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Service Computational

Hlocks Blocks
STATISTICS [ Smmmaa
BLOCK RUNOFF BLOCK
gl —————

GRAPH B E—
BLOCK

e
TRANSPORT BLOCK

COMBINE  feetg——oi |
ELOCK g

EXECUTIVE
RAIN BLOCK
BLOCK e
e
EXTRAN BLOCK
"-——1
TEMP
BLOCK e
et
STORAGE/ TREATMENT
T BE— BLOCK

Figure 2-1. Relationship Among SWMM Blocks. Executive Block
manipulates interface file and other off-line files.
All blocks may receive off-line input (e.g., tapes,
disks) and user line input (e.g., terminal, cards, etc.)
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SOUTH
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RUNOFF &
TRANSPORT

SOUTH

RUNOFF &
TRANSPORT

STEVENS
AVE.

RUNOFF &
TRANSPORT

NORTH

RUNOFF &
TRANSPORT

STEVENS
COMBINE AVE.
SOUTH TREATMENT
COMBINE
SCUTH &
STEVENS
sSiLo
SOUTH NORTH
TREATMENT TREATMENT
PLANT PLANT
COLLATE \,
SOUTH, NORTH
& STEVENS
OVERFLOW

RECEIVING WATER

Figure 3-1, Combination of SWMM Runs for Overall Lancaster
Simulation.
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Figure 3-2., Hypothetical Drainage Network to Be Collated.
Area'x’  (1s) (23] AREA‘Y*

- D d
-
—— .
-

——

LAKE

-y

Figure 3-3, Hypothetical Drainage Network to Be Combined.
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SNOWFALL
1

[\ N o
Q O o
| | I

w
I

SCF-GAGE CATCH DEFICENCY CORRECTION FACTOR FOR
|

I.O | i l 1 | l J i | ]
0 4 8 12 6 20 24
WIND SPEED AT THE GAGE, mph
Figure 4-2. Gage Catch Deficiency Factor (SCF) Versus Wind Speed.

(After Anderson, 1973 p. 5-20).
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AWESI=
WSNOW/SI B TYPICAL
- ADC FOR

- NATURAL AREA
0.5} \

. TEMPORARY ADC 3Ny
FOR NEW SNOW
. ‘ -
AWE
O | -
0 05 1.0

ASC= AS/AT

Figurg 4~3. Actual Areal Depletion Curve for Natural Area. (After
Anderson, 1973, p. 3-15).
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AREAL DEPLETION CURVES

1O - DEFINITION SKETCH
SNOW PACK  BARE
AWESI= | 1 / / CATCHMENT
WSNOW/Sl [ ] St T
B T sNow WS
035 r 1 DEPTH s
B ] 4=5b  pREA ——w
" ~|
4—5a WSNOW - AT = WS-AS
0 P WSNOW _ WS AS
(0] 05 1.0 st & AT
ASC= AS/AT :
INITIAL MELT PROGRESSING -
AWESI= 1.0 0.8 0.6 03
s - . .
4-5¢ A
AT
sl + - 4
4-5d B —
AT
sl
4-5¢ C
’ AT 3s:n
sl . _, 4 -
4-5f¢ D
AT :
: sl 4 - - -
453 E
AT

Figure 4-4. Effect on Snow Cover on Areal Depletion Curves.
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(After

Northwood (Baltimore) Drainage Basin "Fine" Plan.

Metcalf and Eddy et al., 1971a, p. 50)

Figure 4-6.
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Northwood (Baltimore) Drainage Basin "Coarse" Plan.
(After Metcalf and Eddy et al., 1971a, p. 51)

Figure 4-7.
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I. GWIDTH

a. Trapezoidal Channel

Diameter

d. Circular Pipe

|

or
b. Triangular c. Rectangular
Channel Channel
wt: T o
D

/1

e. Parabolic Channel

Figure 4-9, Channels and Pipe of the Runoff Block
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a. Trapezoidal channel with weir

b. Circular pipe with orifice

Figure 4-10. Example Weir and Orifice Configurationms.
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WITH SNOWMELT

7\ ASUBCATCHMENT

PERVIOUS

ZPE
NORMALU>F\‘

BARE
WITHOUT SNOWMELT

PCTZER = A3/(Al+A3) .

SNOW COVERED
(Single Event )

AREAL DEPLETION CURVE
FOR A2,A4
{Continucus)

PERVIOUS

%
&

TO INLET OR GUTTER/ PIPE

!
/

= —

Figure 4~11, Subcatchment Schematization. Flows from pervious
and total impervious subareas go directly to gutter/
pipe or inlet. (E.g., flow from the pervious
subarea does not travel over impervious area.)
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UNIFORM RAINFALL |INTENSITY |

.
qL = RATE OF OVERLAND FLOW/UNIT WIDTH-
W =20 = TOTAL WIDTH OF OVERLAND FLOW
Figure 4-13. Idealized Subcatchment-Gutter Arrangement Illustrating
the Subcatchment Width. M
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Slope = 0.01

Imperviousness = 100%
Depression Storage = 0
n = 0.02

0.926 cfs

Equilibrium outflow = i%A

DELT = Smin= 300 sec
i* = Rainfall = 1.0 in/hr

0.000023148 ft/sec

Shape A W L tz wcon®
(£t2) (£t) (£r) (min) (ft-sec units)
A 40,000 800 50 3.7 -0.149
B 40,000 400 100 5.7 -0.0745
c 40,000 200 200 8.6 -9.03725
D 40,000 100 400 13.0 -0.018625
E 40,000 50 800 19.7 -0.0093125

aEquation 4-7

quuation 46

Figure 4-14. Different Subcatchment Shapes to Illustrate Effect of
Subcatchment Width, :
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MAIN
. —— DRAINAGE

CHANNEL

A+A,=A

Figure 4-16. Irregular Subcatchment Shape for Width Calculation.
(After DiGiano et al., 1977, p. 165.)
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Figure 4-17. Percent Imperviousness Versus Developed Population Density
for Large Urban Areas. (After Heaney, et al., 1977, p. 103)
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x HOLLAND
o UNITED KINGDOM
().c) X o E;VVIEI)E"“ -

MEAN DEPRESSION STORAGE, in

0. Ot}— . -
o

N I | N I
| 2 3 4
AVERAGE  SLOPE, percent

Figure 4-18. Depression Storage vs. Catchment Slope (after Kidd,
1978b). See Table 4-6 for catchment data.
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Figure 4-19. Soil Conservation Service Soil Survey Interpretation

Conestoga Silt Loam (found near Lancaster, PA }.

113 4-55




e s o MM L8 SOIL .°_COWESTOA e11t loss RIS
SOIL LIMITATIONS FOX RECREATIONAL, USES
Use Phase Qegree of Limtation Majoe So1l Featwes Atlecting Use
SLIGHT
Campsites - Teats m MODERATE Slope
= | _SEVERE Slope
o- SLIgHT
Campsites Traiters 3‘£ MOCERETT Slope
ﬁﬂ_ | Slove
Low Busidings SLICGAT
Wiihout Busement. | &-X83 | moDERatE Slope
X-5% | SIVERE Zigpe
0-15% SLIGAT
Paths and Trails 19-25% NODERATE Slope
25- SEVERE S
.| sSLIGHT
Picnic and Play Areas ;-g! n;‘ﬁgmn Slope
3T S Slope
Ow SLIGHY
Athietic Fieids J-g MODERATE Slope
SEVERE Pi
. SLIGHT maderate on sroded phaae)
Golt Fairways &1 MODERATE Elope (severe en eroded phase)
18358 | SEVIRZ Slope
LAND CAPABILITY. SOIL LOSS FACTORS, AND ESTIMATED “8'° MANAGEMENT YIELDS
Soil Loss Factors Clover-|__ Pastute
Soil Phase Capabiity Com { Oats |Wwheat|Sey- M| Gy Mgtee | T80
K ' 1 | 1 | o | bo. | bu. [besus Ray | ey | cmas [ Srise
T. T. lesa 634}
Q- I b3 L 9.3 1% |80 (50 |45 5.5 [ )8 | 160 | 1195
1le 43 [ 9.3 13 | & 50 s S5 13.5 {1601 ns
sev, IIle 43 3 7.0 125 |75 |&5 | % 5.0 13.5 | 160 | 265
51 .4 IITe k3 4 3 1126 |78 |5 | > 5.0 | 3.5 | 160 | 285
123 sev. IVe 43 k) 7.0 110 | & W - LS 130 1135 255
Ive «43 b 9.3 ue |66 1 | - .5 | 3.0 [ 235 { 125
L sev, e 43 3 0 B- - - - - - s | -
25-35% e 143 |k |93 f}- |- |- |- - |- |ns|-
NOODLAND
1aSight 2. Maderate 3aSevere Species To Favar in ==
Soul PRISE e el Eouts, [Scoting| Prant | Hese Species and Site index g:'
Hazed [Resnct| st |Compel Thoew Natucal Plantation
Hazard
oy 1] 1103 2|1 ] o » Ex. 85+
- ' ) LY
e 2 t1 i1y 2f2 = L N
b1 Sp o™
1f. 758 3 2 1 3 21 2 » v !;. 95+
WILOLIFE
Witdhide Haintat Eiements Kinds of Wilduife Hamtat
. S0l Pnase G Coass | wid wen. ";""“" Conretgus {Wild Hetd.| Shattew | Shatiow Opentang Weadiand” etland
— e | useed p o ] weoty | Wettma | Wi [Ercavated ]l wente woatiie Witatrte
Crops | leguses | Plants | ‘yyuey | Flaats | Piaats Dev. Ponas Hamtat Hamtat atutat
0-3% 1 1 1 1 1 b L k 1 1 L
| 2 ] 1 1 1 L ! 1- 1 u
fagx L2 1 1 1 1 b L b 1 1 L
1¥-25% I 3 2 1 1 1 L L L 2 1 k
1
29=151 1l 4 2 1 1 1 1 4 L i 1 h
! Gead - 2 Fauw } Pour 4 Very Poge
Figure 4-19b
4-56

114




=
]

—————— > — e—

—— — . ———— ——

4-63

L

I UNIT

(After Smith, 1975, p. 57.)

-

[——J

— ——— —— ——

=

L

A
|

-

“
I
!

[ prodmensiil
S

[ e
| JE—p—

=

1

!

|

|

|

J

=== e Pt ==

I
AN " “ nwn_ “
> h ©
w0 | ~
2 1
r | T T
= o
= =

121

T/ex2

Effect of Changing the Level of Discretization on the

Width of Overland Flow.
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FLOW IN CF$

RAINFALL INTENSITY
{IM/HR)

120,000
a00; STORM OF SEPT. 23,1973
60,000
40,000
300
DETAILED SIMULATION
———— 45 SUBCATCHMENTS
Wo = 207,196 FT.
RUNOFF & TRANSPORT
200 He—g——yx | SUBCATCHMENT
Wo = 130,000 FT,
A—8—a | SUBCATCHMENT
Wo = 60,000 FT.
A—& -4 | SUBCATCHMENT
Wo = 40,000 FT1
Wo = OVERLAND FLOW WIOTH
oo}

WEST TORONTO AREA

8:00 5:00 10:00 100 12:00 =300 14:00

Figure 4-2]1. Effect on Hydrographs of Changing Subcatchment Width
for West Toronto Area. (After Proctor and Redfern and
J.F. MaclLaren, 1976a, p. 216.)
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34 33 r¥3 -8 5 54 38 %3 -
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{2) MEAN TEMPERATURE INDEX

Figure 4-23. Degree-Day Equations for Snow Melt. (After
Corps of Engineers, 1956, plate 6-4}.
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CONCENTRATION, % by weight

Figure 4-24, Freezing Point Depression Versus Roadway Salting Chemical

Concentration. Compiled from data from CRC (1976).
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PNAME (1,K)  PNAME (I, K+1)
\leAME (2,K) ( PNAME (2,K +1)

\
PUNIT( I,K;\ PUNIT(I, KA

PUNIT(2,K) | PUNIT(2,K+)

FIELD WIDTH =10 FOR
CONCENTRATION OUTPUT,

E.G.,F10.3 OR IX, E9.3

Figure 4-26, Layout of Quality Constituent Headings. Parameters
PNAME and PUNIT are entered in card group J3, Table
4-31. '
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ACCUMULATED SOLIDS LOADING (1lb/curb mile)

i I

\.; industricl

(&} Commercial

3 4 5 ] 7 3

-ELAPSED TIME SINCE LAST CLEANING BY SWEEPING ‘OR RAIN (doys)

Figure 4-27, Non-linear Buildup of Street Solids.
Boyd, 1972, p. 206.)
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ook DD LIM =100

— — i —— — — — — — — —— —— —

80

TYPE EQN. NO. EQUATION

LINEAR 4-23 DD=30t
0.6
POWER 4-23  DD= 40t
-0.44
EXPONENTIAL 4-24 DD= 10006
- 100t
MICHAELIS —MENTON 4-25 DDs= m
% 2 4 6 8 10 12 4

TIME, days

Figure 4-29., Comparison of Linear and Three Non-linear Buildup
Equations. '"Dust and dirt," DD, is used as an example.
Numerical values have been chosen arbitrarily.
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Figure 4-32, Time History of Concentration and Subcatchment Load (PSHED)

for Case 1 Runoff
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Figure 4-37{Continued). The log-log plots could form the basis for rating
curves, although the loop effect may only be simulated using
a washoff calculation. Compare with Figure 4-36 b and 4.
Several more plots are shown in Appendix VII.
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BUILDUP RATE = 0.3 X100~ mg/day
AVSWP = 0.8
32 PERCENT
REFF =04 REMOVAL
DRYDAY =25

START OF SIMULATION
| !

4-.CLF?EQ :f-l‘\ j?il

-20 -15 -10 -5 o)

TIME PRIOR TO S'I_'ORM,‘days

Figure 4-38. Hypothetical Time Sequence of Linear Buildup and Street

Sweeping.
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ft =0 in,

4 ft =0 in.

411 -0 in. wN_ ]|, [2

NEW YORK SAN FRANCISCO

el 2 1t =0 in.

|

3 ft -0 in.|

ATLARTA : TORONTO

Figure 4-39. Representative Catchbasin Designs. (After Lager et al.,
1877b, p. 12.)
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PBASIN/ PBASINg

1.0 l T ' '
o9l 3 ]
o8k ¥ = 472 ft -
o7t ) i
I s Q= 7cfm _
0.6 @ Q= 4c¢fm
ost - Q= | cfm 7]
04} ]
0.3} ORIGINAL SWMM, ]
SLOPE = /1.6
\ ®
02} \ ]
coMPLETE LEAS"I:'ESQUARES.
SLOPE = |/1.3
MIXING,
SLOPE = 1.0 /\ N
\ |
f().I() LE) 20 3.0 4.0

Qt/¥

Figure 4-40, Catchbasin Flushing Characteristics, Data are from APWA
(1969).
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LIMIT / INSENSITIVE TO
BUILDUP RATE
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BUILD UP LIMIT

PSHED, mg

/,- INTEREVENT TIME
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Figure 4~43. Interaction of Buildup Parameters and Storm Interevent
Time,
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Figure 4-44, Relationship Between RCOEF and WASHPO for 90 Percent
Washoff During a Storm Event of Runoff Depth d. The

runoff rate is r.
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-+ PSIMAX
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o|o
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n
<=

\DESIRED

I

VALUE OF |
I
|
| ~—_
|
[ DESIRED
| VALUE OF <
I ALFMAX\J

1
A/Af S K 0
Figure 6-2. The Intersection of the Straighr

Line and the Normalized Flow—Area
Curve as Determined in Route. The
Y=« Curve is Formed by Straight Line
Segments Delineated by the Variables
ANORM and QNORM, for Conduits with a
Tabular Q-A Relationship. Q Denotes

Flow, A Denotes Area, and the Subscript

f Denotes Values at Full-Flow. The
Line -C; = =Cy is Formed by the Program
from the Continuity Equation.
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Figure 6-3 (continued). Sewer Cross-Sections
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SECTION OF SE WER
WITH CUNNETTE

PRIMARY CONDUIT PRIMARY CONDUIT

—"—‘—___———_‘_h‘ﬁh. s
\__”/'O
—— T ;

CUNNETTE (TYPE 1) CUNNETTE (TYPE 1)

FLOW DIVIDER (TYPE 24)

a. SCHEMATIC OF HYPOTHETICAL ¥FLOW DIVISION-

+ O

U PRIMARY CUNNETTE
CONDUIT

CONDUIT WITH
CUNNETTE

b. SPLIT OF CONDUIT INTC PRIMARY CONDUIT AND CUNNETTE

Figure 64 . Cunnette Section
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PERCENT GREATER THAN BY WEIGHT

o
o

EXAMPLE INPUT PARAMETERS FOR BODg

; INDEX PSIZE (mm) PGR (%)
80 :
{1 {0.0) {100)
2 0.1 58
3 0.25 43
60 4 20 T
5 3.0 0

JOTAL SOLIDS

H
o
1

DASHED LINES ARE ASSUMED

N
(=)
I

\

~_ ASSUMED
e
== = \J
—-______.---.____ S
S

O
O

I
PARTICLE SIZE, mm

Figure 6- 5 Example Particle Size Distributions for Pollutants found
on Street Surfaces. (After Sartor and Boyd, 1972, p. 146.)
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Figure 6-6,

LATERAL. SEWERS

CONDUITS TO WHICH TOTAL
INFILTRATION IS APPORTIONED

ol

DRAINAGE BASIM BOUNDARY

NOM-CONDUIT ELEMENT

Typical Drainage Basin in which
Infiltration is to be Estimated
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| | |  REMAX
l | Vo
U,
. RINFIL SINFIL \_
HEH Y A

/.
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TIME

QINF = Total infiltration

DINFIL = Dry weather infiltration

RINFIL = Wet weather infiltration

SINFIL = Melting residual ice and snow infiltration
RSMAXY = Residual moisture peak contribution

SMMDWE = Accounted for sewage flow

Figure 6-7, Components of Infiltration
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DEGREE-DAYS

o MELTING —]

100~ &
oo 2
2004 A, /
] // // /
100~
00
$00-
4004
200
200~¥
0o~
Tonr 1 quir 1 auva, 1 serT. i ocr, | owov. i ote. | Jan i FcB. }  maAK, | Yo
HLT_EE——/ MLTEN/
DATE
MLTBE = Day on which melting period begins
MLTEN = Day on which melting periqd ends

Figure 6-g. Prescribed Melting Period
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SEWER ELEMENT NUMBERS

MANHOLE

SUBCATCHMENT OR SUBAREA
NUMBER

INPUT MANHOLES

N ] VOO

e

l :
NN
l \ \-‘.._,...--o------o

| 24‘\
© /&

325

CONDUITS
SUBAREA BOUMNDARIES
SUBCATCHMENT BOUNDARIES

N\

Sewer and Subcatchment Dazta

1. Hanhole 32 is the most dowmstreanm point.

2, Subcatchments 1,2,3, and 4 are single~family residential
areas, each 100 acres in size and each with water retering.

3. Subcatchments 5 and 7 are 220-acre industrial areas.

4. Subarea 6 is a 250-acre park.

5. Subarea 5 is a 30-acre commerciai area.

Subareas 6 and B constitute a stbcatchment draining to
input manhcle nuzher 21.

Resulting Data

8 sewage estimates
KTNUM, total subcatchments and subareas in drainage basin = 3,
TOTA, total acres in drainage basin = 1,140.

ASUB,
KNUM, INPUT, KLAND, acres in
subcatchment input manhole land use subcatchment
or subarea nymbher catecory oy subarea
1 ) 3 1 100
2 17 1 o0
3 29 1 100
4 e 1 100
S 26 4 220
6 21 5. 250
7 24 4 220
8 21 3 50

Figure 6-9. Determination of Subcatchment and Identifi-
cation to Estimate Sewage at 8 Points
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Ratio of Mean Average Flow

Ratio of Mean Average Flow

I { 1 i i H
1,10b— —
| —
1.00 . —
p— B
| —i
.0.20 ! 1 | ! i {
1 2 3 4 5 6 7 1
Sup Mon Tue Wed Thur Fri Sat Sun

DAY OF THE WEEK

Figure 6~kQ. Representative Daily Flow Variation

LIS T I I e e o o e
1.5 b— | L
1.0 b ]
i !_
0.5 | —
R NN ENE NN
12 6 12 6 12
€ >t >
a.m. p.m,

HCUR OF THE DAY

Figure 6-11. Representative Hourly Flow Variation
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Ratio of Mean Average Flow

Ratio of Mean Average Flow

I { ] i ! H
1,10— S
1.00 . —
- —_—
.0.20 ! 1 1 ! i !
1 2 3 4 5 6 7 1
Sup Mon Tue Wed Thur Fri Sat Sun

DAY OF THE WEEK

Figure 6~k]. Representative Daily Flow Variation
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Figure 6-11. Representative Hourly Flow Variation
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Qot

BYPASS EXCESS

(YES)
Qb\; Qres
LEGEND

Qipt = TOTAL INFLOW, ft3/sec

max = MAXIMUM ALLOWABLE INFLOW,

f1¥sec

Q,, = BYPASSED FLOW, ft¥sec
Qi = DIRECT INFLOW TO UNIT, {3/sec
Qoyt = TREATED OQUTFLOW, ft3/sec
Qres = RESIDUAL STREAM, ft3/sec

Figure 7-2. Flows Into, Through, and Out of a Storage/Treatment Unit.
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™

Configuration- |

PLANT
INFLOW
.«”x
Configuration - 2
Figure 7-3. Storage/Treatment Plant Configurations.
N
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EXECUTIVE

BLOCK
STATS
i
|
! :
(BLOCK ! '*
DATA) POINTS‘ CURVE
| |
SORT SBTABL MOMENT
Figure 9-1. Structure of the Statistics Block Subroutines.
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SCF -GAGE CATCH DEFICIENCY CORRECTION FACTOR FOR SMOWFALL

3.0 —

2.5

2.0 —

|

1.0

Figure II-2.

WIND SPEED (MPH) AT THE GAGE

12

20

24

Typical Gage Catch Deficiency Correction (Anderson, 1973,

p. 5-20).
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WITH SNOWMELT

7\ ASUBCATCHMENT

PERVIOUS

SNOW COVERED
(Single Event)

AREAL DEPLETION CURVE
FOR A2,A4
(Continuous}
NORMALLY

BARE
WITHOUT SNOWMELT

PCTZER = A3/(Al+A3)

PERVICUS

\ 7
/
l
|
|
\

TO INLET OR GUTTER/PIPE

Figure II-3. Subcatchment Schematization With and Without Snowmelt
Simulation. See also Table II-2.
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Al = IMPERVIOUS AREA WITH DEPRESSION STORAGE

= PERVIOUS AREA
A3= IMPERVIOUS AREA WITH ZERO DEPRESSION STORAGE
A4= SNOW COVERED IMPERVIOUS AREA

Al +A3= NORMALLY BARE

SFRAC {5}

SFRAC(1}
AMOUNT TRANSFERRED

IS FRACTION OF SNOW

ABOVE WEPLOW INCHES
WATER EQUIVALENT

SFRAC(3}
PERVIOUS IN SFRAC(4)
LAST SUBCATCHMENT QUT OF SIMULATION

Figure II-4. Redistribution of Snow During Continuous Simulation.
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AWESI=
WSNOW/SI [ TYPICAL
ADC FOR

~ NATURAL AREA
05| \

- SNEW
| TEMPORARY ADC | 3BWS
FOR NEW SNOW
T ——————f AWE
0
0 05 10

ASC= AS/AT

Figure II-6. Typical Areal Depletion Curve for Natural Area (Anderson,
1973, P. 3-15) and Temporary Curve for New Snow.




AREAL DEPLETION CURVES

72 10 75 DEFINITION SKETCH
: SNOW PACK _ BARE
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]
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e c
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Figure IT-7. Effect on Snow Cover on Areal Depletion Curves.
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FREE
WATER

o]

FWFRAC - WSNOW

l

SNOW

WSNOW

EXCESS= RUNOFF

Figure II-3 . Schematic of Liquid Water Routing Through Snow Pack.
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Figure IV-1.

BYPASS EXCESS

(YES)
Qpy Qres
LEGEND
Qiot = TOTAL INFLOW, ft3/sec
Qmax = MAXIMUM ALLOWABLE INFLOW,
ft¥sec
Q,, = BYPASSED FLOW, ft¥%ec
Qi, . = DIRECT INFLOW TO UNIT, ft3/sec
Qout = TREATED OUTFLOW, fid/sec
Qres = RESIDUAL STREAM, ft/sec

Flows Into, Through, and Out of a Storage/Treatment Unit.

452 v-3




and that the preoducts (treated outflow. residuals, and bypass flow) from each
unit not be directed to more thap three units. Treatment and sludge handling
units are modeled by the same subroutine (UNIT). Additionally, both wet-

and dry-weather facilities may be simuiated by the proper selection of unit
arrangement and characteristics. Units may be modeled as having a detention
capability or irstantaneous throughflow. Pollutants or sludges may be repre-
sented as mass only or further characterized by a particle size or settliing
velocity distribution. A unit may remove pollutants (or concentrate sludges)
as a function of particle size and specific gravity, detention time, incoming
concentration, the removal rate of another pollutant, or a constant percentage.
The S/T Block can receive the flow and any three pollutants from any one outlet
in any other block of SWMM. Also, flows and pollutamts may be provided by

the user and fed directly to the S/T Block. If both sources are present they
are combined and treated as one input. For example, the user may enter
directly dry-weather flows and enter wet-weather flows from the Runoff Block.
All flows and pollutant concentrations reported by the S/T Block are average
values over each time step. This is necessary for some of the algorithms in
the S/T Block (in particular, the plug flow routines); it does not signifi-
cantly affect the results.

The following sections describe the techniques available for flow and
pollutant routing which allow the user to model several types of storage/
treatment units.

Flow Routing

Detention vs. Iustantareous Throughflow --

‘A unit may be modeled to handle fiow in ome of two ways; as a detention
unit (reservoir) or a unit instantaneocusly passing all flow. The idea of a
detention unit is not limited to storage basins and sedimentation tanks but
also includes such processes as dissolved air flotation, activated sludge,
and chlorination. Processes that may be modeled as having instantaneous
throughflow inciude microscreens, fine screens and other forms of screening.

Detention Units --

The rate of change of storage in a detention unit or reservoir is found
by writing a mass balance equation for the system shown in Figure IV-2.

QR v -0

Figure IV-2. Time Varying Inflow and Qutflow Rates for a Reservoir. N

453 V-4




(1), c¥(1) 0(1),C (1)

¥

A\ 4 CD[Q

v(t),C (1)

Figure IV-3. Well-Mixed, Variable-Volume Reservoir (Rich, 1973).

From the flow routing procedure discussed earlier, I., I 0
and V, are known. The concentration in the reservoir_at the beglnnlng o}
the time step, C., and the influent concentrations, C; and C, are also known
as are the decay rate, K, and the time step, At. Thus, the 6nly unknown,
the end of time step concentration, C2’ can be found directly by rearranging
equation IV-10 to yield

I I
! 1. +cl 1) c.o K C.V
¢V, + 11222&-%&- 211At
c, = (IV-11)
V(1+KAt)+°2At
2 2 52 A

Equation IV~11 is the basis for the complete mixing model of pollutant
routing through a detention unit.

Equations IV-9, IV-10, and IV-11 assume that pollutants are removed at
a rate proportional to the concentration present in the unit. In other
words, a first-order reaction is assumed. The coefficient K is the rate
constant. The product of K and At is represented by the value of R in a
user-supplied removal equation (See Equation IV-14 and accompanying
discussion).

Removed pollutant quantities are not allowed to accumulate in a
completely-mixed detention unit. Strictly, pollutants cannot settle under
such conditions. Therefore, the residual stream is effectively another
route for treated outflow. All pollutant removal is assumed to occur by
oon-physical means (e.g., biological decomposition). Several processes such
as flocculation and rapid-mix chlorination are essentially completely-mixed
detention units.
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Figure IV-4. Reduction in Volatile Solids in Raw Sludge (Rich, 1973).
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Figure IV-5. Camp’'s Sediment Trap Efficiency Curves (Camp, 1946, Dobbins,
1944, Brown, 1950, Chen, 1975).
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Limiting Cases in Sediment Trap Efficiency (Chen, 1975).
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O bt
EQUIVALENT TIME

Figure V-2. Cumulative Infiltration, F, is the Integral of f, i.e.,
the Area Under the Curve,
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Figure V-3. Regeneration (Recovery) of Infiltration Capacity During

Dry Time Steps.
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PERVIOUS

IMPERVIOUS

AREA FLOW IMPERVIOUS AREA FLOW
TOTAL SUBCATCHMENT FLOW= WFLOW

l'rf:, INLET OR GUTTER/PIPE

Figure V-4, Subcatchment Schematization for Overland Flow Calcu-
lations. Flow from each subarea is directly to an inlet
or gutter/pipe. Flow from one subarea is not routed over

another subarea,
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\ 2

GDEPTH

TRAPE ZOIDAL
GUTTER

GDEPTH

CIRCULAR
PIPE

rigure V-6. Depth Parameters for Trapezoidal Channel
and Circular Pipe
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Figure V-7.

3 steps

extrapolated value

-
-
b
L
-y
L

Richardson Extrapolation as used in the Runoff Block. A

large interval is spanned by different sequences of finer

and finer substeps. Their results are extrapolated to an
answer that corresponds to an infinitely small time step.
Runoff uses a Newton-Raphson iteration solution for the y
values at each time step, and a rational function extrapolation
to calculate the extrapolated y value. (This graph is adapted
from Press et al., 1986).
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Figure X-2.

Tension, PSI (squares, in.
of water) and hydraulic
conductivity, K (crosses,
in/hr, K multiplied by 200)
versus moisture content.
Derived from data of
Laliberte et al (1966),
Tables B-5 and C-3,
Porosity = 0.503, temp. =
26.5 °C, saturated hyd.
conductivity = 0.53 in/hr.

Figure X-3.

Tension, PSI (squares, in, |
of water) and hydraulic i
conductivity, K (crosses,
in/hr, K multiplied by 100)!
versys moisture content.
Derived from data of
Laliberte et al, (1966),
Tables B-8 and C-5.

Porosity = 0.185, temp. =
25.1 °C, saturated hyd.
conductivity = 0.60 in/hr,

Figure X-4,

Tension, PSI (squares, in.
of water) and log-10 of
hydraulic conductivity, ¥
(crosses, K in in/hr) versus
moisture content. Derived
from data of Ialiberte et
al. (1966), Tables B-14 and
C-11. Porosity = 0.452,
temp. = 25.1 °C, saturated
hyd. conductivity = 91,5
in/hr.
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Figure X-2.

Tension, PSI (squares, in.
of water) and hydraulic
conductivity, K (crosses,
in/hr, K multiplied by 200)
versus moisture content.
Derived from data of
Laliberte et al (1966),
Tables B-5 and C-3,
Porosity = 0.503, temp. =
26.5 °C, saturated hyd.
conductivity = 0.53 in/hr.

Figure X-3.

Tension, PSI (squares, in, |
of water) and hydraulic i
conductivity, K (crosses,
in/hr, K multiplied by 100)!
versys moisture content.
Derived from data of
Lalibérte et al, (1966),
Tables B-8 and C-5,

Porosity = 0.485, temp. =
25.1 °C, saturated hyd.
conductivity = 0.60 in/hr.

Figure X-4.

Tension, PSI (squares, in.
of water) and log-10 of
hydraulic conductivity, X
(crosses, K in in/hr) versus
moisture content. Derived
from data of Laliberte et
al. (1966), Tables B-14 and
C-11. Porosity = 0.452,
temp. = 25.1 °C, saturated
hyd. conductivity = 91,5
in/hr.
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Figure X-2.

Tension, PSI (squares, in.
of water) and hydraulic
conductivity, K (crosses,
in/hr, K multiplied by 200)
versus moisture content.
Derived from date of
Laliberte et al (1966),
Tables B-5 and C-3.
Porosity = 0.503, temp. =
26.5 °C, saturated hyd.
conduetivity = 0.53 in/hr.

Figure X-3.

Tension, PSI (squares, in. |
of water) and hydraulic i
conductivity, K (crosses,
in/hr, K multiplied by 100)!
versus moisture content.
Derived from data of
Laliberte et al. (1966),
Tables B-8 and C-5.

Porosity = 0.485, temp. =
25.1 °C, saturated hyd.
conductivity = 0.60 in/hr.

Figure X-4.

Tension, PSI (squares, in.
of water) and log-10 of
hydraulic conductivity, X
(crosses, K in in/hr) versus
moisture content, Derived
from data of Laliberte et
al. (1966), Tables B-14 and
C-11. Porosity = 0,452,
temp. = 25.1 °C, saturated
hyd. conductivity = 91.5
in/hr.
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Figure X-6. Kinds of Water in Soil (SCS, 1964). Note that $ilt Loam
Contains more than Twice as Much Readily Available Water
than Sandy Loam.
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Figure X-7. Hydrograph of total flow and its two major components.
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$ % & — CONTINUITY CHECK FOR QUANTITY ~—= % § ¢

INCHES OVER
CUBIC FEET  TOTAL BASIN
TOTAL PRECIPITATION (RAIN PLUS SNOW) 3. 4342326409 30. 518
TOTAL INFILTRATION 2. B78862E+09 23. 583
TOTAL EVAPORATION 5. 298000E+08 4. 708
TOTAL GUTTER/PIPE/SUBCAT FLOW AT INLETS 2. 359983e+07 0. 227
TOTAL WATER REMAINING IN GUTTER/PIPES 0. 0000C0E+00 0. 000
TOTAL WATER REMAINING IN BURFACE STORAGE 0. 000000E+00 0. 000
INFILTRATION OVER THE PERVIOUS AREA. . 2. 878862E+09 23. 841
INFILTRATION + EVAPGRATION +
Ou REMOVAL + INLET FLOW +
HATER REFATNING | TH GUTTER /B IPES +
UATER REMAINING IN SURCACE STORAGE. +
WATER REMAINING IN SNOW COVER......... 3. 3441226409 29. 710
wes CONTINUITY CHECK FOR SUBSUREACE WATER ###
INCHES OVER
i CUBIC FEET TOTAL BASIN
TOTAL INFILTRATION 2. B78862E+0Y 23. 583
TOTAL UPPER IONE ET 1. 149S78E+09 10, 214
TOTAL LOWER IONE ET 6. £6757BE+08 3. 925
TOTAL GROUNDWATER FLOW ) 9. 013922E+07 0. 801
TOTAL DEEP PERCOLATION 4. B146237€+08 4. 260
INITIAL SUBSURFACE STURAGE 9. 675033E+09 as. 978
FINAL SUBSURFACE STGORAGE 1. 016489E+10 %0. 330
UPPER ZONE ET OVER PERVIOUS AREA 1. 14937BE+09 10. 319
LOWER 20NE ET GVER PERVIOUS AREA 6. 66757GE+08 S, 985
THE ERROR IN CONTINUITY IS CALCULATED AS
B4 SN -0 - R-E--B RN -
* PRECIPITATION + INITIAL SNOW COVER *#
INFILTRATION — .
SEVAPCRATION = SNOW REMOVAL .
*INLET FLOW = WATER IN GUTTER/PIPES - #
HJATER IN SURFACE STORAGE — *
*WATER REMAININGY IN SNOW COVER *
# PRECIPITATION + INITIAL SNOW COVER +
R SRR - R -
BRROR. . - e e eeeee ee e eemeeeaeeaannnns 2. 624 PERCENT
.“mﬁmmmm
¢ INFILTRATION + INITIAL STORAGE — FINAL
# STORAGE - UPPER AND LOWER ZONE -
¢ GROUNDWATER FLOW ~ DEEP PERCOLATION .
€ INFILTRATION + INITIAL STORACE - -
« FINAL STORAGE *
05 B SN -
ERROR ........ e, . 0. 039 PERCENT

Figure X~13. Continuity Check for Surface and Subsurface for Cypress Creek
Calibration. The Relatively Large Surface Continuity Error does
not Actually Exist; it Comes from a Double Accounting of the
Groundwater Flow -- a Problem that Has Been Fixed.
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HYDROGRAMH STATISTICS FOR LOCATION 21
VOLUME PEAX FLOW DURATION NO.
CUBIC FEET INCHES TIME, MR FLOW. CFB ETART, HR END. HR LENGTH. HR POINTS
PREDICTED. O, 1434TE+QT 1.293 3103, 000 73. 242 0. 000 4430. 000 4430, 000 194
TOTAL TINME
HEASURED. 0. 16239E+07 1. 434 J120. 000 180, 000 ©. 000 4392. 000 4792. 000 184
TOTAL TIME
PREDICTED, 0. 1 4440E+0Y 1,283 3109, 000 73, 242 0. Q00 4393. 00C 4393, 000 19>
OVERLAPPFINQ .
TIME
MEASURED, 0. 14339E+07 1,434 220, 000 180. 000 0. 000 4392, 000 4392. 000 16
QVERLAPFP ING
DIFFERENCES.
ABSQLUTE Q. 18T64E+08 0. 1467 13,000 §04.738
F MEAS 11. 392 29. 310

Figure X-14.

Predicted'Groundwater Flow Hy

drograph and Total

Hydrograph for Cypress Creek Calibration.
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YOL
CURIC FEET

EDICTED. 0. 1712TE+0Y
?OTAL TIRE

HMEASURED. 0. 16339E+0Y

TOTAL TIME

PREDICTE‘D. 0. 17042E+0Y

OVEHL ING
TIME

MEASURED. 0. 146359E+0Y

OY%LA‘P!NG

DIFFERENCES.
ABSOLUTE  —0. 4BI7&AE+QT
OF MEAS .

Figure X-15.

UME
INCHES
1. 922
1. 434

1. 514

1. 454

-0. Cél

-4, 174 .

PEAK
TIME.: HR
303%. 000
3120. 000

3039, 000

120. 000

&1. 000

FLOW
FLOW, CF2

138 228
180. 000

120. 228

180. 000

21
28. 762

PREDICTEDaS,
LOCATION 23

DURATION
START,HR END, HR LENOTH, HR
0. 000 4430. 000 #430. 000
0. 000 4392, 000 4392. 000

¢. 000 4392, 000 4373 000

0. 000 4392 000 4392, 000

NO.
POINTE

174

iB4

172

i84

Total Predicted Flow Hydrograph and Total :leasured Flow
for Cypress Creek Calibration.
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CYPRE‘SS CREEK CALIBRATION
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Figure X-16. Predicted and Measured Stages for Cypress Creek Calibration.

"CYPRESS CREEK VERIFICATION
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Figure X-17. Predicted and Measured Stages for Cypress Creek Verification.
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CYPRESS CREEK CALIBRATION
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Figure X-16. Predicted and Measured Stages for Cypress Creek Calibration.
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Figure X-17. Predicted and Measured Stages for Cypress Creek Verification.
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HYDROGRAPH STATISTICS FOR LOCATION 21
VOLUME PFEAK FLOW DURATION NO,
CUBIC FEET INCHES TIME.HR FLOW, CFS START,HR END, HR LENQTH. HR POINTE
PREDICTED. 0. 4233IE+09 3. 7680 2112. 000 144, 582 0. 000 4330 000 4330. 000 199
TOTAL TIME
REASURED. 0. 71222E+0% 6.330 . 2112. 000 300. 000 0. 000 4320, 000 43R0. 000 181
TOTAL TIME
PREDICTED. . 4R42LE+OY 3. 770 2112. 000 144,582 ©. 000 4313. 000 #4312 000 197
OVERLAFS® ING
TIME
MEASURED, Q. 71332E«0Y 6. 330 2112. 000 3500. 000 Q. 000 4320 000 4320, 000 181
OVERLAPP ING
TIME
DIFFERENCES,
ABSOLUTE 0. 2B806E+DY 2. 360 0. 000 335.417
% OF MEAS AQ. 440 7i.083

Figure X-18.

Hydrograph for Cypress Creek Verification.
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Figure X-19.

UrE
INCHES
3, 943

6. 330

3. 934

6. 330

2. 394
a7. 6824

Total Predicted Flow Hydrograph and Total Measured Flow

PEAK

TIME. HR
2112. 000

- 2112, 000

2112 000
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FLOW
FLOW. CF8

149, 908

300. 000
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200. 000

1 44t
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DURAT ION
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for Cypress Creek Verification.
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Hydrograph for Hypothetical Subcatchment (10-yr SCS Type II Design
Storm for Tallahassee, Florida).

Figure X-20.
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Figure X-21. Hydrographs of Surface Flow and Simulated Water Table Stage from

Hypothetical Subcatchment. The Hydrographs are Identical Until
the Water Table Reaches the Surface (20 ft).




Hydrograph for Hypothetical Subcatchment (10-yr SCS Type II Design
Storm for Tallahassee, Florida).

Figure X-20.
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