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TECHNICAL MEMORANDUM
  
DATE:	 January 10, 2014	

TO: Steve Koldis, PE	

CC:	

FROM: John Mendoza and Marcus Trotta, PG, CHg	

Subject: Methods and Assumptions for Preliminary Assessment of Potential Groundwater Seepage Rates for Mirabel Fish Ladder Project

This technical memorandum describes the two methods and corresponding assumptions used to perform a preliminary assessment of potential groundwater seepage into a deep excavated pit for the construction of the Mirabel Fish Screen and Fish Ladder Project adjacent to the Russian River.  The Agency recently received 90% plans and specifications for the project, and the potential for significant groundwater infiltration into the structure excavation during construction was identified as a constructability issue during the 90% plan review, as well as the 65% plan review in July of 2012.  The 90% specifications reference discussions of groundwater conditions in two geotechnical investigations by Brunsing Associates, Inc, dated September 28, 2011 and March 12, 2013, respectively.  Based on a literature review and onsite borings, the 2011 investigation concluded that “…Accumulated water at the base of excavations can be removed by conventional pumping using a heavy-duty mud pump”.  The 2013 investigation, based on grain size analysis from sediment samples collected from the site, estimated horizontal hydraulic conductivity at .011 to .076 centimeters per second (cm/s), and vertical hydraulic conductivity at .0011 to .0076 cm/sec.   Applying the appropriate conversion factor, these correspond to horizontal hydraulic conductivities ranging from 31 to 215 feet/day and vertical hydraulic conductivities from 3 to 22 feet/day.

These ranges of hydraulic conductivity represent estimates based on limited data sets (grain size analysis), which are less reliable than estimating hydraulic conductivity from other methods such as aquifer pump tests.  Also, the range of hydraulic conductivities from a separate study [Su et al., 2004]  cited in the Brunsing report incorporate the clogging layer beneath the riverbed and are not appropriate for assessing lateral and upward inflow rates from the aquifer into the excavation that would be expected during the project.  Past pumping tests performed in the Wohler area [HLA, 1988] and modeling studies in the Mirabel area [PES, 2000], which capture the permeability characteristics of the aquifer on a far larger scale, have yielded estimates of horizontal hydraulic conductivity that are far greater; ranging from 1,200 to 1,600 feet/day.  For the purposes of estimating the groundwater seepage into the construction excavation, the Agency’s higher conductivity estimates have been used.

This preliminary assessment represents a screening level estimate of potential seepage/inflow rates based on available data and initial project design drawings.  Both a flow-net calculation and a transient drawdown calculation using the Theis non-equilibrium equation (corrected for unconfined conditions) were used for the preliminary assessment, which yielded potential seepage/inflow rates ranging from 7 to 23 million gallons per day (mgd) (5,000 to 16,000 gallons per minute).

General Assumptions
The assumptions listed below apply in both dewatering calculation methods: 
· All assumptions based on 90% review plans dated 8/1/2013.
· Unsaturated aquifer with impervious bottom at -35 ft mean sea level (msl)
· Total original saturated thickness equals 65 ft
· Hydraulic conductivity (K) = 1200 – 1600 ft/day
· K = 1200 ft/day (lower value near inflatable dam) [PES, 2000]
· K= 1600 ft/day (Average K of Wohler Area) [HLA, 1988)
· Specific yield (Sy) = 0.3 (value for sands and gravels  [PES, 2000])
· Excavation area is rectangular for ease calculation and equals 11880 ft2 (Figure 1: Red dash) 
· Actual dewatered area is approximately 6964 ft2 (calculated from plan drawings) (Figure 1: Green line)

Methods
1) Flow-Net Calculation
· Method
· Draw approximate flow-net for half the excavation area (Figure 2)
· Calculate vertical seepage for K range 
· Multiply by two to encompass total seepage area
· Q = 2 * K * (nf/nd) * H * w where
· Q = vertical seepage (ft3/day)
· K = hydraulic conductivity (ft/day)
· nf = number of flow tubes (3 per Figure 2)
· nd = number of head drops (9 per Figure 2)
· H = total head drop (ft)
· w  = width of flow-net area (ft)
· Assumptions
· The water elevation in the aquifer outside of the sheet pilings is constant at 30 ft msl
· The water elevation is below the ground elevation outside of the sheet pilings
· Sheet pilings extend to a depth of -15 feet msl  (30 feet below excavated depth)
· Flow-net is symmetric around the centerline
· Results
· Q = 7– 9 MGD
2) Transient Draw-down Calculation (No Sheet piling)
· Method
· Use Theis non-equilibrium method for confined aquifer and correct for unconfined conditions to calculate required pumping rates for reaching  a target drawdown at 3 days and 7 days for K range
· Equations used:
· s’  = -((b – s)2 – b2)/2b 
· u = (r2 * Sy)/(4 * K * b * t) 
· Q = (s’ * 4 * π * K * b)/W(u) where
· s’ = drawdown in equivalent confined aquifer (ft)
· b = original thickness of aquifer (65 ft)
· s = drawdown in unconfined aquifer (ft)
· u = Well function variable
· r = distance from dewatering well (ft)
· Sy = Specific yield
· K = hydraulic conductivity (ft/day)
· t = pumping duration (days)
· Q = required pumping rate
· W(u) = well-function
· Assumptions
· Original water elevation of aquifer equals 30 ft msl
· Excavated depth is 15 ft msl
· One dewatering well is placed in center of excavation
· Target drawdown at 90 ft from center of excavation is equal to excavation depth of 15 ft msl
· Dewatering well is 100% efficient
· There are no sheet pilings

Results:
· 3 days: Q = 18 – 23 MGD
· 7 days: Q = 16 – 20 MGD

Conclusions

Both methods (flow-net and Theis) produce similar results considering the simplifying assumptions that were made, suggesting that these estimates are the same order of magnitude as the actual vertical seepage and required pump rate.  These values are consistent with measured drawdown in monitoring wells located adjacent to the Water Agency’s existing collector wells when they are pumping at comparable discharge rates (e.g., with Collector 5 pumping at a rate of approximately 14 mgd for four days, drawdown at a monitoring well adjacent to the collector was approximately 15 feet at the end of the 4 days of pumping [ERM, 2011]).

The actual seepage rates will depend on the contractor’s actual methods for controlling groundwater seepage.  In general, either increasing the sheet pile depth or reducing the area within the sheet piled construction area will reduce groundwater seepage.
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Figure 1: Excavation Area
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Figure 2: Flow-net Diagram
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