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Objective

Develop a conceptual and quantitative understanding of the Walla Walla
River Basin (WWRB) groundwater-flow system and evaluate how it
interacts with surface water and human water use

ZUSGS ASa il semicolocy

anging worl



N
b
R ({

Workplan Tasks and Timeline

| Fedenlfialyer

Project task 21 22 23 24 25
Literature review and data compilation X X
Data collection X X X X
Hydrogeologic framework X X X X
Groundwater-budget estimation X X X
Flow-system evaluation X X X
Workplan development for phase ll--simulation tool X X X
Products X X X
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Outline

e Data collection
. Groundwater
. Surface water

 Hydrogeologic framework

 Groundwater budget

. Recharge
. Discharge

* Flow-system evaluation
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Walla Walla

River Basin

(WWRB)

X
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320 Miles
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Stream network from Walla Walla Basin
Watershed Council (WWBWC)
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®* Well open to basin fill aquifers
®* Well open to basalt aquifers

® \Well open to multiple aquifers | B ETS ; 4
? ) - (W, . I \ € = ) g
Groundwater el
Touchet Beds (QF) g o L
Palouse Formation (QL1) i AN e

Saddle Mountain Basalt (SM)

D ata CO | | e Ct I on Wanapum Basalt (WN) : o

~ Grand Ronde Basalt (GR) 1 e ~”,ff-].f~"iw

* Synoptic water-level ) = T ,,_:1/

measurements
. Annual network (270

‘(‘ WALLA WALLA COUNTY L1

ANV

wells)
. Quarterly network (170 A7
wells) 0
* Continuous water- “aF
level gauges “OA

e Geochemical
sampling at selected B it
sites ot
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Surface-Water
Data Collection

* Synoptic streamflow

measurements

. Biannual network (Aug
2020 — Feb 2023)

. Quarterly network (Nov

2021 - May 2023)
e Streamflow gain/loss

and estimates

* Springflow

e Geochemical
sampling at selected
sites
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A Seepage run

A Quarterly measurement site

A Seepage run and quarterly sites
A Summer and winter sites

[ Seepage run, NF and SF Walla Walla R*

A
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" *Separate analysis from

main seepage run




Hydrogeologic Framework
Major tasks and progress

Define hydrogeologic units (HGUs) for the study area
* From geologic maps, well logs, and previous studies (e.g., Newcomb, 1965)
* |n progress

Develop a surficial hydrogeologic map

 Merge geologic maps and group geologic units into HGUs
* In progress

Create a digital hydrogeologic model
* Define map extents of HGUs
* Interpolate top/bottom elevation surfaces of HGUs (3D)
* Not started; expected draft version in FY23
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Define Hydrogeologic Units

* Annotated bibliography

e Relevant previous studies

e Well database

*  Compile and cross reference wells from
USGS NWIS, OWRD, Ecology, WWBWC,
WADNR, Newcomb (~660 currently)

* QA/QC - assess quality of logs and
locations

* Create digital database of logs and
lithology

* Analyze — HGU picks made based on
surficial mapping, lithology, previous
studies, and other nearby wells

* Geologic/hydrogeologic
correlation table

e See next slide
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Example well logs of good, fair, and poor quality

1 Good

(10) WELL LOG or ABANDONMENT PROCEDURE DESCRIPTION

with at least one entry for sach changs of infarmation.

Formalion: Describe by color, characler, size of material and wiructure, and show

o thickness of aguiters and the kind and nature of the material in each stratum pengtrated,

| 8" Drive Shoe Utiliz

MATERIAL FROM T
Top S Sml 0 5
| Gravels & Cobbles 5 20
| Basalt Rocks With Clay, Brown 20 52
| Basalt, Gray & Brown, Hard 52 67
| Basalt, Gray & Brown, Mec Med Hard 67 70
Basalt, Gray & Rusty Red, Soft | 70 { 95
Basalt, Gray, Hard 95 [ 110

Basalt, Gray & Rusty Red, Med. Hargll0 | 115

Broken Basalt, Gray & Brown, With

Clay, White, Soft 115 | 143
Broken Basalt, Gray & Brown, Soft | 143 | 150
Basalt, Gray & Brown, Hard | 150 | 200 _
_len_B@L_G@w_nmL M. Hard 200 | ']_2.4_5

245 | 265
Broken Easm. ‘Gray/Brown, Soft 265 | 270
Basalt, Gray & Brown, Hard 270 | 310
| Basalt, Gray & Brown, Soft 310 | 318
| Basalt, Gray & Brown, | 318 | 355
& Brown, Soft 355 | 390

|,1 Dx:]_mg ‘;hop [If‘J'I].?P(

Legible, detailed, lots of lithologic descriptors

2 Fair

(10) WELL LOG:

Farmation: Describe by color, character, nze of materal

t and  Saructure. and
rial in eu

#hetw thickness of aquifers and the kind end nature of the m
atralum mnﬂmted with at least one en w for sach cnmu oi Jomql-un

HATERIAL

BE I

- 2
Q....f rkauf( """"EQ!' 'J )
. 6.?,““. ;/‘.7 .?} s-j
_ _ kRawef 3 72
—_— _&a_m_‘:/.. — 52 H
T Geide Creedl T4y _:?a
— Deown lay4 Empie/ 156 1)

____ﬂdo ua..ﬁ/t.y..u_ﬁdﬂ.a[ —y5e _

el weaZer __ lica | r232

Fewer lithologic descriptors, but still adequate

BR | BEDROCK

BF | BASIN FILL

3 Poor

STATE OF WASHINGTON

OF CONSERVATION
DIVISION OF WATER RESOURCES

GWC_6962-A

Driller

SOUTCe . Driller's Record .
Loeation: State of WASHINGTON

County. Franklin —

[oT T S
Addreas Plur.n Washington

bove
Land surface, datum. .. kS ;!'“,

[Spil, sandy L. iz

Qravel, sandy 32100
Gravel (water) » 0__
Rock, hlack 130 | 142

Casing installed from { to 131"~

parforated fram 100 o 131

Yield:

1000 gpm w/1S' dd afted 4 hrs

(a 75 h.p. ceptrifugal b

MAS

our in w/100 h.p. turbine and well

now produces 1200 gpm w/21* d

100 h p lacuzzi

turhine

Pump:

Limited lithologic descriptors, vague, usually OLD logs




Geologic/Hydrogeologic Correlation Table

* Correlate geologic units from
several maps

 Oregon Department of Geology and
Mineral Industries (DOGAMI),
multiple maps at different scales

 Washington Geological Survey (WGS),

1:100,000 and 1:24:000 scale

* Include other key publications

* Several publications dating from 1933-
2011.
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Potential Simplified Potential Hydrogeologic
Geologic Unit Unit (HGL)
Young alluvium Q4
Loess QL2
) aF
Touchet beds/flood deposits
aLi
Loess - undifferentiated
Old luvi di t
er alluvium/sedimentary QoA
rocks
Saddle Mountains Basalt S
Wanapum Basalt WH

Preliminary data subject to change



Hydrogeologic
Map

¢ I\/Ierge geologic Maps
* WGS and DOGAMI
* High resolution (1:24k) and coarse
(1:100k)

 Edge-match across map
boundaries
* Group geologic units into

hydrogeologic units
* Based on similar hydrogeologic
characteristics

Data Sources:
WA: https://www.dnr.wa.gov/programs-and-

services/geology/publications-and-data/gis-data-and-databases
OR: https://www.oregongeology.org/pubs/dds/p-OGDC-7.htm

Preliminary data subject to change
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Composite geologic
map merged from
different sources
and scales

QL1

QF

WN

QA

SM

Quaternary alluvium (QA)
Touchet Beds (QF)

Palouse Formation (QL1)
Saddle Mountain Basalt (SM)
Wanapum Basalt (WN)
Grand Ronde Basalt (GR)

GR




Groundwater Budget

Describes the inflows (recharge) to and outflows (discharge) from the Walla Walla River
Basin groundwater system
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Discharge components

 Base flow to streams

* Spring discharge

* Evapotranspiration
 Groundwater pumping (water use)
* Interbasin groundwater flow




Predevelopment

Groundwater Budget

Example from Harney Basin, Oregon

Precipitation
and snowmelt

‘ Groundwater

flow
Upland

!

Streams and springs

Streams,
natural
floodwater,
lakes
‘ Malheur River
Basin
Lowland —_—
Streams ET,
springs,
lakes

Post-development

Garcia and others (2022)
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Streams, Groundwater
. natural  Surface- irrigation and
Precipitation floodwater, water non-irrigation
and snowmelt lakes irrigation  pumpage
‘ Groundwater l l Malheur River
flow Basin
Upland |—— Lowland —
Streams and springs Streams ET, Pumpage
springs,
lakes
EXPLANATION

=) Recharge (inflow)
# Discharge (outflow)

Note: ET = evapotranspiration



{ Hydrologic
Groundwater | response units

extracted from

Recharge national PRMS

model

* Infiltration of
precipitation

* Precipitation Runoff
Modeling System
(PRMS)

WWRB extracted from national
model

Simulates ET, runoff, baseflow,
snowpack, snowmelt

Refine and calibrate to local data

ECOLOGY




Map of streamflow

ain and loss for
Groundwater b
Recharge faig

 Seepage runs*—
estimating
streamflow losses
to (and gains from)
groundwater

*Seepage run: a series of
streamflow measurements from
upstream to down stream to
estimate gains from or losses to
groundwater

R Gain

Preliminary data subject to change - Loss

Inconclusive
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Groundwater Discharge

To streams and springs

 Seepage runs* and quarterly
measurements that include
springs

e Base flow from continuous
gages

Done for unregulated, mostly upland
areas

Runoff

Base flow

Streamflow

* Methods are hydrograph separation and
low flow methods

Time

Modified from University Corporation of
Atmospheric Research, 2005

USGS . OREGON DEPARTMENT OF
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Conceptual Walla Walla River Basin (WWRB) Cross Section

Recharge from
precipitation and
snowmelt

Base flow = groundwater
discharge to streams



Example of Base-Flow Estimation Methods

500
h —— Total flow

N
o
o

Base flow:

Chemical hydrograph
separation method

Graphical hydrograph
separation method

Mill Creek Discharge
(cubic-feet per second)

200 Low-flow
method
100
= USGS
e Fology 0 | I | | |
B 155, 11/2015 5/2016 11/2016 5/2017 11/2017

Preliminary data subject to change



Groundwater
Discharge

Base-flow estimation

e 44 sjtes with continuous data

 Upland, midland, and lowland sites have
different characteristics

* Baseflow estimated at upland and midland
sites currently

e Other sites may be added if criteria are met

* Preliminary estimates

* 55-65% base flow at South Fork Walla
Walla River and Mill Creek gages

e ~35% base flow at North Fork Walla Walla
River gage

Preliminary data subject to change
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N

@ Lowland sites ’&
o Midland sites N

O Upland sites

_ Columbia River
Streams

3 walla Walla River Basin

OR

Oregon

0 130 260 Miles
et el

Touchet River
P 4

Cg
O g1 &
o 0
\' o
xe®
® ‘]\\\\ " e}
\ ® ©0°
I 2 e}
o ... Q ° 5

) Mill Creek
ks— Walla Walla River = gage
Q.

North Fork Walla
Walla River gage

South Fork Walla Walla River gage
40 miles

Service Layer Credits: Sources: Esri, USGS,
NOAA




Groundwater
Discharge —
Water Use

Agricultural fields and
Irrigation status

 Maximum extent of agricultural
fields from multiple state sources

e Seasonal irrigation status from
IrrMapper (see reference)

* Available for 1986-2021

Reference:

agricultural field

Sources: Esriy
HERE, Garminl,
Intermap,
increment P

4 Nl o7 % PR AW A =T Z
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prs /7 A ;‘7 imP = LA
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\ /[’ ;-\ AN W7 /(/t%—\\rzé;“‘} £ ) =
Lﬁ’ — /NN =
ﬁ 2IAap; B l;\ E »Walla 'u'\"aﬁ?‘a % %
f oAz W ‘!_-"‘ . ‘ Jk 8
] B L '1 . i g
y e
Irrigated ' ] >
agricultural NS
. N
field Vi< 5
. e s L\'\\?ﬁ"? \4"3'1 AN ,
Non-irrigated 3y

4
M, ‘r)e
\ A %
e ®)
s
N MORSG AN 1

Ketchum and others, 2020 — IrrMapper: A Machine Learning Approach for High Resolution Mapping of Irrigated Agriculture Across the

Western U.S. Remote Sensing
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Groundwater
Discharge —
Water Use

Irrigation source for
each field

 Does the field have a
water right?

 |sitfrom GW or SW?

* ORis completed

* WA is next

v
In progress or no water right
GW
SW

SW or GW

Sources: Esriy
HERE, Garmih,

Intermap, o
increment P \

Source: OR and WA water rights place of use (POU) databases
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Groundwater
Discharge —
Water Use

Evapotranspiration
(ET) from irrigated
fields

 Used to estimate actual
consumptive use by month

[ 1= 12 inches
[112to 18 inches

and season B 18to 24 inches
 Available for 2016-2021 Bl 24 to 30 inches
. B = 30 inches
e 1985-2015 estimates oz £ e 32 o o o, 520 s 11 ¥y
delayed in contracting A New AgriMet

Source: OpenET (Melton et al., 2021) station

)))))))) DEPARTMENT OF

‘USGS & Wi g ECOLOGY Preliminary data subject to change
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Groundwater
Discharge —
Water Use

Irrigation system
type

 Map of system type isin Pivot sprinkler systems
progress

e Use this map with the
previous datasets to
estimate applied water
(AW)

* Account for irrigation
efficiency

Wheel line sprinkler systems

Controlled and wild flood irrigation Micro and drip irrigation

OOOOOOOOOOOOOOOOOOO
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FIow—System Alluvial well subset

Evaluation ‘ s 274

__ mid-floodplain
Groundwater-level L Y AP b e . group \
trends B ,,

WASHINGTON (&)
H Highlands =
Sand Pit &
Valley Chapel
®
Binder
e Alluvial well
| B A5‘3333._. 2 Lee
exam p e e 55438 = =
- a3 54472
PR !53646 25357
 Wells were grouped Sa, alls

7
Y

by water-level By T
characteristics

e (e.g., trends, overall
levels)

EXPLANATION

Well depth: 150-250 feet
Well depth: 250-660 feet

Western Grouping »
56443
€@ Lower Flood Plain
) Mid Flood Plain USGS The National Map: National Boundaries Dataset, 3DEP Elevation Program, Geographic Names
o 1 2 Mies Information System, National Hydrography Dataset, National Land Cover Datadasg, National Structures
’ L ] ] Dataset, and National Transportation Dataset; USGS Giobal Ecosysiems; U.S. Census Bureau
® Upper Flocd Plain —— TIGER/Line data; USFS Rpad Data; Natural Earth Data; U.S. Depanment of State Humanitanan
= - DEPARTMENT OF 0 1 2 Kilometers Information Unit; and NOAA Nationa Centers for Environmental Information, U_S! Coastal Relief. Model.
;.'.é USGS WATER ECOLOGY : i Data refreghad June, 2020., Sources: Esrl, Garmin, USGS, NPS "
DI S |

= 2 ot R ECOLOCY
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FIow—System Alluvial well subset (mid-floodplain group)

880

860 -

Evaluation S———— %
Groundwater-level N
trends

B

. 820 |- Little Walla Walla River °
e Alluvial groundwater

Water level above NAVD88 datum (Ft)

el . N
8
levels 800~ o UMATOOS5115 Locally-weighted H o ®
®  UMATO0056445 QO o
° 30-yr (1990-2019) ©  UMATO0057854 scatterr::J.Iot oo @ a0
. . Jg0 L @  UMATO004205 smoothing
trend is negative S I
. . . @ UMATO0050356
* Decline similar to ©  FortWW

Increasing discharge

. . . 760 T T T T T
decline in Little Walla 1950 1960 1970 1980 1990 2000 2010 2020

Walla River discharge Date

"USGS Baa i meECOLOGY Preliminary data subject to change



Flow-System
Evaluation

Groundwater-level
trends

* Basalt well example

* Wells were grouped
by water-level
elevation and
hydraulic responses
to pumping

‘USGS % u,f -—-ECOLOGY

Basalt weII subset (Oregon)

Eastside group..
(red dots) o5




Flow-System
Evaluation

Groundwater-level
trends

e Basalt groundwater levels

e Steep declines 1950-
1980 in OR and WA

* More gradual decline
1980-2020

* Investigating possibility of
structural controls on
water levels and recharge
distribution

TUSGS jaais

s g ECO LOGY

1000

950 -

900 -

s
n
=

)
=
=

750

700

GW elevation (ft AMSL)

650

600

350 L

Basalt weII subset

e UMAT 3908 |
&8 UMAT 3930

Preliminary data subject to change

UMAT 3962
- UMAT 5227
Clty group UMAT 50069
| ®—® UMAT 50535
!n UMAT 55766

| H-?-J,“m.a _

I _Eastside group!

|
| | | | | | |
1944 1954 1964 1974 1984 1994 2004 2014
Date




Flow-System Evaluation — Geochemistry

* Geochemical analyses inform
groundwater recharge areas, flow
paths, and residence time

e Study is utilizing a variety of tools
to evaluate groundwater chemistry

e Specific conductance
e Stable isotopes of water
* Major ion composition

* Age tracers — tritium, carbon-14, sulfur
hexafluoride

o ; 3

J g . / B .
%” AR J b gt
W~ M ) e o
P, o I

Photo credit: Hank John
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Flow-System
Evaluation —
Geochemistry

Stable isotopes 5

* Deep and shallow groundwater
have different stable isotope |
signatures in the basin DN

 Lowland springs and most high- |
elevation springs are similarto | [
shallow groundwater

 Some springs in the Walla ;
Walla River canyon have e
uncertain origin and need |
further analysis

Quaternary alluvium (QA)
Touchet Beds (QF)

Palouse Formation (QL1)
Saddle Mountain Basalt (SM)

L A an®™ P OREGON DEPARTMENT OF 'Wanapum Basalt (WN)
a s S E N cps =l ECOLOG
science fo a canging workt DEPARTMENT WO State of Wsh ingon ~ Grand Ronde Basalt (GR)




Flow-System Evaluation — Geochemistry

Groundwater in
basalt aquifers in
Oregon is old

* Mean age 9,700 years

« 8of 17 samples were
recharged prior to the
end of the Pleistocene
(~1,700 years)

Columbian Mammoth, Charles Knight, 1909
(public domain)

‘USGS % NATER res gl ECOLOGY

17.500 i’ 0l
@] <500
16,700 2,900
20 B "/ 13,500
16 600 %°90 ®
® o 32 100
17,300 13,700 o
8,400
700
| @
Preliminary data PE

“.subject to change

7,600

Carbon-14 age (in years) of groundwater in wells completed in basalt in Oregon

4
Sources: Esri, HERE, Garmin, Intermap, incremen

Ordnance Survey, Esri Japan, METI, Esﬁ China (Hong Kong), (c) OpenStreetMap contributors, an

t P Corp., GEBCO, USéS FAO, NPS, NRCAN, GeoBase, IGN, Kadaster NL,
d the GIS User Communi ty




Flow-System Evaluation

* Groundwater occurrence and flow

* Integrating chemistry, contour maps, water
budgets, and geology to characterize and better

understand groundwater flow

* Groundwater-surface water interactions

* Integrating seepage, base flow, and spring
discharge estimates with chemistry and geology
to understand where, when, and why

interactions occur

DEPARTMENT OF
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RD and USGS staff measuring groundwater levels




Heannon Rive,

oM

Groundwater/Surface-
Water Interactions

Streamflow gain or loss by
reach (see ) — f“

Mainstem station
Tributary
Diversion

COLUMBIA COUNTY

>

ruma/)

JUNIPER DUNES s
WILDERNESS

X COLUMBIA COUNTY

page runs

WALLA WALLACOUNTY

WENAHA
TUCANN
WILDERN

UMATILLA
= NATIONAL.. .2\
FOREST S

Weikaha Rivel

“ UMATIELA COUNTY

A " OREGON

¢ WATER
RESOURCES
DEPARTMENT

¥

N Aingy)ass creek
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Groundwater/Surface-Water

Interactions
Streamflow Gain or Loss Summary

Total gain upstream of seepage run Seepage run net gain/loss
€ >|€ >
200
150
v
o>
& 100
£
2 50 I
L
,taml R 0
B |
-50
N N 9% N N 9%
¥ & & ¥ & &
%,19 %,19 \0,]9 %,19 %’9 \0,]9
w» W @ W W @

Walla Walla River ® Mill Creek Touchet River

(((((((((

Map of streamflow
gain and loss for
August 2020

R Gain
W | 0ss LR

Inconclusive

Preliminary data subject to change




Streamflow gain (+) or loss (-), in ft3/s

Streamflow Gain or Loss Summary

— Walla Walla River

15

10

N
5
-10
-15
-20

W1-Us
W1-2

| I
1

m Aug20 flow change
W Aug21 flow change

W5-6
W6-7

W3-4

W2-3

” OREGON DEPARTMENT OF

ZUSGS isa

science for a changing world
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WATER
Lttt

W7-8

T14
&
A ) : M10
A wis e
A w17 A
A A
s A Wio
= A -
s W15
1 A
W20
A A

Preliminary data subject to change

(o3} o — o~ ™M < LN \e} ™~ o0 (o)) o
= 2 g2 g ¢ 2 & & & 5 & 3
= ¥ = % : ¥ 1 1 % %

Error bars were computed as the propagation of individual measurement error estimates

W20-21

W21-22

=

W22-23



Streamflow Gain or Loss Summary — Mill Creek

\\\ \\7 et
o aM4 ‘\‘;1",
\ i preso—\M3.
e jl‘:\ )
A
7 n\:’l . . / Py S 3 [ SCEN 4.
& M Aug20 flow change Preliminary data |
e . .E 15 . %’
e ‘AMII(;\(IZ) | -~ = Aug21 flow change subject to change o s
wie i : g 10 - ] -
. hy w1s g ot ]
- O T 5
W144 — =
> A el <
A W13 gi) 0 _ -[ i -[ T T 'J_
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B
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&
-10
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Error bars were computed as the propagation of individual measurement error estimates
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Streamflow Gain or Loss Summary — Touchet River

y

W { T8 -y WP
g 1o — A
G
15
Preliminary data subject to change
10

o ul
e
=
=
|—}—|

Streamflow gain (+) or loss (-), in ft3/s

-5
8 ir -10
¥
'\;"'\‘1”13
>, -15
B Aug20 flow change
a USGS 20
“ - . . . .
aUolo B Aug21 flow change Error bars were computed as the propagation of individual
measurement error estimates
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Summary

e Data collection
 Hydrogeologic framework
* Groundwater budget estimation

* Flow system analysis
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