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City Watersheds and Model Status
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Watershed Status
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Model Software
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Model Resolution

Primary stormwater management system (PSMS):
Open channels and pipes 24-inch diameter and larger
Stormwater Management Facilities (SWMF)
Overland flow paths
2-D modeling where applicable
Based on Public Works Stormwater Infrastructure GIS

Models continue downstream to MS4 outfall and/or tidal
boundary condition

North American Vertical Datum of 1988 (NAVD 88)

Included conversions from NGVD 1929 and NGVD 1929 with 1972
adjustment
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Hydrology

Qutlet 10260-270
Area (ac) bb1
Width (ft) b44 52
Flow Length (fif= 440541
Slope (%) 05

Subcatchment
Boundary

Attributes Notes i

— ¥ Dy .
= fx 45 @
Menu Replace Graph Profile | View
I 544.8ft I
3
4405t

[Perv. [} imperv. [l Zero-imperv.

Subcatchment: WS10-PC-016

Attnbutes

MName WS10-PC-016
*-Coordinate 3717749.843
Y-Coordinate 1050348.094
Description

Tag

Rain Gage Universal
Outlet 10260-270
Area (ac) 551

Width (ft) 544.82

Flow Length (ftF= 440541
Slope (%) 05

Tmperv. (76) 374

N Imperv 0.015

N Perv 0.253
Dstore Imperv (in 0.1

Dstore Perv (in) 0.25

Zero Imperv (%) 25

Subarea Routing PERVIOUS
Percent Routed { 30.864

Curb Length 0

Snow Pack

LID Contrals 0

LID Names

Groundwater MO

Erosion MO




Hydrology

Flow Width (three-path approach)

Lx: Flow path length
Sx: Flow path slope
Wx: Flow path width

Subcatchment Boundary




Attributes Motes ‘g

= fx @ @)

Menu Replace Graph Frofile | View

Hydrology

20171t I
w2402t
[] Pervious area

[] Impervious area

B Zero-impervious area

Imperv. (%) 4937
M Im Perv 0.018 Subcatchment: WS6_LB_1

Attnbutes -

Name WS6_LB_81
N P‘E‘W ﬂ-l ?‘EI’ X-Coordinate 1218344658

Y-Coordinate  3464108.301
Description

Dstore Imperv (i 0.1 Teg :

Rain Gage Universal

Dstore Perv (in) 0.15 =
Width (ft) f= 2017
E'E'r'lj | m p’E‘W { I:IJ"El :: E.EF ;||§-;9L?;§:th (ft) ?;152
Imperv. (%) 4997

Subarea Routin PERVIOUS Nimporv 0018

N Perv 0178

Dstore Imperv (i 0.1
P.-E-r{:-e-nt HDL_It.E.d 1 EpElp Dstore Perv (in) 0.15
Zero Imperv (%) 25
Subarea Routin PERVIOUS
Percent Routed 158
Curb Length 0
Snow Pack

LID Controls 0
LID Names
Groundwater NO
Erosion NO




Hydrology (Rainfall Patterns and Inputs)

Historical rainfall (Rain gauge data) for model calibration

Design storm rainfall for master plan simulations
NOAA Atlas 14 Type C
One set of rainfall hyetographs for the entire City

Rainfall depth
Based on values at the Centroid of the City (Watershed 6)

Temporal pattern
Based on shape of 25-year rainfall hyetograph



Hydrology (Rainfall Patterns and Inputs)

NOAA Atlas 14 Type C Hyetograph
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Hydrology (Rainfall Patterns and Inputs)

Choose a Time Series for Raingage Universal 4
_Tnme senes: - Name:

Series 1 ypeC
03LONDONBRIDGE_Sep.. .| 100y TypeC fime 00y
03LondonBridge31Mar20... For Local Type C rainfall. 100-yr volume. distiibution based =
03LONDONBRIDGEoct on 100-yr storm. =8
100Yr_Type_C

i Use external data file named below 8-
- 100-yrTypeC i
10Yr_Type C 7-
10-yrTypeC ® Enter time sernes data in the table below
16Plaza_Sept16 If no dates, times are relative to start of simulation. 6
-
16Plaza31Mar2017 Date (M/D/Y) Time (H:M) Value s
o 5
16Plazaoct 9/1/2015 0-00 0 zZ
>
18GREENRUN_Sept16 0.06 0.004725 _ 4
18GREENRUN31Mar2017 012 0.009639
18GREENRUNoct 018 _ 0,0148\365I 3]
024 0020223
1¥r_Type_C - i
_ 030 _ 0.0257985 | 2]
Lydypet 036 0.0316575
25Yr_Type C 042 0.0377055 1
25-yrTypeC _ 0:48 ! 0.0439425 |
2Yr_Type_C | 054 0.0503685 0
T T T T T T T T T
2-yTypeC 1:00 0.057078 - 1 Tue 3AM BAM 9AM 12PM 3PM 6PM oFM 2'Wed
|w| ' Sep2015 Date/Time
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Hydrology

“ Infiltration (Soil)

* Modified Green-Ampt infiltration
= Suction Head
= Conductivity
= |nitial Deficit
RAINFALL,
EVAPORATION SNOWMELT

.4

5/3 1/2
*S

d (Rainfall depth)

INITIAL
ABSTRACTION
(DEPRESSION STORAGE)

(Depression storage)

INFILTRATION (MODIFIED GREEN-AMPT)
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Hydraulics (View in PCSWMM)
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Hydraulics (2-D Area)
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Hydraulics (2-D Area)

¥ . ot Dense 2D Grid
—4, ) along roads




Hydraulics (Lake and SMF Example)

. Lake Trashmore
(storage)




Hydraulics — Stage Area Relationships

Conveyance system e E e
storage: Stage-area-
storage in open (irregular) B
conduits 1

Surface storage at storage
nodes: stage-storage area
relationships computed
from topography (LiDAR
and GIS) 9

Approach foundation: No
double-counting surface
area and conveyance o LA i i i

[
1500000 2000000 2500000 3000000 3500000

system storage Area (1)
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Hydraulics — Overland Flow
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Subbasin boundary

= Irregular links used to equalize flood depths between
neighboring subbasins

Overflow Link




Hydraulics — Overflow links

Transect O_04520-460:04540-170

MName: 94+ o002 | 002 0.04
O_04520-460:04540-170
Description: 9.2

9.0 A
Left encroachment station: 0 8.8 o
Right encroachment station: 0 56
Properties: _ -
Bank Stations tg' 8.4
Left 31.86 g
Right 95.58 w 82 |
Modifiers
Selie L flow Link 80
Elevations 0.0
Meander 0.0 o
Roughness -
Left Bank 0.02 76
Right Bank 0.04 '
Channel 0.02 -4
Left Bank T T I I | I |
Value of Manning's roughness for the left E o 1L St“ti'o o 200 250 500
overbank portion ofthe Transect ation (ft)

Options Assign to Conduit O_04520-46004540-170 Cancel

* Link transect computed from topography (LiDAR and GIS)
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Model Representation of Rim

HGL
Conduit 04520-470:04520-468 Conduit 0452 0-468:04520-460 Conduit04520-460:04520-454 Conduit04520-454:04520-444
Flow = 0 cfs Flow = 0 cfs Flow = -0.008 cfs Flow = -0.004 cfs
— 1| CWSEL = 3.6700
] —

Firm Elev. =171

0 20 a0 200 220 260 280

Junction 04520-470 Junction 04520468 Junction 04520-454 Junction 04520-444
CWEEL = 3670008 ft CWEEL = 3.670021 ft CWEEL = 3670245 1 CWSEL = 3670307 ft
RimElev. = 16.57 ft Rirm Elev. = 17.37 it Rim Elev. = 16.99 ft RimElev. =17 ft

= Ground Elevation at 04520-460 : 7.1 ft NAVD 88
= Model rim: 17.1 ft

22




Model Validation

Historical rainfall events
based on flood call history

Observed and field
surveyed high water
elevations from 2016

10-year event profile
compared with VDOT
hydraulic grade line
calculation
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Coordination and References

Section 2 Model Approach

NEEDED: Pictures to Update the City’s Master Drainage Plans

https://www.vbgov.com/government/departments/public-
works/storm-water/Pages/storm-pics-master-drain-plan-6-8-
17.aspx

Comprehensive Sea Level Rise

https://www.vbgov.com/government/departments/public-
works/storm-water/Pages/pw-slr-8-2015.aspx



https://www.vbgov.com/government/departments/public-works/storm-water/Pages/storm-pics-master-drain-plan-6-8-17.aspx
https://www.vbgov.com/government/departments/public-works/storm-water/Pages/pw-slr-8-2015.aspx

Master Plan Model Application




Master Plan Model Application

= Flows and water surface
elevations in the PSMS

= Locations with surcharging
in the PSMS

= Performance of storage
facilities

= Qverland flow between
subbasins

= Surface flooding (storage
node water surface
elevations)

* Influence of downstream
tidal conditions




Additional Master Plan Model Applications

Site specific evaluations
Tailwater to support site design
System flow-routing understanding, “what-if” scenarios for
downstream impacts and improvements

Starting Point for refined site-specific evaluations
Site specific topography and critical elevations
Site specific drainage features
System flow-routing refinements

Intent: Provide information and tools to assist with
engineering evaluations and compliance with DPW
Standards




Model Application — Tailwater Conditions

= Profile view through Thalia Creek

Tirme: 9172015 12:06:00 Ak

HGL

D_04540-170:ThaliaCreekOF (5.748)

D_04ThaliaCrk1 5:04540-170 (6.277)

D_04540-215:04ThaliaCrk15 (6.004)

D_04ThaliaCrk1 0:04540-215 (4. 767)

D_04590-18055:04ThaliaCrk10 (-4.001)

04999-033:04590-18053 (-2.633)

D_04590-025:04590-792 {-1.706)

D_04590-356:04590-025 {-0.127

04998-695:04590-356-1_2 (-0.008)
ThaliaC_|264Hw:04590-356-1_1 (-0.00%)

D_04ThaliaCrk02:ThaliaC_I284Hw (-0.013)

Link (flow, cfs)

Tailwater during_:lIOOYR Event

-0

[_Thalia Creek Outfall

VB Blvd

Overflow

Constitution Drive Trib.

6 barrell
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o
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A

15"
RCP

8 x7

G500

[aluli]

5500

4500

4000

3600

eulali]

2500

2000

1500

1000

500

ThaliaCreekOF (3.67)

04540-170(3.671)

04ThaliaCrk15 (3.672)

04540-215 (3.671)

04ThaliaCrk10 (3.672)

04590-792 (3.671)

04590-025 (3.67)

04590-356 (3.67)

ThaliaC_I264HW (3.67)

04ThaliaCrk02 (3.67)
Node (depth, f§)
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Model Application — Subbasin Conditions

~Peak overland
flow: 72.7 cfs

Peak storage juﬁction
HGL: 11.46 ft NAVD

146

Peak manhole HGL:
11.37 ft NAVD

11.38

Peak pipe flow:
16.8 cfs

Ws4_TG_38

Subbasin ;




Master Plan Model Limitations

= Results based on available
data:
= GIS stormwater infrastructure
= GISinvert elevations
= LiDAR topography data
= City impervious area
= City land use
= City soils data (from NRCS)

* Areas upstream of the
modeled PSMS

= Qverland flow within a single
subbasin located upstream of
the subbasin storage node




Example Application for Site of Interest

Project Location: Virginia Beach Boulevard and N Budding Drive

g
> - =4 =
i 1\ WS4_TM_43 ___,/ R v/
'_ Model_subzatchments ---\’--.f IIII e..-‘. .
@  Model_junciions ) \I
P Model_conduits I
WS4_TM_37 WS4_TMI31 WS4_.TM_39 -
WS4_TM_51 / l
~y B L \_
B o < ° < Sone g ° < bt e P ® Bl P \l
l_ WS4_TM_41 O
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! B i - | et B = H"""‘ﬁ-\.
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Lo
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ey WS4_TV_123 )
— > . -ﬂ}\
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. o | il - | i
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8 4 . e T N |
/ = |
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Sourcas: Esri, HERE, Gammin, USGS, Intermap, INCREMENT P, NRCan, Esi Japan, METI, Esri China {Hong Kong), Esn )(uoea Esri [Thailand), NGCC, &

Openshseanp conkributors, and the GIS User Community
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Example Application for Site of Interest

M
F WS4 TM_37 WS4 TMI31
v
04500-340
1500-314  04500-320 04500-334 s 04500-338 >
<4 (0] < (0] 4 < 04500-348
WS4 TM 41
Virginia Beach Blvd - . .
V|rgim.1 Beacs
- - 4520- 04520-496 th &
7‘0 04520 -‘-‘1-82 04520-484 < e0 520 494< ° & .04520-506
<
Z
. r4

WS4 TV _185




Master Plan Model Content

Transect: Measureline

WS4 TM 43 [>

Elevation ()

Measure

Shape

Points 5
Length (m) 337.05
Length (ff) 110579
Slope (m/m) -0.0184

Steep gradient from edge of catchment to storage node

* Desired boundary conditions: 10-year and 100-year HGL

= Ground elevation 8 feet
= 10-year HGL = 9.3 feet and 100-year HGL = 10.1 feet




Application for Site of Interest
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Additional Overland Flow Path

WSABTME3
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oy, ol Ry WSl
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Y
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05203484 04520:4941 04520:496 b0 oo
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Refined Model Results

Peak values

g_100y

WS4WS6_Existin

_nooverflow

g_ 100y

WS4WS6_Existin

04520-538:04520-506 (43.968)

04520-506:04520-496 (43.959)

04520-496:04520-494 (43.971)

04520-494:04520-484 (43.972)

04520-484:04520-482 (43.969)

04520-482:04520-470 (43.969)

04520-470:04520-468 (43.974)

04520-468:04520-460 (43.963)

Link (flow, cfs)

20

115

{10

1200

1000

800

600

400

200

04520-538 (11.939)

04520-506 (11.105)

04520-496 (10.569)

04520-494 (10.109)

04520-484 (9.612)

04520-482 (9.166)

04520-470 (8.787)

04520-468 (8.39)

04520-460 (8.022)
Node (depth, ft)

(o]
o




Refined Model Results

WSakTME3

| <

_@ Virginia'BeachBlvd

T — — —— _q_- <
— —

1--__ =

04520-438 04520 04520—460 ad 04520-470: 04520:484)  04520-494) 04520-496

S
q—-_q— i l:-xq— @ - T ar—r g — —— — ———— —
— _——— S =

= X i \1
— ol . - !
u = WEA WS £ ﬁ

-

-

025205376 8082200310 0520 o A 045207562 045201358

% i A : . 04500-350
e bt , ) mm%‘

04520-506 e

~

= Desired boundary conditions: 10- -year and 100-year HGL

= Ground elevation 8 feet
= 10-year HGL = 8.5 feet and 100-year HGL = 8.7 feet




Example Model Refinement

Watershed 10
Veteran Care Center

Master Plan Model Refinement to
Reflect Existing Conditions

Site Specific Refinement




Example Model Refinement

Step 1:

= Delete all the
nodes and links
that will be
updated/replaced
with refined data
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Example Model Refinement

Step 2:

= Update the
delineation and
runoff parameters
of the subbasins to
represent the new
development.

“ |n this example, it
involves splitting
two subbasins into
six subbasins

40




Example Model Refinement

Step 3:

= Add storage nodes
to represent surface
storage and
detention facilities.

= Storage nodes for
surface storage are
assigned to the
subbasin “Outlet”

= Add junctions along
the hydraulic system

41




Example Model Refinement

Step 4:

= Add links to
represent the
hydraulic system:
= QOpen channels
= Stormwater pipes

42




Example Model Refinement

Step 5:

= Add overland flow
paths connecting
adjacent
subbasins and the
hydraulic system
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Example Model Refinement

Step 6a:
B u i I d a n d a S S i g n a Choose a Storage Curve for Storage 10999-614

44

stage-storage
curve for each
storage node

Curves:
WS10-WP-001@5
WS10-WP-004@0
WS10-WP-005@0
WS10-WP-006@0
WS10-WP-008@0
WS10-WP-009@0
WS10-WP-010@5
WS10-WP-011@0
WS10-WP-012@0
WS10-WP-016@5
WS10-WP-017@5
WS10-WP-018@5
WS10-WP-019@5
WS10-WP-020@0
WS10-WP-021@5
WS10-WP-022@5
WS10-VP-070@10

Name:
WS10-VP-070@10
Description
Data:
Depth
()
1 0
2 2
2] 25
4 . 3
5 . 35
6 4
7 . 45
8 5
9 55
10 6
11 65
Load..

Area

(f)
100

100
181
3856
372
209862
556589
651215
680029
689416
693867

Save...

Depth ()

Storage Curves: WS10-VP-070@10

11
10
£ ]
8- 4
£ t
f
= .
g !
C i
5 il
e S
1 — e
3y
C
8
yu-
s B o [ e B e s
100000 200000 300000 400000 500000 600000 700000
Area (ftF)
Options Assign to Storage 10999-614 Cancel




Example Model Refinement

Step 6b:
.
Choose a Transect for Conduit 10999-61010999-612

.
Transects: Name Transect D-10999-610:10999-612
S S I g n a ra n S e C SAWYERS_MEADOW_BM.. |+ | D-10999-610:10935-612

T i bt oos] |

SAWYERS_MEADOW_BM

for each open I
p SEABOARD_ACRES_BMP... !

Left encroachment station: a 15.0 i
SEABOARD_FOREST_BM..
. Right encroachment station: 0 -
SIGNATURE_GOLF_BMP_ L
channe Itch an 18-
) SIGNATURE_GOLF_BMP_ Bank Stations F
SIGNATURE_GOLF_BMP_. Left 8803
Right 105.15 146 4
overland flow
SOUTHGATE_BMP_1-1014 Stations 00 1444
SOUTHGATE_BMP_21014 Elevakons 0o e
Meander 0.0 =
a t SOUTHGATE_BMP_250U. FISRRRTEES 5 142
SOUTHGATE_BMP_2.S0U.. Left Bank 01 2
STRAWBRIDGE_BMP_110 Bightbank o 04
Channel 005 -
TAYLOR_FARM _BMP_2-10 R
TAYLOR_FARMS_BMP:109, Value of Manning’s roughness for the left 1384
overbank portion of the Transect
TAYLOR_FARMS_COMME
THREE_OAKS_BMP_2101 136 -
US_POST_BMP-10240-606
= = Station (ff) Elevation (ff)
US_POST_EMP.10240-849. 134
1 0 1468
VICTORIA_PARK_BMP_1.:1
2 245 1476
VILLAGE_WEST_NECK_B 132+
3 489 1485
WASTE_COLLECTION_BM
4 4 1489
WASTE_COLLECTION_BM... EAEal | : : : : : : | : : :
e & 978 1813 0 10 20 30 40 50 60 70 80 9 100 110
. - 6 1223 1521 - Station (ft)
Add Del Options Assign to Conduit 10999-61010993-612 Cancel
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Example Model Refinement: Storage Assignment




Example Model Refinement: Storage Assignment

Overbank

= Critical to not double count storage
= Define ditch storage and overbank storage separately




Example Model Refinement: Storage Assignment

Transect D-10999-608:10999-609

0.1 0.05 0.1

Ditch Storage: Transect

14.4 4

142

Elevation (ft)
=
(=]
|

13.8 4

13.6 4

13.4 4

132 4

0 5 10 15 20 25 30 35 40
Station (ft)
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Example Model Refinement: Storage Assignment

Storage Curves: W510-VP-081@5

134

12

114

10

Depth (ff)
TTIT TTIT TTTT TTTT TrT I T el T TTTT TTTT TTTT TTTT
A

ST

50000 100000 450000 200000 250000 300000 350000 400000
Area (ft%)
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Example Model Refinement

Overview of model refinement elements
Design drawings or “As-Built” drawings
GIS refinements (additional pipes and nodes)
Additional control structures (not in GIS)
Import new GIS
Refine subbasins and process parameters
Storage curves
New open channels
New overland flow links
Initial depths




Legend
Watershed Status

- Complete
|| validated
:l Draft

I:l Under Development
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I \ et rstnl Waterway

Chesapeake o
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. 23
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