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Groundwater Levels, Trends, and Relations to Pumping in 
the Bureau of Reclamation Klamath Project, Oregon and 
California 

By Marshall W. Gannett and Katherine H. Breen 

Abstract 
The use of groundwater to supplement surface-water supplies for the Bureau of Reclamation 

Klamath Project in the upper Klamath Basin of Oregon and California markedly increased between 
2000 and 2014. Pre-2001 groundwater pumping in the area where most of this increase occurred is 
estimated to have been about 28,600 acre-feet per year. Subsequent supplemental pumping rates have 
been as high as 128,740 acre-feet per year. During this period of increased pumping, groundwater levels 
in and around the Bureau of Reclamation Klamath Project have declined by about 20–25 feet. Water-
level declines are largely due to the increased supplemental pumping, but other factors include increased 
pumping adjacent to the Klamath Project and drying climate conditions. This report summarizes the 
distribution and magnitude of supplemental groundwater pumping and groundwater-level declines, and 
characterizes the relation between the stress and response in subareas of the Klamath Project to aid 
decision makers in developing groundwater-management strategies.  

Introduction 
Groundwater has been used for irrigation in the upper Klamath Basin of Oregon and California 

for many decades. The use of groundwater to supplement surface-water supplies on the Bureau of 
Reclamation Klamath Project (hereinafter referred to as the “Project”), however, increased markedly 
after 2000 as a result of changes in surface-water allocations. Much of the increased supplemental 
pumping has been associated with a pilot water bank and similar agency-sponsored programs under 
which well owners have been contracted to supply water to the Project.  

The increased pumping in the Project has caused localized increases in seasonal drawdown and 
generally continuous year-to-year water-level declines. These effects are a cause for concern among 
groundwater users and agencies tasked with maintaining stable water levels and managing aquifers for 
sustainable use. There is an extensive dataset of supplemental pumping volumes and corresponding 
water-level changes that can be used to inform groundwater-management strategies and decisions. 

Groundwater use in the upper Klamath Basin can be categorized as primary, meaning that it is 
the sole source of irrigation water for a parcel of land, or supplemental, meaning it is used only when a 
primary surface-water source is not available. Groundwater pumping not associated with the Project is 
referred to hereinafter as background pumping. Groundwater pumping for the Project contracted by 
Reclamation or the Klamath Water and Power Agency is all supplemental and is referred to hereinafter 
as Project pumping.  
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Purpose of this Report 
This report summarizes the volumes and geographic distribution of recent Project pumping, as 

well as corresponding groundwater-level changes in key areas in and around the Project where Project-
related pumping has been greatest. The goal is to provide an empirical understanding of the relation 
between measured pumping and water-level changes in order to inform groundwater-management 
decisions. The analyses and resulting graphics in this report can be updated on a regular basis to provide 
resource managers and water users with the most current information. 

Scope of the Investigation 
This study focused on three subareas of the Project—the Klamath Valley and the northern and 

southern parts of the Tule Lake subbasin (fig. 1). Most supplemental pumping for the Project is from 
these three subareas, and they are where changes in water levels have been the largest. Other areas are 
not discussed because Project pumping is minimal and (or) historical monitoring data are too sparse for 
analysis. The analysis period is 2000–2014. Project pumping increased during this period and 
information on pumping volumes is available. Comprehensive groundwater-level monitoring in the 
upper Klamath Basin began in 2001. 
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Figure 1. Location of monitored wells and their associated subgroupings in and around the Bureau of Reclamation 
Klamath Project, Oregon and California. 
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Groundwater Pumping 
Groundwater pumping for the Project generally is metered, so the geographic distribution and 

volumes are reasonably well known (table 1). There was no Project pumping in 2000, and that year is 
taken to represent background conditions. Project pumping data for 2001–2007 were collected by the 
Bureau of Reclamation (Reclamation), and data for 2010–2014 were collected by the Klamath Water 
and Power Agency. Pumping records for wells operated by the Tule Lake Irrigation District (TID), 
which encompasses the California part of the Tule Lake subbasin, are maintained by the district. No 
contracted pumping on the Project occurred during 2008, 2009, and 2011. During the 2002 irrigation 
season, only a small amount of Project pumping occurred, and it was entirely from the TID wells. 
Annual Project pumping ranged from 0 to 128,740 acre-ft, averaging about 48,000 acre-ft/yr between 
2001 and 2014 (about 61,000 acre-ft/yr for the years when there was pumping). To understand the 
relative influence of the Project pumping stress, it is helpful to have estimates of background pumping. 

 

Table 1. Annual supplemental groundwater pumping volumes, by subarea, for the Bureau of Reclamation Klamath 
Project, Oregon and California, 2001–2014. 
[Data for 2001–2007 were collected by the Bureau of Reclamation (Reclamation), and data for 2010–2014 were collected by 
the Klamath Water and Power Agency. Volumes in acre-feet] 

Year 
Subarea Total 

project 
pumping Other Sprague 

River 
Upper  

Lost River 
Klamath 
Valley 

Northern 
Tule Lake 

Southern 
Tule Lake 

Lower 
Klamath 

Lake 
2001 – – 9,956 9,933 17,692 32,015 – 69,236 

2002 – – – – 16,925 1,644 – 18,569 

2003 – – 931 10,129 22,915 18,833 2,859 55,667 

2004 12,051 376 – 23,991 19,146 16,572 1,734 73,870 

2005 – – – 20,705 21,139 23,300 567 65,710 

2006 463 184 – 7,820 11,611 12,662 – 32,740 

2007 – – – 15,516 18,424 13,681 – 47,621 

2008 – – – – – – – – 

2009 – – – – – – – – 

2010 – – 2,486 24,508 69,425 29,451 2,871 128,740 

2011 – – – – – – – – 

2012 – – – 10,833 5,636 12,666 1,229 30,363 

2013 – – – 18,844 20,653 23,706 1,485 64,688 

2014 – – – 19,193 25,656 35,918 2,689 83,456 
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There is no comprehensive systematic measurement of background (non-Project) groundwater 
use in the upper Klamath Basin. General information on groundwater irrigation is available from the 
water rights records in Oregon and land and water surveys in California. These data sources provide 
information on where groundwater irrigation is legally or historically practiced that can be used, along 
with other information, to estimate non-metered groundwater pumping.  

Primary groundwater pumping in the lower Lost River subbasin (which includes the Klamath 
Valley and Tule Lake subareas of the Project) in 2000 was estimated to have been about 11,500 acre-ft 
(Gannett and others, 2007). About 8,500 acre-ft of this amount is estimated to have been pumped in 
California (Bill Ehorn, California Department of Water Resources, oral commun., 2015). Pumping in 
the Lower Klamath Lake subbasin (which also includes part of the Project) in 2000 was estimated by 
Gannett and others (2007) to have been about 17,100 acre-ft. This means that primary groundwater 
pumping in the area where most Project pumping now occurs was roughly 28,600 acre-ft in 2000. This 
estimate likely is conservative because it does not include non-Project supplemental pumping.  

Groundwater-Level Changes 
Groundwater levels have been monitored in or near the Klamath Project for many decades. The 

number of monitored wells and the frequency of monitoring increased markedly between the late 1990s 
and 2001. Monitoring is conducted by the Oregon Water Resources Department, the California 
Department of Water Resources, the U.S. Geological Survey, and TID. About 130 wells are monitored 
in the Klamath Valley and Tule Lake subareas, and another 47 wells in the upper Lost River subbasin. 

Groundwater levels in the upper Klamath Basin respond to variations in recharge, pumping, and 
the stage in surface-water features (Gannett and others, 2007). The ways in which wells respond to these 
stresses depend on well depth and location. Variations in recharge are caused by the timing of 
precipitation and snowmelt, drought cycles, and long-term climate trends. Groundwater levels generally 
rise during wet years and decline during dry years. Groundwater levels in shallow wells in the Project 
commonly rise during the irrigation season due to secondary recharge from canal seepage, and decline 
when the irrigation season ends. Groundwater pumping for irrigation, which primarily is from deep 
wells producing from the volcanic aquifer, commonly results in seasonal water-level declines in wells 
that penetrate the volcanic aquifer. Full or partial recovery from seasonal declines can occur after the 
irrigation season. If the pumping stress is large and the water-level recovery is not complete before the 
onset of pumping the following year, year-to-year water-level declines will result. Water levels in wells 
very close to Upper Klamath Lake rise and decline in response to lake stage.  

The predominant patterns observed in groundwater levels in and around the Project are seasonal 
pumping effects and year-to-year changes (fig. 2). Seasonal pumping effects manifest as water-level 
declines between spring and fall (usually measured in April and October) and generally are followed by 
water-level recoveries. Year-to-year changes manifest as either rises or, more commonly, declines in 
water level from one spring to the next (usually measured in April). In this report, winter, spring, 
summer, and fall periods correspond to January–March, April–June, July–September, and October–
December, respectively. Year-to-year trends historically have been downward during droughts and 
upward during wet periods. 
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Figure 2. Typical hydrograph for a monitored well in the area of the Bureau of Reclamation Klamath Project 
showing spring-to-fall and spring-to-following-spring water-level declines, Oregon and California, 1999–2015. 

Groundwater-level patterns and trends in the Project area were determined by calculating spring-
to-summer and spring-to-fall water-level changes in each monitored well every year. These values are 
an indicator of seasonal pumping effects on groundwater levels in the Project area. Spring-to-summer 
declines were greater than spring-to-fall declines in some years because of variations in the timing of 
pumping during the irrigation season. Spring-to-following-spring water levels were also calculated 
every year for each well. These spring-to-spring values reflect residual pumping effects as well as 
climate trends. The values for each year were aggregated by subarea, and median values were 
determined for each year (table 2 and figs. 3–5). This provides a general overview of water-level 
changes in each subarea of the Project. Because the goal of this exercise is to understand the relation 
between pumping and water levels in the producing aquifer, wells that respond primarily to canal 
operation (generally shallow wells) were not included in the analysis. 
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Table 2. Summary statistics of water-level changes for spring-to-summer, spring-to-fall, and spring-to-following-
spring periods for Klamath Valley and northern and southern Tule Lake subareas, upper Klamath Basin, Oregon 
and California, 2000–2014.  
[Changes are in feet; negative numbers indicate water-level declines. Abbreviations: Min, minimum; Avg, average; Med, 
median; Max, maximum; Num, number of sites included in calculations] 

Year 
Water-level change 

Spring-to-summer Spring-to-fall Spring-to-following-spring 
Min Avg Med Max Num Min Avg Med Max Num Min Avg Med Max Num 

Klamath Valley subarea 
2000 -16.7 -16.7 -16.7 -16.7 1 -16.6 -16.6 -16.6 -16.6 1 -

11 10 
-4.05 -4.05 3.00 2 

2001 -13.6 -7.2 -6.0 -3.3 4 -30.8 -18.0 -14.7 -12.5 5 -19.0 -11.2 -10.8 -4.9 6 
2002 -5.7 -0.6 -1.9 4.2 6 -1.3 2.9 1.9 7.3 8 -0.2 5.8 5.7 9.6 8 
2003 -41.3 -11.6 -5.9 -0.9 14 -47.3 -13.8 -13.8 -2.8 14 -34.2 -7.4 -5.5 -2.7 16 
2004 -22.0 -12.7 -12.4 -1.6 12 -19.3 -10.5 -9.4 -2.9 15 -4.8 -0.2 -2.3 14.5 16 
2005 -31.4 -14.9 -12.9 -1.9 12 -17.9 -12.4 -13.4 -6.2 10 -13.8 -1.5 -1.6 2.6 16 
2006 -18.6 -9.4 -11.7 0.8 12 -14.0 -5.4 -6.9 1.5 16 -4.7 0.4 0.7 1.9 16 
2007 -27.0 -2.1 -0.9 2.6 13 -15.3 -7.7 -9.1 -0.6 15 -8.3 -1.1 -0.9 1.8 16 
2008 -0.7 1.1 0.3 3.9 14 -2.7 2.3 1.7 7.1 16 -3.0 4.0 5.0 11.1 17 
2009 -3.6 -0.5 -0.9 2.4 12 -3.2 0.3 -0.7 5.5 14 -1.1 2.0 1.5 14.8 14 
2010 -32.2 -19.8 -18.4 -8.2 12 -30.8 -21.4 -20.5 -12.8 14 -15.1 -10.4 -12.1 2.8 16 
2011 0.7 2.4 2.7 4.0 13 -9.8 3.6 4.7 8.5 14 -2.0 7.0 7.5 12.7 15 
2012 -34.3 -5.5 -4.9 2.1 14 -14.7 -10.0 -11.4 -3.5 13 -4.8 -3.6 -4.3 0.6 15 
2013 -23.4 -15.5 -17.3 -3.9 12 -20.7 -12.3 -11.1 -1.2 14 -6.4 -5.0 -5.1 -3.6 14 
2014 -20.3 -13.8 -13.0 -1.3 11 -21.1 -12.7 -11.5 -0.8 13 -5.5 -2.7 -2.9 0.4 13 

Northern Tule Lake subarea 
2000 -6.0 -0.9 -1.2 8.5 16 -9.7 -0.3 -0.1 6.3 24 -5.3 0.0 0.1 7.0 27 
2001 -20.6 -9.6 -10.0 -1.5 24 -36.4 -13.9 -14.3 -1.2 30 -14.0 -6.0 -6.6 8.1 31 
2002 -13.0 -3.4 -2.7 3.3 43 -26.6 -8.6 -7.7 0.9 45 -19.2 -0.9 -0.6 6.5 48 
2003 -239.6 -13.0 -6.0 0.1 45 -17.1 -7.9 -7.7 -0.7 50 -12.2 -2.8 -2.7 6.5 52 
2004 -103.1 -10.7 -6.8 0.7 43 -37.0 -4.7 -4.7 3.1 51 -8.0 -0.5 -0.5 5.8 53 
2005 -151.8 -13.0 -6.8 0.4 43 -17.5 -6.9 -8.0 3.1 49 -4.7 -1.4 -1.6 2.1 54 
2006 -156.7 -11.6 -6.2 -0.2 50 -8.0 -2.7 -2.7 3.6 51 -6.0 0.1 0.2 3.4 55 
2007 -30.8 -2.2 -1.0 15.3 49 -16.5 -4.8 -4.9 0.1 51 -4.0 -0.3 -0.6 3.9 52 
2008 -12.8 -1.1 -1.0 13.8 46 -19.9 -0.9 -0.5 11.0 51 -4.5 0.7 0.9 5.6 53 
2009 -12.7 -2.1 -2.0 8.2 43 -10.1 -1.5 -1.3 8.1 51 -15.4 -2.3 -0.9 1.9 52 
2010 -37.9 -13.7 -15.2 -0.2 43 -19.0 -10.8 -11.9 -0.3 51 -13.0 -3.7 -4.9 10.9 52 
2011 -8.3 0.1 -0.5 19.7 48 -3.5 1.3 0.4 16.5 40 -3.4 1.5 1.6 6.6 53 
2012 -13.1 -2.2 -2.9 12.1 46 -14.5 -1.8 -2.3 9.7 51 -10.0 -1.3 -0.9 4.8 54 
2013 -20.0 -7.3 -7.8 5.2 48 -17.6 -6.7 -7.5 6.9 51 -9.9 -3.1 -3.5 5.7 54 
2014 -20.1 -9.6 -11.7 -0.3 41 -21.6 -9.9 -10.7 1.7 53 -8.6 -3.1 -3.5 2.9 54 
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Year 
Water-level change 

Spring-to-summer Spring-to-fall Spring-to-following-spring 
Min Avg Med Max Num Min Avg Med Max Num Min Avg Med Max Num 

Southern Tule Lake subarea 
2000 -0.2 -0.2 -0.2 -0.2 1 -0.1 0.8 0.6 2.6 12 -8.9 -1.1 -0.5 0.7 12 

2001 -47.0 -12.8 -7.4 -3.1 9 -49.9 -12.8 -6.9 1.5 10 -8.1 -3.9 -3.9 0.4 11 

2002 -3.8 -1.2 -1.2 0.8 13 -13.2 -2.1 -1.5 0.5 14 -4.4 -0.2 -0.7 2.9 15 

2003 -38.4 -7.5 -2.2 -0.3 14 -14.1 -3.0 -2.3 2.3 14 -4.2 -2.4 -2.7 3.3 15 

2004 -35.2 -3.2 -0.8 1.8 13 -8.5 -1.8 -1.5 0.9 12 -3.1 -0.7 -0.8 1.0 14 

2005 -23.1 -5.7 -3.0 -1.1 8 -13.0 -4.8 -3.8 -1.0 14 -5.1 -1.8 -1.5 -0.3 14 

2006 -31.1 -5.4 -1.4 0.0 9 -10.0 -3.0 -1.7 1.1 14 -2.4 -0.4 -0.3 2.5 14 

2007 -33.0 -3.6 -0.6 1.5 14 -15.7 -3.6 -2.0 1.1 13 -2.3 0.3 0.2 5.2 15 

2008 -14.4 -4.2 -2.6 -0.5 11 -9.2 -3.1 -2.0 0.8 13 -6.2 -1.3 -1.5 1.1 13 

2009 -11.5 -2.9 -2.8 0.8 15 -6.0 -2.1 -1.7 1.6 17 -18.1 -3.4 -1.5 0.4 16 

2010 -17.5 -6.4 -5.3 -0.1 10 -18.1 -6.4 -5.5 0.5 13 -9.4 -5.0 -4.2 0.9 14 

2011 -1.3 0.1 -0.2 1.9 9 -2.2 1.4 0.3 9.9 8 -7.7 0.4 0.0 13.6 14 

2012 -5.6 -1.2 -1.6 1.4 13 -1.5 0.2 0.7 2.1 12 -3.5 -1.1 -1.3 4.7 14 

2013 -18.4 -3.4 -1.8 1.9 6 -13.0 -3.0 -2.1 1.2 6 -2.3 -1.1 -1.4 1.4 6 

2014 -14.5 -4.6 -3.6 0.4 13 -13.1 -3.3 -3.2 0.2 14 -3.1 -1.1 -0.7 2.4 14 
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Figure 3. Median water-level changes for spring-to-summer, spring-to-fall, and spring-to-following-spring periods, 
Klamath Valley subarea, Oregon, 2001–2014. Year 2000 is not included because the number of monitored wells 
was too small to be representative. 
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Figure 4. Median water-level changes in spring-to-summer, spring-to-fall, and spring-to-following-spring periods, 
northern Tule Lake subarea, Oregon and California, 2000–2014. 
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Figure 5. Median water-level changes in spring-to-summer, spring-to-fall, and spring-to-following-spring periods, 
southern Tule Lake subarea, Oregon and California, 2000–2014. 

Similar patterns of seasonal drawdowns are shown in figures 3–5 with median declines ranging 
from 2 to 18 ft over the summer and fall (relative to spring) during years with supplemental Project 
pumping. Years with little or no supplemental pumping (2002, 2008, 2009, and 2011) have much 
smaller median seasonal declines (due to background pumping) of generally less than 2 ft. In some 
years without Project pumping (for example 2008 and 2011), water levels rose in the spring-to-summer 
period in the Klamath Valley and northern Tule Lake subareas as the aquifer system continued to 
recover from Project pumping in the previous year.  

Water levels declined in the spring-to-following-spring period during most years of Project 
pumping, with median year-to-year declines ranging from less than 1 to more than 12 ft. Water-level 
declines in the spring-to-spring period largely are a result of the aquifer system not fully recovering 
from Project pumping in the previous year. In years with no pumping, spring-to-spring water-level 
changes varied between subareas. Median spring-to-spring water-level changes were upward 1.5 to 7.5 
ft in the Klamath Valley subarea after years without supplemental pumping. These large rises indicate 
that the system was still recovering more than a year after supplemental pumping. Upward spring-to-
spring water-level changes after years of no pumping have been smaller (generally less than 2 ft) in the 
northern and southern Tule Lake subareas. Median spring-to-spring water-level changes were upward 
only once since 2000 in the southern Tule Lake subarea, and only by 0.2 ft. The cumulative sums of 
median spring-to-spring water-level changes in each subarea (figs. 6–8) show general downward long-
term water-level trends. 
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Figure 6. Cumulative median spring-to-following-spring water-level changes, Klamath Valley subarea, Oregon, 
2000–2014. The initial 4-foot decline in 2000 (spring 2000–spring 2001) is based on data from only two wells. 
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Figure 7. Cumulative median spring-to-following-spring water-level changes, northern Tule Lake subarea, Oregon 
and California, 2000–2014. 
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Figure 8. Cumulative median spring-to-following-spring water-level changes, southern Tule Lake subarea, Oregon 
and California, 2000–2014. 
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The 20–25 foot water-level declines shown in figures 6–8 are consistent with water-level change 
maps. Water-level changes at individual wells between spring 2004 and spring 2014 in and around the 
Klamath Project are shown in figure 9. 

 

  

 

Figure 9. Groundwater-level declines at individual wells in and around the Bureau of Reclamation Klamath Project, 
Oregon and California, 2004–2014. 
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Relation between Pumping and Groundwater-Level Changes 
Supplemental groundwater pumping and median groundwater-level changes in specific subareas 

are strongly related (figs. 10–15). The strong relation (coefficient of determination [R2] values range 
from about 0.28 to 0.89) stems from the fact that Project pumping is the single largest factor influencing 
water levels in those subareas. Secondary factors causing scatter on the plots include background 
pumping, canal leakage, climate influences, and antecedent conditions (pumping during preceding 
years).  
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Figure 10. Median spring-to-fall groundwater-level change as a function of annual Project pumping in the Klamath 
Valley subarea, Oregon, 2002–2014.  



15 
 

y = -0.000443x + 4.067506
R² = 0.626791

-15

-10

-5

0

5

10

0 5,000 10,000 15,000 20,000 25,000 30,000Sp
rin

g 
to

 S
pr

in
g 

 W
at

er
 L

ev
el

 C
ha

ng
e 

(ft
)

Annual Project Pumping in Area (AF)
 

Figure 11. Median spring-to-following-spring groundwater-level change as a function of annual Project pumping in 
the Klamath Valley subarea, Oregon, 2002–2014.  
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Figure 12. Median spring-to-fall groundwater-level change as a function of annual Project pumping in the northern 
Tule Lake subarea, Oregon and California, 2000–2014. Year 2001 is not included because water levels were 
affected by the curtailment of Project surface-water deliveries. Year 2010 (red square) is not included in the 
regression because it is an outlier and does not represent probable future conditions. 
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Figure 13. Median spring-to-following-spring groundwater-level change as a function of annual Project pumping in 
the northern Tule Lake subarea, Oregon and California 2000–2014. Year 2001 is not included because water levels 
were affected by the curtailment of Project surface-water deliveries. Year 2010 (red square) is not included in the 
regression because it is an outlier and does not represent probable future conditions. 
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Figure 14. Median spring-to-fall groundwater-level change as a function of annual Project pumping in the southern 
Tule Lake subarea, Oregon and California, 2000–2014. 
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Figure 15. Median spring-to-following-spring groundwater-level change as a function of annual Project pumping in 
the southern Tule Lake subarea, Oregon and California, 2000–2014. 

Median spring-to-fall and spring-to-following-spring water-level changes are shown in figures 
10 and 11, respectively, as a function of Project pumping in the Klamath Valley area from 2002 to 2014. 
Year 2000 was not included because too few wells were measured in the Klamath Valley subarea to 
provide meaningful results. Year 2001 was not included because groundwater levels were heavily 
influenced by the curtailment of Project surface-water deliveries that year. Years with no Project 
supplemental groundwater pumping commonly showed groundwater-level rises during both spring-to-
fall and spring-to-following-spring periods. This is due in part to continued recovery from previous 
pumping (antecedent condition). 

Median spring-to-fall and spring-to-following-spring water-level changes are shown in figures 
12 and 13, respectively, as a function of Project pumping in the northern Tule Lake subarea from 2000 
to 2014. Data from 2010, when nearly 70,000 acre-ft of groundwater was pumped in this subarea, were 
not included in the regressions in figures 12 and 13 because they are outliers and do not represent 
probable future pumping conditions. As with the Klamath Valley subarea, year 2001 was not included 
because groundwater levels were affected by the curtailment of Project surface-water deliveries that 
year. Years with no Project groundwater pumping showed positive and negative groundwater-level 
changes during the spring-to-fall and spring-to-following-spring periods. This is because of the varying 
influence of recovery and background pumping. 

Median spring-to-fall and spring-to-following-spring water-level changes are shown in figures 
14 and 15, respectively, as a function of Project pumping in the southern Tule Lake subarea from 2000 
to 2014. All years are included because the curtailment of surface-water deliveries in 2001 had minimal 
influence on groundwater levels in this subarea. Years with no Project pumping showed both positive 
and negative spring-to-fall groundwater-level changes suggesting varying influences of recovery and 
background pumping. Spring-to-following-spring groundwater-level trends have been negative 
(downward) in most years without Project pumping, suggesting the influence of background pumping. 
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Anticipated Effects of Groundwater Pumping 
The relations shown in figures 10–15 can be used to provide insights regarding probable water-

level changes in response to specific volumes of Project pumping. The equations for the linear 
regression lines in figures 10–15 were used to develop a table showing anticipated spring-to-fall and 
spring-to-following-spring groundwater-level changes in each subarea given different annual pumping 
volumes (table 3). The pumping volumes represent the Project pumping from the individual subareas. 

The information in table 3 is intended to provide only general insights regarding the response of 
groundwater levels to different annual pumping volumes. The R2 values of the regressions indicate that 
Project pumping explains only part of the measured groundwater-level changes. Other influences, such 
as background pumping, climate, and antecedent conditions, also affect water levels. The scatter in 
figures 10–15 provides a general sense of the uncertainty of the linear models. For example, an 
anticipated water-level change from spring to fall of about -16 ft would be associated with 24,000 acre-
ft of supplemental pumping in the Klamath Valley subarea (table 3; extrapolating between 20,000 and 
25,000 acre-ft values). The measured spring-to-fall water-level changes associated with 24,000 acre-ft 
of pumping in the Klamath Valley subarea (fig. 10) ranged from about -9.4 ft in 2004 to about -20.5 ft 
in 2010, with the larger 2010 decline partly because of massive pumping in the adjacent area. The 
empirical relation between Project pumping and groundwater-level changes will improve as more data 
become available. 

 

Table 3. Anticipated spring-to-fall and spring-to-following-spring groundwater-level changes associated with 
different levels of Project pumping in the Klamath Valley, and northern and southern Tule Lake subareas, Oregon 
and California.  
 
[Numbers based on linear regression of annual pumping volumes and median water-level changes in the associated subareas. 
Negative values indicate groundwater-level declines] 

Pumping in 
subarea  

(acre-feet 
per year) 

Water-level changes (feet) 

Spring to fall Spring to spring 
Klamath 
Valley 

Northern 
Tule Lake 

Southern  
Tule Lake 

Klamath 
Valley 

Northern 
Tule Lake 

Southern  
Tule Lake 

0 0.3 -0.1 -0.4 4.1 0.5 -0.6 
5,000 -3.1 -1.9 -1.0 1.9 -0.1 -0.9 

10,000 -6.5 -3.6 -1.6 -0.4 -0.6 -1.1 
15,000 -9.9 -5.3 -2.2 -2.6 -1.2 -1.4 
20,000 -13.3 -7.0 -2.8 -4.8 -1.8 -1.7 
25,000 -16.7 -8.7 -3.4 -7.0 -2.4 -1.9 
30,000 – -10.5 -4.0 – -3.0 -2.2 
35,000 – – -4.6 – – -2.5 
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Summary and Discussion 
Considerable information has been collected since 2001 on the spatial distribution and annual 

volumes of groundwater pumped for supplemental use in the Bureau of Reclamation Klamath Project 
(the “Project”) in the upper Klamath Basin of Oregon and California. At the same time, groundwater 
levels have been intensely monitored through a collaborative multi-agency effort. Taken together, these 
datasets provide insight into the relation between Project pumping and the corresponding seasonal and 
year-to-year groundwater-level changes. 

Plots of seasonal (spring-to-fall) and year-to-year (spring-to-following-spring) groundwater-
level changes as a function of annual supplemental pumping volumes for subareas in the Project show a 
clear relation between the volume of pumping and groundwater-level changes. As anticipated, larger 
pumping volumes result in larger seasonal drawdown and larger year-to-year groundwater-level 
declines. 

These relations were described statistically using linear regression. The resulting equations were 
then used to develop a table relating the expected spring-to-fall and spring-to-following-spring water-
level changes associated with different annual volumes of Project groundwater pumping. The relation is 
intended to provide only general insights. Project pumping explains only part of the observed 
groundwater-level changes. Other influences, such as climate, background pumping, and antecedent 
conditions, also influence groundwater levels.  

Graphs of the cumulative spring-to-spring groundwater-level changes show more or less 
continual declines throughout the Project since 2001. The median declines total about 20 feet in the 
northern and southern Tule Lake subareas, and about 25 feet in the Klamath Valley subarea.  

The maintenance of stable groundwater levels and identification of sustainable pumping 
volumes are groundwater management goals in Oregon and California. It is outside the scope of this 
report and study to identify pumping volumes necessary to achieve these groundwater management 
goals. The empirical analyses in this report are intended to assist resource managers and water users in 
development of groundwater-management strategies. 
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