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Mr. Joseph Glowitz 

Hi-Desert Water District 

55439 29 Palms Highway 

Yucca Valley, California 92284-2503 

 

Dear Mr. Glowitz: 

 

As part of the Federal Fiscal Year 2009 (FFY09) cooperative agreement between Hi-

Desert Water District (HDWD) and the United States Geological Survey (USGS), various 

tasks were undertaken by the USGS to study the effects of the proposed HDWD water 

reclamation project on water levels and water quality in the East hydrogeologic unit 

(HGU). Specifically, the tasks were to collect and analyze water-quality samples to 

determine the background water-quality conditions of the East HGU and to use the 

existing groundwater flow and transport model to estimate the effects of the proposed 

project on water levels and water quality. Note that all results presented in this letter are 

preliminary and subject to revision. 

 

Executive Summary 

 

Water-quality samples were collected on February 4 and 5, 2009 from the piezometer at 

monitoring site YVUZ-5 (1N/6E-32G01S) and from a production well located on the 

Mental Physics property (1N/6E-28N01S). The results indicate: 

 

 All constituents analyzed, except nitrate plus nitrite at 28N1, had concentrations 

below the U.S. Environmental Protection Agency (EPA) maximum contaminant 

level (MCL). 

 Total dissolved solids (TDS) concentrations at 32G1 and 28N1 are 296 and 262 

mg/L, respectively. 

 Total nitrogen (nitrate plus nitrite) concentrations at 32G1 and 28N1 were 0.46 

and 18.4 mg/L as N, respectively. The EPA MCL for nitrate is 10 mg/L as N. 

 Total organic carbon, reported as dissolved organic carbon, concentrations at 

32G1 and 28N1 were 3.03 and 0.12 mg/L, respectively. 

 None of the pharmaceuticals analyzed exceeded detection levels. 

 

IN REPLY REFER TO:  

http://water.wr.usgs.gov/


The existing groundwater-flow and transport model developed by Nishikawa et al. (2003) 

was used to estimate the effects of the proposed project on water levels and water quality. 

Effluent flow and water-quality characteristics were provided by Montgomery-Watson-

Harza. The modeling results indicated: 

 

 The simulated water levels do not reach the water-level threshold of 100 ft bls 

after 16 years of recharge; therefore, no new production wells are needed to 

control water levels during the 16-year simulation period. 

 Extrapolated simulated water levels indicate that new wells may be needed 

between 15 and 16 years for a water-level threshold of 150 ft bls and between 20 

and 21 years for a water-level threshold of 100 ft bls. 

 Flux across the Yucca Barrier increases from about 84 acre-ft/yr to 134 acre-ft/yr. 

 The maximum simulated TOC concentration was about 9 mg/L in layer 1 (upper 

and middle aquifers) and 0.5 mg/L in layer 2 (lower aquifer). 

 The maximum NO3 concentration was about 35 mg/L in layer 1 and about 2 mg/L 

in layer 2; the layer 1 NO3 concentration is approaching the MCL but has not yet 

reached this level. 

 The maximum simulated TDS concentration was about 420 mg/L in layer 1 and 

about 300 mg/L in layer 2; the secondary MCL for TDS is 500 mg/L. 

 

Study Narrative 

 

Water-quality samples were collected on February 4 and 5, 2009 from the piezometer at 

monitoring site YVUZ-5 (1N/6E-32G01S) and from a production well located on the 

Mental Physics property (1N/6E-28N01S). The sampling of two wells within the East 

HGU was deemed sufficient to establish background water-quality conditions in the East 

HGU by HDWD’s CEQA consultant, Tom Dodson (Tom Dodson and Associates, 

personal commun., 2009). The February 2009 and available historical water-quality 

results are presented in Tables 1 and 2. Samples from the wells were sampled for general 

chemistry (table 1), nutrients (table 1), selected isotopes (table 1) and pharmaceuticals 

(table 2). These data can be compared with data collected after the initiation of the 

proposed wastewater recharge to determine the effect of the recharged wastewater on 

water quality in the East HGU. All constituents analyzed had concentrations below the 

U.S. Environmental Protection Agency (EPA) maximum contaminant level (MCL) with 

the exception of nitrate plus nitrite analyzed in the February 2009 sample from 1N/6E-

28N01S. The nitrate plus nitrite concentration in the sample collected at 28N1 was 18.4 

mg/L as N; the EPA MCL for nitrate is 10 mg/L. Table 2 shows the pharmaceutical 

results for well 32G1 only because an insufficient volume of water was available from 

well 28N1. As shown in the table, none of the pharmaceuticals analyzed exceeded 

detection levels. 

 

The background total nitrogen and total dissolved solids (TDS, reported as residue on 

evaporation) beneath the proposed wastewater recharge site are 0.46 mg/L as N, and 296 

mg/L, respectively based on the data collected in February 2009 at well 1N/6E-32G01S 

(table 1). The total organic carbon (reported as dissolved organic carbon or DOC) at 



32G1 and 28N1 were 3.03 and 0.12 mg/L, respectively. It is reasonable to use dissolved 

organic carbon for the total organic carbon concentration because most organic carbon in 

groundwater will be dissolved (John A. Izbicki, USGS, personal commun., 2009). 

 

The existing groundwater-flow and transport model developed by Nishikawa et al. (2003) 

was used to estimate the effects of the proposed project on water levels and water quality. 

Montgomery-Watson-Harza (MWH) provided the approximate location of the 

wastewater-treatment plant (WWTP), projected effluent flows, effluent water quality, 

percolation pond sizes, and groundwater-level threshold (Jeffrey Mohr, MWH, personal 

commun., 2009). The groundwater-level threshold is the maximum groundwater-level 

altitude that is acceptable in the East HGU without intercepting septic-tank seepage.The 

effluent flows and water quality are presented in tables 3 and 4, respectively. MWH 

stated that the percolation ponds will have a total area of 4.3 acres and each model cell is 

about 500 ft by 500 ft which is equal to 5.7 acres; therefore, it was assumed all effluent 

was recharged into one model cell using the MODFLOW recharge package. The 

groundwater-level threshold was 100 ft bls (Jeffrey Mohr, MWH, personal commun., 

2009). 

 

Three 16-year simulations were performed using the existing groundwater-flow and 

transport model. This model has three layers; layer 1 represents the upper and middle 

aquifers, layer 2 represents the lower aquifer, and layer 3 represents the deep aquifer. The 

model was updated using pumping and recharge data through 2008. The year 2008 

pumping and recharge patterns used in the model-calibration process was repeated for the 

16-year simulation. The effluent flow rate for the new recharge pond was provided by 

MWH (table 3). The recharge rate of the model cells that are defined as the phase 1 

sewered areas, was set equal to zero. That is, recharge from septic tanks was assumed to 

be negligible immediately after the operation of the wastewater-treatment plant within the 

phase 1 sewered areas. The groundwater-level distribution at the end of 2008 is used as 

the initial condition for the 16-year simulation. The new recharge pond was assumed to 

be located at model cell row 9 column 65 (9,65) and the observation points H1 (9,63), H2 

(9,67), H3 (7,65), and H4 (11,65) are located around the new recharge pond (fig. 1). 

 

The simulated hydrographs for the observation points and the water-level contours for 

selected times for model layers 1 and 2 are presented in figures 2 and 3. The hydrographs 

indicate that the simulated water levels do not reach the water-level threshold of 100 ft 

bls after 16 years of recharge; therefore, no new production wells are needed to control 

water levels during the 16-year simulation period. However, the simulated rate of water-

level rise indicates that the water-level threshold will be exceeded in the future if 

wastewater recharge is continued and there is no pumpage from the East HGU. This is 

confirmed by linearly extrapolating the simulated water levels beyond the 16-year time 

horizon. The extrapolated simulated water levels indicate that new wells may be needed 

between 15 and 16 years for a water-level threshold of 150 ft bls and between 20 and 21 

years for a water-level threshold of 100 ft bls. The extrapolated results are given relative 

to a 150-ft bls threshold because data collected from the USGS monitoring site YVUZ-2 

(Elks Club) indicate that high-nitrate water is as deep as 150 ft bls. The simulated water-

level contours show increasing water-level altitudes with time and that the faults to the 



north and west of the HGU hydraulically separates the HGU from the neighboring 

HGU’s (fig. 3). 

 

The time-varying flux across the Yucca Barrier is shown in figure 4. Prior to the start of 

recharge operations the flux across the Yucca Barrier is about 85 acre-ft/yr. The flux 

increases linearly to about 134 acre-ft/yr by year 16 (fig. 4). 

 

The transport of three constituents was simulated individually: TOC, total nitrogen 

(simulated as nitrate or NO3), and TDS. The background concentrations for TOC, NO3, 

and TDS were assumed to equal 0 mg/L, 2 mg/L, and 290 mg/L, respectively. The 

effluent concentrations of treated wastewater for TOC, NO3, and TDS are 11 mg/L, 44 

mg/L (10 mg/L as nitrogen), and 450 mg/L, respectively (table 4). Longitudinal 

dispersivity, horizontal transverse dispersivity, and vertical transverse dispersivity for all 

constituents are assumed to be 750 ft, 250 ft and 2.5 ft, respectively. Retardation factor 

was assumed to be equal to one. The simulated concentrations for each constituent at the 

observation points is shown for the 16-year simulation period in figures 5-7. The 

“stairstep” breakthrough curves at H2 in model layer 2 (2,9,67) is a numerical artifact 

resulting from the numerical approach, specifically particle tracking, that is used to 

simulate advective solute transport (George Hornberger, USGS, personal commun., 

2009). The maximum simulated TOC concentration was about 9 mg/L in layer 1 and 0.5 

mg/L in layer 2 (fig. 5). The maximum NO3 concentration was about 35 mg/L in layer 1 

and about 2 mg/L in layer 2; the layer 1 NO3 concentration is approaching the MCL but 

has not yet reached this level (fig. 6). The maximum simulated TDS concentration was 

about 420 mg/L in layer 1 and about 300 mg/L in layer 2; the secondary MCL for TDS is 

500 mg/L (fig. 7). 

 

If you have any questions regarding the water-quality or modeling results, feel free to 

contact Dr. Tracy Nishikawa (619-225-6148) or Mr. Peter Martin (619-225-6127) who 

are located in the USGS San Diego office. 

 

Very truly yours, 

 

 

 

 

Tracy Nishikawa Ph.D., P.E. 

Research Hydrologist 

tnish@usgs.gov 

 



 

 
 

Figure 1: Figure showing the simulated recharge pond and observation points in the 

Warren groundwater basin (A) and a close-up view of the simulated recharge pond and 

observation points (B). 



 
Figure 2A: Simulated layer-1 hydrographs for observation points H1 (9,63), H2 (9,67), 

H3 (7,65), and H4 (11,65). Simulated water levels for point H1 extrapolated forward in 

time. 

 
Figure 2B: Simulated layer-2 hydrographs for observation points H1 (9,63), H2 (9,67), 

H3 (7,65), and H4 (11,65). Simulated water levels for point H1 extrapolated forward in 

time. 



 
Figure 3A: Layer 1 simulated water-level contours, 6 months. 

 
Figure 3B: Layer 1 simulated water-level contours, 12 months. 

 
Figure 3C: Layer 1 simulated water-level contours, 60 months 



 
Figure 3D: Layer 1 simulated water-level contours, 120 months 

 
Figure 3E: Layer 1 simulated water-level contours, 192 months 



 
Figure 4: Time-varying flux across the Yucca Barrier. 



 
Figure 5A: Layer 1 simulated total organic carbon concentrations for observation points 

H1 (9,63), H2 (9,67), H3 (7,65), and H4 (11,65). 

 
Figure 5B: Layer 2 simulated total organic carbon concentrations for observation points 

H1 (9,63), H2 (9,67), H3 (7,65), and H4 (11,65). 



 
Figure 6A: Layer 1 simulated nitrate concentrations for observation points H1 (9,63), H2 

(9,67), H3 (7,65), and H4 (11,65). 

 
Figure 6B: Layer 2 simulated nitrate concentrations for observation points H1 (9,63), H2 

(9,67), H3 (7,65), and H4 (11,65). 



 
Figure 7A: Layer 1 simulated total dissolved solids concentrations for observation points 

H1 (9,63), H2 (9,67), H3 (7,65), and H4 (11,65). 

 
Figure 7B: Layer 2 simulated total dissolved solids concentrations for observation points 

H1 (9,63), H2 (9,67), H3 (7,65), and H4 (11,65). 



 

 

 

                                    UNITED STATES DEPARTMENT OF INTERIOR - GEOLOGICAL SURVEY              PROCESS DATE  4-08-09       

                                                   MULTIPLE STATION ANALYSES                                            

 

                                                                  Specif.                                       Alka-    Alka-  

                                                  pH,      pH,    conduc-                                      linity,  linity, 

             Local                               water,   water,   tance,           Magnes-   Potas-           wat flt  wat flt 

            ident-                       Dis-   unfltrd  unfltrd  wat unf  Calcium    ium,    sium,   Sodium,  fxd end  fxd end 

              i-                        solved   field,    lab,     lab,    water,   water,   water,   water,   field,    lab,  

             fier              Date    oxygen,    std      std     uS/cm    fltrd,   fltrd,   fltrd,   fltrd,  mg/L as  mg/L as 

                                         mg/L    units    units   25 degC    mg/L     mg/L     mg/L     mg/L    CaCO3    CaCO3  

                                       (00300)  (00400)  (00403)  (90095)  (00915)  (00925)  (00935)  (00930)  (39036)  (29801) 

  

 001N006E28N001S             08-31-99    9.0      6.8      7.9      274     23.1      4.09     1.18    26.9       89       94   

                             02-04-09     --      7.7      7.9      397     40.7      7.25     1.50    34.8       79       87   

 001N006E32G001S             09-11-08    <.2      8.1      8.1      485     23.6      8.79     5.80    61.5      140      145   

                             02-05-09     --      8.1      7.8      536     27.8     11.5      6.58    65.7      140      158   

                             03-09-09     .8      8.1       --       --       --       --       --       --       --       --   

 

Table 1: General chemistry, nutrients, and selected isotopes for wells 1N/6E-29N1 and 1N/6E-32G1 (Part 1). 



 

 

                                    UNITED STATES DEPARTMENT OF INTERIOR - GEOLOGICAL SURVEY              PROCESS DATE  4-08-09       

                                                   MULTIPLE STATION ANALYSES                                                          

 

                               Alka-    Bicar-   Bicar-                                                        Residue 

                              linity,  bonate,  bonate,                                                           on   

             Local            wat flt  wat flt  wat flt            Chlor-   Fluor-           Silica,            evap.  

            ident-            inf tit   fixed   infl pt  Bromide    ide,     ide,    Iodide   water,  Sulfate     at   

              i-               field,  end pt,   titr.,   water,   water,   water,   water,   fltrd,   water,  180degC 

             fier     Date    mg/L as   field,   field,   fltrd,   fltrd,   fltrd,   fltrd,  mg/L as   fltrd,  wat flt 

                               CaCO3     mg/L     mg/L     mg/L     mg/L     mg/L     mg/L     SiO2     mg/L     mg/L  

                              (39086)  (29804)  (00453)  (71870)  (00940)  (00950)  (71865)  (00955)  (00945)  (70300) 

  

 001N006E28N001S    08-31-99     --       --       --       .08    10.9       .62     .001    29.9      7.58     176   

                    02-04-09     79       --       --       .18    21.1       .53    <.002    29.3     13.5      262   

 001N006E32G001S    09-11-08    139      166      166       .14    39.7       .66     .018    15.7     28.6      289   

                    02-05-09    142       --       --       .21    47.0       .71     .035    11.6     34.6      296   

                    03-09-09     --       --       --       --       --       --       --       --       --       --   

 

Table 1: General chemistry, nutrients, and selected isotopes for wells 1N/6E-29N1 and 1N/6E-32G1 (Part 2). 



 

 

                                    UNITED STATES DEPARTMENT OF INTERIOR - GEOLOGICAL SURVEY              PROCESS DATE  4-08-09       

                                                   MULTIPLE STATION ANALYSES                                                          

 

                              Ammonia           Nitrate                     Ortho-                                     

                                 +                 +                        phos-    Phos-                             

             Local             org-N,  Ammonia  nitrite  Nitrate  Nitrite   phate,  phorus,   Alum-                    

            ident-             water,   water,   water    water,   water,   water,   water,   inum,   Arsenic  Barium, 

              i-               fltrd,   fltrd,   fltrd,   fltrd,   fltrd,   fltrd,   fltrd,   water,   water,   water, 

             fier     Date      mg/L     mg/L     mg/L     mg/L     mg/L     mg/L     mg/L    fltrd,   fltrd,   fltrd, 

                                as N     as N     as N     as N     as N     as P     as P     ug/L     ug/L     ug/L  

                              (00623)  (00608)  (00631)  (00618)  (00613)  (00671)  (00666)  (01106)  (01000)  (01005) 

  

 001N006E28N001S    08-31-99    E.06    <.02      4.72      --     <.010     .02      E.04      --     <1       41.5   

                    02-04-09    <.10    <.020    18.4       --     <.002     .027     <.04    <4.0       .74    64.2   

 001N006E32G001S    09-11-08     --       --       --       --       --       --       --      5.7      1.2     20.1   

                    02-05-09     .21     .162      .46      .45     .008     .036     E.03     4.2      1.5     20.1   

                    03-09-09     --       --       --       --       --       --       --       --       --       --   

 

Table 1: General chemistry, nutrients, and selected isotopes for wells 1N/6E-29N1 and 1N/6E-32G1 (Part 3). 



 

 

 

                                    UNITED STATES DEPARTMENT OF INTERIOR - GEOLOGICAL SURVEY              PROCESS DATE  4-08-09       

                                                   MULTIPLE STATION ANALYSES                                                          

 

                                                                                      C-14                             

                                                                                    countng                     C-13 / 

             Local                      Chrom-                    Mangan-  Stront-   error,   C-14,   Tritium    C-12  

            ident-             Boron,    ium,    Iron,   Lithium    ese,     ium,    water,   water,  2-sigma   ratio, 

              i-               water,   water,   water,   water,   water,   water,   fltrd,   fltrd,   water,   water, 

             fier     Date     fltrd,   fltrd,   fltrd,   fltrd,   fltrd,   fltrd,  percent  percent  unfltrd  unfltrd 

                                ug/L     ug/L     ug/L     ug/L     ug/L     ug/L    modern   modern   pCi/L   per mil 

                              (01020)  (01030)  (01046)  (01130)  (01056)  (01080)  (49934)  (49933)  (75985)  (82081) 

  

 001N006E28N001S    08-31-99     51       --      <10       --      <2.2     194      .720    72.42      .58   -11.64  

                    02-04-09     46       --       22      20         .8     344       --       --       --       --   

 001N006E32G001S    09-11-08     88       .28      10       5      268       172       --       --       --       --   

                    02-05-09    207       --        9       5      223       191       --       --       --       --   

                    03-09-09     --       --       --       --       --       --       --       --       --       --   

 

Table 1: General chemistry, nutrients, and selected isotopes for wells 1N/6E-29N1 and 1N/6E-32G1 (Part 4). 



 

 

 

         UNITED STATES DEPARTMENT OF INTERIOR - GEOLOGICAL SURVEY  PROCESS DATE  4-08-09                                              

                        MULTIPLE STATION ANALYSES                                                                                     

 

                                Deu-    N-15 /   O-18 /          

                              terium/    N-14     O-16    O-18 / 

             Local            Protium     in     ratio     O-16  

            ident-             ratio,  nitrate     in     ratio, 

              i-               water,   water,  nitrate   water, 

             fier     Date    unfltrd   fltrd,  wat flt  unfltrd 

                              per mil  per mil  per mil  per mil 

                              (82082)  (82690)  (63041)  (82085) 

  

 001N006E28N001S    08-31-99  -78.20      --       --    -11.17  

                    02-04-09  -77.40     5.99     -.18   -11.19  

 001N006E32G001S    09-11-08  -79.30      --       --    -10.91  

                    02-05-09  -80.50    11.58     2.56   -10.94  

                    03-09-09     --       --       --       --   

0Remark codes used in this table:                             

   < -- Less than.                               

   E -- Estimated.                               

 

Table 1: General chemistry, nutrients, and selected isotopes for wells 1N/6E-29N1 and 1N/6E-32G1 (Part 5). 

 



 

 

 

                                    UNITED STATES DEPARTMENT OF INTERIOR - GEOLOGICAL SURVEY              PROCESS DATE  4-08-09       

                                                   MULTIPLE STATION ANALYSES                                                          

 

                                       1,7-Di-                              Carba-                      De-                     

                                       methyl-   Acet-                      maze-                      hydro-           Diphen- 

             Local                       Xan-    amino-   Albut-  Carbam-   pine-              Cot-    nife-   Diltia-   hydra- 

            ident-                      thine,   phen,    erol,   azepine   -d10,   Codeine   inine,  dipine,    zem,    mine,  

              i-                        water,   water,   water,   water,  surrog,   water,   water,   water,   water,   water, 

             fier              Date     fltrd,   fltrd,   fltrd,   fltrd,  wat flt   fltrd,   fltrd,   fltrd,   fltrd,   fltrd, 

                                         ug/L     ug/L     ug/L     ug/L   % recvy    ug/L     ug/L     ug/L     ug/L     ug/L  

                                       (62030)  (62000)  (62020)  (62793)  (90797)  (62003)  (62005)  (62004)  (62008)  (62796) 

  

 001N006E32G001S             02-05-09   <.120    <.080    <.060    <.040    27.4     <.040    <.026    <.080    <.080    <.040  

 

 

             UNITED STATES DEPARTMENT OF INTERIOR - GEOLOGICAL SURVEY  PROCESS DATE  4-08-09                                       

                             MULTIPLE STATION ANALYSES                                                                                

 

                               Ethyl                                      

                               nico-    Sulfa-             Tri-           

             Local            tinate-  methox-  Thiaben   meth-   Warfar- 

            ident-              d4,     azole,  dazole,   oprim,    in,   

              i-              surrog,   water,   water,   water,   water, 

             fier     Date    wat flt   fltrd,   fltrd,   fltrd,   fltrd, 

                              % recvy    ug/L     ug/L     ug/L     ug/L  

                              (99571)  (62021)  (62801)  (62023)  (62024) 

  

 001N006E32G001S    02-05-09   56.5     <.160    <.060    <.020    <.100  

0Remark codes used in this table:                             

   < -- Less than.                               

 

Table 2: Selected pharamceuticals for well 1N/6E-32G1 



 

Year Flow, mgd 

2012 1.40 

2013 1.43 

2014 1.46 

2015 1.49 

2016 1.52 

2017 1.55 

2018 1.58 

2019 1.61 

2020 1.64 

2021 1.67 

2022 1.70 

2023 1.73 

2024 1.76 

2025 1.79 

2026 1.82 

2027 1.85 

 

Table 3: Projected effluent flows. 

 

Total Organic Carbon 11 mg/L
1
 

Total Nitrogen 10 mg/L 

Total Dissolved Solids 450 mg/L
2
 

 

Table 4: Assumed effluent water-quality characteristics. 


