








land subsidence is recoverable. The preconsol
idation head for most sediments in the subsid
ing area of the Sacramento Valley is approxi
mately equivalent to the lowest hydraulic 
head that those sediments have previously 
experienced. In the elastic condition, sedi
ments compact when pore pressure decreases 
and expand when pore pressure increases. 
The consequent subsidence and rebound of 
the land surface commonly occur seasonally, 
coincident with cyclic ground-water with
drawal and recharge. During 1988-1992, elas
tic subsidence and rebound averaged about 
0.2 ft at an extensometer constructed near 
Woodland where hydraulic head fluctuates 
about 130 ft seasonally (Ikehara, 1995). 

When hydraulic head drops below the pre
consolidation head, sediments compact inelas
tically as mineral grains permanently adjust to 
a denser arrangement. Inelastic compaction 
and consequent land subsidence are permanent 
and not reversible in response to increases in 
hydraulic head. During 1988-92 inelastic com
paction at the Woodland extensometer (fig. 2) 
averaged about 0.2 ft per year-about one-half 
the total compaction measured each year. Since 
1949, permanent compaction and subsidence is 
estimated to be about 5.0 ft near the extensome
ter (M. E. Ikehara, USGS, 1993, written commu
nication). The magnitude of land subsidence 
elsewhere in the Sacramento Valley suggests 
that, hydraulic head has dropped below the 
preconsolidation head in many areas. 

Land subsidence can be out of phase with 
pressure decreases in producing zones of the 
aquifer. Because clay has low hydraulic con
ductivity, a decrease in hydraulic head caused 
by withdrawal of ground water is transmitted 
slowly through clayey layers. Thin clayey lay
ers respond quickly to a head decline in adja
cent sand and gravel layers, but pore pressure 
in the middle of thick clay beds may not 
respond for years or decades to head declines 
in overlying or underlying coarser grained 
aquifer materials. Between 1978 and 1991 in 
the Woodland-Zamora area, water levels were 
higher than those measured during the 
1976-1977 drought (Senter and Collins, 1992). 
Therefore, permanent subsidence that 

occurred between 1978 and 1991 in this area 
and possibly elsewhere in the Sacramento 
Valley is probably a result of inelastic com
paction in thick clay beds caused by the slow 
propagation of decreased hydraulic head 
owing to the 1976-1977 drought. 

Sedimentary deposits surrounding wells 
are in frictional contact with well casing either 
directly or indirectly through contact with the 
surface grout seal or the gravel pack sur
rounding casings. As sediment compacts and 
settles, it exerts a downward force on casings. 
If materials overlying compacting zones are 
thin or if the bond between sediment and well 
casing is weak, the land surface may subside 
without damaging well casing, although the 
casing may protrude from the ground. If 
materials overlying compacting zones are 
thick and if the frictional bond with well cas
ing is sufficient, a substantial downward force 
can be exerted on well casings as the land sur
face subsides. This downward force tends to 
push well casings deeper into the sediment 
below the compacting zones. Downward 
forces on well casings are opposed by upward 
forces exerted on casing bottoms and sides 
owing to frictional contact with stationary 
sediments below compacting intervals. The 
resulting compression can exceed the vertical 
compressive strength of well casings, damag
ing wells and shortening the casing string in 
the subsurface. Commonly, well casing both 
protrudes from the land surface and com
presses in the subsurface. 

DAMAGED WATER WELLS 

Drought conditions during 1976-1977 
reduced the amount of surface water available 
for irrigation during 1977. For the first time in 
the history of the Sacramento Valley, more 
ground water was used for agricultural irriga
tion than was surface water (P. Shriner, 
California Department of Water Resources, 
1992, oral communication). Drilling and pump 
contractors reported that during the summer 
of 1977 many irrigation wells were discovered 
to have broken casings (William Wilson, 
Witson Pump Co., Woodland, California, 1990, 
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