification for noncompliance with the airfield/airspace criteria
and/or design standards. Demonstrate that noncompliance will provide an acceptable
level of safety, economics, durability, and quality for meeting the Army mission. This
includes reference to special studies made to support the decision. Specific justification
for waivers to criteria and allowances must be included:

E-1.2.2.1 When specific site conditions (physical and functional constraints) make
compliance with existing criteria impractical and/or unsafe. Some examples are the
need to provide hangar space for all aircraft because of recurring adverse weather
conditions; the need to expand hangar space closer to and within the runway
clearances due to lack of land; and maintaining fixed-wing Class A clearances when
support of Class B fixed-wing aircraft operations are over 10 percent of the airfield
operations.

E-1.2.2.2 When deviation(s) from criteria fall within a reasonable margin of safety
and do not impair construction or long range facility requirements. An example is
locating security fencing around and within established clearance areas.

E-1.2.2.3 When construction that does not conform to criteria is the only alternative
to meet mission requirements. Evidence of analysis and efforts taken to follow criteria
and standards must be documented and referenced.

E-1.2.3 The rationale for the waiver request, including specific impacts on the
assigned mission, safety, and/or environment.
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E-1.3 Additional Requirements:
E-1.3.1 Operational Factors. Include information on the existing and/or proposed

operational factors used in the assessment:

E-1.3.1.1 Mission urgency.

E-1.3.1.2 All aircraft by type and operational characteristics.

E-1.3.1.3 Density of aircraft operations at each air operational facility.

E-1.3.1.4 Facility capability (visual flight rules [VFR] or instrument flight rules [IFR]).
E-1.3.1.5 Use of self-powered parking versus manual parking.

E-1.3.1.6 Safety of operations (risk management).

E-1.3.1.7 Existing navigational aids (NAVAIDS).

E-1.3.2 Documentation. Record all alternatives considered, their consequences,
necessary mitigative efforts, and evidence of coordination.

E-2 AIR FORCE

E-2.1 Waivers to Criteria and Standards. Waivers to criteria and standards in
this publication must be approved by the major command (MAJCOM) pavements
engineer.

E-2.2 Waiver Procedure. The design agent or, if designed by the Air Force, the
base pavements engineer, prepares a Request for Waiver for each project. The
request must contain a complete listing of all deviations from criteria and standards,
including justification. If the base civil engineer concurs, the request is forwarded to the
MAJCOM pavements engineer for consideration.

E-3 NAVY AND MARINE CORPS
E-3.1 Applicability:
E-3.1.1 Use of Criteria. The criteria in this manual apply to Navy and Marine

Corps aviation facilities located in the United States, its territories, trusts, and
possessions. Where a Navy or Marine Corps aviation facility is a tenant on a civil
airport, use these criteria to the extent practicable; otherwise, FAA criteria apply. Where
a Navy or Marine Corps aviation facility is host to a civilian airport, these criteria will
apply. Apply these standards to the extent practical at overseas locations where the
Navy and Marine Corps have vested base rights. While the criteria in this manual are
not intended for use in a theater-of-operations situation, they may be used as a
guideline where prolonged use is anticipated and no other standard has been
designated.
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E-3.1.2 Criteria at Existing Facilities. The criteria will be used for planning new
aviation facilities and new airfield pavements at existing aviation facilities (exception:
primary surface width for Class B runways). Existing aviation facilities have been
developed using previous standards that may not conform to the criteria herein. Safety
clearances at existing aviation facilities need not be upgraded solely for the purpose of
conforming to this criteria; however, at existing aviation facilities where few structures
have been constructed in accordance with previous safety clearances, it may be
feasible to apply the revised standards herein.

E-3.2 Approval. Approval from Headquarters Naval Facilities Engineering
Command (NAVFACENGCOM) must be obtained prior to revising safety clearances at
existing airfield pavements to conform with these new standards. NAVFACENGCOM
will coordinate the approval with the Naval Air Systems Command and Chief of Naval
Operations/Command Master Chief (CNO/CMC) as required.

E-3.3 Obtaining a Waiver. Once safety clearances have been established for
an aviation facility, there may be occasions where it is not feasible to meet the
designated standards. In these cases, a waiver must be obtained from the Naval Air
Systems Command (NAVAIR). The waiver and its relation to the site approval process
is defined in NAVFACINST 11010.44E, Shore Facilities Planning Manual.

E-3.4 Exemptions from Waiver. Certain navigational and operational aids
usually are sited in violation of airspace safety clearances in order to operate effectively.
The aids listed in paragraphs E-3.4.1 to E-3.4.8 are within this group and require no
waiver from NAVAIR, provided they are sited in accordance with NAVFAC P-272,
Definitive Designs for Naval Shore Facilities, and/or the NAVFAC Design Manuals (DM
series):

E-3.4.1 Approach lighting systems.

E-3.4.2 Visual approach slope indicator (VASI) systems and precision approach
path indicators (PAPI).

E-3..4.3 Permanent optical lighting systems (OLS), portable OLS, and Fresnel lens
equipment.

E-3.4.4 Runway distance markers.

E-3.4.5 Arresting gear systems, including signs.

E-3.4.6 Taxiway guidance, holding, and orientation signs.

E-3.4.7 All beacons and obstruction lights.

E-3.4.8 Arming and de-arming pads.
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APPENDIX F

WAIVER PROCESSING PROCEDURES FOR FAA
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INDEX
access hole lid displacement, 210 bends
adjustment factor (Fp), 30 shear stresses, 194, 195
airport drainage systems best management practices (BMPs), 2,
design load, 254 301
recommended design parameters, design
254 runoff volume treated, 301
special design considerations, 254 selection guidance, 301
allowable spread, 40 box-culvert nomograph, 150
anchorage and buoyancy, 300 catch basins, 231
applicability, 1 cellular blocks, 165
appurtenant structures, 231 channel design, 186
check dams, 247 channel instability, 153
chutes, 242 channels
drop structures, 247 erosion
flap gates, 249 riprap to control, 173
flow splitters, 247 geometry, 197
fuel/water separators, 245 improved, 247
inlets, 231 instability, 114
junction chambers, 242 lining materials, 186
manholes, 235 slope, 197
outlet energy dissipators, 246 stability, 192
security fencing, 242, 245 check dams, 247
siphons, 248 check storm, 41
transitions, 247 chutes, 110
arctic and subarctic drainage systems, closed, 110
297 open, 110
area inlets, 232 composite gutter sections, 48
failure, 233 computer programs, 12, 32, 39, 175
settling rates, 234 ANNIE, 320
auxiliary drains, 203 BASIN, 318
barriers, 244, 245 CANDE-89, 307
basin development factor, 26 DDSoft, 307
BDF, 26 DR3M, 319, 320, 323
bedding for conduits, 265 DRIP, 307
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HEC-RAS, 32, 316, 317, 322
HMS, 32, 315, 322

HSPF, 304

HY12, 318

HY15, 318

HY8, 309, 310, 312

HY-8, 161

HYCHL, 309, 310, 312

HYCLYV, 309

HYDRA, 222, 309, 310
HYDRAIN, 32, 309, 310, 312, 321
Hydraulic Toolbox (HY-TB), 318, 322
HYDRO, 309, 311

HYEQT, 309, 313

ModBerg, 307

NDSoft, 307

NFF, 309, 313

PIPECAR, 308

SCOUR, 318

STORM, 304

SWMM, 304, 317, 318, 320, 322
TR-20, 32, 314, 315, 321

TR-55, 32, 313, 321

Urban Drainage Design, 319, 322
urban hydrology and hydraulics, 308
VAST, 304

Visual Urban (HY-22) Urban Drainage
Design, 308

WSPRO, 309, 311
constant rainfall intensity, 12

cover

minimum and maximum for airfields,
285

minimum and maximum for roadways,

286
requirements, 115
storm drains and culverts, 286
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cross (transverse) slope, 42
cross-drainage structures, 103
culverts
beveled entrance, 114
broken-back, 115, 284
capacity, 114
construction types, 113
culvert pipe, 113
design procedure, 145
flow types, 117
hydraulic design data for, 117
hydraulic design of, 113
inlet control, 117
materials, 113
mitered entrance, 114
outlet control, 117, 127, 138
rounded entrance, 114
curb and gutter flow
spread, 43
curbs
disadvantages, 44
use, 43
curbs and gutters, 43
curved vane grates, 111
dead loads, 256, 266
degree of protection, 10
design capacity, 10
design discharge
Rational Method, 213
time of concentration, 213
design frequency and spread, 40
design objectives, 1

design storm frequencies, 116, 213

headwater depth, 116
higher than minimum, 10
sag points, 213
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Design Storm Frequencies stilling well, 168
areas other than airfields, 11 USBR impact energy dissipator, 168
DOD airfields and heliports, 10 energy grade line (EGL)
FAA, 11 definition, 209
design storm frequency, 213 manual calculation
detention facilities, 261 energy loss method, 222
design guidance and criteria, 261, 262 energy loss method, 222
detention/retention facilities, 257, 258 environmental considerations
direct loading Air Force environmental quality
design requirements, 256 program, 8
discharge frequencies, 197, 211 Arr8ny environmental quality program,

downdrains, 110
drainage culvert
definition, 113
drainage inlet design, 62
drainage pipe
definition, 264

drainage pipelines
local laws, 7

infiltration, 115 N _ al it
. avy environmental quality program,
drainage structures 8\/y a y prog

vehicular safety, 175
drainage system design

frost condition considerations, 282,
283, 284

discharge permits, 9

effects of surface drainage systems, 8
environmental impact analysis, 8

FAA environmental quality program, 8
Federal guidelines, 3

Federal regulations, 4

NEPA, 3, 4
regulatory considerations, 3
state regulations, 5

grading, 202, 299 Equations
2-1, 15
procedures, 202 2.10. 26
drop inlets, 103 2_11’ o6
drop structures, 247 2_12’ o6
end structure protection, 299 2_13’ 26
endwalls, 114, 152, 153, 246 2'14’ o6
energy dissipators, 111, 167 Rk
: 2-15, 28
designs, 161
. 2-16, 28
flared outlet transition, 167, 168 .17 28
hydraulic jump, 168 o
. : 2-18, 29
riprap use with, 173 2.19. 30
Saint Anthony Falls (SAF) stilling s
basin, 168 2-2,16
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2-20, 34 3-4, 48
2-21, 37 3-5, 48
2-22, 38 3-6, 48
2-23, 38 3-7,53
2-3, 18 3-8, 61
2-4, 20 3-9, 65
2-5,21 4-1, 128
2-6, 22 4-10, 173
2-7, 25 4-11, 173
2-8, 26 4-12, 173
2-9, 26 4-2,129
3-1, 42 4-3, 129
3-10, 65 4-4, 138
3-11, 74 4-5, 150
3-12, 74 4-6, 167
3-13, 74 4-7, 167
3-14, 75 4-8, 173
3-15, 75 4-9, 173
3-15a, 75 5-1, 186
3-16, 75 5-10, 194
3-17, 79 5-11, 195
3-18, 79 5-12, 199
3-19, 80 5-2,189
3-2,45 5-3, 189
3-20, 81 5-4,189
3-21, 87 5-5, 189
3-22, 87 5-6, 189
3-23, 90 5-7,193
3-24, 91 5-8, 193
3-25, 91 5-9, 194
3-26a, 91 6-1, 204
3-26b, 91 6-2, 215
3-27, 104 6-3, 215
3-28, 104 erosion, 114
3-29, 104 control at outlets, 161
3-3, 46 protection, 115
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erosion and sedimentation (E&S) control
regulations, 306

estimating pollutant loads, 304

Examples
2-1, 17
2-2, 22
2-3, 24
2-4, 27
2-5, 31
2-6, 34
2-7, 38
3-1, 47
3-10, 93
3-11, 100
3-12, 105
3-13, 107
3-14, 109
3-2, 49
3-3, 54
3-4, 56
3-5, 61
3-6, 76
3-7,77
3-8a, 81
3-8b, 85
3-9, 88
4-1, 176
4-10, 184
4-11, 184
4-12, 185
4-13, 185
4-2, 177
4-3,178
4-4,179
4-5, 180
4-6, 181
4-7, 182
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4-8, 183
4-9, 183
5-1, 190
5-2, 195
5-3, 200
5-4, 200
6-1, 207
6-2, 208
extended detention dry ponds, 304
fish passage considerations, 115
flanking inlets, 100, 101
flap gates, 211, 231, 249
flexible pipe, 282
flow
in gutters, 45
resistance, 186
splitters, 231, 247
flow friction formulas, 204
flowline, 210
freeboard, 197
fuel/water separators, 245
gear configurations, 254, 255
general investigations, 2
geometric controls, 95
grading, 202
grates, 250
30°- 3-1/4 tilt bar, 65
45°- 2-1/4 tilt bar, 65
45°- 3-1/4 tilt bar, 65
curved vane, 65
efficiency, 73, 111
for airport loadings, 251
loading conditions, 112
materials, 250
P-1-1/8, 65, 111
P-1-7/8, 64, 112
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P-1-7/8 x 4, 65
parallel bar, 111
protection of, 251
reticuline, 65
type selection, 111
gravity flow, 203
gully scour, 114, 153, 154
gutters
composite sections, 48
conventional, 46
dimensions, 43
flow, 40, 45
flow calculations, 45
flow time, 60
headwalls, 114, 151
advantages of, 151
construction of, 152
design of, 151
headwalls and endwalls, 151, 153
headwalls and wingwalls, 151
heaving, 283
HEC-RAS, 311, 315
hydraulic grade line (HGL)
definition, 209
manual calculation
energy loss method, 222
hydraulic jump, 246
hydrologic methods
Rational Method, 12, 15
regression equations
USGS, 12
hydrologic methods
TR-55, 12
hydrologic methods
TR-55, 15
hydrologic methods
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TR-55, 328
icing, 288
debris and icing control, 300
description, 288
effects of human activities on, 290
ground icing, 289, 294
methods of counteracting, 291
methods of prevention, 293
natural factors conducive to, 290
river or stream icing, 289, 294
spring icing, 290
types, 288
IDF curves, 12, 13
regional, 18
infiltration, 115, 284
basins, 262, 305
control, 285
facilities, 262, 263
required testing, 285
infiltration/exfiltration trenches, 304
inlets
capacity, 40
catch basins, 231
combination inlets, 63, 64, 110
continuous inlets, 63, 64
curb-opening inlets, 63, 64, 79
embankment inlets, 110
grate inlets, 63, 64, 73, 110
inlet-control nomographs, 117, 148
interception capacity, 64, 71
factors affecting, 65
locations, 94
median and roadside ditch inlets, 103

median, embankment, and bridge,
102

on embankments, 110
placement, 234
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slotted inlets, 63, 72
spacing, 234
spacing on continuous grades, 95
surcharging, 210
sweeper inlets, 110
types, 63
water quality, 305
interception capacity
combination inlets, 72

curb-opening inlets in sag locations,
90

grate inlets, 73
grate inlets in sag locations, 86
inlets in sag locations, 86
inlets on grade, 73
slotted inlets, 72
invert elevation, 210
jointing, 299
kinematic wave equation, 18
ladders, 251
length of stone protection (LSP), 161
live loads, 256, 266
longitudinal slope, 41
manholes, 235
chamber and access shaft, 236
channels and benches, 240
configuration, 235
depth, 240, 241
frames and covers, 236, 240
ladders, 251
location and spacing, 241
settlement, 241
steps, 254

Manning's equation, 18, 20, 45, 60, 103,
138, 148, 186, 204, 205, 206, 209,
307, 314, 319, 334

maximum highwater
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definition, 215
minimum velocity and grades, 215
NFF, 25, 313
NOAA, 5, 18, 396
NRCS, 13, 28
peak flow method, 28, 31
open channel flow, 186, 203
outfall design, 210
outfall headwalls, 246
outlets
energy dissipators, 246
riprap, 246
stilling basins, 246
outlet control, 127
outlet-control nomographs, 149
protection design example, 176
protection of, 114
paved apron, 247
peak flow
attenuation, 258
rates
derivation methods, 15
pipe
bedding, 282
downdrains, 110
drains, 103
installation
arctic and subarctic, 300
selection, 264, 265
arctic and subarctic, 299

bituminous-coated pipe restrictions,
264

life cycle cost factors, 264
plastic pipe
DOD restrictions, 264
roughness, 264
pipestrength, 266
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plain outlets, 246
ponding, 117
pressure flow, 203
primary drains, 202

Rational Formula, 10, 15, 16, 24, 307

Rational Method, 10, 15, 18, 32, 310,
312

exceptions to application, 214
regression equations, 312, 313
regional, 25
rural, 25
urban, 25
USGS, 10, 15, 25
Regression Equations
urban, 26
USGS, 26
release timing, 258, 259
retention facilities, 261, 262
definition, 262
design guidance and criteria, 262
retention ponds, 304
rigid pipe, 266
riprap, 161, 173, 247
aprons, 211
failure, 165
size of stone, 161, 164, 165
roadside and median channels, 44
design parameters, 197
channel geometry, 197
channel slope, 197
discharge frequence, 197
freeboard, 197
shear stress, 199
runoff coefficient, 16
sack revetment, 165
sag points
design storm frequency, 213
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sag vertical curves
flow in, 60

Saint Anthony Falls (SAF) stilling basin,
168

sand filters, 305
scour, 114, 246
estimating the extent of, 176
preventing local scour, 176
scour holes, 114, 153, 154, 155
scour holes
calculations, 161
SCS
peak flow method, 28, 31
tabular hydrograph method, 32
secondary currents, 194
shallow ditch sections, 44
shear stress, 192, 193
bends, 194, 195
distribution of, 193
permissible, 199
sheet flow, 18
side slope stability, 193
Simple Method, 304
siphons, 231, 249
definition, 248
stable channel design, 192, 193
concepts, 192
stilling wells, 168, 284
storage facility types, 261
storm drain
arctic and subarctic guidelines, 297
auxiliary drains, 203
classification, 202
computation sheet, 216
conduit, 202
conduit shapes, 206
design, 202
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check storms, 213
energy grade line (EGL), 209
energy losses, 212
hydraulic capacity, 204
conduit shape, 206
Manning’s equation, 204, 205

hydraulic grade line (HGL), 209,
210

open channel flow, 203
open channel flow advantages, 204
outfall conditions, 210
outfall orientation, 212
preliminary design procedure, 216
pressure flow, 203
pressure flow advantages, 204
Rational Method, 213

maintenance, 299

outfalls, 210

primary drains, 202

system
design procedures, 202
flow type assumptions, 203
grading, 202
hydraulics, 203

storm water
control facilities, 257
storm water management, 257

models, 304
HSPF, 304
STORM, 304
SWMM, 304
VAST, 304

peak runoff rate, 258

programs, 307

storm water quantity control facilities,
258

maintenance, 260
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release timing, 258
safety, 259, 260
storm water runoff
detention/retention facilities, 257, 258
storage, 257, 299
surface drainage, 40, 41
surface runoff, 10, 11
swales, 262
synthetic rainfall, 12, 13
tailwater depth, 210
tidal and flood effects, 300
time of concentration, 18, 60
definition, 213
inlet spacing, 213
pipe sizing, 214
tractive force theory, 192
transitions, 246, 247
triangular gutter sections, 61
ultra-urban BMPs, 305
units of measurement, 1
USBR impact energy dissipator, 168
USGS

regression equations, 10, 12, 15, 25,
26

vegetal covers

degree of retardance, 188
vegetative practices, 305
vehicular safety

drainage structures, 175

hydraulically efficient drainage
practice, 175

waiver procedures

Air Force, 400

Army, 398

Navy and Marine Corps, 400
waivers, 2
warped endwalls, 246
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water quality practices
overview, 301

waterfowl hazards, 10, 260

watertight joints, 115, 284
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DOD facilities, 284
wet ponds, 304

facilities, 262
wingwalls, 114, 152, 246



