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1. Introduction and Objectives
This technical memorandum summarizes the water balance sources and sinks input parameters for the numerical groundwater flow model currently being prepared for the Eastside Area of the Basic Management, Incorporated (BMI) Common Areas /Complex (the “Site”) in Clark County, Nevada.  The scope of work for this technical memorandum was approved by Basic Remediation Company (BRC) and Nevada Division of Environmental Protection (NDEP) as part of the Groundwater Modeling Work Plan for BMI Upper and Lower Ponds Area (DBS&A, 2006).  This document has also been revised to address comments received from NDEP dated March 28, 2008 (Appendix A).  
The scope of work consists of presenting the methodology and preliminary calculations, estimates, and information sources and references that were used to develop values for groundwater inflows (sources) and groundwater outflows (sinks) in three scenarios:

· Historical scenario (c. 1968)

· Current scenario

· Future scenario

This technical memorandum presents the methodology used in parameter estimation and preliminary values for each input parameter that will be used in the model.  The source/sink estimates will continue to be refined during model development as additional information is obtained regarding off-site properties and Site conditions.  For each section that involves a boundary condition assignment in the numerical model, the relevant MODFLOW simulation packages that may be applied are listed.   

2. Historical Scenario
2.1 Groundwater Inflows (Sources)

2.1.1 Lateral Groundwater Inflow

Lateral groundwater flow circa 1968 was calculated using a 1972 groundwater flow map from Westphal and Nork (1972) that depicts the shallow water-bearing zone at the Site (Appendix B).  The flow map was superimposed over the groundwater flow model domain, and the domain perimeter (boundary) was divided into segments (L1, L2, etc.) based on flow direction, so that groundwater flow intercepts each domain segment at the same angle.  A line drawn perpendicular to the groundwater flow direction defines the maximum horizontal length of the water-bearing zone at each perimeter segment.  

Groundwater elevation data from the 1972 map were compared to the elevation of the Tertiary Muddy Creek Formation (TMCf) (Section 5) along the model domain perimeter.  This comparison was made to estimate the vertical thickness of the water-bearing zone within the Quaternary alluvium (Qal) around the perimeter of the model domain.  Water-bearing zone thickness and length were used to estimate the vertical, two-dimensional area that borders the model perimeter.  Lateral groundwater inflow passes horizontally through this polygonal area into the model domain.  
The 1972 groundwater flow map was also used to estimate the various historical hydraulic gradients (i) around the model domain.  Groundwater flow (Q) into each vertical area along the domain perimeter was then calculated following Darcy’s Law, incorporating estimates for i, area (A), and estimated maximum and minimum horizontal hydraulic conductivity values (Kh) from Kleinfelder (2007a, 2007b) according to the following equation:  

Q (cubic feet per day [ft3/d])  =  Kh (ft/d)  x  i (ft/ft)  x  A (ft2)

The values used in each calculation and the resulting Q values are shown in Table 1.  Total lateral inflow (averaged) from the Qal is estimated at 1.13 cubic foot per second (cfs).  A similar calculation was prepared for lateral flow in the water-bearing zone within TMCf along the model domain perimeter (Table 2).  Total lateral inflow (averaged) from the TMCf is estimated at 0.14 cfs. 
Lateral groundwater inflow will be simulated using the MODFLOW-SURFACT Well package or, for some locations, by prescribing hydraulic head.
2.1.2 Ditch Seepage
Seepage (S) from the alpha ditch, the beta ditch, the western ditch, and the northwestern ditch was estimated based on the length (L) and width (W) of each ditch and the estimated infiltration capacity (saturated vertical hydraulic conductivity [Kv]):


S (ft3/d) = L (ft) x W (ft) x Kv (ft/d)

Ditch length and width estimates were obtained from a 1968 aerial photograph of the Site area (Appendices C and D).  Values for minimum and maximum Kv were obtained from core data reported by Kleinfelder (2007a, 2007b).  The resultant seepage values are presented in Table 3.  Total averaged ditch seepage is estimated at 1.89 cfs.  
For reference, Westphal and Nork (1972) estimated ditch and pond seepage at the adjacent BMI complex (“plants” area) at 1 cfs.  This value represents a smaller pond area and a shorter ditch segment than the areas and lengths used in the Eastside area estimates.  
Ditch seepage will be incorporated in the model using either the MODFLOW-SURFACT Recharge or Well package.
2.1.3 Seepage from Stormwater Swale
The stormwater swale runs along the southern Site boundary, heads northeast parallel to Lake Mead Parkway, then turns northwest toward the Las Vegas Wash.  Seepage from the swale was estimated based on the length and width of the swale and an estimated infiltration capacity (saturated Kv).  Swale length and width estimates were obtained from a 1968 aerial photograph of the Site area (Appendix C).  Minimum and maximum Kv values were obtained from Kleinfelder (2007a, 2007b).  Average swale seepage is estimated at 0.78 cfs   
In the 1968 aerial photograph, the swale widens, appears to shallow, and distributes its flow over a broad fan area for the last approximately 5,500 feet of its length.  From the 1968 aerial photograph, the fan area is estimated to be approximately 600 feet wide, thus covering approximately 33 acres.  Discharge and seepage from this fan will be accounted for, as appropriate, during modeling.  

Seepage from the stormwater swale will be incorporated in the model using either the MODFLOW-SURFACT Recharge or Well package.  In addition, if simulated water levels are sufficiently high, an outflow boundary condition will be applied to the swale using the MODFLOW Drain package to allow for groundwater outflow to the swale.
2.1.4 Wastewater/Effluent Pond Seepage (Upper and Lower Ponds)
As discussed in the groundwater modeling work plan (DBS&A, 2006), historical seepage rates for the wastewater ponds (Table 3) were obtained from the modeling report prepared by Westphal and Nork (1972).  A rate of 0.019 feet per hour (ft/hr) was empirically estimated for one of the lower ponds from a 26-hour weir infiltration experiment conducted in 1971 (Westphal and Nork, 1972).  This value was extrapolated by Westphal and Nork (1972) across the entire 12.5‑acre lower ponds area to derive a value of 2.85 cfs for total lower ponds infiltration.  
For comparison and verification, this value was later re-estimated by Westphal and Nork (1972) at 2.15 cfs using 5 months of lower pond inflow data.  A final value of 2.25 cfs was assigned by Westphal and Nork (1972) to the lower ponds area; this value is used in this water balance.  For the 48-acre upper ponds area, the infiltration rate of 11.20 cfs calculated by Westphal and Nork (1972) will be used in the initial water balance.  
In addition, it is expected, based on prior analytical modeling completed by BRC, that the value of 11.20 cfs will be reduced significantly during the model calibration process.  Evaporation rates used by Westphal and Nork were derived from Boulder City data, which are lower than the 30-year recorded average of evaporation from the Las Vegas area.  Westphal and Nork also point out that flows from the plants area were reduced after their study was completed.  The estimated total pond (upper plus lower) seepage of 13.45 cfs was reduced by 50 percent to achieve a net zero sum of sources and sinks in the initial historical water balance.  
Wastewater/effluent pond seepage will be incorporated in the model using the MODFLOW-SURFACT Recharge Seepage Face (RSF4) package or the Well package.
2.1.5 Las Vegas Wash Seepage to Alluvium

Upon detailed consideration of the Las Vegas Wash hydrogeologic environment, the northern boundary of the groundwater flow model domain was moved south to the approximate location of the contact between the Qal and the Las Vegas Wash alluvium/gravel (Appendix B).  At this location, a third-type boundary condition (e.g. MODFLOW General Head Boundary [GHB] package) will be used to simulate groundwater outflow from the model domain into the wash gravel, which essentially acts as a drain for the aquifer system to the south. 
The boundary head applied will be the approximate average water level within the wash (current and predictive scenarios) or the estimated historical water level within the wash gravel/alluvium if there is no surface water (historical scenario).  The conductance term will be estimated based on the thickness of the wash gravel/alluvium and its estimated hydraulic conductivity.  

This approach avoids many of the potential complexities associated with extending the model domain to the center of the wash without sacrificing or compromising the objectives of the model.  This approach is consistent with the model objectives; the model is not intended to provide a detailed simulation framework of groundwater flow or solute transport within the Las Vegas Wash.

As a result of this domain boundary change, this parameter (Las Vegas Wash seepage to Qal) is located outside of the model domain and is thus not included in the water balance.  

2.1.6 Recharge from Precipitation/Storm Flow

Precipitation values for the Las Vegas area were obtained from the Western Regional Climate Center-Desert Research Institute (WRCC, 2008).  Precipitation in this area averages approximately 0.4 inch per month or 4.8 inches per year (WRCC, 2008).  

In arid settings, recharge from precipitation is typically a small percentage of annual precipitation.  Based on values from Scanlon et al. (2006) (Appendix E), recharge as a percentage of annual precipitation for the Site area was estimated to be between 0.1 percent and 5 percent.  Recharge is thus estimated to be between 0.0048 inch and 0.24 inch per year.    

Where on-site ponds impounded precipitation or storm flow, estimates of average storm frequencies will be used to estimate the volume of water impounded.  The volume estimate will be used to evaluate potentially significant additional recharge from the ponds.
Recharge from precipitation and storm flow will be incorporated in the model using either the MODFLOW-SURFACT Recharge or Well package.  

2.1.7 Inflow from Tertiary Muddy Creek Formation
Deep monitoring wells were not present at the Site during the historical scenario time frame, so inflow from the TMCf cannot be calculated from Site data.  Westphal and Nork (1972) assumed that flow from low-yield sediments (i.e., TMCf) was negligible.  Shallow/deep well pairs are now present at the Site and inflow from the lower TMCf can be calculated for the current scenario (Section 3.1).  
The TMCf inflow calculated for the current scenario (Section 3.1.7) was used also for the historical scenario (Table 4); however, a larger Site area of downward vertical flow was assumed for the historical scenario calculations, because the former Eastside ponds were operating during the historical scenario time frame.  

The current groundwater elevation data indicate that three well pairs have a downward vertical head gradient (Table 4).  Based on the locations and distribution of these well pairs within the central portion of the model domain, downward flow for the current scenario (Section 3.1) was roughly estimated to be present in approximately 25 percent of the model domain area.  Inflow for the current scenario is thus assumed to occur over the remaining 75 percent of the model domain area.  
A range of values for areas of upflow (and downflow) will be considered during numerical model development.  Operation of the BMI ponds during the historical scenario time frame may also have resulted in groundwater mounding in the alluvium that may have caused some variation in the direction of vertical groundwater flow between the TMCf and the alluvium.  This will also be considered during modeling.  

Because the former ponds were operating during the historical scenario time frame, downward vertical flow from the Qal to the TMCf is assumed to have occurred over a somewhat larger area under the historical scenario than in the current scenario.  In the absence of quantitative data to use in this estimate, the area of downward flow in the historical scenario was roughly estimated at approximately 40 percent of the model domain (Table 4).  Inflow (upward) in the historical scenario is thus assumed to occur over the remaining 60 percent of the model domain area.  Historical inflow (upward) from the TMCf was estimated at 30.88 cfs (Table 5).  

A range of areas of upward flow will be considered during modeling.  The calculations estimate that upward vertical flow (inflow) from the TMCf for the historical scenario was less than inflow from the TMCf in the current scenario (Table 4).   
Inflow to the bottom of the model domain from the deep TMCf will most likely be simulated using the MODFLOW-SURFACT GHB package or possibly the Well package.
2.2 Groundwater Outflows (Sinks)

2.2.1 Lateral Groundwater Outflow

Lateral groundwater outflow for the historical scenario was calculated for the Qal in the same manner as lateral groundwater inflow (Section 2.1).  The calculation used the 1972 groundwater flow map from Westphal and Nork (1972) that depicts the shallow water-bearing zone at the Site.  The flow map was superimposed over the groundwater flow model domain, and the northern domain boundary near the Las Vegas Wash was divided into two segments (east and west).  Outflow was estimated as shallow Qal groundwater flow toward Las Vegas Wash along the northern model domain boundary (Table 1).  Lateral outflow from the Qal was estimated at 14.99 cfs.  

A similar calculation was prepared for lateral flow in the water-bearing zone within the TMCf along the model domain perimeter (Table 2).  Lateral outflow from the TMCf was estimated at 0.27 cfs.
Lateral groundwater outflow from the model domain will be simulated using the MODFLOW-SURFACT GHB or possibly the Well package.
2.2.2 Outflow to Tertiary Muddy Creek Formation (Vertical Leakage)
Outflow to the TMCf can be estimated in the same manner as inflow from the TMCf (comparing shallow with deep groundwater elevations from adjacent shallow/deep monitoring well pairs [Section 2.1.7]).  However, because deep monitoring wells were not present at the Site during the historical scenario time frame, historical values for this parameter cannot be directly calculated.  Instead, the input parameters for TMCf outflow in the current scenario were used for the historical scenario calculations, with downward flow again assumed to occur over a larger area in the past due to pond operation.  Thus, downward vertical outflow to the TMCf for the historical scenario was again estimated to exceed downward vertical outflow to the TMCf for the current scenario (Table 3).  Historical downward vertical outflow to the TMCf was estimated at 23.55 cfs.  
Vertical groundwater outflow to the deep TMCf will be simulated using either the MODFLOW-SURFACT GHB or Well package.
2.2.3 Tronox Seep

McGinley & Associates (2003) reports that flow from the seep (the “Tronox Seep”) north of the City of Henderson Water Reclamation facility (COH WRF) was routinely measured at more than 300 gallons per minute (gpm), or 0.67 cfs.  This value will be used as the best available estimate for the historical pre-pumping seep flow rate.  The Tronox Seep is located at the northern model domain boundary.  As a result, this feature is anticipated to be modeled as a sink contributing to outflow from the model domain.  Groundwater outflow from the seep will be simulated using the MODFLOW-SURFACT Drain package.  
2.2.4 Seeps to North of Upper Ponds Area 

No known information is available to describe the historical seep areas that are visible on the 1968 aerial photograph of the area (Appendix C.  Recent data reported in 2006 indicate that seeps near the Weston Hills property flowed between 16 and approximately 178 gpm in an excavation completed for a stormwater drainage channel trench (Converse, 2006).  

With an estimate of historical seep area, a calculated evaporation rate can be used to evaluate groundwater loss from the model domain due to evaporation at the seep areas.  

Based on a review of the 1968 aerial photograph (Appendix C), the seep areas covered approximately 149 acres within the model domain.  Using a pan evaporation rate of 119.40 inches per year (in/yr) reported for the Las Vegas area (Oregon Climate Service, 2008), the seep area loss to evaporation is estimated at:  


149 acres x 119.40 in/yr  =  2.05 cfs 
This estimate assumes that overland seep flow out of the model domain does not occur.  The photograph in Appendix C and other aerial photographs of the area taken around 1968 provide no evidence indicating that overland seep flow out of the model domain is occurring.  

Groundwater outflow from the seep area north of the Upper Ponds will be simulated using the MODFLOW-SURFACT Drain package.
2.2.5 Seeps along Las Vegas Wash

No known information is available to describe historical seep areas along Las Vegas Wash.  In addition, because seep areas within the wash are located outside of the model domain, this parameter will not be included in the water balance.

For reference, McGinley & Associates (2003) describe some surface water flow in the eastern wash area.  Based on an estimated seep area of approximately 15 acres (one-tenth of the historical seep area discussed in Section 2.2.4) and using the same pan evaporation rate calculation shown in Section 2.2.4, this area corresponds to an evaporative loss of approximately 0.21 cfs.  This estimate assumes that overland seep flow out of the model domain does not occur.  
2.2.6 Phreatophyte Evapotranspiration

An estimate of salt cedar (Tamarisk ramosissima Ledeb.) coverage for the Site area was completed in 2006 (Devitt, 2006) using aerial photographs from the fall of 2005.  The evapotranspiration (ET) values estimated by Devitt (2006) for the Site area were used to estimate historical ET for the larger model domain area, based on comparing the salt cedar coverage evident in a 1968 aerial photograph of the model domain area with the Site salt cedar coverage measured by Devitt (2006) (assuming salt cedar stands of uniform density).  According to Baum (1978), the depth of salt cedar roots is typically on the order of 30 meters (98.4 feet), which is deeper than the Site water levels reported by Westphal and Nork (1972).  Thus, groundwater depth was not a restriction to salt cedar growth at the Site.   

Devitt (2006) estimated the following areas and ET rates:  
· 7.54 acres near Alpha Ditch: 75 centimeters per year (cm/yr)
· 5.34 additional acres near Alpha Ditch: 56 cm/yr

· 2.73 acres near Beta Ditch: 38 cm/yr
· 10.95 total acres as “islands” east of Henderson Treatment Plant: 75 cm/yr
· 4.21 acres south of Las Vegas Wash: 119 cm/yr
The model domain area (5,800 acres) is larger than the area (2,297 acres) surveyed by Devitt (2006).  Based on a review of a September 1, 2005 aerial photograph (Terraserver, 2008), the larger model domain area is estimated to add an additional 10 acres of salt cedar coverage.  An ET value of 75 cm/yr was assigned to this area.  
Salt cedar coverage in 1968 appears to be much less extensive than in 2006 based on aerial photograph review.  Coverage in 1968 within the model domain is estimated to be approximately 25 percent of the coverage in 2006, or approximately 10 acres.  To calculate historical ET, the range of ET values (38 to 119 cm/yr) estimated by Devitt (2006) was used over the 10-acre area estimated for 1968.  ET by phreatophytes will be simulated using the MODFLOW -SURFACT ET package.
3. Current Scenario
3.1 Groundwater Inflows (Sources)

3.1.1 Lateral Groundwater Flow

Lateral groundwater flow for the current scenario was estimated using the same method described in Section 2.1 for the historical scenario.  A 2007 groundwater flow map (MWH, 2007) for the shallow water-bearing zone was used for the estimate, the results of which are shown in Table 1.  Current lateral inflow from the Qal is estimated at 0.40 cfs, which is lower than the historical value of 1.13 cfs.  This decrease is interpreted to be due to lower current groundwater levels and a corresponding reduced thickness of saturated Qal.  Lateral groundwater inflow will be simulated using the MODFLOW-SURFACT Well package or, for some locations, by prescribing hydraulic head.
3.1.2 City Effluent Disposal Basin Recharge
The City of Henderson currently operates three effluent disposal basins:  P2 rapid infiltration basins (southern RIBs), Pabco Road (northern RIBs), and the birding preserve.  Recharge (seepage) for the P2 RIBs, the birding preserve, and the Pabco Road RIBs was estimated by McGinley & Associates (2003) to be a total of 4.8 cfs.  This value accounts for an evaporative loss estimated at 8.2 ft/yr (98 in/yr) by Shevenell (1996) (McGinley & Associates, 2003).  A higher pan evaporation rate of 116 in/yr (WRCC, 2008) is more conservative and may be applied for the ponds area.  Seepage from the RIBs/preserve will be incorporated in the model using either the MODFLOW-SURFACT RSF4 package or the Well package.
3.1.3 TIMET Pond Seepage

For the current scenario, seepage from the TIMET ponds is assumed to be negligible, as these ponds are lined and no longer in use.  For reference, however, a seepage rate can be calculated using a Kv estimate for the 211-acre ponds that is comparable to a landfill liner (10–7 centimeters per second or 2.83 x 10–4 ft/d):  

S (ft3/d) = Area (ft2) x Kv (ft/d)

S (ft3/d) = 211 acres x 2.83 x 10–4 ft/d = 3.02 x 10–2 cfs

If recharge from the TIMET ponds is considered in the simulation, it will be incorporated using the MODFLOW-SURFACT Well package.
3.1.4 Tronox Groundwater Infiltration Trenches
Tronox operates three facilities:  (1) an on-site pumping system (i.e., within the Tronox plant site) with groundwater infiltration trenches, (2) the “Athens Road” groundwater extraction system on Galleria Drive, and (3) the Tronox Seep area groundwater extraction system (Tronox, 2007).  
The on-site system at the Tronox plant site is located outside of the model domain and will not be included in the water balance.  The remaining features, however, are sinks within the model domain and are addressed in Section 3.2.3 and Section 3.2.4.  
3.1.5 Las Vegas Wash Seepage to Alluvium
As discussed in Section 2.1.5, this parameter is located outside of the model domain and will not be included in the water balance.    
3.1.6 Recharge from Precipitation/Storm Flow
This parameter is considered to be the same as the value estimated for the historical scenario (Section 2.1.6) and will be incorporated in the model in the same manner.  
3.1.7 Inflow from Tertiary Muddy Creek Formation (Vertical Leakage)
As discussed in Section 2.1.7, an estimate for inflow from the TMCf can be obtained by comparing shallow and deep groundwater elevations from adjacent shallow/deep monitoring well pairs.  Because shallow/deep well pairs are now present at the Site, inflow from the lower TMCf can be calculated for the current scenario (Table 3).  Hydraulic gradient was calculated as the difference in head between the paired wells over the vertical distance between the midpoints of the screens in the two wells.  Values for minimum and maximum Kv were obtained from Kleinfelder (2007a, 2007b).  Inflow from the TMCf in the current scenario was estimated at 27.57 cfs.  Inflow to the bottom of the model domain from the deep TMCf will most likely be simulated using the MODFLOW-SURFACT GHB package or possibly the Well package.
3.1.8 Seepage from Neighborhoods/Developed Areas
Seepage from the developed areas surrounding the Site can be calculated using an engineering estimate of typical leakage from water distribution and sewer systems.  SWRB (1962) estimated for the Los Angeles area that unaccounted-for water (exfiltration) makes up approximately 20 percent of supplied volume.  That is, approximately 20 percent of supplied water returns to groundwater.  

This value will be used with the City of Henderson meter records (if available) or estimates of neighborhood use and pipes/drains (Appendix F) to determine the seepage value.  Average per capita water use records can also be used with census records of population to develop an estimate of supplied water.  If available, seepage estimates will be constrained by the City of Henderson diversion and return flow records.    
A supplemental estimate of seepage from landscaped areas was also completed, using an estimate of hardscape/landscape (permeable and impermeable surfaces) in the area and a reference range of values for turf grass consumptive use.  Permeable softscape was estimated at 2,035 acres.  Consumptive use of turf grass in the Phoenix area, which has a similar climate, was determined to range from 0.05 to 0.25 inch per day (University of Arizona, 2003).   

A general estimate of the leaching fraction required to prevent salt from building up in the root zone (when water leaches out of the root zone) and becoming recharge is 25 percent of the estimated annual consumptive use for turf grass (U.S. Salinity Laboratory, 1954).  Based on this percentage, seepage (recharge) from grass-landscaped areas would range from approximately 0.0125 to 0.0625 inch per day.  This range of rates, applied over 2,035 acres of softscape in the model domain, yields a seepage estimate of 0.00878 cfs (approximately 0.01 cfs).   

BRC previously estimated a value of 0.01 inch per day for infiltration from golf course watering and a value of 0.003 inch per day for infiltration from residential sources (BRC, 2003).  This range of seepage values will be evaluated for permeable areas within the model domain, which will be estimated based on the current plan for Site redevelopment (Appendix G).  

Seepage from neighborhoods and developed areas will be incorporated in the model using the MODFLOW-SURFACT Well package.  
3.1.9 Golf Course Irrigation Return Flow
Seepage from golf course irrigation will be calculated based on an estimate of the area of hardscape/landscape (permeable and impermeable surfaces) on the golf course property (if available) and a reference range of values for turf grass consumptive use.    
Using the calculation from Section 3.1.8, seepage (recharge) from irrigated grass areas would range from approximately 0.125 to 0.0625 inch per day (potentially higher for higher-quality grass [University of Arizona, 2003]).  This range of values will be applied to the estimated area of permeable/impermeable golf course areas within the model domain, which will be estimated based on golf course maps during numerical model domain construction.  A current estimate of turf grass coverage on golf course grounds within the model domain is 143 acres.
If available, these seepage estimates will be constrained by metered records of golf course water use.  Return flow from irrigation is expected to be minimal due to evaporation.  BRC previously estimated a value of 0.01 inch per day for infiltration from golf course watering (BRC, 2003) and this value will be considered during modeling.  
Golf course irrigation return flow was estimated at 0.000617 cfs.  This parameter will be incorporated in the model using the MODFLOW-SURFACT Well package.  
3.2 Groundwater Outflows (Sinks)

3.2.1 Lateral Groundwater Outflow

Lateral groundwater outflow was calculated using the methodology described for lateral groundwater inflow from the Qal (Section 2.1.1).  Outflow was estimated as shallow Qal groundwater flow toward Las Vegas Wash along the northern model domain boundary (Table 1).  A similar calculation was prepared for lateral flow in the water-bearing zone within the TMCf along the model domain perimeter (Table 2).  Lateral outflow from the Qal is estimated at 16.10 cfs and lateral outflow from the TMCf is estimated at 0.10 cfs.  
3.2.2 Outflow to Tertiary Muddy Creek Formation (Vertical Leakage)
Outflow to the TMCf can be estimated using the same method used to calculate inflow from the TMCf (Section 3.1.7):  by comparing shallow with deep groundwater elevations from adjacent shallow/deep monitoring well pairs.  Because shallow/deep well pairs are now present at the Site, outflow to the lower TMCf can be calculated for the current scenario (Table 3).  Hydraulic gradient was calculated as the difference in head between paired wells over the vertical distance between the midpoints of the screens in the two wells.  Values for minimum and maximum Kv were obtained from Kleinfelder (2007a, 2007b).  Outflow to the TMCf (downward vertical leakage) is estimated at 14.74 cfs.  
Vertical groundwater outflow to the deep TMCf will be simulated using either the MODFLOW-SURFACT GHB or Well package
3.2.3 Tronox Seep Groundwater Extraction
Pumping rates at the Tronox Seep well field from October 2002 through March 2003 varied between approximately 324 gpm and 584 gpm (McGinley & Associates, 2003).  Tronox (2007) reported a more recent (June 2007) rate of 673.7 gpm.  Extracted groundwater from the seep area is pumped south to the on-site treatment area and then redirected north in a pipeline that empties into the Las Vegas Wash (Tronox, 2007).

The range of 324 to 673.7 gpm was averaged to obtain a value of 1.11 cfs for this parameter.  Groundwater outflow due to pumping will be simulated using the MODFLOW-SURFACT Well package.
3.2.4 Tronox Pumping at Athens Road Well Field
The Athens Road well field was reported by Tronox (2007) to be operating at 258.5 gpm.  Thus, this sink is assigned a value of 258.5 gpm, or 0.58 cfs, in the water balance.  Extracted groundwater from the Athens Road area is pumped south to the on-site treatment area and then redirected north in a pipeline that empties into the Las Vegas Wash (Tronox, 2007).  Groundwater outflow due to pumping will be simulated using the MODFLOW-SURFACT Well package.
3.2.5 Phreatophyte Evapotranspiration
Although salt cedar was removed from the Site in November and December 2007 (BRC, 2008), phreatophyte ET for the current scenario will be based on 2006 conditions (before the salt cedar removal).  The range of ET values from Devitt (2006) (38 to 119 cm/yr) was applied to salt cedar coverage on-site and off-site within the model domain (estimated at 40 acres total) to arrive at an estimate of 0.36 cfs.  ET by salt cedar will be simulated using the MODFLOW-SURFACT ET package.
3.2.6 Tuscany French Drains/Infiltration Gallery
A groundwater collection drain and infiltration gallery was installed at the Tuscany property for groundwater seep control (NDEP, 2008).  Nuisance groundwater is collected by a main subsurface trunk line and laterals.  The water is then directed to an infiltration gallery.  These features are within the model domain, but there is a net zero balance of groundwater extraction and infiltration.  As a result, this parameter will not be included in the water balance.  

4. 
Future Scenario
4.1 Groundwater Inflows (Sources)

Several of the groundwater inflow parameters are not currently anticipated to change substantially in the future scenario and will thus be assigned the same value as used for the current scenario.  Minor potential changes to the parameters listed below will be evaluated, as appropriate, during model development:
· Recharge from precipitation/storm flow.  This parameter may change based on increased hardscape added with new development, or stormwater capture and channeling to recharge basins through storm drains.   
· Inflow from lower TMCf.  This parameter will vary as heads in the Qal and in the TMCf change.  
· Golf course irrigation return flow.  This parameter may change as irrigation practices change with new development, potential new hardscape, or pipe leakage.  
· Lateral groundwater flow.  This parameter will vary as groundwater head changes.  
4.1.1 City Effluent Disposal Basin Recharge
All city RIBs will be discontinued in the near future (BRC, 2008).  The city bird viewing preserve (wastewater treatment plant [WWTP] #3 ponds), however, is permitted for 9.5 million gallons per day of influent flow and will remain in service (NDEP, 2006).  
If city discharge doubles in the future scenario based on new property development, then recharge from the WWTP #3 ponds would presumably also increase.  Accordingly, the prior estimate of 4.8 cfs for the RIBs and the preserve (Section 3.1.2) was approximately doubled to obtain an estimated value of 10 cfs for WWTP #3 recharge under the future scenario.  Additional data from the City of Henderson, if available, will be used to constrain this parameter estimate.  
4.1.2 Seepage from Developed Areas
Seepage from the surrounding developed areas will be based on adjusting the value for the current scenario to account for anticipated new construction, new hardscape, and new pipe leakage (Appendix F), as appropriate.  The current plan for future Site development is included as Appendix G.  The developed areas will be estimated and delineated during numerical model construction.  This parameter is currently estimated at 0.001 cfs.  Additional data from the City of Henderson or other sources, if available, will be used to constrain this parameter estimate.
4.2 Groundwater Outflows (Sinks)
Several outflow parameters are not currently anticipated to change under the future scenario and are thus assigned the same value as for the current scenario.  The fractional changes listed below will be evaluated, as appropriate, during model development:

· Lateral groundwater outflow.  This value may vary as simulated heads in the Qal change.  

· Outflow to the TMCf.  This parameter will vary as heads in the Qal and in the TMCf change.  
· Tronox pumping at the seep area and the Athens Road well field.  These pumping rates may be modified in the future based on capture system performance. 
· Phreatophyte ET.  This parameter will be set to zero because salt cedar has been removed from the Site; however, it may change based on salt cedar regrowth.  In addition, small areas of salt cedar may be present at off-site areas that are within the model domain.  

5. Structure Contour Map Update, Tertiary Muddy Creek Formation

The TMCf structure contour map was updated with new data from 2007 borings completed in the northeast area, in the flux line area, and at the deep background soil boring locations.  This updated TMCf structure contour, shown in Figure 1, will be used in the groundwater flow model to represent the lower surface of the Qal at the Site.  
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