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HYDROGEOLOGIC UNITS



STRUCTURE 
COMPARTMENTALIZES FLOW 
SYSTEM

Extended study area



BASIN-FILL DEPOSITS

• MAPPED HYDROGEOLOGIC UNITS 
AND TOTAL THICKNESS



Six 
Structurally 
controlled 
Basins that 
contain 
basin-fill 
deposits

2,200 mi2

70 – 1,020 mi2

Extended Study Area



Hydrogeologic Framework of 
Sedimentary Deposits in Six Structural 
Basins



COLUMBIA RIVER BASALT GROUP

• MAPPED LATERAL EXTENT AND 
DEPTH TO TOP OF UNIT of:  Saddle 
Mountains, Wanapum, and Grande Ronde 
Units (basalts) and Mabton and Vantage 
Units (interbeds)
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HYDRAULIC CHARACTERISTICS
OF UNITS



The ability of sediments and rocks to store and transmit
groundwater (their hydraulic characteristics) determines
how a groundwater-flow system functions. Knowledge of
the hydraulic characteristics also is necessary to evaluate
how the flow system responds to stresses such as pumpage.



Saddle Mountains Unit

Wanapum Unit

Grande Ronde Unit

Distributed 
Hydraulic 
Conductivityshallow

deep



Hydraulic conductivity of the productive zones 
in the basin-fill deposits are as much as 2 
orders of magnitude larger than the basalts.

Hydraulic conductivity of the basalts can 
range several orders of magnitude.



HYDROCHEMISTRY





Most of the occurrences of methane measured in 
groundwater samples from wells outside of the Hanford 
Site were found at locations several miles distant
from mapped structural fault features, indicating upward 
vertical movement of predominantly thermogenic methane 
from the underlying bedrock may be more widespread than 
previously thought and (or) the more general occurrence of 
unmapped fault structures. In either case, upward 
migration of methane through the CRBG from the 
underlying bedrock units is indicated by the data.

Dissolved Methane and its Stable Carbon Isotope



Helium - A noble gas

One cannot explicitly determine if part of the helium is from a mantle 
source, only that the predominant source is radiogenic helium. But  
mantle helium is so enriched with 3He that the likely source is mantle
derived.



GROUNDWATER OCCURENCE



Groundwater Occurring in the 
Hydrogeologic Units was Derived 

From:
• Rainfall
• Snowmelt
• Irrigation starting in the late 1800’s
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Derived Estimates of Potential 
Recharge



Predevelopment Recharge
11.9 in
5,540 ft3/s
3.9 million acre-feet

Current Recharge
15.6 in
7,149 ft3/s
5.2 million acre-feet







Most of the recharge in the bedrock-floored, humid, forested-
upland slopes of the Cascade geologic province (where the 
bedrock units occur) discharges as shallow subsurface 
groundwater flow to upland streams and thus is not available 
to recharge the deeper parts of the aquifer system. Recharge 
in some of these upland areas, especially in Kittitas County, 
is limited because the bedrock generally has a much lower 
hydraulic conductivity and infiltration capacity than the 
overlying soils and (or) unconsolidated deposits, which also 
are generally thin or missing.

On a long-term basis, only about 34 percent of the potential
mean annual recharge (percentage varies on an interannual
basis) was estimated to have entered the regional 
groundwater flow system in the bedrock units in the upper 
Yakima River basin in Kittitas County.



Within the Yakima River basin, the percentage (rounded) of 
recharge that occurs in the outcrop areas of the hydrogeologic units 
is about 0.29 percent for the basin-fill units, 0.007 percent for the 
Saddle Mountains, 0.008 percent for the Wanapum, 0.13 percent 
for the Grande Ronde, and 0.57 percent for the bedrock units

Flow paths range from a few feet to about 50 miles, and groundwater 
ages range from very recent to more than 10,000 years in the deeply 
buried units near regional discharge locations.



CONDITIONS OF OCCURENCE



• Water table
• Semi-confined
• Confined
• Perched







Smaller Rise in Drought Years



Why-What shallow water table in basins

In describing the relation between irrigation and drainage, 
Jayne (1907) presents information for nine wells in the 
Sunnyside area dug between 1890–1900 that shows that by 
1902 there were water-level rises from 14 to 75 ft.

The shallow water table in the structural basins suggests a readily 
available supply of groundwater, but much of this irrigation-derived 
water in the shallow system discharges to drains and streams and is 
relied on to meet downstream uses (both in-stream flows and 
diversions with entitlements). Areas with high water tables (shallow 
groundwater) also are more susceptible to contamination from 
sources at the land surface.







FLOW SYSTEM



Groundwater moves through the aquifer system from the 
uplands (high land-surface altitude—topographic highs) to 
surface drainage features in the lowlands, principally to the 
Naches and Yakima Rivers and to the Columbia River in the 
eastern part of the extended study area.



Water-Table Altitude, 
Kittitas Basin



WANAPUM UNIT

3,440 mi2
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GROUNDWATER USE





Groundwater Rights

Number Instantaneous Annual Irrigated Area
(GPM) (Acre-FT) (Acres)

2,874 950,000 530,000 130,000

Instantaneous =     1.4 Billion gallons per day
Annual =    730 Cubic feet per second
Streamflow leaving the Basin =  3,600 Cubic feet per second

Note: about 25% of Irrigation Rights 
are Standby/Reserve Rights



1960 116,000 ACRE-FT 2001 400,000 ACRE-FT



IRRIGATION 
PUMPAGE

2000









WATER-LEVEL TRENDS



Trends, and absence of trends, when analyzed in conjunction with 
groundwater pumpage, streamflow, and recharge, can indicate areas 
where there have been: (1) changes in groundwater storage, (2) 
potential capture of recharge, and (3) changes in groundwater 
discharge to streams, springs, or wetlands. Pumpage (discharge by 
wells) must be balanced by one or a combination of the above three 
changes (Theis, 1940).



Groundwater-level trends were categorized as: stable to 
small water-level declines (0–20 ft), moderate declines 
(21–75 ft), large declines (76–150 ft), and very large 
declines (greater than 150 ft).











3.6 FT/YR, pumps in drought years



WATER BUDGET FOR THE 
YAKIMA RIVER BASIN



Values in Millions of Acre-Feet



The product is available online at:

http://pubs.usgs.gov/sir/2009/5152/

Yakima Groundwater Project Web Site:

http://wa.water.usgs.gov/projects/yakimagw/



Cooperators
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