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Groundwater level data are grouped 

 for analysis by well depth 
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Results of Spring 2015 
Subsidence 

Survey 



GPS Subsidence 
 

• 2004 – Glenn Co 

• 2008 – Sac Valley 

• 2015 – Glenn Co focused 
 

 

 

 
 



Subsidence 
 

 

• “Land Subsidence” means the lowering of the 

ground surface caused by the inelastic 

consolidation of clay beds in the aquifer system. 

 

• Causes 
o Declining Groundwater Levels 

o Oil, and Gas extractions 

o Tectonics and other local geologic influences 

 



Inelastic Subsidence 



Grid established in 2008 



• Resurvey in April 2015 – letter to WAC 

• Focused on 2 areas (south of Orland and south of 

Hamilton City 

• The results indicate that between 2004 and 2015 the 

area subsided a total of 3.24 inches.  

• Also, the amount and annual rate of change have 

increased significantly since 2008.  

 

 

Glenn Co 





Local Extensometer 

22N02W15C002  880ft 



Inelastic Movement. 
Conway Extensometer 

09N03E08C004M  716ft 



Next? 
• GPS – Sac Valley Grid 

oLetters to DWR Director 

• Director response within weeks 

oDWR funding – not secured yet 

oCooperative effort 



Thank You 
 

 

 

 

 
Erin Smith 

Engineering Geologist 
Department of Water Resources 

(530) 529-7314 
Erin.Smith@water.ca.gov
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November 10, 2015 



Potential New Method 

• Ad hoc committee of TAC to develop a method  
– Uses current groundwater conditions and current well 

infrastructure 

– Sensitive to varying groundwater conditions 

• The new process is meant to be used as a tool 
– Analyze risk to current well infrastructure 

– Economy of groundwater conditions  

– Slide rule concept 

– Policy still needs to be defined 

• TAC reviewed in August and November 

 



Proposed Method Utilizes: 

• Dedicated monitoring wells 

– Representative Zone 

• Annual lows 

• Well infrastructure within 9 square miles of 
the dedicated monitoring well 

• Rate of change in groundwater levels over the 
period of record for the well (typically 10-15 
years) 



Proposed Monitoring Network 
(Dedicated Monitoring Wells) 
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Number of Other & Unknown Wells

Number of Ind & Mun Wells

Number of Irrigation Wells

 Number of Domestic Wells

Total Wells: 61
Domestic  Wells: N= 33,  avg. depth= 149.8
Irrigation Wells:  N =  26, avg. depth= 411.3
Ind./Mun. Wells : N =  1,  depth= 140
Other/Unknown Wells: N =  1, depth= 120
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MAP ID # 9

MAX WELL DEPTH (FT)

PERCENT OF WELLS 

SHALLOWER THAN THE 

CORRESPONDING MAX 

WELL DEPTH CATEGORY

REMAINING 

DRAWDOWN FROM 

2014 LOW (FT)*

CUMULATIVE NUMBER 

OF WELLS SHALLOWER 

THAN CORRESPONDING 

MAX WELL DEPTH 

CATEGORY

PROJECTED NUMBER OF 

YEARS TO REACH MAX 

WELL DEPTH CATEGORY 

AT THE OBSERVED 

AVERAGE ANNUAL RATE 

OF CHANGE

PROJECTED NUMBER OF 

YEARS TO REACH MAX 

WELL DEPTH CATEGORY 

AT THE MODERATELY 

HIGH OBSERVED 

AVERAGE ANNUAL RATE 

OF CHANGE**

PROJECTED NUMBER OF 

YEARS TO REACH MAX 

WELL DEPTH CATEGORY 

AT THE HIGHEST 

OBSERVED AVERAGE 

ANNUAL RATE OF 

CHANGE***

WELL NUMBER 20N02W25F003M

PERIOD OF RECORD 2002-2014 70 2.9% 38.33 1 21.3 5.3 3.0

TOTAL WELLS IN 9 SQUARE 

MILE AREA 34 80 8.8% 48.33 3 26.9 6.7 3.8

GSE (FT ASL) 102.18 80 8.8% 48.33 3 26.9 6.7 3.8

WELL DEPTH (FT BGS) 283 80 8.8% 48.33 3 26.9 6.7 3.8

SCREEN (FT BGS) 190-260 90 14.7% 58.33 5 32.4 8.1 4.6

90 14.7% 58.33 5 32.4 8.1 4.6

2014 LOW WSE (FT ASL) 70.51 100 35.3% 68.33 12 38.0 9.5 5.4

2014 LOW DEPTH TO GW 

(FT) 31.67 100 35.3% 68.33 12 38.0 9.5 5.4

100 35.3% 68.33 12 38.0 9.5 5.4

AVERAGE LOW ANNUAL 

CHANGE=CHANGE/YEAR IN 

FT/YR -1.8 100 35.3% 68.33 12 38.0 9.5 5.4

100 35.3% 68.33 12 38.0 9.5 5.4

1 STD IN FT 5.4 100 35.3% 68.33 12 38.0 9.5 5.4

100 35.3% 68.33 12 38.0 9.5 5.4

FLUCTUATION AT 1 STD IN 

FT 3.6 TO -7.2 100 35.3% 68.33 12 38.0 9.5 5.4

FLUCTUATION AT 2 STD IN 

FT 9.0 TO -12.6 110 38.2% 78.33 13 43.5 10.9 6.2

120 41.2% 88.33 14 49.1 12.3 7.0

130 44.1% 98.33 15 54.6 13.7 7.8

130 44.1% 98.33 15 54.6 13.7 7.8

150 50.0% 118.33 17 65.7 16.4 9.4

150 50.0% 118.33 17 65.7 16.4 9.4

* Depth that the groundwater level can still drop before wells in the corresponding max well depth category may be affected.

**Moderately high observed annual rate of change represents rates of change that have occurred at a frequency of 1 in 3 years.

*** Highest observed annual rate of change represents rates of change that have occurred at a frequency of 1 in 20 years.
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Development of Gradient Map 

• Uses the representative zone for each 
dedicated well 

• Meant to provide a visual reference 

• Not meant to make a policy decision based 
solely on the gradient lines 

• Gradient based on number of years until 
groundwater levels reach the depth of 50% of 
the wells in that area at the current rate of 
change 
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MAP 

WELL NO WELL DEPTH (FT)

WELLS WITHIN 9 

SQ MILES

NUMBER OF 

WELLS 

REPRESENTED

DEPTH OF ZONE 

REPRESENTED 

(FT)

2014 LOW DEPTH 

TO GW (FT)

OBSERVED 

ANNUAL RATE 

OF CHANGE 

(FT/YR)

50% MAX WELL 

DEPTH 

CATEGORY

PROJECTED NUMBER 

OF YEARS TO REACH 

50% MAX WELL 

DEPTH CATEGORY AT 

THE OBSERVED 

ANNUAL RATE OF 

CHANGE

1 200 34 19 0-200 30.44 -0.8 170 174.5

2 280 13 11 0-280 44.22 -0.7 240 279.7

3 380 41 26 130-380 41.94 -0.5 260 436.1

5 260 14 10 0-260 11.9 -0.1 250 2381

6 147 21 8 0-150 32.15 -1.5 160 85.2

7 510 27 13 170-510 37.7 -0.5 150 224.6

8 225 32 25 0-230 15.19 -0.6 190 291.4

9 283 34 14 120-290 31.67 -1.8 150 65.7

10 320 25 22 0-320 13.66 -0.2 160 731.7

11 515 31 16 170-520 183.81 -14.2 480 20.9

12 385 42 21 130-390 72.79 -1.5 180 71.5

13 327 55 33 110-330 91.82 -1.9 220 67.5

14 490 105 55 180-490 98.89 -4.3 180 18.9

15 210 37 20 0-210 39.53 -0.8 200 200.6

16 145 47 25 0-150 38.78 -0.5 150 222.4

17 255 65 40 0-255 109.55 -6 210 16.7

18 200 61 31 100-200 79.69 -3.4 180 29.5

19 720 86 72 120-720 134.17 -8.2 170 4.4

20 659 32 19 340-660 253.23 -8.1 560 37.9

21 400 60 40 130-400 48.1 -1 190 141.9

22 440 52 29 120-440 54.53 -1.9 140 45

23 258 70 39 110-260 113.26 -2.5 170 22.7

24 188 178 95 100-190 102.96 -2.5 140 14.8

25 291 200 139 100-300 99.57 -4.8 140 8.4

26 314 87 52 120-320 103.21 -1.4 150 33.4

27 225 263 188 100-230 87.96 -3.3 130 12.7

28 304 421 397 80-310 94.12 -2 120 12.9

Summary 



Gradient Map GWL Change Maps 

Gradient Map vs. GWL Change Maps 

• Projections of data 
– Based off rate of change in 

GWLs for period of well 

 

• Low density 
– Lower confidence 

 

• Assumes consistent rate of 
change over time  
– However if trends change 

map can be updated 

• Real data 
– Measured levels in the field 

 

 

• Higher density 
– Higher confidence 

 

• Compares 2 time periods in 
the past 
– No assumption/projection of 

current trends 



Legend: 
         Years 

Number of years at current rate of change for groundwater 
levels to reach the 50% well depth. 

DRAFT 



Number of years to reach 50% well depth 

0 100+ 

Gradient representing the number of years at current rate of 
change for groundwater levels to reach the 50% well depth. 

DRAFT 

Legend: 
         Years 



Discussion and Feedback 



Provide Direction 

• Potential BMO Stage Alert Levels 

– How many levels? 

– Example:  4 levels including monitoring, 
outreach/voluntary, minimal regulation, 
regulation 

 



Provide Direction 

• Potential BMO Actions 
– What types of actions could be associated with each 

level? 

– Examples could include: 
• Monitoring 

• Specific Outreach 

• Voluntary actions 

• Recharge requirements 

• Specific permit requirements 

• Limit pumping amount 

• Reporting requirements 

 



Provide Direction 

• When to Rescind BMO Actions/Levels 

– Examples could include: 

• When rate of decline stabilizes (equals 0) 

• When specific actions have been taken 
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