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P=R+I+ET

B

IE

Normal Year Brandywine Creek

P = 42 1n.
R = 7 1n.
[ = 14 1n.
ET= 21lin

Drought Year Brandywine Creek

P= 28 1n
R = 3 1n
I = 4 1n.

ET= 21i1n.



Hydro-lllogical Cycle
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USGS 01480065 CHRISTINA RIVER AT NEWPORT, DE
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WaterWatch -- Hurricane Gustav Hydrologic Impacts Map
Na I




USGS 0738023321 Industrial Canal at |10 at New Orleans, LA

Gage height, feet

e e e e e e o ARORORIORONDR, |
Aug 26 Aug 27 Aug 28 Aug 29 Aug 38 Aug 31 Sep 81 Sep B2

==== Provizional Data Sub_ject to Revizion =--—---

—— Gape height 2 Flood danage




+ Map: Gulf coast + Map: New Orleans - Graphic: GustawKatrina |+ Map: N.O. Levee status |v Graphic: Levee designs

I-Wall

— Leves wall . T-Wall — Laves wall

1z

I-Wall vs. T-Wall:
design compared

A multiagency report details what went
wrong at more than 50 sites In the levee
system that caused New Orleans to flood.,

& FLOOD LEVEE

During Hurricane Katrina, in places
including the 17th Street Canal,

2 FLOOD LEVEE

rising water pressure pushed the A stronger wall
floodwall, creating a gap between that resembles
the l-wall and itz levee. The levee an inverded T is
splitin half and weak sail at its toe being used to
eouldn't hold back the additional repair floodwalls.

farce of the water.






» Map: Gulf coast » Map: New Orleans ¥ Graphic: Gustav/Katrina |+ Map: N.O. Levee status |» Graphic: Levee designs

Gustav vs. Katrina: KATRINAWIND
Storm surge frem tha nerth pushed Lake
Patl'ls and WInds com pare'd Pantchartrain water into the city, straining
and eventually breaking many leveas.

KATRINA PATH

Katrina passed to tha east
| af New Orleans.

GUSTAV PATH

Gustav tracked west of New
Orleans. This puts New Orleans
in the dreaded “right-front
quadrant” of the hurricana,
usually the worst spot to be in.
The right frent is tha mast
destructive part of a hurrlcane
because tha wind blows in the
same directicn as the storm's
forward motion.

Southarly winds and surge bring water
fram the Gulf of Maxico inte the city.
Surge from Lake Pontcharirain water
will be pushed narth, into communities
along the north side of the lake.

= density of water (62.4 pcf)

Y
h = depth (ft)

H = UF">/1760 H =wave height (m)
F = wind fetch (m)
U =wind speed (m/s)
F =vh?/2
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The Origins of Watersheds

e Derivation - from wasserscheide, German
for “water parting”

 Definition - The region draining into a
river, lake or body of water (American
Heritage)

 Delineation - John Wesley Powell lost job
at USGS for proposed link between political
jurisdictions and watersheds (1878).
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A Drainage Network

Streams and rivers form a network of channels connecting down
from the headwaters to the mouth or outlet of the watershed.

First-order or

headwaters stream Divide

Q}V‘

Mouth or
outlet



Different Divides

Caution: there are both surface (topographic) and sub-surface
(phreatic or hydrogeological) divides. The latter may change
seasonally.

lTopographic Divide
Mapped using Phreatic (groundwater) Divide

stereo air photos
or contour maps.

Permeable subsurface

Phreatic l Topographic Divide
Divide

Mapped using
N geological tech,
SN such as structural
mapping, tracers,
test drilling, etc.

Modified from Gregory & Walling (1976)



Identifying A
Watershed

Un-named
Tributary of
White Rock Creek

COMPLETED
EXERCISE

Source:

Iron Peak

Eel River

from

Outdoors on Disk
CD Rom




Area = N * k? where N = number of squares and
Identifying A k = length of square (e.g. 1f 1:250,000 Scale,
Watershed Imm square has a k of 250m)

Un-named

Tributary of

White Rock Creek ™

COUNT NO. |

SQUARES

\
\ v
WITHIN | ENENNE

WATERSHED R S

~

Source:
NS

Iron Peak

Eel River

from

Outdoors on Disk

CD Rom




Sub-watershed Ordering

At each confluence (bifurcation), specific contributing areas can
be identified (sub-watersheds) from which water will coalesce to
that particular stream segment junction.




Stream (sub-watershed) Ordering

A variety of different numbering techniques exist, each with
merits and de-merits, the two most widely-adopted being:

11

Strahler
Shreve

11
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Africa

AD1 Lake Chad
ADZ Congo
AD3 Cuanza
AD4 Cunsng
ADS Jubba
ADE Limpopao
ADT Mangoky
AD2 Mania
AD9 Miger

A10 Nile

Ai11 Cgooue
A12 Ckavango
A13 Crange
A4 Cued Draa
A15 Hufiji

A1E Senegal
A17 Shaballe
A18 Turkana
A19 Valta

AZ0 Zambezi

Europe

EO01 Dalalven

E0Z Danube

E03 Daugava

EQ4 Dnigper

E05 Dnigster (Mistru)

EOQE Don

EOT Duero

E0R Ebro

E09 Elbe

E10 Garonne

E11 Glomma-Laagen

E12 Guadalquivir

E13 Kemijoki

E14 Kizilirmak

E15 Kura-Araks

E1E Lake Ladoga

E17 Loire

E18 Morth Dvina

E19 Cder

E20 Po

EZ21 Rhing & Maas

EZ2Z Rhone

E23 Seine

E24 Tagus

E2E Tigris &
Euphrates

E26 Ural

EZ27 Vistula

EZ28 \olga

E29 Wesear

Asia

AZS01 Amu Darya
AZ02 Amur
AS03 Lake Balkhash
AS04 Brahmaputra
AZ05 Chao Phraya
ASDE Ganges
ASOV Godavari
AZ08 Hong
(Red River)
AS09 Huang He
(vellow Riven
AZ10 Indigirka
AS11 Indus
AS12 lrrawaddy
AZ13 Kapuas
AZ14 Kolyma
AS15 Krishna
AS16 Lena
AS1TY Mahakam
AS18 Mahanadi
AS19 Mekong
AZ20 Marmada
ASZ21 Ob
AS22 Pechora
ASZ3 Salween
AS24 syr Darya
AS25 Tapti
AS26 Tarim
AZZT Xun Jiang
AS28 Yalu Jiang
AZ29 Yangtze
AS30 Yenisey

Morth & Central America

MADT Alabama & Tombigbes
MADZ Balsas

MADI Brazos

MADL Colorado

MNADS Columbia

MADE Fraser

MADY Hudson

MNADE Mackenzie

MADY Mississippi

MATD Melson

MNA11 Rio Grandes

MA12 Hio Grande de Santiago
MATI Sacramento

MA14 Saint Lawrence

MA1S San Pedro & Usumacinta
MA1E Susguehanna

MATY Thelon

MA18 Yagui

MNA19 Yukon

South America

SA01 Amazon

SA02 Chubut

SA03 Magdalena

SA04 Crinoco

S5A05 Parana

SA0E Parnaiba

SA07Y Rio Colorado

S5A08 Sao Francisco

SA09 Lake Titicaca &
Salar de Uyuni

5A10 Tocantins

SA11 Uruguay

Oceania

QC01 Burdekin-Belyando
OC02 Dawson

Q03 Fly

QC04 Murray-Darling
QC05 Sepik
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The UD Rain Garden, although small in siature, is part of 2 complex watershed system, ranging in increasing scale from
the small Cool Run tributary, to the White Clay Creek watershed, to the Christina Basin, and finally to the Delaware River
Basin. The UD Rain Garden is situated in the headwaters of Coal Run, a small, ephemeral stream that flows south past
the Perkins Student Center and then under the Amtrak railroad tracks to the UD Agricultural Farm on its way to join White
Clay Creek. As the UD campus developed, the stream has been manipulated and rerouted, sometimes into an
underground pipe, as illustrated by the dashed blue line.

White Clay Creek, Delaware’s only National Wild and Scenic River, is the first to be designated on a watershed basis
instead of a single-river-segment basis. The 108-square-mile White Clay Creek watershed is an important source of
drinking water for Newark’s residents and is one of only six trout streams in Delaware. It is one of the four major streams in
a larger watershed called the Christina River Basin. The White Clay Creek and sister watersheds Brandywine Creek, Red
Clay Creek, and Christina River originate upstream in Pennsylvania before flowing through New Casfle County, Delaware,
on their way to the Delaware River. The Christina River Basin is, in turn, part of a larger watershed, the five-state Delaware
River Basin, which includes parts of Maryland, Delaware, New Jersey, New York, and Pennsylvania.




Delaware River Basin

Ii .._" r — )
Delaware

“Watersheds form the natural hydrogeological
planning units for water, land, and ecosystems
management”.

“Watersheds know no political boundaries™.
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|:| State of Delaware

- Municipal Boundaries
4 Intakes

Public Water Supply Wells

e Community
2 Non-Community
2 Non-Transient
Major Watersheds
Atlantic Ocean

- Chesapeake Bay

Delaware Bay

- Delaware Estuary
- Inland Bays/Atlantic Ocean

Fiedmont

March 2004

Note: Public Water Supply Wells are not true to seale.

Source:
‘Whole Basins within the State of Delaware - Delaware Department of Namral Resoarces
and Environmental Control (DNREC), 1998,
Public Warer Supply Wells - Delaware Deparment of Namral Resoarces and
1 2004,

‘Envirenmental Conirol (DNREC),

Municipal Boundaries - Office of State Planning and Coordination, February 2004.
TNote:

‘adeby the Water Resources. ‘University of Delaware nor will the Waser Resources

Agency, Univarsity of Dalaware be beld respansibla for ary use of this docizment for
puposes oher thm which itwas infended.




B16) Brandywine below Chadds Ford
B17) Brandywine through Wilmington
1) Christina above Coochs Bridge
C2) Muddy Run
23) Belltown Run
C4y Little Mill Creek
G5 Christina above Smalleys Pond
CE) Christina Lower Tidal
R3) Burris Run
R4) Red Clay above Wooddale
RE) Red Clay below Wooddale
W) White Clay East below Avondale
WE) Mill Creek
W) Pike Creek
W7 Middle Run
Wa) White Clay above Mewark
Wa White Clay above Delaware Park
W10 White Clay at Churchmans Marsh

N

1) Appoquinimink 16) Deep 1) Mispillion
21 Army 17) Delaware Bay 32) Murderkill
3) Assawoman 18) Delaware River  33) Maamans
47 Blackbird 19y Dragon 24) Manticoke
&) Bohemia 200 Elk 25) Perch
43 8) Brandywine 21) Gravelly 36) Pocomoke
71 Broad 22) Gum A7) Red Clay
81 Broadkill 23) Indian Bay 38) Red Lion
8y Buntings 24) Indian River 29) Rehoboth
107 CED Canal East 28] Iron 40} Sassafras
11) CAD Canal West 26) Leipsic 41) Shellpot
127 Cedar 27V LAR Canal 42) Smyrna
13) Chester 28) Little Assawoman  43) Saint Jones
14) Choptank 280 Little 44) White Clay
15) Christina 30y Marshyhope 45) Wicomico

Impervious Cover
27

B |less than 10%
‘ 10% to 14.99%
15% to 19.99%
” W 20% to 29.99%
= 30% to 39.99%
-

Bl 40% or greater




Certificate of Public Convenience and
Necessity (CPCNs)

1 State Boundary Sussex Coun‘ty
C— Municipal Soundaries Artesian Water Company
Rpads Town of Bethany Beach
——— Railroads
Town of Blades
Hydrology

Town of Bridgeville

New Castle County

== Town of Dagsboro

Artesian Water Company Town of Delmar

Delaware City s Town of Frankford
s Town of Middletown Town of Georgetown
- Mew Castle County Water & Light Company . Town of Greenwood

Tidewater Utilities e JH. Wilkerson
s United Water Delaware I Town of Laurel
mmm City of Wilmington e Lewes Board of Public Works
e * Other Water Supply Service Area e City of Lewes
Kent County mesn Long Neck Water Company

Artesian \Water Company s Town of Milford
= Camden-Wyoming Sewer . Town of Millsboro
mmm  Town of Clayton mmm Town of Milton
memm City of Dover s Public Water Supply
mmmm  Town of Felton e City of Rehoboth
mmm  Town of Frederica mmmm  Sea Colony Water Company
mmmm  City of Harrington - City of Seaford
e JH. Wilkerson s Town of Selbyville

Town of Magnolia . Sussex County Council
mmmm - Town of Milford I ' Sussex Shores Water
mm Pickering Beach Water Tidewater Utilities
s Ronald B. Outten
= Town of Smyrna

Tidewater Utilities

February 2004
—-— - — ——

Resowrces pod Exvoronmmentad Control, Pablic Service Commmssion, Febriry 2004
Mouricgperd Beomindarses - Office of State Plamanrg Coorstimations (O8PC), February 2004

WA
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WATER SUPPLIERS
L ARTESIAN

| Il DELAWARE CITY
W NEWARK
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B wiLMINGTON
I UNITED WATER

DELAWARE

SCALE 1 48000

Public Water
Supply Systems
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in
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County

by 194
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Public Water Supply System
Interconnections

New Castle County

Public Water Supply System
Service Areas
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Christina Basin Water Quality Management Strategy

Base Map
19
sl(

BRANDYWINE CREEE
SUB-BASIN

COATES¥ILLE

’ | SOUTH
| PAREESBERG COATRS¥ILE

P
} RED CILAY CREE
SUB-BASIN
EENNETT
SUARE
WEST AVONT
GROVE
WHITE CLAY CREEK
SUBR-BASIN
Legend
A Christina Basin 5
) Watersheds 3
Hydrokogy &
Municipal Boamdaries

SUB-BASIN
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Newark Reservoir September 2003
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Delaware

New Castle County

Wellhead WRPA

I ciass & wRea
[ Jensscwrea

Surface Water WRPA

- Flood Plain
7] Eresion Prone Siopes

Recharge WRPA

Recharge Area

[ ] Municipal Boundaries
Roads
Hydrology

—+— Railroads

March 2004
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Sourca:

Wollasad Areas - Ditawars Deparsmsnt of Natueal Rasourcas and Envirosmnsntal Conral (DNREC). 2004
lae: Racharga Area: - Debmiara Goological Survey (DGS), 2003.

OfSc

7.3 Ma Topogrphic Mags. Criad & 8 1 ™

State of Dstawars md the USGS (1991-1985).

Ceztacline Roads - Dirware Disgarzoaat of Tranipostation(DIDOT) 2001. Davsloped from Digital
Cmzopizats Cruarter Quac, 1997,




Dissolved Oxygen, Brandywine River above Wilmington, LE1
Smith Bridge, Station 104051
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Total Phosphorus, Brandywine River above Wilmington, LE1 Smith
Bridge, Station 104051
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Lead, Brandywine River at Wilmington, LE1
Foot Bridge, Station 104011
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Delaware Bay Oyster Seed Beds
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The Coastal Plaln (Southern) Experlmental Watershed






Water Use

Inside

Sustenance -
Showers -

Laundry -

Toilets -
Handwash Dishes -

Outside
Lawns, Gardens -

Carwash -
Wash Sidewalks -

8 gallons

50 gallons every 10 minutes
40 gallons per load

5 gallons per flush

12 gallons per wash

600 gal
100 gal

50 gall

lons over a couple hours.
lons with a hose.

lons 1n 10 minutes.



Cost of Essential Fluids

Fluid $/gal.

Tap Water 0.002 - 0.005
Gasoline 1.59

Ginger Ale 2.60

Milk 3.00

Bottled Water 4.00
Beer 10.60



Water Laws (con’t.)

» National Environmental Policy Act of 1969

 Federal Water Pollution Control
Amendments of 1972

* Clean Water Act of 1977
— Section 404
— Section 401
— Section 208
— Section 303d



Federal Water Agencies

U.S. Geological Survey

NOAA National Climatic Data Center
U.S. Bureau of Reclamation

U.S. Environmental Protection Agency

U.S. Natural Resources Conservation
Service

U.S. Army Corps of Engineers



State Water Agencies

Delaware DNREC

— Division of Water Resources

— Di1vision of Soil and Water Conservation
— Division of Air and Waste Mgmt.

— Division of Fish and Wildlife

Delaware Dept. of Transportation
Delaware State Fire Marshall’s Oftice

DE Public Service Commission




Municipal/County/State
Regulations

Water Supply (NCC Certification)
Wastewater Management
Floodplain Management
Stormwater Management

Dam Safety

Groundwater






Drought
\Warning



