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area.  There are several multilevel wells in southern Tehama County that are within or 
adjacent to the GCID project’s impact area.  These wells should be included in the GCID 
groundwater-monitoring program.  Information on the characteristics of the aquifer in 
Tehama County, the key wells, hydrographs for key wells and groundwater trigger levels can 
be found at web sites: http://www.tehamacountypublicworks.ca.gov/Flood/wells.html, and 
http://www.tehamacountypublicworks.ca.gov/Flood/groundwater.html.  
 
I recommend that the DEIR be amended to incorporate the Butte County 
groundwater level and quality monitoring program data into mitigation 
measures WR-1 and WR-2.  In addition, groundwater level data from Butte and 
Tehama county wells should be evaluated for long-term antecedent trends as 
required for Glenn and Tehama county wells in mitigation measure WR-1.  
 

2. In my July 29, 2015 comment no. 7f, I discussed the importance of the stream depletion 
factor (SDF) and the data presented in Table 3-6 of the DEIR.  I stated that the information 
presented in Table 3-6 indicates that it may take decades for seepage from the surface water 
bodies listed in the table to recharge 95% of the groundwater pumped by the GCID project.  
I referenced technical documents by Jenkin’s (1968), Miller and others (2007) and Wallace 
and others (1999), but didn’t provide any additional explanation for my conclusion on the 
duration for recharge.  This discussion provides additional information to clarify my 
comments on the importance of the SDF and additional discussion on how the SDF can be 
used to estimate the time needed to recover from a period of groundwater pumping when 
the source of recharge is seepage from adjacent surface water bodies.  	  

 
The use of the SDF in estimating the duration of recharge assumes that the seepage is 
naturally occurring, that the groundwater drawdown induces additional seepage or prevents 
groundwater discharge to the surface water body, and that there is no program for 
intentionally accelerating groundwater recharge such as spreading basins.  Section 1.1.1.3 in 
the DEIR states that GCID currently has no program for intentional groundwater recharge, 
so the following discussion should apply to the GCID project.  While the groundwater 
recharge that occurs from agricultural irrigation does contribute to groundwater storage, 
the GCID project is one where the source of agricultural irrigation is the underlying aquifer 
system and therefore the water applied for irrigation decreases rather than increases the 
volume of groundwater in storage, regardless of how much of the applied water infiltrates 
past the root zone.  I other words, the GCID project’s groundwater extraction adds 
additional losses in storage and stresses to the groundwater system that aren’t compensated 
for by the pre-project baseline recharge from precipitation, agricultural irrigation and 
surface water seepage.  The sources of recharge to backfill the loss in groundwater storage 
caused by the GCID project above the baseline infiltration and seepage are increases in 
stream depletion, increases in groundwater flow from adjacent groundwater basins in Butte 
and Tehama counties, and increases in the interception of groundwater that flows down 
gradient from the GCID well field to Colusa County.  Unfortunately, the time needed to 
fully backfill the loss in groundwater storage caused by GCID project pumping and the 
duration of the resulting impacts will be decades as discussed below. 
 
Exhibit 33A is a Table that shows the maximum and average stream depletion rates given in 
Table 3-6 of the DEIR and the percentages relative to the maximum total pumping rate, 
25,000 gallons-per-minute (gpm) or 55.7 cubic-feet-per-second (cfs), and relative to the sum 
of the maximum depletion rates.  Exhibit 33A shows that at the maximum depletion rate the 
Main Canal has the greatest seepage rate, approximately 26% of the total pumping rate and 
approximately 37% of the sum of the maximum seepage.  It should be noted that the 
maximum seepage rate for each listed stream doesn’t occur at the same time in the 
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simulation, with the timing of the maximums ranging from March 1986 to April 1993.  It 
should be noted that the source of recharge from seepage in the Main Canal is from the 
underlying aquifer, thus this recharge is not additional waters to the groundwater basin.  
Instead the Main Canal recharge should be viewed as an inefficiency in the GCID project, 
one that looses the beneficial use of approximately 26% of the water pumped.  It should also 
be noted that the maximum stream depletion rates listed in Exhibit 33A and Table 3-6 for 
the GCID wells are greater than the 12% maximum stream depletion assumed in the March 
2015 USBR/SLDMWA Long-Term Water Transfers EIS/EIR for these GCID project wells 
and all other wells participating in the long-term groundwater substitution transfer program.   
 
The times of the maximum depletion rates for the streams listed in Exhibit 33A and Table 3-
6 appear to be related to the November 15, 1992 simulated pumping for the six-year severe 
drought period of 1987 to 1992.  The exception is Walker Creek with a March 1986 date 
for the maximum depletion, which may be the result of the 1976 to 1977 period of drought 
simulated.  The months of GCID well operation for the simulations began in February and 
end in November (page A-2 in DEIR Appendix A).  Therefore it can be assumed that the 
1987-1992 simulation began in February 1987.  The time interval between the start of 
pumping for the 1987-1992 simulation period and the occurrence of a maximum stream 
depletion rate ranges from approximately 4 years and 4 months (4.33 years) to 9 years and 
1 months (9.08 years) as shown in Exhibit 33A.   
 
The importance of the time increment between the start of pumping and the maximum 
depletion rate is that it can be related to the time of the SDF and used to estimate the time 
needed to achieve recharge for 95% of the groundwater pumped.  Because the SDF is 
dependent on the square of the distance between the pumping well and depleting surface 
water body, it should be expected that the impacts from each GCID well on an individual 
stream would vary, perhaps significantly.  Unfortunately, the stream depletion rates given in 
Exhibit 33A and Table 3-6 are group rates for the ten GCID project wells and not for each 
individual well.  Therefore the analysis given below is an estimate of the group-value of the 
SDF time for all ten GCID wells.  If depletion information is provided separately for each 
well, an estimate of the SDF value for each well can be made using the same methodology. 
 
Exhibit 33B is taken from Figure 2 in Miller and others (2007) and shows graphs of the ideal 
response curves for instantaneous stream depletion rate and cumulative stream depletion 
volume.  The x-axis on this figure shows the logarithm of time from the start of pumping 
normalized by the time of the SDF.  Thus, the value of 1 on the x-axis correlates to a 
duration of pumping equal to the SDF time.  The lower curve relates the cumulative volume 
of stream depletion to the total volume pumped (v/Qt), while the upper curve relates the 
instantaneous rate of stream depletion to the total rate of pumping (q/Q).  These ideal 
response curves can be used to estimate the time interval need to achieve the 95% recharge 
used by Wallace and others (1999) in the absence of actual simulated stream depletion 
response curves from each of the GCID project wells.  Should simulated stream depletion 
response curves be provided for each GCID well, then the method given below of 
calculating the time for 95% recharge can be applied to the GCID project wells. 
 
Exhibit 33B shows that when the duration of pumping equals the SDF (t/SDF = 1) the lower 
curve gives the cumulative stream depletion volume of 28% relative to the total pumped 
volume.  The upper curve gives the instantaneous depletion rate of 48% relative to the total 
pumping rate.  For the Sacramento River, Exhibit 33A gives the maximum stream depletion 
rate of approximately 22% based apparently on six continuous years of pumping 8-1/2 
months per year at the maximum pumping rate of 25,000 gpm or 55.7 cfs, or 31.7% based 
on a 12-month time-weighted average total pumping rate of 17,705 gpm or 39.45 cfs.  The 
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Sacramento River’s maximum depletion rate occurs at approximately 5.75 years after the 
start of the pumping that simulated the 1987-1992 six-year drought, Exhibit 33A.  The 22%-
q/Q-value on the y-axis hits the upper curve, relative instantaneous pumping rate, at a t/SDF-
value of approximately 0.32.  For the time-weighted average 31.7%-q/Q-value, the t/SDF-
value is approximately 0.5.  Using these values, the range of the group-SDF time for GCID’s 
wells depleting flows in the Sacramento River can be estimated at 11.5 to 18 years (SDF = 
t/0.32; SDF = 5.75 years /0.32 = 18 years).  The SDF values for the other streams could be 
calculated in a similar manner.  
 
Exhibit 33A shows that the cumulative average stream depletion rate is 10.55 cfs.  The DEIR 
implies that this average stream depletion rate occurs over the entire 41 years of the 
simulation period (footnote c in Table 3-6) even though the pumping occurs only 
approximately 40% of the simulation time, 16 dry or critically dry years out of the 41 years 
simulated (Table A-1 in DEIR Appendix A).  The DEIR’s time-averaged stream depletion rate 
doesn’t have much importance in assessing impacts because the pumping doesn’t occur on a 
regular cycle and the instantaneous stream depletion rate that is most important to fish 
fluctuates with the pumping intervals.  The average value however does provide an estimate 
of the volume of recharge that might occur over 41 years of pumping the GCID project 
wells 40% of the time.  The total volume of pumped groundwater simulated for the DEIR 
was approximately 457,600 acre-feet resulting from 16 pumping seasons at 28,600 acre-feet 
per season (page A-3 of DEIR Appendix A).  The SDF can also be calculated using the lower 
curve, the ideal cumulative stream depletion volume curve in Exhibit 33B.  
 
If the total pumped volume were spread across the 41 years of simulation, a time-weighted 
average pumping rate would be approximately 15.35 cfs or 6,890 gpm.  I’m assuming that 
the recharge to recover the loss in groundwater storage from the GCID groundwater 
pumping is derived only from stream depletion because the DEIR doesn’t indicate that any 
additional water would be applied to accelerate aquifer recovery.  The cumulative average 
stream depletion rate of 10.55 cfs for the 41 years of simulation is approximately 69% of the 
41-year average pumping rate (10.55/15.35 = 0.685).  Therefore, approximately one-third of 
the water pumped isn’t recharged within the 41 years.  The v/Qt value of 69% on the y-axis 
of Exhibit 33B intersects the lower cumulative depletion volume v/Qt-curve at a t/SDF value 
of 10.  By making a calculation that is similar to the one done with the q/Q-curve shown 
above, an SDF value of 4.1 years is derived based on the cumulative volume of stream 
depletion over the 41-year simulation.   
 
The 69% recharge in 41 years is consistent with the findings of CH2MHill (2010) on the 
impacts from the 2009 groundwater-substitution pumping program where cumulative 
stream depletion was approximately 60% of the total volume pumped after 30 years (see my 
comments on page 12 of my July 29, 2015 letter).  Therefore the estimated duration needed 
to achieve 95% recharge from the GCID project’s pumping would exceed the DEIR’s 41-
year simulation period.  The DEIR doesn’t address how many years would be needed, but 
any calculation using the “average” stream depletion value would be too short because the 
depletion rate increases asymptotically, increasing at lesser amounts with time, similar to 
that shown in Figures 4, 5 and 6 in CH2MHill’s 2009 groundwater substitution transfer 
impacts report.  
 
Wallace and others (1999) have calculated the time needed to reach 95% recharge from 
pumping induced stream depletion at 127 times the SDF value for the ideal stream depletion 
response curve.  Therefore, the estimated time needed to recharge 95% of the groundwater 
pumped by the GCID project wells if the Sacramento River were the only source of 
recharge would range from 1,461 to 2,286 years (18 yrs x 127 = 2,286 yrs).  However, 

AQUA-Exhibit 32

004



	   5. 

because there are at least six other streams being depleted by the GCIS project’s pumping, 
the actual time for 95% recharge would be much shorter.  If the Wallace and others method 
for calculating 95% recovery is applied to the 41-year cumulative stream depletion volume 
for all six rivers, the time need is approximately 521 years (4.1 yrs x 127 = 520.7 yrs). 
 
Bredehoeft (2011) provides a discussion of how long-term cyclic groundwater pumping by 
GCID’s project wells might affect long-term stream depletion, assuming it’s the only source 
of recharge for the extraction, which is consistent with GCID’s project.  Bredehoeft’s 
Figures 3 through 6 show how pumping individual wells at different distances or a collection 
of wells results in a gradual increase in the maximum stream depletion or recharge rate.  All 
of the figures show that it takes decades for the cyclic pumping to reach a new “steady-
state.”  Figure 3 shows that stream depletion fluctuates about a time-weighted average 
pumping rate.  This graph might be interpreted as showing a “dynamic equilibrium” about a 
trending value.  The long-term increase in stream depletion resulting from continued 
groundwater extraction, whether at a constant rate or at an increasing rate, should be 
expected for the GCID project wells.  The 3,000 other pumping wells in Glenn County 
would have a similar progressive increase in stream depletion (recharge) with multiple years 
of extraction.   
 
My July 29, 2015 comment no. 8 on page 14 identified nine of the wells with long-term 
groundwater measurements that show a steady overall downward trend in groundwater 
level since the mid-1990s (Exhibits 29-O-3A, -O-3B, -I-4, -I-6, -I-7, -I-11, -I-14, -I-17, -R-19).  
This gradual, long-term decline in groundwater levels may correlate with the gradual 
increase in stream depletion, which over decades provides the recharge needed to backfill 
the loss in aquifer storage caused by cyclic seasonal groundwater extractions.  I discussed a 
similar pattern for the Sacramento Valley in my November 25, 2014 comments (Custis, 
2014) on the Draft EIS/EIR for the USBR/SLDMWA Long-Term Water Transfers.  I 
discussed in my 2014 comment no. 20 the results of the Department of Water Resource’s 
C2VSim groundwater model of the Sacramento Valley as presented by the Northern 
California Water Association (2014) that show a relationship between the long-term 
changes in stream accretion (groundwater discharge to streams) with groundwater pumping 
in Sacramento Valley.  In my 2014 comments, I provided in Exhibit 10.7 a graph compares 
the long-term changes in stream accretion with groundwater pumping.  I’ve attached that 
2014 exhibit as Exhibit 33C.  Exhibit 33C shows that stream accretion between the 1940s 
and 1970s showed a fluctuation about a downward trend that is opposite a fluctuating long-
term rise in groundwater pumping.  Exhibit 33C also shows that, from the end of the 1980s 
to the end of the simulation in 2010, groundwater pumping continued to increase while the 
change in stream accretion generally trends downward, but with a reduced slope since the 
mid-1990s.  Unfortunately, the C2VSim model used to develop the data plotted in Exhibit 
33C ends in 2010 so the impacts of the recent drought aren’t evaluated.  The slowing of 
stream accretion that began in the mid-1990s would result in less recharge, which along 
with the continued increase in groundwater pumping likely contributes to the long-term 
decline in groundwater levels observed since the mid-1990s in the nine long-term 
monitoring wells I listed above.   
 
I recommend that the DEIR be amended to address the issue of what duration is 
required to fully recharge the volume of groundwater taken from storage by the 
GCID project wells.  This discussion should include providing stream depletion 
response curves for each GCID project well and any alternative well so the 
impacts from each well can be evaluated.  I also recommend that the DEIR 
include a mitigation measure that uses the stream depletion response curves for 
each well to forecast the impacts on stream flow from each new pumping event.  
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This forecasting should give a cumulative impact from the new and past 
pumping events.  The DEIR cumulative effects analysis should evaluate the 
impacts from the GCID project pumping along with the anticipated pumping 
from the 3,000 other wells in Glenn County and the adjacent wells in Butte, 
Colusa and Tehama counties.  
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Glenn-Colusa Irrigation District DEIR Table 3-6
Calculation of Stream Depletion as Percentage of Total Pumping Rate

25,000 gallons per minute maximum pumping rate
55.7 cubic feet per second maximum pumping rate

Stream Maximum, 
cfs

Maximum % of 
25K gpma

Month/Year 
of Maximum

Time to 
Maximum, 

Yearsb

41 Year 
Average, cfs

41-Yr Average, 
% of Total Vol. 

Pumpedc

Main Canal 14.4 25.9%(36.5%) Jun-91 4.33 3.5 22.7%

Sac River 12.5 22.4%(31.7%) Nov-92 5.75 4.2 27.3%

Stony Crk 11.6 20.8%(29.4%) Oct-92 5.67 1.8 11.7%

Little Chico Crk 3 5.4%(7.6%) Jan-93 5.92 0.5 3.2%

Big Chico Crk 1 1.8%(2.5%) Apr-93 6.17 0.3 1.9%

Colusa Drain 0.9 1.6%(2.3%) Mar-96 9.08 0.23 1.5%

Walker Crk 0.2 0.4%(0.5%) Mar-86 n.a. 0.02 0.1%

10.55

15.35

 a) Value in parenthesis is based on an annual time-weighted average of 25,000 gpm for 12 months = 17,705 gpm = 39.45 cfs
 b) Time to  maximum calculated for 6 years of sequential pumping starting from February 1987
 c) Percentage is based on a 41-year time-weighted average pumping rate for 16 years at 28,600 acre-feet/year

68.5%

41-Yr Average Stream 
Depletion, cfs

41-Yr Average of Total 
Pumped, cfs

% of Total Volume Pumped 
over 41 Years
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0.32 to 0.5 = 5.75 yrs/SDF
SDF ~ 11.5 to 18 yrs
95% recharge = 127 x SDF
95% ~ 1,461 to 2,286 yrs

48% q/Q

22.4% q/Q

Exhibit 33B

0.32

(from Miller and others, 2007)

0.5

31.7% q/Q

10 = 41 yrs / SDF
SDF ~ 4.1 yrs
95% recharge = 127 x SDF
95% ~ 521 yrs

69% v/Qt
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