: VY,
2009 TerraMetrics:
N ©/2009 TelefAtias )
48°09'21.77°N  123°12'S0.00" W ' elev. 0/t Mar 13, 2006




CLOUDS &

WATER VAPOR
ER STORAG o RADIATIVE |
WATER STORAGE | Or | TRANSPORT
ICE AND SNOW R EXCHANGE =yl CONDENSATION
wih v o (LATENT HEATING
PRECIPITATION,, & OF ATMOSPHERE)
LAY » » p
v () W ’U

» » X ’g
v ol . >U

o
v

V!H

" BOUNDARY LAYER
(AND EXCHANGE
WITH FREE ATMOSPHERE)




McDonald/Siebert

Sequim Bay
West Shore

Canyon Creek

Lower Gray Wolf River

Middle Dungeness




c
(o)
o
S
=
=
O
D
S
0
o
=
=
TH
-
D
=
Y
N
N
b
c
D
)]
c
=
‘)

STHONINI NOLLYLIIO3dd ATHINOW 30¥H3AY

T a0 o r =]

Tsth paercentile
P=clian

2sth paercentile

LT _____._.________

[ e LV DEC

Lo Ly |

57 Weaears of recornd
(1 924-210; 1937 S0E)
SEFPT

FEE mMAaR ~AFR Pola™" JUME SN AN NS

AMERAGE MO THLY PRECIFITATIESR WaLILIES FOooR 1954 -1 98

Sl

1,000

(NOO3S H3d 1334 21800 NI J9HYHOSIO NN ATI¥G

AT H

N near Secpuin,

hily precipitat

MMean daily dischargs for the Dungeness River and avarags mon

Figure 5.
Wiashimgton.

mospheric {1982)

Crischargse data are from U S Geological Survey streamoaaging station 12042000 and precipitation data are from the

Mational COoceanic amd A



i lrf.}r

,r:'.‘ ' ﬁﬁz - J‘(;‘{:{( ';‘vu \ '-\"K
Td f(f S

‘ n‘.:':-‘_v‘.-;(,i,;-fﬁ-; )
B e d TR







-
- -
- '.J
N
N - L *« 5 -
’ B
.
. e ‘ [ ]
» -
.
:
. »
2N . - “ » L
"
»
.
r " !
- : d
.
L -
L e
o



ALTITUDE IN FEET

Ground Water Flow System
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Confined (Artesian) Aquifers

\ an artesian well
ater must be pumped from

Recharge area  Nonflowing
[ o artesian well pract jre

ce Flowing ——
artesian well Pressure
E e e surfac




Groundwater Model Layers
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Aquifer Properties




Shallow Aquifer Groundwater Flow
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Unsaturated zone /
Surface-water body : "‘_‘\-' JJ %‘, - A/ i

Water table

EXPLANATION

High hydraulic-conductivity agquifer @ Local ground-water subsystem
@ Subreglonal ground-water subsystem

==== | ow hydraulic-conductivity confining unit
@ Reglonal ground-water subsystem

Very low hydraullc-conductivity bedrock

«f——— Direction of ground-water flow




Depth to Water (ft)

Connection Between Aquifers

Water Level Trends in City of Sequim Port Williams Wells

0 - - — -
Mﬂﬁwa u
10 ~ M w
20
30
Datalogger
Malfunction
40 - = — p—- "
50 — —
o5
:I'ix ,:;f k4 -
e k. ,;
60 * = " o
» =
= PW-1
kS
70 a W= x
MW-3 o L
* w o= *
EI:I T T = T T T T T T T T
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Date



Possible Sources of Water
Withdrawn by Wells

Recharge Discharge

> Ground-water system >

Pumpage

/'

Increase in Decrease in
recharge discharge

> Removal of water

stored in the system




Irrigation Ditch Conservation Projects




Dungeness River Water Users Association

Average Annual Diversion Rates in Cubic Feet Per Second (cfs)

B cfs
— Linear (cfs)

1980

DOE financed water lease years and uncompensated voluntary

1989

sacrifice of water use by water right h%

1991

1992

1]
A
Y

[\

by 0%
PREE

102.75

105.02

84.925

78.725




Lateral Radius
of Influence

Unsaturated Zone

Unconfined

Saturated Zone _,FSEIIHI and
~ Gravel
Aquifer

::3- Confining
Layer
Bedrock




Source
of Water
Derived

From

Wells

From Heath, 1983

Recharge Area

Withdrawal (Q) = Reduction in Discharge {AD) + Increase in recharge (AR)




Rivers and aquifers exchange water

GAINING STREAM LOSING STREAM

Flow direction

B B
- N - 60 - e 100
Watertablecontour
Ground-watar flow line — | Pm— | L i gonto¥ g ———
e —— =~ ﬂ@?’i‘?ﬂ%"'
e 50—
R [ =
a4 —— = o —— \ 3=
L = }r " .
I'l, #___,Ground water flow line
S pm—— - 1"
M = E== \ e — O
— |\ __—
= ~1
B \
Figure 8. Gaining streams receive water from the Figure 9. Losing streams lose water to the ground-water
ground-water system (4). This can be determined from system (4). This can be determined from water-table
water-table contour maps because the contour lines contour maps because the contour lines point in the
point in the upstream direction where they cross the downstream direction where they cross the stream (B).

stream (B).
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South Cascade
Glacier, 1928 (top)
and 2000 (right)

Photos courtesy of Dr. Ed Josberger, USGS
Glacier Group, Tacoma, WA
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Nearly every glacier in
the Cascades and
Olympics has retreated
during the past 50-150

USGS



Shifts in Streamflow

« More winter rain — higher winter streamflows

« Warmer temperatures — earlier snowmelt and a shift in the timing
of peak runoff

- Lower winter snowpack — lower spring and summer flows

16,000
14,000
12,000
10,000
8,000
6,000
4,000

Average Flow (cfs)

2 000

0

Yakima River
=#~ early 20th century
-~ late 20th century

+3.6 (~2050s) to +5.4°F
(~2080s)

Sensitivity

analysis for
the Yakima
River basin
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Domestic Water Use with 1/,, Acre Irrigation*- Sequim, Washington

600 70%
m Total Use (Gal/Day)
s Total Consumed (Gal/Day) . 60%
500
===Percent Consumed
- 50%
400 Jun-Sep Ave t‘?
Consumption -
- (248 Gal/Day) . 40% ®
0 -
2 2
c 300 o
o 3
= - 30% &
U] 3
Annual Ave ()
200 Consumption o
(104 Gal/Day) - 20%
100 -
- 10%
0 - - 0%

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

* Assumptions: 2.31 people perhome, irrigation of pasture/turf, 10% indoor, 90% outdoor consumed * Sources: of Data: Washington Irrigation Guide, US Census Bureau, AWWA
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Prediction 1s
very difficult,
especially
about the
future.

(Niels Bohr)

(Ni'ls Bohr Archiv.)



More information:

Dave Nazy
Department of Ecology

360-407-6038
dnaz461@ecy.wa.gov




