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Phase I. 
Define Transition Zone Hydrogeology 


 
This Phase will focus on three specific aspects of the study: (1) compiling information 
and describing the hydrogeologic conditions within the Transition Zone; (2) determining 
how those conditions control its function as a "water bridge;" and (3) describing the 
impact potential for artificial recharge programs. The nature of the project will require 
that the work be performed in an interactive manner. We will work closely with MWA 
during the project to make maximum benefit of MWA’s knowledge of the area. Various 
meetings with MWA are planned at key points during the project.  
 
Beginning with the review of the data collected at the start of the project, URS will be 
developing and refining a conceptual model of the baseline hydrogeology of the 
Transition Zone.  At first the model will be based on the available data, and input from 
the MWA. As the project progresses, we will refine our conceptual model as we collect 
information about the stratigraphy, geologic structure, aquifers, water flows, and other 
information for the area.  
 
As the model becomes more refined, data gaps and areas where additional data are 
needed will become more apparent. During the project, we anticipate some overlap 
between tasks as our understanding of the Transition Zone is developed and refined. The 
various tasks and our approach to completing them are discussed below. 
 
Task I-1. 


Compile existing data and technical reports prepared by MWA, the Mojave Basin Area Watermaster, the 
United States Geological Survey (USGS), the Lahontan Regional Water Quality Control Board 
(LRWQCB), the Victor Valley Regional Wastewater Reclamation Authority (VVRWRA) and other sources 
as may be determined.  


 
Approach to Task I-1.  Through our extensive experience in conducting projects similar 
to this, URS has developed efficient and effective techniques for acquiring, compiling, 
and documenting existing data and information pertinent to the study.  We will begin, of 
course, with the publications list provided by MWA and other documents that are 
available in storage in the MWA annex.  We will  contact the agencies listed in Task I-1, 
and acquire additional information that may be appropriate to this study. We will also 
contact Mr. Robert Wagner of Wagner & Bonisgnore, to obtain data or current water 
demand and protections of water use in the study area. 
 
Our project team has access to our in-house library of reference documents, reports, and 
treaties, which we believe includes unpublished reports and data that may be of use.  Our 
project team members also have personal documents that may be of use, and these will 
also be incorporated into our overall data-acquisition program, as appropriate.  
 
As we acquire pertinent documents, we will maintain and update a bibliography of the 
documents, with appropriate citations for later referencing.  Both hard copies and 
electronic copies of this bibliography will be made available to MWA, and will be 
incorporated into our final report. 
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We anticipate that the types of data to be acquired include lithologic logs of wells and 
borings in the area, geological reports, soils and sediment studies, historical data from the 
gauging station, historical water quality data, information on water supply systems, 
agricultural water data, and other types of information needed for the study.  As we 
acquire data and information, we will make an assessment of its quality, its reliability, 
and its usefulness to the Transition Zone project.  We will also identify data gaps, and 
continue to monitor the data gaps as we conduct subsequent tasks.  We expect that 
additional work conducted as part of this project will fill some of the data gaps.  The 
areas where there are data-gaps and our recommendations for filling pertinent data gaps 
will be identified and addressed under Task I-11, below. 
 
Task I-2.  


Identify and quantify water supply sources and sinks.  
 
Approach to Task I-2.  Under this task, URS will identify all current and potential water 
sources and sinks in the study area, and compile this information for later use in 
developing a water budget for the Transition Zone, as described under subsequent tasks. 
 
Water supply sources, and potential sources, to the study area may include:  
• precipitation and runoff into the Mojave River;  
• inflows of water from upstream surface-water reservoirs;  
• subsurface inflow of groundwater into the Transition Zone; 
• inflows of water from the California Aqueduct;  
• inflows of reclaimed wastewater from VVWRA facilities;  
• irrigation return flows; and  
• other incidental wastewater discharges.   
 
Water supply sinks, and potential sinks, in the study area may include:  
• natural evaporation from water surfaces;  
• natural evapotranspiration from native vegetation along the Mojave River;  
• evapotranspiration and crop uptake from agricultural activities;  
• pumping of groundwater through wells for domestic, municipal, industrial, and 


agricultural purposes;  
• discharge of surface water across the Helendale Fault to lower reaches of the Mojave 


River; and  
• subsurface outflow of groundwater downgradient across the fault to lower sub-basins. 
 
URS will use available existing information developed in Task I-1 to quantify the water 
supply quantities and temporal aspects of each of the key sources and sinks. 
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Task I-3. 


Perform volumetric calculations of water-bearing sediments within the Transition Zone to assess and 
quantify the ability to store imported water under current and future conditions.  


 
Approach to Task I-3.  Our preliminary review of available data indicates that some 
good data exist concerning the subsurface geometry of the Transition Zone; however, we 
believe that the available data are not currently sufficient to provide an adequate basis for 
use in performing volumetric calculations. Of particular interest is the subsurface 
geometry near the Helendale Fault. The geometry and hydrogeology of this area is 
significant in that it controls the subsurface outflow from the Transition Zone. Subsurface 
outflow is a key component in the overall water budget for the area. 
 
Additional test drilling at numerous locations would, of course, provide additional data; 
however, additional test drilling is both expensive and time-consuming.  In our opinion, 
additional test drilling is not warranted as part of Phases I and II of this study. 
 
Another effective, and much less expensive, means for obtaining suitable subsurface data 
is to conduct geophysical surveys along selected transects in the Transition Zone.  
Refraction seismic profiling is a commonly used geophysical technique for this purpose.  
The results of geophysical surveys using refraction seismic profiling can provide the 
subsurface hydrogeological characteristics and basin geometry needed to perform 
volumetric calculations of the water-bearing sediments within the Transition Zone.  
These data are necessary to allow us to assess and quantify the ability of the Transition 
Zone to store imported water under both current and future conditions.  Thus, URS 
proposes to conduct geophysical studies under this task.  The scope of the geophysical 
studies are described below. 
 
URS proposes to perform refraction seismic profiling along two (2) transects across the 
Transition Zone.  Figure 2 (of the proposal) shows preliminary locations for the transects; 
however, final locations will be selected based on our understanding of the Transition 
Zone and with approval of MWA.  Each of the transects are expected to define the depth 
to the bottom of the water-bearing sediments (top of competent bedrock) and the 
variations in density of materials in the sediments above bedrock.  These geophysical 
data can be interpreted, along with available lithologic data, to estimate differences in 
actual and effective porosity of the sediments.  Together with available lithologic data, 
the results of the geophysical survey will allow the volumetric calculations required by 
this task. 
 
The geophysical work will be done by Dr. Shawn Biehler, a California Registered 
Geophysicist, with GeoVision  Geophysical Services. Dr. Biehler was for many years a 
geophysics professor at University of Riverside, and is a recognized expert at 
characterizing groundwater basins for assessment of groundwater storage capacity. His 
experience characterizing desert basins in Southern California is unmatched. Review of 
the geophysical data interpretations will also be done under the direct supervision of Tom 
Sheahan, a Registered Geophysicist in California. 
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Based on the geophysical and lithologic data, and the other data collected under Tasks I-1 
and I-2, URS will:  
• define the subsurface geometry of the sediments within the Transition Zone,  
• identify the saturated and unsaturated volumes, and  
• quantify the ability of the Transition Zone to store imported water under current and 


future conditions. 
 
As part of this task, GeoVision will produce a summary report for the geophysical 
studies. This report will be an appendix to the Phase I report.  
 
Task I-4. 


Compile and review groundwater and surface water levels and water quality data.  
 
Approach to Task I-4.  Based on our knowledge of the Transition Zone, URS 
anticipates that several of the existing wells will have historical data for water levels.  
Similarly, based on US Geological Survey work in the area, we expect that there will be a 
reasonable number of wells for which inorganic chemical data are available.  URS will 
acquire these data as part of Task I-1, and will develop a database for storage, retrieval, 
analysis, and presentation of these data.  The selected database will also be used by URS 
to store historical data on precipitation, temperature, water production, and other 
information pertinent to analysis of the Transition Zone.  The specific database platform 
to be used (e.g., Access, Foxpro, Excel, etc.) will be selected based on MWA's 
preferences, so that these data will be readily available to, and useable by, MWA 
following this study.   
 
The database will be designed to indicate which aquifer is represented by each well 
and/or water level, and whether or not the aquifers are water table or confined.  If 
sufficient data are available, the water level data will be correlated, to the extent possible, 
with other factors, such as precipitation, temperature, water production, etc.  Water level 
data will be presented in both graphical and tabular form for inclusion in the draft and 
final reports.  Electronic copies of the database, the graphics, and the tables will also be 
provided. 
 
Task I-5. 


Perform basic hydrogeologic interpretation of stratigraphic sections to determine aquifer system(s) 
number, areal and vertical extent, confined or free, and recharge forebay location.  


 
Approach to Task I-5.  URS hydrogeologists will use the information developed in 
Tasks I-1, I-2, I-3, and I-4 as the basis for interpretation of the stratigraphy and aquifer 
conditions in the Transition Zone. Previous interpretations of the aquifer system in the 
area will also be considered, along with other data collected for this study in interpreting 
the stratigraphy of the area. Well logs and published geologic maps for the area will be 
used to develop an understanding of the stratigraphy in the area. We anticipate that the 
results of the geophysical surveys performed for Task I-3 will provide important 
information regarding the stratigraphy and the occurrence of older and younger alluvial 
units which may have differing permeabilities. The geophysical data will help in defining 
the “bottom of the bucket” and the practical limits to the groundwater reservoir.  
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The well logs and geophysical surveys and other geologic and hydrogeologic information 
will be used to prepare stratigraphic columns or profiles for different areas of the 
Transition Zone. The individual stratigraphic profiles will be combined to develop cross-
sections as part of Task I-6, discussed below.   
 
In addition to the stratigraphic data, water level data will be used, where possible, to help 
understand the interconnection and degree of separation between aquifers.  In addition, 
the data concerning the occurrence of surface water flows in the Mojave River will 
provide important information regarding the interconnection between surface water and 
groundwater in the area. This will help us to determine which aquifers may be confined, 
and how the local stratigraphy may control groundwater flow. 
 
Task I-6  


Prepare one (1) longitudinal geologic cross-section and three (3) geologic transects at locations 
acceptable to MWA showing hydrologically significant stratigraphic units and controlling faults and 
other geologic and surface features.  


 
Approach to Task I-6.  The stratigraphic profiles developed as part of Task I-5 will be 
combined into geologic cross-sections and transects. The cross-sections and transects will 
also incorporate other well data and the results of the geophysical surveys. Initially, URS 
will select locations of the sections and transects  based on the availability of data and 
locations where the hydrogeology of the area is critical to an overall understanding of the 
Transition Zone. This may include cross-sections in the vicinity of  the Helendale Fault, 
in the central portion of the area, in the upper portion of the area where natural recharge 
occurs, areas where faults may control the local hydrogeology, and in areas where 
artificial recharge may be considered. Once possible locations for the cross-sections and 
transects are selected, we will review them with MWA and revise the locations as 
needed.  If conditions warrant, additional cross-section locations will be selected, and 
their usefulness discussed with MWA.   
 
Task I-7. 


Prepare water level hydrographs of key wells.  
 
Approach to Task I-7.  Following the collection and review of available data in Task I-
1, URS will tentatively identify key wells in the Transition Zone area. As part of the 
selection process, we will contact the Watermaster, Ms. Valerie Wiegenstein, and her 
engineer, Mr. Robert Wagner of Wagner & Bonisgnore, and incorporate any suggestions 
they have regarding key wells in the area. The wells will be selected based on the length 
and quality of their water level records, their locations, aquifer units penetrated, and their 
use. The selection of key wells will also be supported by the work performed for Task I-
4, where water level and water quality data will be collected and reviewed. Following our 
key well selections, we will review the wells and their locations with MWA. Based on 
MWA’s input we will prepare water level hydrographs for the selected key wells.  To the 
degree possible, the hydrographs will be incorporated into a database prepared for the 
project.  
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Task I-8. 
Prepare a potentiometric map encompassing the entire Transition Zone and depicting the water table 
aquifer and any confined aquifer supplying well fields.  


 
Approach to Task I-8.  URS will prepare one or more potentiometric maps for the entire 
Transition Zone area. We will select the date or dates for the maps based on the available 
data. Considerations will include short and long term historic water level fluctuations (as 
understood from the hydrographs).  If data permit,  other potentiometric maps will be 
prepared; for example, a map representing historic conditions, and one representing more 
recent conditions. For these maps, the water levels will represent the same time of year, if 
possible, or different times of year as needed to present the information clearly. The maps 
will allow for evaluation of changes in the volume of water in storage over time. URS 
will show on the maps the areas where the aquifers are believed to be confined, semi-
confined, or unconfined. Additionally, the selection of dates for the potentiometric maps 
will consider water years such as 1968-1969 or 1997-1998 (El Nino year) when there was 
greater-than-average precipitation. This information, along with the volume of sediment 
calculations made for Task I-3, will be used to determine the volume of water in storage.  
 
If the hydrographs prepared as Task I-8 indicate that water levels show significant 
seasonal fluctuations as the result of pumping, additional potentiometric maps may be 
prepared for localized areas to better understand the extent of the areas affected by 
seasonal pumping. These maps may provide important information insights regarding 
relationships between pumping, groundwater levels, and surface water flows in the 
Transition Zone. 
 
Task I-9. 


Describe how existing hydrogeologic conditions control the function of the Transition Zone as a "water 
bridge" and impact potential for artificial recharge programs.  


 
Approach to Task I-9.  For this task, URS will combine the work from the previous 
tasks to further develop the conceptual model of the Transition Zone.  The conceptual 
model will then be used to understand how the Transition Zone functions as a “water 
bridge” to convey both surface and subsurface flows to lower portions of the Mojave 
River watershed. Key components of the model include an understanding of: 
 


1. The aquifer units in the area, their nature and lateral and vertical extent, and their 
degree of confinement and interconnection; 


2. The occurrence and movement of groundwater in the area, particularly subsurface 
outflow across the Helendale Fault; 


3. How other faulting in the area may control subsurface groundwater flow within 
the area; 


4. The occurrence and movement of surface water in the area, particularly areas 
where the Mojave River gains and loses flow to the underlying groundwater; and 


5. The groundwater budget for the area. 
  
An example of a basin conceptual model prepared by URS for the Upper Chuckwalla 
Valley is included in Appendix B to this proposal. The Chuckwalla conceptual model 
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was prepared to provide a basis for decision making for seasonal water storage and 
retrieval in this basin.  
 
Understanding the nature and extent of the aquifer units provides the framework to 
understand how they are interconnected. This aquifer framework is developed by 
reviewing the stratigraphic profiles, cross-sections, and transects prepared in previous 
tasks.  The aquifers themselves may extend laterally beyond the limits of the Transition 
Zone.  The practical depth of the aquifers and groundwater basin will be estimated based 
on the geophysical work performed in Task I-3 and available lithologic logs. 
 
Once the aquifer framework is established, the flow of groundwater through the 
subsurface framework can be understood.  An understanding of the general flow of 
groundwater in the Transition Zone will be based on the potentiometric maps and the 
water level data developed in earlier tasks. To some degree, water quality data may also 
indicate how aquifers are connected or separated.  The information on groundwater flows 
and aquifer conditions will be used, along with surface water flow data, to develop an 
understanding of the relationship between flows of surface water and groundwater in the 
area.  This information is key to how the Transition Zone acts as a “water bridge” and 
how artificial recharge would affect water levels and movement of water in the Transition 
Zone.  
 
Movement of surface water and groundwater out of the Transition Zone into lower 
portions of the watershed will depend to a large degree on how the Helendale Fault 
affects subsurface groundwater flow. Developing a clear understanding of this fault zone 
and its groundwater barrier effect will be an important part of this task.  
 
To the degree possible, this task will also include development of a water balance for the 
Transition Zone. The water balance will provide an important check on the overall 
understanding of how groundwater and surface water occurs in the area, and how the 
various water balance components relate to each other. The water balance will provide 
information on the relative volumes of water recharged, in storage, extracted, and 
entering and leaving the area as surface and subsurface flows. Based on our 
understanding of the area and conversations with Mr. Greg Middleton of MWA, we 
recognize the sparse nature of some of the hydrologic and hydrogeologic data for the 
Mojave River watershed.  We anticipate that the water balance will be general in nature 
and that adequate data do not exist to refine it to a precise level.  As URS prepares the 
water balance, and refines it during the project, the balance will help illustrate where 
some of the data gaps are, and what data is needed for MWA to have a better 
understanding of the Transition Zone.  Examples of two water balances prepared for 
similar projects are presented in Appendix B to this proposal. The water balance 
examples, for the Burney Basin and the upper portion of the Coachella Valley, illustrate 
the various components and considerations that may be considered for the Transition 
Zone project.  
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Task I-10. 


Determine the average annual water supply of the Transition Zone as defined by the Judgment and 
assuming differing future inputs from the VVWRA and well field withdrawals at the Lower Narrows and 
near Helendale.  


 
Approach to Task I-10.  URS will review the Judgement to determine how the average 
annual water supply was defined. We will discuss our findings with MWA to confirm our 
understanding of the average annual water supply.  This information will be compared to 
the water supply components developed in the water balance (Task I-9) to see if the 
values are comparable, and if there are any large discrepancies.   
 
Several annual water supply scenarios will be developed based on differing future inputs 
from the VVWRA and well field withdrawals.   The scenarios will be developed in 
consultation with MWA and will consider past trends and projected future rates of 
wastewater discharges and pumping at the Lower Narrows and near Helendale.  More 
detailed projections of water use and disposal in the area will be developed as part of 
Task I-2 of the project.  
 
Task I-11. 


Identify data gaps and provide specific recommendations to eliminate those gaps, including, but not 
limited to, locations and basic construction criteria for additional monitor wells that may be needed. if 
any.  


 
Approach to Task I-11.  The identification of data gaps and key information required to 
better understand the hydrogeology of the Transition Zone will begin with Task I-1 and 
continue throughout the project.  During the project, URS will keep MWA appraised of 
major data gaps that are apparent.  We will also provide recommendations to MWA 
regarding options for how data gaps can be economically filled, and the advantages of 
addressing the various gaps in the existing data.  A table summarizing the gaps and 
recommending solutions and benefits will be prepared and included in the Task I-12 
summary report.  
 
Task I-12. 


Prepare a Phase I summary report consisting of the findings from Tasks I-1 through I-11 above. Provide 
ten copies of the report, an electronic file for the entire report (Adobe format) and individual electronic 
files for all figures or graphics.  


 
• Approach to Task I-12.  Early in the course of the project, URS will provide MWA 


with an outline of the proposed report.  The outline will include sufficient 
information for MWA to understand the main components of the report, figures and 
tables, and the information included as appendices.  


 
URS will submit three hard copies of a Draft Report for review by MWA.  Following 
MWA review, URS will address all comments and prepare a Final Report. Ten hard 
copies of the Final Report and appendices will be submitted, along with electronic copies 
of all graphics, and an Adobe format electronic copy of the entire report.  
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SUMMARY OF PREVIOUS INVESTIGATIONS 


The following paragraphs summarize a few of the reports reviewed in the course of the 
current Transition Zone (TZ) evaluation.  Many more reports were reviewed than are 
summarized here.  Those summarized represent a limited history of modern water 
development and exploration in the TZ.  In addition to these references, three reports of 
interest: Pleistocene Lakes and Drainage of the Mojave Region (California Division of 
Mines and Geology, 1954), Mojave River Investigation, Victorville to Barstow (DWR, 
1955), and Report on Review of the Overdraft of the Mojave River Basin for the Mojave 
Water Agency (Stetson, 1974) were identified but could not be located for the current TZ 
evaluation.  These reports may provide some insight into TZ geology and groundwater 
conditions but were not deemed critical as the material contained in them is dated and is 
likely cited in subsequent reports.  The reports are  
 
 
Ground Water Conditions Along the Mojave River (Thompson, 1921) was the earliest 
work reviewed in the course of the current evaluation.  Thompson (1921) describes 
groundwater and soil conditions for the sub-basins along the Mojave River with the intent 
of identifying potential location of future agricultural development.  In keeping with that 
intent, Thompson (1921) describes irrigation infrastructure and agricultural production at 
the time.  While Thompson (1921) provides a valuable narrative of conditions in the early 
1900s, the work is now dated and very little was utilized in this report. 
 
The Mojave River Investigation was prepared by California Department of Water 
Resources (DWR, 1934) with objectives similar to that of Thompson (1921).  The major 
difference is DWR made a concerted effort to record all available water levels and stream 
flow data.  DWR (1934) is a good source for late 1920s to early 1930s water level and 
stream flow data.  The DWR also made an effort to identify arable soils by soil quality 
and areal extent to identify the potential for future agriculture along the Mojave River. 
 
Report on Victor Project was prepared by United States Bureau of Reclamation (USBR) 
in 1952 to assess the feasibility of developing an irrigation project in the Mojave River 
Basin.  In the course of the investigation, USBR studied water use patterns, consumptive 
use by crops and riparian vegetation, consumptive use by domestic and industrial water 
users, flood characteristics, evaporation, and water quality.  USBR determined conditions 
in the Mojave River Basin would not support the development of a large irrigation 
project. 
 
Data on Wells in the West Part of the Middle Mojave Valley Area, San Bernardino 
County, California, Bulletin 91-1, (DWR, 1960b) is one of two reports produced in 1960 
by DWR regarding the Mojave River Basin.  Bulletin 91-1 provides tabular lithologic 
logs for much of what is today known as the TZ.  Several of the well logs included in this 
report were used to construct the cross sections presented in the current TZ evaluation.  
Bulletin 91-1 included a map of well locations and water bearing deposits.  The map was 
used as a base map in the current TZ evaluation. 
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The second report, Data on Wells in the Eastern Part of the Middle Mojave Valley Area, 
San Bernardino County, California, Bulletin 91-3 (DWR, 1960a) provides similar data, 
but predominately for wells to the northeast in the Centro Subarea outside the TZ. 
 
Gravity Survey of the Western Mojave Desert, California, USGS Professional Paper 316-
D, 1960, includes a gravity survey of portions of the Mojave Desert including the Mojave 
River Basin.  The paper includes a Bouger anomaly map indicating locations of deep 
sediment filled basins.  The gravity stations used in this report were established based on 
road accessibility.  Gravity measurements were taken at ground level rather than by air.  
The data were later supplemented and reinterpreted by Subsurface Surveys Inc. (1990) 
and interpreted for depth to bedrock. 
 
Aereal Geology of the Western Mojave Desert, California, USGS Professional Paper 522  
(USGS, 1967), authored by Thomas W. Dibblee describes surficial geology of portions of 
the Mojave Desert.  The paper focused on the geologic history and mineral resources of 
the Mojave Desert based on surficial geology and available subsurface data.  This report 
does not address groundwater directly. 
 
Mojave River Groundwater Basins Investigation, Bulletin 84 (DWR, 1967) has become 
in many ways a benchmark for hydrologic and hydrogeologic studies of the Mojave 
River Basin.  Bulletin 84 combines conclusions and data from many earlier reports and 
represents the state of knowledge of the Mojave River Basin at the time of publication.  It 
includes groundwater production data, water level data, water quality data, precipitation 
data, surface water flow data, water use projections, hydrographs, a basin scale water 
balance, riparian water use estimates, aquifer property data, geologic history, geologic 
maps, and geologic cross sections.  Many subsequent reports refer to, and rely on data 
and interpretations of this report.  The geologic map included in Bulletin 84 is in 
agreement with the USGS mapping published in the same year (USGS, 1967). 
 
Mojave River Basin Ground Water Recharge with Particular Reference to the California 
Floods of January and February (USGS, 1969) provides insight into the potential 
recharge of storm flows in the Mojave River.  USGS reduced recorded storm flow data 
from stream gages on the Mojave River.  The resulting data gives an indication of 
potential recharge to the floodplain and regional aquifers.   
 
Aquifer Recharge From Floods in 1969 and 1978 in the Mojave River Basin (USGS, 
1980) supplemented data and updated interpretations of USGS 1969 following the large 
floods of 1978.  The updated report concluded that flood flows rapidly infiltrate into a dry 
Mojave River channel attenuating flood flows downstream.  
 
Hydrologic Analysis of the Mojave River Basin, California, Using Electric Analog 
Model, Report No.72-08 (USGS, 1971) presents the results of the first published 
groundwater model of the Mojave River Basin.  Many of the parameters estimated for 
use in this model are cited in later groundwater studies and models.  Some of the 
parameters estimated for this model are still held as representative of Mojave River Basin 
conditions today. 
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Hydrologic Analysis of the Mojave River, California Using a Mathematical Model 
(USGS, 1974) presents a model used to simulate use of the Mojave River channel to 
transport State Water Project water released from Silverwood Lake to the Barstow area.  
The model demonstrated that the channel is an effective conduit only when it has been 
wetted prior to release of water for transport.  This report provides infiltration 
characteristics of the Mojave River channel.  
 
Historic and Present Conditions, Helendale Fault to Calico Newberry Fault, 1983, 
produced by CM Engineering Associates and Leroy Crandall & Associates for MWA, is 
a comprehensive report that addresses groundwater basin conditions in the subbasin 
immediately down gradient of the TZ.  This report includes groundwater production data, 
riparian water use data, surface water flow data, water quality data, a well location map, 
and geologic cross sections. 
 
Historic and Present Conditions, Upper Mojave River Basin, 1985, produced by J.S. 
Murk Engineers and Leroy Crandall & Associates for MWA, addresses groundwater 
conditions in the area now referred to as the Alto Subarea and includes information 
specific to the TZ.  This report includes groundwater production data, riparian water use 
data, surface water flow data, water quality data, a well location map, geologic maps, and 
geologic cross sections.   
 
Mojave River Basin Groundwater Recharge Study, Volumes 1 and 2, 1988, produced by 
Malcom Pirnie for MWA, explores the potential for artificial recharge programs and 
select candidate sites for recharge facilities.  This report includes geologic maps, cross 
sections, and land use maps.  
 
Inventory of Groundwater Stored in the Mojave River Basins, by Subsurface Surveys, 
Inc. (1990) used magnetic data, Bouguer gravity anomaly data to estimate depth to 
bedrock and water level data to estimate groundwater storage volumes in basins 
throughout the MWA jurisdictional area.  Geophysical data were collected by SSI to 
supplement the gravity data set of USGS (1960).  During the course of the current TZ 
evaluation, URS contacted SSI to obtain the raw gravity data for correlation with new 
seismic data.  Unfortunately, SSI could not locate the original data set.  Bedrock contours 
from the SSI report were used in the current TZ evaluation during construction of cross 
sections and estimation of groundwater storage. 
 
Precipitation/Evaporation Climatology of the Mojave Water Agency (MWA, 1992b) 
presents long-term averages of precipitation and evaporation for several weather stations 
within the MWA boundaries.  This report includes a map showing contours of average 
precipitation.  
 
In 1992, 1996 and 1998 the USGS published water table maps and water level data for 
several of the basins within MWA boundaries.  They include: Data and Water Table Map 
of the Mojave River Basin, San Bernardino County, California (1992), Regional Water 
Table  and Water Level Changes in the Mojave River, The Morongo, and The Fort Irwin 
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Groundwater Basins, San Bernardino County, California (USGS, 1996b), and Regional 
Water Table and Groundwater Level Changes in The Mojave River and the Morongo 
Groundwater Basins, San Bernardino County, California (USGS, 1998).  Each of theses 
reports provide water level data and contours for selected wells located throughout the 
MWA for the stated years.  The contour maps presented in these reports do not 
differentiate water levels in the Regional aquifer from the Floodplain aquifer.  Water 
level data from the 1998 report were used to generate contours for the current study. 
 
Groundwater and Surface Water Relations Along the Mojave River  (USGS, 1996a) 
defines relationships between surface water in the Mojave River Channel and 
groundwater beneath the banks of the River utilizing groundwater production data, 
precipitation data, and riparian vegetation water use data. 
 
Judgment After Trial (Riverside County Superior Court, 1996) was entered on January 
10, 1996.  The Judgment governs the use, transfer, and discharge of groundwater within 
the Mojave River Basin and sets forth the methodology by which the free pumping 
allowance and make up water obligations are calculated.  The judgment also establishes 
the surface and subsurface flow obligations of each hydrologic subarea to the adjoining 
downstream subarea. 
 
Riparian Vegetation and its Water Use During 1995 Along the Mojave River (USGS, 
1996c) includes detailed mapping identifying the locations and sizes of various riparian 
plant communities. Plant-specific water use values are applied to the acreage to estimate 
water use.  Transpiration and evaporation data from this report are utilized in the water 
budget produced under the current TZ evaluation.  
 
Hydrologic Analysis of the Mojave River Basin in the Alto Sub-area, 1999, conducted by 
Todd Engineers for MWA, includes a detailed review of the “scalping” method used to 
separate storm flow and base flow components of surface water flowing across the Lower 
Narrows into the TZ in 1999.  Todd Engineers determined that the method used by the 
Watermaster as set forth in Appendix C of the Judgment is adequate. 
 
Annual Groundwater Level Monitoring Report (MWA, 1999b, 2000a, 2001a, 2002) 
summarizes water levels in the Mojave Basin for the previous year.  These reports 
include depth to water, casing elevation and screened interval data.  Hydrographs are 
included of the entire period record for each monitored well. 
 
Consumptive Water Use and Update of Production Safe Yield Calculations for the 
Mojave Basin Area, 2000, prepared by Albert A. Webb Associates, updates safe yield 
calculations consistent with requirements of the Judgment.  This report includes values 
for surface water flow across the Helendale Fault, subsurface flow from the Alto Sub-
area to the TZ and TZ specific consumptive use.  Values presented are accepted and used 
by the Watermaster.  Surface water flow values, subsurface flow values, and consumptive 
use vales from Webb (2000) were considered in assembling the water budget for the 
current TZ evaluation.  
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Data From a Thick Unsaturated Zone Underlying Oro Grande and Sheep Creek Washes 
in the Western Part of the Mojave Desert, Near Victorville, California (USGS, 2000a) 
includes water level data, lithologic logs, and wireline logs from borings drilled by USGS 
to investigate alluvial material in the unsaturated zone beneath the Victorville alluvial 
fan.  The borings were drilled in the Alto Subarea some distance south of the TZ but offer 
insight into properties of the alluvial aquifers of the TZ. 
 
Pliocene and Pleistocene Evolution of the Mojave River, and Associated Tectonic 
Development of the Transverse Ranges and Mojave Desert, Based on Borehole 
Stratigraphy Studies Near Victorville, California (USGS, 2000b) provides a detailed 
description of the sedimentary and tectonic processes responsible for deposition of the 
alluvial valley fill units within the TZ. 
 
Subsurface Structure and Seismic Velocities as Determined from high Resolution Seismic 
Imaging in the Victorville, California Area (USGS, 2000c) presents data from three 
seismic lines in the vicinity of the Lower Narrows.  The data reveal depth to bedrock in 
the Mojave River Channel immediately below the Lower Narrows and reveal potential 
paleo-channels in the area of the Lower Narrows.  Data from this report were considered 
in constructing the cross sections in the current TZ evaluation. 
 
Simulation of Groundwater Flow in the Mojave River Basin, California (USGS, 2001a), 
provides an extensive review of published aquifer parameters and which of those 
parameters are most representative.  The report includes estimates of subsurface 
groundwater flow across the Helendale Fault in both the Floodplain and Regional 
aquifers.   
 
Stratigraphic and Structural Characterization of the OU-1 Area at the Former George 
Air Force Base, Adelanto, Southern California (USGS, 2001b) presents data from a 
series of three seismic reflection lines conducted in conjunction with EPA and United 
States Air Force cleanup activities at the former George Air Force Base.  The seismic 
reflection line maps the shallow subsurface in great detail but do not extend deep enough 
to indicate the nature of bedrock contacts in the area.  Under the current study, URS 
conducted a seismic refraction line 2 miles north of the base that mapped bedrock 
contacts greater than 2,000 feet beneath the surface. 
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SEISMIC REFRACTION STUDIES 


MOJAVE TRANSITION ZONE, GEORGE BASIN 


 
 


INTRODUCTION 
 
As part of a hydrogeological study of the Transition Zone, seismic refraction investigations 
were undertaken north of the former George Air Force Base to delineate the buried 
sediment-basement interface and sediment thickness and velocities within the basin.  A 
sedimentary basin structure is defined primarily by a 20-mGal minimum gravity anomaly 
with the center located about 4 miles south of Adelanto (Figure 1). This basin has been 
referred to as the George Basin (Subsurface Surveys, Inc., 1990).  The seismic refraction 
profile was located in the northern part of the structure. 
 
Depth to basement is poorly known and knowledge of major aquifer-aquitard layering, if 
any, is lacking.  Seismic refraction studies were carried out and an attempt was made to 
combine the results with the geology, well, and gravity data.  Unfortunately the principal 
facts for the gravity survey in this area where unavailable and the contour map is on a 
regional scale, which prohibits an analysis of the detail structure as determined by the 
seismic refraction study.  The gravity data that are available (Figure 1) do not have 
sufficient data coverage in the area of the seismic refraction profile. 
 
The Attachments to this appendix include all of the principal facts for the seismic 
refraction profile and the model. 
 
SEISMIC REFRACTION 
 
A.  Seismic Field Procedures 
 
A reversed seismic refraction profile was established within the sedimentary area of the 
northern part of the George Basin in order to obtain basement depth control and velocity-
depth information.  The refraction profile with shot point, geophone locations, and selected 
depths to seismic basement is shown on Figure 2.  The ray-traced depth model is shown on 
Figure 3.  The profile was recorded in two setups (1N and 1S) each approximately 5,000 
feet long.  Each segment was recorded in the forward and reverse directions with a mid 
source point and a step-out source point 2,000 feet to the north.  The seismic refraction data 
were collected using two 24-channel RS44 system designed by Dresser Industries.  The 
lengths of the spreads were 4,600 feet with geophone spacing of 200 feet.  This geophone 
spacing is useful for rapid determination of basement depths but is not designed to detail 
changes in the near surface velocities. A third unit using a Geometrics Strataview with a 
length of 575 feet and geophone spacing of 25 feet was used to obtain the near surface 







APPENDIX D 
SEISMIC REFRACTION STUDIES 


MOJAVE TRANSITION ZONE RECHARGE PROJECT 
July 30, 2002 


 
 
 


 D-2 


velocities.  Contained sources in 20- to 30-foot deep drill holes were located at either end of 
the lines with charges of from 15 to 40 lbs. of Tovex Extra.  The sources were detonated by 
electric blasting caps, which were tied into a radio time tone circuit and recorded on each 
unit.  The time tone circuit has an overall accuracy of ±2.5 milliseconds. 
 
Elevation data along the profile was interpolated from the USGS quadrangle map contours.  
As shown on Figure 2, the quadrangle map has surface elevation contours at 10-foot 
intervals in the area of the profile.  Accurate deduction of the seismic data require surface 
elevation data to be at better than 10-foot precision, which is obtainable from the 
quadrangle map. 
 
B.  Seismic Data Reduction 
 
The data reduction consisted of picking the records by hand using a magnifying lens and 
variable scale ruler to obtain first breaks.  On most records, the initial breaks were easily 
picked to within one millisecond.  In places where the data were poor or traces were dead 
no picks were used. Dead traces can be caused by human or animal interference (i.e. off 
road vehicles running across the line and rodents eating the wires) and an occasionally 
malfunctioning geophone. The Strataview digital records were picked using SIPWIN 
(2000).  These data were entered into a computer program (SRIACP; Biehler, 1988) along 
with topographic data for each profile, which enabled elevations at each geophone and 
source point to be computed.  The data were reduced using an elevation and weathering 
correction formulas given in Dobrin and Savit (1988). 
 
These corrections were applied assuming a datum plane above the maximum elevation 
encountered along the profile (see dashed line on Figure 3).  This effectively fills in the 
topography with material equal to the near surface velocity. 
 
After the correction for elevation and weathering the computer program applies a least-
squares fit straight line for each set of data points and attempts to model the seismic 
velocity interfaces by obtaining true velocities from the apparent velocities and the intercept 
times.  These fitted velocity segments were determined in advance by assigning layer 
numbers for each branch of the travel time curve.  These data were then plotted along with 
the interpreted model that was developed using plane dipping interfaces.  The data for all 
plots are presented in Attachment D1 .  Although the values produced by the program are 
given to the nearest foot, the overall accuracy is probably no better than ±10% of the total 
depths. 
 
On Figure 3 the calculated depths were plotted on the cross sections and ray-path analysis 
was used to determine the basement geometry.  The portion of the basement interface that is 
well controlled by both forward and reverse arrivals is indicated by a thickened line 
segment.  Selected ray paths are shown on Figure 3 as lines with arrowheads which indicate 
the direction of seismic interrogation.  The depths at the ends of the profiles, beyond the last 
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ray path, are extrapolated assuming a uniform dipping layer.  Care should be exercised in 
placing too much emphasis on these extrapolated values.  It should be noted that along 
some of the refraction spreads, variations in delay times from the basement refractor 
indicate an undulating interface, with vertical relief on the order of tens of feet.  The depths, 
as presented on the interpreted cross section, are considered most reliable where the data 
points fit closely with the least squares fit line and the layer is interrogated in both the 
forward and reverse directions.  Figure 2 shows the calculated depths of seismic basement 
at selected points along the seismic profile. 
 
C.  Seismic Interpretation 


Helendale Road - Profiles 1N and 1S: 


 
Profile 1 (Figures 2 and 3) was established north-south along Helendale road.  The total 
length of the line is 10,024 feet. The interpreted model consists of five successively deeper 
layers.  The first layer is about 125-feet thick with an average velocity 2,450 feet per second 
(ft/sec) and corresponds to the dry recent alluvium observed at the surface.  The second 
layer is about 125-feet thick with velocity of 5,700 ft/sec and corresponds to the dry older 
alluvium.  The third layer is about 850-feet thick with an average velocity of 7,300-ft/sec 
and corresponds with saturated sediments.  The interface between these dry and saturated 
layers, inferred to be the water table, is constrained by both forward and reverse arrivals 
across the entire profile.  The average depth of this interface is about 250 feet with an 
elevation of approximately 2530 feet.  The velocity of the third layer suggests the sediments 
are quite porous and may be similar in composition to the dry older alluvium of the second 
layer.  If this is true then the porosity should be in the range of 20 to 30%.  The fourth layer, 
which overlies basement, ranges in thickness from 650 to 1,600 feet with an average 
velocity 9,800 ft/sec and corresponds with very low porosity material either older saturated 
sediments or possibly volcanics. 
 
The fifth layer is the seismic basement with a velocity of 14,800 ft/sec.  This velocity is 
typical of the Mesozoic granitic rocks that outcrop in this area.  The time-distance segments 
indicate that the basement dips from both the north and south ends of the profile towards a 
low point in the middle of the profile.  Depth to bedrock varies from 1,820 feet in the north 
to 2,670 across the center to 1,630 feet in the south.  The center portion of the model is 
constrained by both forward and reverse arrivals from basement.  Because the basement is 
essentially concave, the far north and south ends only record arrivals in the up-dip direction.  
The calculated model is based on these apparent velocities, the total travel time and 
assumes the true velocity is the same across the profile in order to calculate the angle of dip 
and the depth to the interface.  These calculated apparent dips are always less than the true 
dips of the basement unless the profile direction is perpendicular to the strike of the 
structure. 
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A comparison of the bedrock depths along Profile 1 with those calculated from the Bouguer 
gravity data (Subsurface Surveys, 1990) indicates that the average depth along the center of 
the profile is at least a 1,000 feet greater than indicated on the Bedrock Depth Map 
(Figure 4).  In addition, there is no suggestion of a mapped trough in basement contours 
near SP3.  The bedrock depth contours as shown on Figure 4 increase from about 1,000 feet 
near SP2 to about 1,800 feet at SP4.  On Profile 1 (Figure 3), SP2 and SP4 have bedrock 
depths of 1,820 feet and 1,635 feet, respectively.  In order to understand the possible 
reasons for this discrepancy, we must look at the distribution of the gravity data points and 
the assumptions used to make the regional Bedrock Depth Map (Figure 4 of this appendix 
and Plate III of Subsurface Surveys, 1990). 
 
In Figure 5 the location of Profile 1 is plotted on the Bouguer Gravity Map (from Plate I, 
Subsurface Surveys, 1990).  As can be seen by the station locations (marked by small 
closed circles) there are no observations along the seismic profile.  The closest stations are 
about ¼ mile to the west and a ½ mile to the east with a north - south station spacing of ½ 
to 1 mile.  There appears to be a small gravity minimum to the northeast of SP2. The map 
itself is contoured at an interval of 2 mGals.  A simple 2 ½ d calculation indicates an 
expected anomaly of only 1 to 2 mGals from the structure observed in Profile 1 assuming 
reasonable densities based on the measured seismic velocities (Figure 6).  Thus it is 
possible that the station density and contour interval is not fine enough to resolve the 
structure seen in Profile 1.   
 
The problem in matching the total depths along the profile is probably caused by the 
selection of densities used in the inversion of the Bouguer Gravity to bedrock depths.   The 
following parameters were used by Subsurface Surveys (1990, page 26). “The default 
model parameters for this work is granite density, 2.68 gm/cc for the bedrock, density 2.13 
gm/cc for sediment to a depth of 2,500 feet, and density 2.23 gm/cc for sediment below 
2,500 feet and above bedrock”.  As can be seen from Profile 1 (Figure 3) at a depth of about 
1,050 feet, a layer with a seismic velocity of 9,800 ft/sec was encountered.  The density of 
this layer, based on accepted velocity-density curves (Dobrin, 1988; Woollard, 1962), 
should be about 2.45 gm/cc.  Using 2.13 gm/cc instead of the more appropriate density of 
2.45 gm/cc would result in a bedrock depth which is about 800 to 1,600 feet too shallow 
based on the measured gravity anomaly in this area.  With the correct density the calculated 
gravity bedrock depths agree with the measured seismic refraction depths. 
 
It is apparent from this study that the George Basin may be more complex in both the 
shallow and deep structure then was determined by the regional analysis of Subsurface 
Surveys.  Caution should be exercised in making a conceptual model of a single basin based 
solely on such broad-based regional data and interpretations.  A detailed gravity map with 
an overall accuracy of a tenth of a mGal and some additional velocity-depth control would 
permit a more definitive interpretation of the basement and layering within the basin.  
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The geophysical analysis in this appendix is based on the usual assumptions that there are 
no velocity reversals with depth or blind zones, which were not detected with the seismic 
refraction method.  It is also assumed that the water table is associated with the increase in 
velocity from below 5,700 ft/sec to over 7,300 ft/sec and that no perched water tables were 
encountered. 
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Figure 1. Geologic and Complete Bouguer anomaly map of the George Basin area (Biehler 
et al, 1988), with seismic refraction profile and source point locations.  
 
 
Figure 2. Source points and geophone locations for seismic Profile 1.  Depth to basement 
(feet) at selected locations.  Base map from USGS 7.5’ quadrangles (Victorville, NW, 1993 
and Helendale, 1993). 
 
 
Figure 3. Time-distance plot and ray-traced model for seismic refraction Profile 1, 
Helendale Road.  Datum for elevation correction = ----------------------------. 
 
 
Figure 4. Bedrock Depth Map of the George Basin area (Subsurface Surveys, Inc, 1990). 
Seismic refraction Profile 1 and Shot Points shown by red line and SP.  Contour interval 
500 feet. 
 
 
Figure 5. Bouguer Gravity and Basement Outcrop map of the George Basin area 
(Subsurface Surveys, Inc., 1990). Seismic refraction Profile 1 and Shot Points shown by red 
line and SP.  Gravity stations indicated by small dots. Contour interval 2 mGals. 
 
 
Figure 6. Two-dimensional gravity anomaly from seismic refraction model using 
appropriate densities. 
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ATTACHMENT  D1 - SEISMIC REFRACTION DATA AND MODELS 


 
Column Heading Definitions for File ADELSEIS.DAT 


Surveying and Elevation Time Corrections. 


 
DISTANCE      Distance from first source point (feet). 
INTERVAL      Interval between adjoining survey points (feet). 
HI                      Height of eye if done by hand leveling (feet). 
DELTAE          Relative elevation to height of eye (feet). 
ELEVATION  Elevation at a given distance from source point (feet). 
N-S CORR       Elevation time correction forward direction (seconds). 
S-N CORR       Elevation time correction reverse direction  (seconds). 
VF0                   Velocity from source point to first forward geophone (ft/s). 
VR0                   Velocity from source point to first reverse geophone  (ft/s). 
V0                      Average of VF0 and VR0 (ft/s). 
V1                      Approximate velocity of first refractor (ft/s). 
V2                      Approximate velocity of second refractor (ft/s). 
 
 


Geophone Time-Distance Data. 
 
GEO                   Geophone number relative to source point. 
DISTANCE       Distance to geophone from source point (feet). 
INTERVAL       Interval distance between geophones (feet). 
RAWTI              Raw time arrivals from records (seconds). 
ELCOR              Time correction for elevation and source depth (seconds). 
WECOR            Weathering correction if necessary (seconds). 
CORTI               Corrected time = RAWTI-ELCOR-WECOR (seconds). 
                            (Applied to refracted arrivals only.) 
IF/IR                   Travel time branch number forward/reverse 
                            Suffix F = Forward, R = Reverse. 
                            If preceded by a minus sign used in calculating both layers. 
   1 = Direct wave. 
   2 = First refracted arrival  (dry alluvium) 
   3 = Second refracted arrivals  (water table?). 
   4 = Third refracted arrivals (older sediments/volcanics) 
   5 = Basement arrivals. 
   6 = Basement arrivals from bidirectional dips. 
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Elevation and Weathering Correction Formula. 


 
The travel times were corrected to the datum (shown as a dashed line in Figure 3) using 
the following formulas (Dobrin, 1973). 
                
 
 


Elevation Correction = 2
0
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                                                      01VV  
 
 
With a weathering correction the total correction is as follows: 
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Where: 
e  = elevation at the top of the source point. 
h  = depth of the source point. 
E  = elevation of geophone. 
d  = elevation of datum. 
t   = thickness of weathered zone. 


0V = velocity of the weathered zone. 


1V  = velocity of layer 1. 


2V  = velocity of layer 2. 
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                                                          HELENDALE ROAD - MTZ 


                                                 ***** PROFILE 1T   NORTH - SOUTH ***** 
                                                                04/27/02 
                                                      DATUM ELEVATION =  2790. FEET 


                                                SURVEYING AND ELEVATION TIME CORRECTIONS 


                               DISTANCE   INTERVAL    HI      DELTAE     ELEVATION    N-S CORR    S-N CORR 
          * NORTH SHOT POINT *      .0         .0      .0    2747.0        2747.0     -.0428      -.0273 
                                 600.0      600.0      .0    2750.0        2750.0     -.0416      -.0262 
                                2300.0     1700.0      .0    2760.0        2760.0     -.0380      -.0225 
                                4400.0     2100.0      .0    2770.0        2770.0     -.0343      -.0188 
                                6000.0     1600.0      .0    2780.0        2780.0     -.0306      -.0151 
          * SOUTH SHOT POINT * 10024.0     4024.0      .0    2789.0        2789.0     -.0273      -.0118 


                           THE FOLLOWING VELOCITIES HAVE BEEN USED IN THE WEATHERING AND ELEVATION CORRECTIONS. 


                                   VFO =  2450. VR0 =  2450. VO =  2450. V1 =  2450. V2 =  5700. FT/SEC 







APPENDIX D – ATTACHMENT D1 
SEISMIC REFRACTION STUDIES 


MOJAVE TRANSITION ZONE RECHARGE PROJECT 
July 30, 2002 


                                                          HELENDALE ROAD - MTZ 
                                                 ***** PROFILE 1T   NORTH - SOUTH ***** 
                                                                04/27/02 
                                                                UNIT = 3 
                                                      DATUM ELEVATION =  2790. FEET 
       * NORTH SHOT POINT *                                                                           * SOUTH SHOT POINT * 


        REL. LOCATION     0.                                                                           REL. LOCATION 10024. 
        SHOT NUMBER  = 3                                                                               SHOT NUMBER  = 
        DEPTH    (FT)=  30.0                                                                           DEPTH    (FT)=    .0 
        ELEVATION(FT)= 2747.                                                                           ELEVATION(FT)= 2789. 
        TIME         =  1237                                                                           TIME         = 
        NORTH TC(SEC)= .0117                                                                           SOUTH TC(SEC)= .0000 
                                                     GEOPHONE TIME - DISTANCE DATA 


                   NORTH - SOUTH             NORTH - SOUTH                   SOUTH - NORTH            SOUTH - NORTH 
        GEO DISTANCE INTERVAL ELEVAT.  RAWTI ELCOR WECOR CORTI IF     DISTANCE INTERVAL ELEVAT.  RAWTI ELCOR WECOR CORTI IR 
          0       .0       .0  2747.0  .0000 .0000 .0000 .0000  1           .0     39.1  2747.0  .0000 .0000 .0000 .0000  0 
          1     39.1     39.1  2747.2  .0118-.0427 .0000 .0118  1         39.1     19.3  2747.2  .0000-.0161 .0000 .0000  0 
          2     58.4     19.3  2747.3  .0192-.0426 .0000 .0192  1         58.4     22.5  2747.3  .0000-.0161 .0000 .0000  0 
          3     80.9     22.5  2747.4  .0304-.0426 .0000 .0304  1         80.9     23.6  2747.4  .0000-.0161 .0000 .0000  0 
          4    104.5     23.6  2747.5  .0407-.0426 .0000 .0407  1        104.5     24.1  2747.5  .0000-.0160 .0000 .0000  0 
          5    128.6     24.1  2747.6  .0507-.0425 .0000 .0507  1        128.6     24.4  2747.6  .0000-.0160 .0000 .0000  0 
          6    153.0     24.4  2747.8  .0637-.0425 .0000 .0637  1        153.0     24.6  2747.8  .0000-.0159 .0000 .0000  0 
         7    177.6     24.6  2747.9  .0742-.0424 .0000 .0742  1        177.6     24.7  2747.9  .0000-.0159 .0000 .0000  0 


          8    202.3     24.7  2748.0  .0827-.0424 .0000 .0827  1        202.3     24.9  2748.0  .0000-.0158 .0000 .0000  0 
          9    227.2     24.9  2748.1  .0934-.0423 .0000 .0934  1        227.2     24.9  2748.1  .0000-.0158 .0000 .0000  0 
         10    252.1     24.9  2748.3  .1042-.0423 .0000 .1042  1        252.1     24.9  2748.3  .0000-.0158 .0000 .0000  0 
         11    277.0     24.9  2748.4  .1154-.0422 .0000 .1154  1        277.0     25.0  2748.4  .0000-.0157 .0000 .0000  0 
         12    302.0     25.0  2748.5  .1252-.0422 .0000 .1252  1        302.0     25.0  2748.5  .0000-.0157 .0000 .0000  0 
         13    327.0     25.0  2748.6  .1317-.0421 .0000 .1317  1        327.0     25.0  2748.6  .0000-.0156 .0000 .0000  0 
         14    352.0     25.0  2748.8  .1352-.0421 .0000 .1773  2        352.0     25.0  2748.8  .0000-.0156 .0000 .0000  0 
         15    377.0     25.0  2748.9  .1407-.0421 .0000 .1828  2        377.0     25.0  2748.9  .0000-.0155 .0000 .0000  0 
         16    402.0     25.0  2749.0  .1459-.0420 .0000 .1879  2        402.0     25.0  2749.0  .0000-.0155 .0000 .0000  0 
         17    427.0     25.0  2749.1  .1502-.0420 .0000 .1922  2        427.0     25.0  2749.1  .0000-.0154 .0000 .0000  0 
         18    452.0     25.0  2749.3  .1534-.0419 .0000 .1953 -2        452.0     25.0  2749.3  .0000-.0154 .0000 .0000  0 
         19    477.0     25.0  2749.4  .1559-.0419 .0000 .1978  3        477.0     25.0  2749.4  .0000-.0153 .0000 .0000  0 
         20    502.0     25.0  2749.5  .1602-.0418 .0000 .2020  3        502.0     25.0  2749.5  .0000-.0153 .0000 .0000  0 
         21    527.0     25.0  2749.6  .1642-.0418 .0000 .2060  3        527.0     25.0  2749.6  .0000-.0152 .0000 .0000  0 
         22    552.0     25.0  2749.8  .1664-.0417 .0000 .2081  3        552.0     25.0  2749.8  .0000-.0152 .0000 .0000  0 
         23    577.0     25.0  2749.9  .1699-.0417 .0000 .2116  3        577.0     25.0  2749.9  .0000-.0152 .0000 .0000  0 
         24    602.0     25.0  2750.0  .1727-.0416 .0000 .2143  3        602.0   9422.0  2750.0  .0000-.0151 .0000 .0000  0 
          0  10024.0   9422.0  2789.0  .0000 .0000 .0000 .0000  0      10024.0       .0  2789.0  .0000 .0000 .0000 .0000  0 







APPENDIX D – ATTACHMENT D1 
SEISMIC REFRACTION STUDIES 


MOJAVE TRANSITION ZONE RECHARGE PROJECT 
July 30, 2002 


                                                          HELENDALE ROAD - MTZ 
                                                 ***** PROFILE 1T   NORTH - SOUTH ***** 
                                                                04/27/02 
                                                                UNIT = 2 
                                                      DATUM ELEVATION =  2790. FEET 
        * NORTH SHOT POINT *                                                                           * SOUTH SHOT POINT * 
        REL. LOCATION     0.                                                                           REL. LOCATION 10024. 
        SHOT NUMBER  = 3                                                                               SHOT NUMBER  = 5 
        DEPTH    (FT)=  30.0                                                                           DEPTH    (FT)=  25.0 
        ELEVATION(FT)= 2747.                                                                           ELEVATION(FT)= 2789. 
        TIME         =  1237                                                                           TIME         = 1510 
        NORTH TC(SEC)= .0230                                                                           SOUTH TC(SEC)= .0000 
                                                     GEOPHONE TIME - DISTANCE DATA 


                   NORTH - SOUTH             NORTH - SOUTH                   SOUTH - NORTH            SOUTH - NORTH 
        GEO DISTANCE INTERVAL ELEVAT.  RAWTI ELCOR WECOR CORTI IF     DISTANCE INTERVAL ELEVAT.  RAWTI ELCOR WECOR CORTI IR 
          0       .0       .0  2747.0  .0000 .0000 .0000 .0000  0           .0    358.0  2747.0  .0000 .0000 .0000 .0000  0 
          1    358.0    358.0  2748.8  .1430-.0421 .0000 .1851  0        358.0    201.0  2748.8 1.1320-.0248 .00001.1568  6 
          2    559.0    201.0  2749.8  .1670-.0417 .0000 .2087  3        559.0    194.0  2749.8 1.1300-.0244 .00001.1544  6 
          3    753.0    194.0  2750.9  .2010-.0413 .0000 .2423  3        753.0    200.0  2750.9 1.1230-.0240 .00001.1470  6 
          4    953.0    200.0  2752.1  .2320-.0409 .0000 .2729  3        953.0    201.0  2752.1 1.1180-.0236 .00001.1416  6 
          5   1154.0    201.0  2753.3  .2580-.0404 .0000 .2984  3       1154.0    197.0  2753.3 1.1050-.0231 .00001.1281  6 
          6   1351.0    197.0  2754.4  .2830-.0400 .0000 .3230  3       1351.0    197.0  2754.4 1.0930-.0227 .00001.1157  6 
          7   1548.0    197.0  2755.6  .3130-.0396 .0000 .3526  3       1548.0    197.0  2755.6 1.0910-.0223 .00001.1133  6 
          8   1745.0    197.0  2756.7  .3400-.0392 .0000 .3792  3       1745.0    198.0  2756.7 1.0850-.0218 .00001.1068  5 
          9   1943.0    198.0  2757.9  .3680-.0387 .0000 .4067  3       1943.0    198.0  2757.9 1.0800-.0214 .00001.1014  5 
         10   2141.0    198.0  2759.1  .3950-.0383 .0000 .4333  3       2141.0    201.0  2759.1 1.0600-.0210 .00001.0810  5 
         11   2342.0    201.0  2760.2  .4230-.0379 .0000 .4609  3       2342.0    198.0  2760.2 1.0480-.0206 .00001.0686  5 
         12   2540.0    198.0  2761.1  .4520-.0375 .0000 .4895  3       2540.0    178.0  2761.1 1.0290-.0202 .00001.0492  4 
         13   2718.0    178.0  2762.0  .4730-.0372 .0000 .5102  3       2718.0    201.0  2762.0 1.0150-.0199 .00001.0349  4 
         14   2919.0    201.0  2762.9  .5030-.0369 .0000 .5399  3       2919.0    200.0  2762.9  .9920-.0196 .00001.0116  4 
         15   3119.0    200.0  2763.9  .5280-.0365 .0000 .5645  3       3119.0    198.0  2763.9  .9770-.0192 .0000 .9962  4 
         16   3317.0    198.0  2764.8  .5550-.0362 .0000 .5912  3       3317.0    198.0  2764.8  .9520-.0189 .0000 .9709  4 
         17   3515.0    198.0  2765.8  .5770-.0358 .0000 .6128  3       3515.0    198.0  2765.8  .9270-.0185 .0000 .9455  4 
         18   3713.0    198.0  2766.7  .6000-.0355 .0000 .6355  3       3713.0    201.0  2766.7  .9090-.0182 .0000 .9272  4 
         19   3914.0    201.0  2767.7  .6290-.0351 .0000 .6641  3       3914.0    201.0  2767.7  .8900-.0178 .0000 .9078  4 
         20   4115.0    201.0  2768.6  .6540-.0348 .0000 .6888  3       4115.0    194.0  2768.6  .8630-.0175 .0000 .8805  4 
         21   4309.0    194.0  2769.6  .6830-.0344 .0000 .7174  3       4309.0    198.0  2769.6  .8450-.0171 .0000 .8621  4 
         22   4507.0    198.0  2770.7  .7140-.0340 .0000 .7480  3       4507.0    204.0  2770.7  .8300-.0167 .0000 .8467  4 
         23   4711.0    204.0  2771.9  .7370-.0336 .0000 .7706  3       4711.0    201.0  2771.9  .8050-.0162 .0000 .8212  4 
         24   4912.0    201.0  2773.2  .7600-.0331 .0000 .7931  3       4912.0   5112.0  2773.2  .7800-.0158 .0000 .7958  4 
          0  10024.0   5112.0  2789.0  .0000 .0000 .0000 .0000  0      10024.0       .0  2789.0  .0000 .0000 .0000 .0000  0 







APPENDIX D – ATTACHMENT D1 
SEISMIC REFRACTION STUDIES 


MOJAVE TRANSITION ZONE RECHARGE PROJECT 
July 30, 2002 


                                                          HELENDALE ROAD - MTZ 
                                                 ***** PROFILE 1T   NORTH - SOUTH ***** 
                                                                04/27/02 
                                                                UNIT = 1 
                                                      DATUM ELEVATION =  2790. FEET 
        * NORTH SHOT POINT *                                                                           * SOUTH SHOT POINT * 
        REL. LOCATION     0.                                                                           REL. LOCATION 10024. 
        SHOT NUMBER  = 3                                                                               SHOT NUMBER  = 4 
        DEPTH    (FT)=  30.0                                                                           DEPTH    (FT)=  30.0 
        ELEVATION(FT)= 2747.                                                                           ELEVATION(FT)= 2789. 
        TIME         =  1237                                                                           TIME         = 1342 
        NORTH TC(SEC)= .8330                                                                           SOUTH TC(SEC)= .0050 
                                                     GEOPHONE TIME - DISTANCE DATA 


                   NORTH - SOUTH             NORTH - SOUTH                   SOUTH - NORTH            SOUTH - NORTH 
        GEO DISTANCE INTERVAL ELEVAT.  RAWTI ELCOR WECOR CORTI IF     DISTANCE INTERVAL ELEVAT.  RAWTI ELCOR WECOR CORTI IR 
          0       .0       .0  2747.0  .0000 .0000 .0000 .0000  0           .0   5422.0  2747.0  .0000 .0000 .0000 .0000  0 
          1   5422.0   5422.0  2776.4  .8340-.0319 .0000 .8659  3       5422.0    194.0  2776.4  .7430-.0164 .0000 .7594 -3 
          2   5616.0    194.0  2777.6  .8680-.0315 .0000 .8995 -3       5616.0    188.0  2777.6  .7170-.0160 .0000 .7330  3 
          3   5804.0    188.0  2778.8  .8830-.0310 .0000 .9140  4       5804.0    194.0  2778.8  .6940-.0156 .0000 .7096  3 
          4   5998.0    194.0  2780.0  .9020-.0306 .0000 .9326  4       5998.0    201.0  2780.0  .6660-.0151 .0000 .6811  3 
          5   6199.0    201.0  2780.4  .9250-.0304 .0000 .9554  4       6199.0    198.0  2780.4  .6370-.0149 .0000 .6519  3 
          6   6397.0    198.0  2780.9  .9480-.0303 .0000 .9783  4       6397.0    194.0  2780.9  .6150-.0148 .0000 .6298  3 
          7   6591.0    194.0  2781.3  .9630-.0301 .0000 .9931  4       6591.0    205.0  2781.3  .5850-.0146 .0000 .5996  3 
          8   6796.0    205.0  2781.8  .9880-.0299 .00001.0179  4       6796.0    204.0  2781.8  .5650-.0145 .0000 .5795  3 
          9   7000.0    204.0  2782.2 1.0070-.0298 .00001.0368  4       7000.0    201.0  2782.2  .5340-.0143 .0000 .5483  3 
         10   7201.0    201.0  2782.7 1.0300-.0296 .00001.0596  4       7201.0    194.0  2782.7  .5060-.0141 .0000 .5201  3 
         11   7395.0    194.0  2783.1 1.0550-.0294 .00001.0844 -4       7395.0    204.0  2783.1  .4780-.0140 .0000 .4920  3 
         12   7599.0    204.0  2783.6 1.0700-.0293 .00001.0993  5       7599.0    168.0  2783.6  .4500-.0138 .0000 .4638  3 
         13   7767.0    168.0  2784.0 1.0800-.0291 .00001.1091  5       7767.0    188.0  2784.0  .4230-.0137 .0000 .4367  3 
         14   7955.0    188.0  2784.4 1.1030-.0290 .00001.1320  6       7955.0    196.0  2784.4  .3970-.0135 .0000 .4105  3 
         15   8151.0    196.0  2784.8  .0000-.0288 .0000 .0000  6       8151.0    201.0  2784.8  .3730-.0133 .0000 .3863  3 
         16   8352.0    201.0  2785.3 1.1080-.0286 .00001.1366  6       8352.0    201.0  2785.3  .3420-.0132 .0000 .3552  3 
         17   8553.0    201.0  2785.7 1.1130-.0285 .00001.1415  6       8553.0    198.0  2785.7  .3150-.0130 .0000 .3280  3 
         18   8751.0    198.0  2786.2  .0000-.0283 .0000 .0000  6       8751.0    182.0  2786.2  .2870-.0128 .0000 .2998  3 
         19   8933.0    182.0  2786.6  .0000-.0282 .0000 .0000  6       8933.0    194.0  2786.6  .2570-.0127 .0000 .2697  3 
         20   9127.0    194.0  2787.0 1.1510-.0280 .00001.1790  6       9127.0    201.0  2787.0  .2350-.0125 .0000 .2475  3 
         21   9328.0    201.0  2787.4 1.1590-.0278 .00001.1868  6       9328.0    198.0  2787.4  .2050-.0124 .0000 .2174  2 
         22   9526.0    198.0  2787.9 1.1670-.0277 .00001.1947  6       9526.0    207.0  2787.9  .1650-.0122 .0000 .1772  2 
         23   9733.0    207.0  2788.3 1.1700-.0275 .00001.1975  6       9733.0    198.0  2788.3  .1130-.0120 .0000 .1130  1 
         24   9931.0    198.0  2788.8 1.1760-.0273 .00001.2033  6       9931.0     93.0  2788.8  .0470-.0119 .0000 .0470  1 
          0  10024.0     93.0  2789.0  .0000 .0000 .0000 .0000  0      10024.0       .0  2789.0  .0000 .0000 .0000 .0000  0 







APPENDIX D – ATTACHMENT D1 
SEISMIC REFRACTION STUDIES 


MOJAVE TRANSITION ZONE RECHARGE PROJECT 
July 30, 2002 


                                                          HELENDALE ROAD - MTZ 
                                                 ***** PROFILE 1T   NORTH - SOUTH ***** 
                                                                04/27/02 
                                                                UNIT = 3 
                                                      DATUM ELEVATION =  2790. FEET 
        * NORTH SHOT POINT *                                                                           * SOUTH SHOT POINT * 
        REL. LOCATION     0.                                                                           REL. LOCATION 10024. 
        SHOT NUMBER  =                                                                                 SHOT NUMBER  = 4 
        DEPTH    (FT)=    .0                                                                           DEPTH    (FT)=  30.0 
        ELEVATION(FT)= 2747.                                                                           ELEVATION(FT)= 2789. 
        TIME         =                                                                                 TIME         = 1342 
        NORTH TC(SEC)= .0000                                                                           SOUTH TC(SEC)= .0114 
                                                     GEOPHONE TIME - DISTANCE DATA 


                   NORTH - SOUTH             NORTH - SOUTH                   SOUTH - NORTH            SOUTH - NORTH 
        GEO DISTANCE INTERVAL ELEVAT.  RAWTI ELCOR WECOR CORTI IF     DISTANCE INTERVAL ELEVAT.  RAWTI ELCOR WECOR CORTI IR 
          0       .0       .0  2747.0  .0000 .0000 .0000 .0000  0           .0   9423.0  2747.0  .0000 .0000 .0000 .0000  0 
          1   9423.0   9423.0  2787.7  .0000-.0167 .0000 .0000  0       9423.0     25.0  2787.7  .1836-.0123 .0000 .1959  2 
          2   9448.0     25.0  2787.7  .0000-.0167 .0000 .0000  0       9448.0     25.0  2787.7  .1811-.0123 .0000 .1934  2 
          3   9473.0     25.0  2787.8  .0000-.0167 .0000 .0000  0       9473.0     25.0  2787.8  .1784-.0122 .0000 .1906  2 
          4   9498.0     25.0  2787.8  .0000-.0166 .0000 .0000  0       9498.0     25.0  2787.8  .1721-.0122 .0000 .1843  2 
          5   9523.0     25.0  2787.9  .0000-.0166 .0000 .0000  0       9523.0     25.0  2787.9  .1681-.0122 .0000 .1803  2 
          6   9548.0     25.0  2787.9  .0000-.0166 .0000 .0000  0       9548.0     25.0  2787.9  .1616-.0122 .0000 .1738  2 
          7   9573.0     25.0  2788.0  .0000-.0166 .0000 .0000  0       9573.0     24.9  2788.0  .1569-.0122 .0000 .1691  2 
          8   9597.9     24.9  2788.0  .0000-.0166 .0000 .0000  0       9597.9     24.9  2788.0  .1509-.0121 .0000 .1630  2 
          9   9622.8     24.9  2788.1  .0000-.0165 .0000 .0000  0       9622.8     24.9  2788.1  .1456-.0121 .0000 .1577  2 
         10   9647.7     24.9  2788.2  .0000-.0165 .0000 .0000  0       9647.7     24.9  2788.2  .1411-.0121 .0000 .1532  2 
         11   9672.6     24.9  2788.2  .0000-.0165 .0000 .0000  0       9672.6     24.9  2788.2  .1356-.0121 .0000 .1356  1 
         12   9697.5     24.9  2788.3  .0000-.0165 .0000 .0000  0       9697.5     24.9  2788.3  .1274-.0121 .0000 .1274  1 
         13   9722.4     24.9  2788.3  .0000-.0165 .0000 .0000  0       9722.4     24.9  2788.3  .1169-.0120 .0000 .1169  1 
         14   9747.3     24.9  2788.4  .0000-.0164 .0000 .0000  0       9747.3     24.8  2788.4  .1069-.0120 .0000 .1069  1 
         15   9772.1     24.8  2788.4  .0000-.0164 .0000 .0000  0       9772.1     24.8  2788.4  .1006-.0120 .0000 .1006  1 
         16   9796.9     24.8  2788.5  .0000-.0164 .0000 .0000  0       9796.9     24.8  2788.5  .0941-.0120 .0000 .0941  1 
         17   9821.7     24.8  2788.5  .0000-.0164 .0000 .0000  0       9821.7     24.7  2788.5  .0849-.0120 .0000 .0849  1 
         18   9846.4     24.7  2788.6  .0000-.0164 .0000 .0000  0       9846.4     24.6  2788.6  .0754-.0119 .0000 .0754  1 
         19   9871.0     24.6  2788.7  .0000-.0163 .0000 .0000  0       9871.0     24.4  2788.7  .0631-.0119 .0000 .0631  1 
         20   9895.4     24.4  2788.7  .0000-.0163 .0000 .0000  0       9895.4     24.1  2788.7  .0519-.0119 .0000 .0519  1 
         21   9919.5     24.1  2788.8  .0000-.0163 .0000 .0000  0       9919.5     23.6  2788.8  .0414-.0119 .0000 .0414  1 
         22   9943.1     23.6  2788.8  .0000-.0163 .0000 .0000  0       9943.1     22.5  2788.8  .0294-.0119 .0000 .0294  1 
         23   9965.6     22.5  2788.9  .0000-.0163 .0000 .0000  0       9965.6     19.3  2788.9  .0181-.0118 .0000 .0181  1 
         24   9984.9     19.3  2788.9  .0000-.0162 .0000 .0000  0       9984.9     39.1  2788.9  .0115-.0118 .0000 .0115  1 
          0  10024.0     39.1  2789.0  .0000 .0000 .0000 .0000  0      10024.0       .0  2789.0  .0000 .0000 .0000 .0000  1 







APPENDIX D – ATTACHMENT D1 
SEISMIC REFRACTION STUDIES 


MOJAVE TRANSITION ZONE RECHARGE PROJECT 
July 30, 2002 


                                                          HELENDALE ROAD - MTZ 
                                                 ***** PROFILE 1T   NORTH - SOUTH ***** 
                                                                04/27/02 
                                                      DATUM ELEVATION =  2790. FEET 


                                                          COMPUTED VELOCITY/INTERCEPTS 
                                            LAYER   FORWARD    FORWARD    REVERSE   REVERSE 
                                                   INTERCEPT   VELOCITY  INTERCEPT  VELOCITY 
                                              1     -.003        2372.     .001       -2553. 
                                              2      .114        5502.     .079       -5016. 
                                              3      .139        7410.     .124       -7202. 
                                              4      .312        9621.     .267       -9552. 
                                              5      .592       15011.     .547      -14702. 
                                              6      .796       24156.     .766      -24491. 


                                                          VELOCITY/DEPTH INTERPRETATION 
                                            LAYER VELOCITY THICKF DEPTHF ELEVF  THICKR DEPTHR ELEVR  VDIP  TDIP 
                                              1     2462.   159.   159.  2631.   110.   110.  2680.   1.4    .3 
                                              2     5246.    65.   224.  2566.   152.   262.  2528.  -1.8   -.2 
                                              3     7294.   936.  1160.  1630.   748.  1010.  1780.  -2.0    .9 
                                              4     9573.  1368.  2528.   262.  1416.  2426.   364.  -1.1    .6 
                                              5    14838.  1279.  3807. -1017.  1442.  3868. -1078.  -2.0   -.4 
                                              6    24291. 







APPENDIX D – ATTACHMENT D1 
SEISMIC REFRACTION STUDIES 


MOJAVE TRANSITION ZONE RECHARGE PROJECT 
July 30, 2002 


                                                          HELENDALE ROAD - MTZ 
                                                 ***** PROFILE 1S23 NORTH - SOUTH ***** 
                                                                04/27/02 
                                                      DATUM ELEVATION =  2790. FEET 


                                                SURVEYING AND ELEVATION TIME CORRECTIONS 


                               DISTANCE   INTERVAL    HI      DELTAE     ELEVATION    N-S CORR    S-N CORR 
          * NORTH SHOT POINT *      .0         .0      .0    2747.0        2747.0     -.0428      -.0265 
                                 600.0      600.0      .0    2750.0        2750.0     -.0416      -.0254 
                                2300.0     1700.0      .0    2760.0        2760.0     -.0380      -.0217 
                                4400.0     2100.0      .0    2770.0        2770.0     -.0343      -.0181 
          * SOUTH SHOT POINT *  5355.0      955.0      .0    2776.0        2776.0     -.0321      -.0158 


                           THE FOLLOWING VELOCITIES HAVE BEEN USED IN THE WEATHERING AND ELEVATION CORRECTIONS. 
                                   VFO =  2450. VR0 =  2450. VO =  2450. V1 =  2450. V2 =  5700. FT/SEC 







APPENDIX D – ATTACHMENT D1 
SEISMIC REFRACTION STUDIES 


MOJAVE TRANSITION ZONE RECHARGE PROJECT 
July 30, 2002 


                                                          HELENDALE ROAD - MTZ 
                                                 ***** PROFILE 1S23 NORTH - SOUTH ***** 
                                                                04/27/02 
                                                                UNIT = 3 
                                                      DATUM ELEVATION =  2790. FEET 
        * NORTH SHOT POINT *                                                                           * SOUTH SHOT POINT * 
        REL. LOCATION     0.                                                                           REL. LOCATION  5355. 
        SHOT NUMBER  = 3                                                                               SHOT NUMBER  = 
        DEPTH    (FT)=  30.0                                                                           DEPTH    (FT)=    .0 
        ELEVATION(FT)= 2747.                                                                           ELEVATION(FT)= 2776. 
        TIME         =  1237                                                                           TIME         = 
        NORTH TC(SEC)= .0117                                                                           SOUTH TC(SEC)= .0000 
                                                     GEOPHONE TIME - DISTANCE DATA 


                   NORTH - SOUTH             NORTH - SOUTH                   SOUTH - NORTH            SOUTH - NORTH 
        GEO DISTANCE INTERVAL ELEVAT.  RAWTI ELCOR WECOR CORTI IF     DISTANCE INTERVAL ELEVAT.  RAWTI ELCOR WECOR CORTI IR 
          0       .0       .0  2747.0  .0000 .0000 .0000 .0000  1           .0     39.1  2747.0  .0000 .0000 .0000 .0000  0 
          1     39.1     39.1  2747.2  .0157-.0427 .0000 .0157  1         39.1     19.3  2747.2  .0000-.0209 .0000 .0000  0 
          2     58.4     19.3  2747.3  .0192-.0426 .0000 .0192  1         58.4     22.5  2747.3  .0000-.0209 .0000 .0000  0 
          3     80.9     22.5  2747.4  .0304-.0426 .0000 .0304  1         80.9     23.6  2747.4  .0000-.0209 .0000 .0000  0 
          4    104.5     23.6  2747.5  .0407-.0426 .0000 .0407  1        104.5     24.1  2747.5  .0000-.0208 .0000 .0000  0 
          5    128.6     24.1  2747.6  .0507-.0425 .0000 .0507  1        128.6     24.4  2747.6  .0000-.0208 .0000 .0000  0 
          6    153.0     24.4  2747.8  .0637-.0425 .0000 .0637  1        153.0     24.6  2747.8  .0000-.0207 .0000 .0000  0 
          7    177.6     24.6  2747.9  .0742-.0424 .0000 .0742  1        177.6     24.7  2747.9  .0000-.0207 .0000 .0000  0 
          8    202.3     24.7  2748.0  .0827-.0424 .0000 .0827  1        202.3     24.9  2748.0  .0000-.0206 .0000 .0000  0 
          9    227.2     24.9  2748.1  .0934-.0423 .0000 .0934  1        227.2     24.9  2748.1  .0000-.0206 .0000 .0000  0 
         10    252.1     24.9  2748.3  .1042-.0423 .0000 .1042  1        252.1     24.9  2748.3  .0000-.0205 .0000 .0000  0 
         11    277.0     24.9  2748.4  .1154-.0422 .0000 .1154  1        277.0     25.0  2748.4  .0000-.0205 .0000 .0000  0 
         12    302.0     25.0  2748.5  .1252-.0422 .0000 .1252  1        302.0     25.0  2748.5  .0000-.0205 .0000 .0000  0 
         13    327.0     25.0  2748.6  .1317-.0421 .0000 .1317  1        327.0     25.0  2748.6  .0000-.0204 .0000 .0000  0 
         14    352.0     25.0  2748.8  .1352-.0421 .0000 .1773  2        352.0     25.0  2748.8  .0000-.0204 .0000 .0000  0 
         15    377.0     25.0  2748.9  .1407-.0421 .0000 .1828  2        377.0     25.0  2748.9  .0000-.0203 .0000 .0000  0 
         16    402.0     25.0  2749.0  .1459-.0420 .0000 .1879  2        402.0     25.0  2749.0  .0000-.0203 .0000 .0000  0 
         17    427.0     25.0  2749.1  .1502-.0420 .0000 .1922  2        427.0     25.0  2749.1  .0000-.0202 .0000 .0000  0 
         18    452.0     25.0  2749.3  .1534-.0419 .0000 .1953 -2        452.0     25.0  2749.3  .0000-.0202 .0000 .0000  0 
         19    477.0     25.0  2749.4  .1559-.0419 .0000 .1978  3        477.0     25.0  2749.4  .0000-.0201 .0000 .0000  0 
         20    502.0     25.0  2749.5  .1602-.0418 .0000 .2020  3        502.0     25.0  2749.5  .0000-.0201 .0000 .0000  0 
         21    527.0     25.0  2749.6  .1642-.0418 .0000 .2060  3        527.0     25.0  2749.6  .0000-.0200 .0000 .0000  0 
         22    552.0     25.0  2749.8  .1664-.0417 .0000 .2081  3        552.0     25.0  2749.8  .0000-.0200 .0000 .0000  0 
         23    577.0     25.0  2749.9  .1699-.0417 .0000 .2116  3        577.0     25.0  2749.9  .0000-.0199 .0000 .0000  0 
         24    602.0     25.0  2750.0  .1727-.0416 .0000 .2143  3        602.0   4753.0  2750.0  .0000-.0199 .0000 .0000  0 
          0   5355.0   4753.0  2776.0  .0000 .0000 .0000 .0000  0       5355.0       .0  2776.0  .0000 .0000 .0000 .0000  0 







APPENDIX D – ATTACHMENT D1 
SEISMIC REFRACTION STUDIES 


MOJAVE TRANSITION ZONE RECHARGE PROJECT 
July 30, 2002 


                                                          HELENDALE ROAD - MTZ 
                                                 ***** PROFILE 1S23 NORTH - SOUTH ***** 
                                                                04/27/02 
                                                                UNIT = 2 
                                                      DATUM ELEVATION =  2790. FEET 
        * NORTH SHOT POINT *                                                                           * SOUTH SHOT POINT * 
        REL. LOCATION     0.                                                                           REL. LOCATION  5355. 
        SHOT NUMBER  = 3                                                                               SHOT NUMBER  = 1 
        DEPTH    (FT)=  30.0                                                                           DEPTH    (FT)=  15.0 
        ELEVATION(FT)= 2747.                                                                           ELEVATION(FT)= 2776. 
        TIME         =  1237                                                                           TIME         = 1035 
        NORTH TC(SEC)= .0230                                                                           SOUTH TC(SEC)=-.0150 
                                                     GEOPHONE TIME - DISTANCE DATA 


                   NORTH - SOUTH             NORTH - SOUTH                   SOUTH - NORTH            SOUTH - NORTH 
        GEO DISTANCE INTERVAL ELEVAT.  RAWTI ELCOR WECOR CORTI IF     DISTANCE INTERVAL ELEVAT.  RAWTI ELCOR WECOR CORTI IR 
          0       .0       .0  2747.0  .0000 .0000 .0000 .0000  0           .0    358.0  2747.0  .0000 .0000 .0000 .0000  0 
          1    358.0    358.0  2748.8  .1430-.0421 .0000 .1851  0        358.0    201.0  2748.8  .7750-.0259 .0000 .8009  3 
          2    559.0    201.0  2749.8  .1670-.0417 .0000 .2087  3        559.0    194.0  2749.8  .7490-.0255 .0000 .7745  3 
          3    753.0    194.0  2750.9  .2010-.0413 .0000 .2423  3        753.0    200.0  2750.9  .7270-.0251 .0000 .7521  3 
          4    953.0    200.0  2752.1  .2320-.0409 .0000 .2729  3        953.0    201.0  2752.1  .7030-.0247 .0000 .7277  3 
          5   1154.0    201.0  2753.3  .2580-.0404 .0000 .2984  3       1154.0    197.0  2753.3  .6750-.0242 .0000 .6992  3 
          6   1351.0    197.0  2754.4  .2830-.0400 .0000 .3230  3       1351.0    197.0  2754.4  .6550-.0238 .0000 .6788  3 
          7   1548.0    197.0  2755.6  .3130-.0396 .0000 .3526  3       1548.0    197.0  2755.6  .6300-.0234 .0000 .6534  3 
          8   1745.0    197.0  2756.7  .3400-.0392 .0000 .3792  3       1745.0    198.0  2756.7  .6070-.0229 .0000 .6299  3 
          9   1943.0    198.0  2757.9  .3680-.0387 .0000 .4067  3       1943.0    198.0  2757.9  .5820-.0225 .0000 .6045  3 
         10   2141.0    198.0  2759.1  .3950-.0383 .0000 .4333  3       2141.0    201.0  2759.1  .5590-.0221 .0000 .5811  3 
         11   2342.0    201.0  2760.2  .4230-.0379 .0000 .4609  3       2342.0    198.0  2760.2  .5300-.0217 .0000 .5517  3 
         12   2540.0    198.0  2761.1  .4520-.0375 .0000 .4895  3       2540.0    178.0  2761.1  .5000-.0213 .0000 .5213  3 
         13   2718.0    178.0  2762.0  .4730-.0372 .0000 .5102  3       2718.0    201.0  2762.0  .4760-.0210 .0000 .4970  3 
         14   2919.0    201.0  2762.9  .5030-.0369 .0000 .5399  3       2919.0    200.0  2762.9  .4450-.0207 .0000 .4657  3 
         15   3119.0    200.0  2763.9  .5280-.0365 .0000 .5645  3       3119.0    198.0  2763.9  .4140-.0203 .0000 .4343  3 
         16   3317.0    198.0  2764.8  .5550-.0362 .0000 .5912  3       3317.0    198.0  2764.8  .3880-.0200 .0000 .4080  3 
         17   3515.0    198.0  2765.8  .5770-.0358 .0000 .6128  3       3515.0    198.0  2765.8  .3640-.0196 .0000 .3836  3 
         18   3713.0    198.0  2766.7  .6000-.0355 .0000 .6355  3       3713.0    201.0  2766.7  .3240-.0193 .0000 .3433  3 
         19   3914.0    201.0  2767.7  .6290-.0351 .0000 .6641  3       3914.0    201.0  2767.7  .3040-.0189 .0000 .3229  3 
        20   4115.0    201.0  2768.6  .6540-.0348 .0000 .6888  3       4115.0    194.0  2768.6  .2750-.0186 .0000 .2936  3 


         21   4309.0    194.0  2769.6  .6830-.0344 .0000 .7174  3       4309.0    198.0  2769.6  .2470-.0182 .0000 .2652  3 
         22   4507.0    198.0  2770.7  .7140-.0340 .0000 .7480  3       4507.0    204.0  2770.7  .2250-.0178 .0000 .2428  3 
         23   4711.0    204.0  2772.0  .7370-.0336 .0000 .7706  3       4711.0    201.0  2772.0  .1950-.0173 .0000 .2123  3 
         24   4912.0    201.0  2773.2  .7600-.0331 .0000 .7931  3       4912.0    443.0  2773.2  .1650-.0169 .0000 .1819  2 
          0   5355.0    443.0  2776.0  .0000 .0000 .0000 .0000  0       5355.0       .0  2776.0  .0000 .0000 .0000 .0000  0 







APPENDIX D – ATTACHMENT D1 
SEISMIC REFRACTION STUDIES 


MOJAVE TRANSITION ZONE RECHARGE PROJECT 
July 30, 2002 


                                                          HELENDALE ROAD - MTZ 
                                                 ***** PROFILE 1S23 NORTH - SOUTH ***** 
                                                                04/27/02 
                                                                UNIT = 3 
                                                      DATUM ELEVATION =  2790. FEET 
        * NORTH SHOT POINT *                                                                           * SOUTH SHOT POINT * 
        REL. LOCATION     0.                                                                           REL. LOCATION  5355. 
        SHOT NUMBER  =                                                                                 SHOT NUMBER  = 2 
        DEPTH    (FT)=    .0                                                                           DEPTH    (FT)=   3.0 
        ELEVATION(FT)= 2747.                                                                           ELEVATION(FT)= 2776. 
        TIME         =                                                                                 TIME         = 1142 
        NORTH TC(SEC)= .0000                                                                           SOUTH TC(SEC)= .0013 
                                                     GEOPHONE TIME - DISTANCE DATA 


                   NORTH - SOUTH             NORTH - SOUTH                   SOUTH - NORTH            SOUTH - NORTH 
        GEO DISTANCE INTERVAL ELEVAT.  RAWTI ELCOR WECOR CORTI IF     DISTANCE INTERVAL ELEVAT.  RAWTI ELCOR WECOR CORTI IR 
          0       .0       .0  2747.0  .0000 .0000 .0000 .0000  0           .0   4775.0  2747.0  .0000 .0000 .0000 .0000  0 
          1   4775.0   4775.0  2772.4  .0000-.0223 .0000 .0000  0       4775.0     25.0  2772.4  .1918-.0128 .0000 .2046  2 
          2   4800.0     25.0  2772.5  .0000-.0223 .0000 .0000  0       4800.0     25.0  2772.5  .1858-.0127 .0000 .1985  2 
          3   4825.0     25.0  2772.7  .0000-.0222 .0000 .0000  0       4825.0     25.0  2772.7  .1825-.0127 .0000 .1952  2 
          4   4850.0     25.0  2772.8  .0000-.0222 .0000 .0000  0       4850.0     25.0  2772.8  .1800-.0126 .0000 .1926  2 
          5   4875.0     25.0  2773.0  .0000-.0221 .0000 .0000  0       4875.0     25.0  2773.0  .1783-.0125 .0000 .1908  2 
         6   4900.0     25.0  2773.1  .0000-.0221 .0000 .0000  0       4900.0     25.0  2773.1  .1733-.0125 .0000 .1858  2 


          7   4925.0     25.0  2773.3  .0000-.0220 .0000 .0000  0       4925.0     25.0  2773.3  .1685-.0124 .0000 .1809  2 
          8   4950.0     25.0  2773.5  .0000-.0219 .0000 .0000  0       4950.0     25.0  2773.5  .1645-.0124 .0000 .1769  2 
          9   4975.0     25.0  2773.6  .0000-.0219 .0000 .0000  0       4975.0     25.0  2773.6  .1575-.0123 .0000 .1698  2 
         10   5000.0     25.0  2773.8  .0000-.0218 .0000 .0000  0       5000.0     25.0  2773.8  .1488-.0122 .0000 .1488  1 
         11   5025.0     25.0  2773.9  .0000-.0218 .0000 .0000  0       5025.0     25.0  2773.9  .1370-.0122 .0000 .1370  1 
         12   5050.0     25.0  2774.1  .0000-.0217 .0000 .0000  0       5050.0     25.0  2774.1  .1273-.0121 .0000 .1273  1 
         13   5075.0     25.0  2774.2  .0000-.0217 .0000 .0000  0       5075.0     25.0  2774.2  .1150-.0121 .0000 .1150  1 
         14   5100.0     25.0  2774.4  .0000-.0216 .0000 .0000  0       5100.0     25.0  2774.4  .1020-.0120 .0000 .1020  1 
         15   5125.0     25.0  2774.6  .0000-.0215 .0000 .0000  0       5125.0     25.0  2774.6  .0928-.0120 .0000 .0928  1 
         16   5150.0     25.0  2774.7  .0000-.0215 .0000 .0000  0       5150.0     25.0  2774.7  .0853-.0119 .0000 .0853  1 
         17   5175.0     25.0  2774.9  .0000-.0214 .0000 .0000  0       5175.0     25.0  2774.9  .0750-.0118 .0000 .0750  1 
         18   5200.0     25.0  2775.0  .0000-.0214 .0000 .0000  0       5200.0     25.0  2775.0  .0658-.0118 .0000 .0658  1 
         19   5225.0     25.0  2775.2  .0000-.0213 .0000 .0000  0       5225.0     25.0  2775.2  .0568-.0117 .0000 .0568  1 
         20   5250.0     25.0  2775.3  .0000-.0212 .0000 .0000  0       5250.0     25.0  2775.3  .0453-.0117 .0000 .0453  1 
         21   5275.0     25.0  2775.5  .0000-.0212 .0000 .0000  0       5275.0     25.0  2775.5  .0365-.0116 .0000 .0365  1 
         22   5300.0     25.0  2775.7  .0000-.0211 .0000 .0000  0       5300.0     24.9  2775.7  .0273-.0116 .0000 .0273  1 
         23   5324.9     24.9  2775.8  .0000-.0211 .0000 .0000  0       5324.9     24.3  2775.8  .0193-.0115 .0000 .0193  1 
         24   5349.2     24.3  2776.0  .0000-.0210 .0000 .0000  0       5349.2      5.8  2776.0  .0023-.0114 .0000 .0023  1 
          0   5355.0      5.8  2776.0  .0000 .0000 .0000 .0000  0       5355.0       .0  2776.0  .0000 .0000 .0000 .0000  1 







APPENDIX D – ATTACHMENT D1 
SEISMIC REFRACTION STUDIES 


MOJAVE TRANSITION ZONE RECHARGE PROJECT 
July 30, 2002 


                                                          HELENDALE ROAD - MTZ 
                                                ***** PROFILE 1S23 NORTH - SOUTH ***** 


                                                                04/27/02 
                                                                UNIT = 3 
                                                      DATUM ELEVATION =  2790. FEET 


                                                          COMPUTED VELOCITY/INTERCEPTS 
                                            LAYER   FORWARD    FORWARD    REVERSE   REVERSE 
                                                   INTERCEPT   VELOCITY  INTERCEPT  VELOCITY 
                                              1     -.002        2393.     .003       -2474. 
                                              2      .114        5502.     .112       -6252.  1.087  .968 RECIPROCITY ERROR 
                                              3      .139        7406.     .129       -7310. 


                                                          VELOCITY/DEPTH INTERPRETATION 
                                            LAYER VELOCITY THICKF DEPTHF ELEVF  THICKR DEPTHR ELEVR  VDIP  TDIP 
                                              1     2433.   153.   153.  2637.   149.   149.  2641.  -1.7    .0 
                                              2     5850.   100.   252.  2538.    64.   213.  2577.   5.2    .4 
                                              3     7309. 







APPENDIX D – ATTACHMENT D1 
SEISMIC REFRACTION STUDIES 


MOJAVE TRANSITION ZONE RECHARGE PROJECT 
July 30, 2002 


                                                          HELENDALE ROAD - MTZ 
                                                 ***** PROFILE 1S34 NORTH - SOUTH ***** 
                                                                04/27/02 
                                                      DATUM ELEVATION =  2790. FEET 


                                                SURVEYING AND ELEVATION TIME CORRECTIONS 


                               DISTANCE   INTERVAL    HI      DELTAE     ELEVATION    N-S CORR    S-N CORR 
          * NORTH SHOT POINT *      .0         .0      .0    2773.0        2773.0     -.0181      -.0195 
                                 646.0      646.0      .0    2780.0        2780.0     -.0155      -.0170 
          * SOUTH SHOT POINT *  4670.0     4024.0      .0    2789.0        2789.0     -.0122      -.0136 


                           THE FOLLOWING VELOCITIES HAVE BEEN USED IN THE WEATHERING AND ELEVATION CORRECTIONS. 
                                   VFO =  2450. VR0 =  2450. VO =  2450. V1 =  2450. V2 =  5700. FT/SEC 







APPENDIX D – ATTACHMENT D1 
SEISMIC REFRACTION STUDIES 


MOJAVE TRANSITION ZONE RECHARGE PROJECT 
July 30, 2002 


                                                          HELENDALE ROAD - MTZ 
                                                 ***** PROFILE 1S34 NORTH - SOUTH ***** 
                                                                04/27/02 
                                                                UNIT = 3 
                                                      DATUM ELEVATION =  2790. FEET 
        * NORTH SHOT POINT *                                                                           * SOUTH SHOT POINT * 
        REL. LOCATION     0.                                                                           REL. LOCATION  4670. 
        SHOT NUMBER  = 1                                                                               SHOT NUMBER  = 
        DEPTH    (FT)=  15.0                                                                           DEPTH    (FT)=    .0 
        ELEVATION(FT)= 2773.                                                                           ELEVATION(FT)= 2789. 
        TIME         =  1135                                                                           TIME         = 
        NORTH TC(SEC)= .0060                                                                           SOUTH TC(SEC)= .0000 
                                                     GEOPHONE TIME - DISTANCE DATA 


                   NORTH - SOUTH             NORTH - SOUTH                   SOUTH - NORTH            SOUTH - NORTH 
        GEO DISTANCE INTERVAL ELEVAT.  RAWTI ELCOR WECOR CORTI IF     DISTANCE INTERVAL ELEVAT.  RAWTI ELCOR WECOR CORTI IR 
          0       .0       .0  2773.0  .0000 .0000 .0000 .0000  1           .0     29.2  2773.0  .0000 .0000 .0000 .0000  0 
          1     29.2     29.2  2773.3  .0115-.0179 .0000 .0115  1         29.2     23.0  2773.3  .0000-.0065 .0000 .0000  0 
          2     52.2     23.0  2773.6  .0210-.0178 .0000 .0210  1         52.2     24.3  2773.6  .0000-.0064 .0000 .0000  0 
          3     76.5     24.3  2773.8  .0315-.0178 .0000 .0315  1         76.5     24.6  2773.8  .0000-.0063 .0000 .0000  0 
          4    101.1     24.6  2774.1  .0417-.0177 .0000 .0417  1        101.1     24.8  2774.1  .0000-.0062 .0000 .0000  0 
          5    125.9     24.8  2774.4  .0502-.0176 .0000 .0502  1        125.9     24.9  2774.4  .0000-.0061 .0000 .0000  0 
          6    150.8     24.9  2774.6  .0600-.0175 .0000 .0600  1        150.8     24.9  2774.6  .0000-.0060 .0000 .0000  0 
          7    175.7     24.9  2774.9  .0695-.0174 .0000 .0695  1        175.7     24.9  2774.9  .0000-.0059 .0000 .0000  0 
          8    200.6     24.9  2775.2  .0800-.0173 .0000 .0800  1        200.6     24.9  2775.2  .0000-.0058 .0000 .0000  0 
          9    225.5     24.9  2775.4  .0902-.0172 .0000 .0902  1        225.5     24.9  2775.4  .0000-.0057 .0000 .0000  0 
         10    250.4     24.9  2775.7  .0990-.0171 .0000 .0990  1        250.4     24.9  2775.7  .0000-.0056 .0000 .0000  0 
         11    275.3     24.9  2776.0  .1092-.0170 .0000 .1092  1        275.3     24.9  2776.0  .0000-.0055 .0000 .0000  0 
         12    300.2     24.9  2776.3  .1195-.0169 .0000 .1195  1        300.2     24.9  2776.3  .0000-.0054 .0000 .0000  0 
         13    325.1     24.9  2776.5  .1287-.0168 .0000 .1287  1        325.1     24.9  2776.5  .0000-.0053 .0000 .0000  0 
         14    350.0     24.9  2776.8  .1352-.0167 .0000 .1352  1        350.0     25.0  2776.8  .0000-.0052 .0000 .0000  0 
         15    375.0     25.0  2777.1  .1427-.0166 .0000 .1593  2        375.0     25.0  2777.1  .0000-.0051 .0000 .0000  0 
         16    400.0     25.0  2777.3  .1505-.0165 .0000 .1670  2        400.0     25.0  2777.3  .0000-.0050 .0000 .0000  0 
         17    425.0     25.0  2777.6  .1595-.0164 .0000 .1759  2        425.0     25.0  2777.6  .0000-.0049 .0000 .0000  0 
         18    450.0     25.0  2777.9  .1647-.0163 .0000 .1810  2        450.0     25.0  2777.9  .0000-.0048 .0000 .0000  0 
         19    475.0     25.0  2778.1  .1677-.0162 .0000 .1839  2        475.0     25.0  2778.1  .0000-.0047 .0000 .0000  0 
         20    500.0     25.0  2778.4  .1740-.0161 .0000 .1901  2        500.0     25.0  2778.4  .0000-.0046 .0000 .0000  0 
         21    525.0     25.0  2778.7  .1782-.0160 .0000 .1942  2        525.0     25.0  2778.7  .0000-.0045 .0000 .0000  0 
         22    550.0     25.0  2779.0  .1817-.0159 .0000 .1976  2        550.0     25.0  2779.0  .0000-.0044 .0000 .0000  0 
         23    575.0     25.0  2779.2  .1827-.0158 .0000 .1985  2        575.0     25.0  2779.2  .0000-.0043 .0000 .0000  0 
         24    600.0     25.0  2779.5  .1852-.0157 .0000 .2009  2        600.0   4070.0  2779.5  .0000-.0042 .0000 .0000  0 
          0   4670.0   4070.0  2789.0  .0000 .0000 .0000 .0000  0       4670.0       .0  2789.0  .0000 .0000 .0000 .0000  0 







APPENDIX D – ATTACHMENT D1 
SEISMIC REFRACTION STUDIES 


MOJAVE TRANSITION ZONE RECHARGE PROJECT 
July 30, 2002 


                                                          HELENDALE ROAD - MTZ 
                                                 ***** PROFILE 1S34 NORTH - SOUTH ***** 
                                                                04/27/02 
                                                                UNIT = 1 
                                                      DATUM ELEVATION =  2790. FEET 
        * NORTH SHOT POINT *                                                                           * SOUTH SHOT POINT * 
        REL. LOCATION     0.                                                                           REL. LOCATION  4670. 
        SHOT NUMBER  = 1                                                                               SHOT NUMBER  = 4 
        DEPTH    (FT)=  15.0                                                                           DEPTH    (FT)=  25.0 
        ELEVATION(FT)= 2773.                                                                           ELEVATION(FT)= 2789. 
        TIME         =  1035                                                                           TIME         = 1342 
        NORTH TC(SEC)= .0040                                                                           SOUTH TC(SEC)= .0050 
                                                     GEOPHONE TIME - DISTANCE DATA 


                   NORTH - SOUTH             NORTH - SOUTH                   SOUTH - NORTH            SOUTH - NORTH 
        GEO DISTANCE INTERVAL ELEVAT.  RAWTI ELCOR WECOR CORTI IF     DISTANCE INTERVAL ELEVAT.  RAWTI ELCOR WECOR CORTI IR 
          0       .0       .0  2773.0  .0000 .0000 .0000 .0000  0        -17.0     86.0  2769.9  .0000 .0000 .0000 .0000  0 
          1     86.0     86.0  2773.9  .0360-.0177 .0000 .0360  1         69.0    194.0  2773.7  .7430-.0156 .0000 .7586  3 
          2    266.0    180.0  2775.9  .1140-.0170 .0000 .1140  1        263.0    188.0  2775.8  .7170-.0148 .0000 .7318  3 
          3    452.0    186.0  2777.9  .1630-.0163 .0000 .1793  2        451.0    194.0  2777.9  .6940-.0140 .0000 .7080  3 
          4    645.0    193.0  2780.0  .1950-.0155 .0000 .2105  2        645.0    201.0  2780.0  .6660-.0133 .0000 .6793  3 
          5    846.0    201.0  2780.4  .2260-.0153 .0000 .2413  3        846.0    198.0  2780.4  .6370-.0131 .0000 .6501  3 
          6   1044.0    198.0  2780.9  .2600-.0152 .0000 .2752  3       1044.0    194.0  2780.9  .6150-.0129 .0000 .6279  3 
          7   1238.0    194.0  2781.3  .2840-.0150 .0000 .2990  3       1238.0    205.0  2781.3  .5850-.0128 .0000 .5978  3 
          8   1443.0    205.0  2781.8  .3140-.0148 .0000 .3288  3       1443.0    204.0  2781.8  .5650-.0126 .0000 .5776  3 
          9   1647.0    204.0  2782.2  .3440-.0147 .0000 .3587  3       1647.0    201.0  2782.2  .5340-.0124 .0000 .5464  3 
         10   1848.0    201.0  2782.7  .3740-.0145 .0000 .3885  3       1848.0    194.0  2782.7  .5060-.0123 .0000 .5183  3 
         11   2042.0    194.0  2783.1  .4040-.0143 .0000 .4183  3       2042.0    204.0  2783.1  .4780-.0121 .0000 .4901  3 
         12   2246.0    204.0  2783.6  .4290-.0142 .0000 .4432  3       2246.0    168.0  2783.6  .4500-.0119 .0000 .4619  3 
         13   2414.0    168.0  2784.0  .4490-.0140 .0000 .4630  3       2414.0    188.0  2784.0  .4230-.0118 .0000 .4348  3 
         14   2602.0    188.0  2784.4  .4720-.0139 .0000 .4859  3       2602.0    196.0  2784.4  .3970-.0117 .0000 .4087  3 
         15   2798.0    196.0  2784.8  .5040-.0137 .0000 .5177  3       2798.0    201.0  2784.8  .3730-.0115 .0000 .3845  3 
         16   2999.0    201.0  2785.3  .5240-.0135 .0000 .5375  3       2999.0    201.0  2785.3  .3420-.0113 .0000 .3533  3 
         17   3200.0    201.0  2785.7  .5540-.0134 .0000 .5674  3       3200.0    198.0  2785.7  .3150-.0112 .0000 .3262  3 
         18   3398.0    198.0  2786.2  .5840-.0132 .0000 .5972  3       3398.0    182.0  2786.2  .2870-.0110 .0000 .2980  3 
         19   3580.0    182.0  2786.6  .6070-.0131 .0000 .6201  3       3580.0    194.0  2786.6  .2570-.0108 .0000 .2678  3 
         20   3774.0    194.0  2787.0  .6320-.0129 .0000 .6449  3       3774.0    201.0  2787.0  .2350-.0107 .0000 .2457  3 
         21   3975.0    201.0  2787.4  .6580-.0127 .0000 .6707  3       3975.0    198.0  2787.4  .2050-.0105 .0000 .2155  2 
         22   4173.0    198.0  2787.9  .6860-.0126 .0000 .6986  3       4173.0    206.0  2787.9  .1650-.0104 .0000 .1754  2 
         23   4379.0    206.0  2788.3  .7140-.0124 .0000 .7264  3       4379.0    198.0  2788.3  .1130-.0102 .0000 .1130  1 
         24   4577.0    198.0  2788.8  .7380-.0122 .0000 .7502  3       4577.0     93.0  2788.8  .0470-.0100 .0000 .0470  1 
          0   4670.0     93.0  2789.0  .0000 .0000 .0000 .0000  0       4670.0       .0  2789.0  .0000 .0000 .0000 .0000  0 







APPENDIX D – ATTACHMENT D1 
SEISMIC REFRACTION STUDIES 


MOJAVE TRANSITION ZONE RECHARGE PROJECT 
July 30, 2002 


                                                          HELENDALE ROAD - MTZ 
                                                 ***** PROFILE 1S34 NORTH - SOUTH ***** 
                                                                04/27/02 
                                                                UNIT = 3 
                                                      DATUM ELEVATION =  2790. FEET 
        * NORTH SHOT POINT *                                                                           * SOUTH SHOT POINT * 
        REL. LOCATION     0.                                                                           REL. LOCATION  4670. 
        SHOT NUMBER  =                                                                                 SHOT NUMBER  = 4 
        DEPTH    (FT)=    .0                                                                           DEPTH    (FT)=  35.0 
        ELEVATION(FT)= 2773.                                                                           ELEVATION(FT)= 2789. 
        TIME         =                                                                                 TIME         = 1342 
        NORTH TC(SEC)= .0000                                                                           SOUTH TC(SEC)= .0137 
                                                     GEOPHONE TIME - DISTANCE DATA 


                   NORTH - SOUTH             NORTH - SOUTH                   SOUTH - NORTH            SOUTH - NORTH 
        GEO DISTANCE INTERVAL ELEVAT.  RAWTI ELCOR WECOR CORTI IF     DISTANCE INTERVAL ELEVAT.  RAWTI ELCOR WECOR CORTI IR 
          0       .0       .0  2773.0  .0000 .0000 .0000 .0000  0           .0   4068.0  2773.0  .0000 .0000 .0000 .0000  0 
          1   4068.0   4068.0  2787.7  .0000-.0071 .0000 .0000  0       4068.0     25.0  2787.7  .1859-.0141 .0000 .2000  2 
          2   4093.0     25.0  2787.7  .0000-.0071 .0000 .0000  0       4093.0     25.0  2787.7  .1834-.0141 .0000 .1975  2 
          3   4118.0     25.0  2787.8  .0000-.0071 .0000 .0000  0       4118.0     25.0  2787.8  .1807-.0141 .0000 .1948  2 
          4   4143.0     25.0  2787.8  .0000-.0071 .0000 .0000  0       4143.0     25.0  2787.8  .1744-.0141 .0000 .1885  2 
          5   4168.0     25.0  2787.9  .0000-.0070 .0000 .0000  0       4168.0     25.0  2787.9  .1704-.0140 .0000 .1844  2 
          6   4193.0     25.0  2787.9  .0000-.0070 .0000 .0000  0       4193.0     25.0  2787.9  .1639-.0140 .0000 .1779  2 
          7   4218.0     25.0  2788.0  .0000-.0070 .0000 .0000  0       4218.0     25.0  2788.0  .1592-.0140 .0000 .1732  2 
          8   4243.0     25.0  2788.0  .0000-.0070 .0000 .0000  0       4243.0     25.0  2788.0  .1532-.0140 .0000 .1672  2 
          9   4268.0     25.0  2788.1  .0000-.0070 .0000 .0000  0       4268.0     25.0  2788.1  .1479-.0140 .0000 .1619  2 
         10   4293.0     25.0  2788.2  .0000-.0069 .0000 .0000  0       4293.0     25.0  2788.2  .1434-.0139 .0000 .1573  2 
         11   4318.0     25.0  2788.2  .0000-.0069 .0000 .0000  0       4318.0     25.0  2788.2  .1379-.0139 .0000 .1379  1 
         12   4343.0     25.0  2788.3  .0000-.0069 .0000 .0000  0       4343.0     24.9  2788.3  .1297-.0139 .0000 .1297  1 
         13   4367.9     24.9  2788.3  .0000-.0069 .0000 .0000  0       4367.9     24.9  2788.3  .1192-.0139 .0000 .1192  1 
         14   4392.8     24.9  2788.4  .0000-.0069 .0000 .0000  0       4392.8     24.8  2788.4  .1092-.0139 .0000 .1092  1 
         15   4417.6     24.8  2788.4  .0000-.0068 .0000 .0000  0       4417.6     24.7  2788.4  .1029-.0138 .0000 .1029  1 
         16   4442.3     24.7  2788.5  .0000-.0068 .0000 .0000  0       4442.3     24.7  2788.5  .0964-.0138 .0000 .0964  1 
         17   4467.0     24.7  2788.5  .0000-.0068 .0000 .0000  0       4467.0     24.6  2788.5  .0872-.0138 .0000 .0872  1 
         18   4491.6     24.6  2788.6  .0000-.0068 .0000 .0000  0       4491.6     24.4  2788.6  .0777-.0138 .0000 .0777  1 
         19   4516.0     24.4  2788.7  .0000-.0068 .0000 .0000  0       4516.0     24.2  2788.7  .0654-.0138 .0000 .0654  1 
         20   4540.2     24.2  2788.7  .0000-.0067 .0000 .0000  0       4540.2     23.9  2788.7  .0542-.0137 .0000 .0542  1 
         21   4564.1     23.9  2788.8  .0000-.0067 .0000 .0000  0       4564.1     23.2  2788.8  .0437-.0137 .0000 .0437  1 
         22   4587.3     23.2  2788.8  .0000-.0067 .0000 .0000  0       4587.3     21.7  2788.8  .0317-.0137 .0000 .0317  1 
         23   4609.0     21.7  2788.9  .0000-.0067 .0000 .0000  0       4609.0     18.0  2788.9  .0204-.0137 .0000 .0204  1 
         24   4627.0     18.0  2788.9  .0000-.0067 .0000 .0000  0       4627.0     43.0  2788.9  .0172-.0137 .0000 .0172  1 
          0   4670.0     43.0  2789.0  .0000 .0000 .0000 .0000  0       4670.0       .0  2789.0  .0000 .0000 .0000 .0000  1 







APPENDIX D – ATTACHMENT D1 
SEISMIC REFRACTION STUDIES 


MOJAVE TRANSITION ZONE RECHARGE PROJECT 
July 30, 2002 


                                                          HELENDALE ROAD - MTZ 
                                                 ***** PROFILE 1S34 NORTH - SOUTH ***** 
                                                                04/27/02 
                                                                UNIT = 3 
                                                      DATUM ELEVATION =  2790. FEET 


                                                          COMPUTED VELOCITY/INTERCEPTS 
                                            LAYER   FORWARD    FORWARD    REVERSE   REVERSE 
                                                   INTERCEPT   VELOCITY  INTERCEPT  VELOCITY 
                                              1      .001        2530.     .003       -2550. 
                                              2      .099        5700.     .087       -5308. 
                                              3      .135        7390.     .122       -7195. 


                                                          VELOCITY/DEPTH INTERPRETATION 
                                            LAYER VELOCITY THICKF DEPTHF ELEVF  THICKR DEPTHR ELEVR  VDIP  TDIP 
                                              1     2540.   142.   142.  2648.   125.   125.  2665.   1.1    .2 
                                              2     5496.   125.   267.  2523.   125.   250.  2540.  -1.3    .2 
                                              3     7286. 







APPENDIX D – ATTACHMENT D1 
SEISMIC REFRACTION STUDIES 


MOJAVE TRANSITION ZONE RECHARGE PROJECT 
July 30, 2002 


                                                          HELENDALE ROAD - MTZ 
                                                 ***** PROFILE 1S14 NORTH - SOUTH ***** 
                                                                04/27/02 
                                                      DATUM ELEVATION =  2790. FEET 


                                                SURVEYING AND ELEVATION TIME CORRECTIONS 


                               DISTANCE   INTERVAL    HI      DELTAE     ELEVATION    N-S CORR    S-N CORR 
          * NORTH SHOT POINT *      .0         .0      .0    2733.0        2733.0     -.0531      -.0324 
                                2293.0     2293.0      .0    2747.0        2747.0     -.0479      -.0273 
                                2893.0      600.0      .0    2750.0        2750.0     -.0468      -.0262 
                                4593.0     1700.0      .0    2760.0        2760.0     -.0431      -.0225 
                                6693.0     2100.0      .0    2770.0        2770.0     -.0394      -.0188 
                                8293.0     1600.0      .0    2780.0        2780.0     -.0357      -.0151 
          * SOUTH SHOT POINT * 12317.0     4024.0      .0    2789.0        2789.0     -.0324      -.0118 


                           THE FOLLOWING VELOCITIES HAVE BEEN USED IN THE WEATHERING AND ELEVATION CORRECTIONS. 
                                   VFO =  2450. VR0 =  2450. VO =  2450. V1 =  2450. V2 =  5700. FT/SEC 







APPENDIX D – ATTACHMENT D1 
SEISMIC REFRACTION STUDIES 


MOJAVE TRANSITION ZONE RECHARGE PROJECT 
July 30, 2002 


                                                          HELENDALE ROAD - MTZ 
                                                 ***** PROFILE 1S14 NORTH - SOUTH ***** 
                                                                04/27/02 
                                                                UNIT = 3 
                                                      DATUM ELEVATION =  2790. FEET 
        * NORTH SHOT POINT *                                                                           * SOUTH SHOT POINT * 
        REL. LOCATION     0.                                                                           REL. LOCATION 12317. 
        SHOT NUMBER  = 3                                                                               SHOT NUMBER  = 
        DEPTH    (FT)=  30.0                                                                           DEPTH    (FT)=    .0 
        ELEVATION(FT)= 2733.                                                                           ELEVATION(FT)= 2789. 
        TIME         =  1237                                                                           TIME         = 
        NORTH TC(SEC)= .0117                                                                           SOUTH TC(SEC)= .0000 
                                                     GEOPHONE TIME - DISTANCE DATA 


                   NORTH - SOUTH             NORTH - SOUTH                   SOUTH - NORTH            SOUTH - NORTH 
        GEO DISTANCE INTERVAL ELEVAT.  RAWTI ELCOR WECOR CORTI IF     DISTANCE INTERVAL ELEVAT.  RAWTI ELCOR WECOR CORTI IR 
          0       .0       .0  2733.0  .0000 .0000 .0000 .0000  1           .0     39.1  2733.0  .0000 .0000 .0000 .0000  0 
          1     39.1     39.1  2733.2  .0118-.0530 .0000 .0118  1         39.1     19.3  2733.2  .0000-.0213 .0000 .0000  0 
          2     58.4     19.3  2733.4  .0192-.0529 .0000 .0192  1         58.4     22.5  2733.4  .0000-.0212 .0000 .0000  0 
          3     80.9     22.5  2733.5  .0304-.0529 .0000 .0304  1         80.9     23.6  2733.5  .0000-.0212 .0000 .0000  0 
          4    104.5     23.6  2733.6  .0407-.0528 .0000 .0407  1        104.5     24.1  2733.6  .0000-.0211 .0000 .0000  0 
          5    128.6     24.1  2733.8  .0507-.0528 .0000 .0507  1        128.6     24.4  2733.8  .0000-.0211 .0000 .0000  0 
          6    153.0     24.4  2733.9  .0637-.0527 .0000 .0637  1        153.0     24.6  2733.9  .0000-.0210 .0000 .0000  0 
          7    177.6     24.6  2734.1  .0742-.0527 .0000 .0742  1        177.6     24.7  2734.1  .0000-.0210 .0000 .0000  0 
          8    202.3     24.7  2734.2  .0827-.0526 .0000 .0827  1        202.3     24.9  2734.2  .0000-.0209 .0000 .0000  0 
          9    227.2     24.9  2734.4  .0934-.0526 .0000 .0934  1        227.2     24.9  2734.4  .0000-.0209 .0000 .0000  0 
         10    252.1     24.9  2734.5  .1042-.0525 .0000 .1042  1        252.1     24.9  2734.5  .0000-.0208 .0000 .0000  0 
         11    277.0     24.9  2734.7  .1154-.0524 .0000 .1154  1        277.0     25.0  2734.7  .0000-.0208 .0000 .0000  0 
         12    302.0     25.0  2734.8  .1252-.0524 .0000 .1252  1        302.0     25.0  2734.8  .0000-.0207 .0000 .0000  0 
         13    327.0     25.0  2735.0  .1317-.0523 .0000 .1317  1        327.0     25.0  2735.0  .0000-.0206 .0000 .0000  0 
         14    352.0     25.0  2735.1  .1352-.0523 .0000 .1875  2        352.0     25.0  2735.1  .0000-.0206 .0000 .0000  0 
         15    377.0     25.0  2735.3  .1407-.0522 .0000 .1929  2        377.0     25.0  2735.3  .0000-.0205 .0000 .0000  0 
         16    402.0     25.0  2735.5  .1459-.0522 .0000 .1981  2        402.0     25.0  2735.5  .0000-.0205 .0000 .0000  0 
         17    427.0     25.0  2735.6  .1502-.0521 .0000 .2023  2        427.0     25.0  2735.6  .0000-.0204 .0000 .0000  0 
         18    452.0     25.0  2735.8  .1534-.0521 .0000 .2055 -2        452.0     25.0  2735.8  .0000-.0204 .0000 .0000  0 
         19    477.0     25.0  2735.9  .1559-.0520 .0000 .2079  3        477.0     25.0  2735.9  .0000-.0203 .0000 .0000  0 
         20    502.0     25.0  2736.1  .1602-.0519 .0000 .2121  3        502.0     25.0  2736.1  .0000-.0202 .0000 .0000  0 
         21    527.0     25.0  2736.2  .1642-.0519 .0000 .2161  3        527.0     25.0  2736.2  .0000-.0202 .0000 .0000  0 
         22    552.0     25.0  2736.4  .1664-.0518 .0000 .2182  3        552.0     25.0  2736.4  .0000-.0201 .0000 .0000  0 
         23    577.0     25.0  2736.5  .1699-.0518 .0000 .2217  3        577.0     25.0  2736.5  .0000-.0201 .0000 .0000  0 
         24    602.0     25.0  2736.7  .1727-.0517 .0000 .2244  3        602.0  11715.0  2736.7  .0000-.0200 .0000 .0000  0 
          0  12317.0  11715.0  2789.0  .0000 .0000 .0000 .0000  0      12317.0       .0  2789.0  .0000 .0000 .0000 .0000  0 







APPENDIX D – ATTACHMENT D1 
SEISMIC REFRACTION STUDIES 


MOJAVE TRANSITION ZONE RECHARGE PROJECT 
July 30, 2002 


                                                          HELENDALE ROAD - MTZ 
                                                 ***** PROFILE 1S14 NORTH - SOUTH ***** 
                                                                04/27/02 
                                                                UNIT = 2 
                                                      DATUM ELEVATION =  2790. FEET 
        * NORTH SHOT POINT *                                                                           * SOUTH SHOT POINT * 
        REL. LOCATION     0.                                                                           REL. LOCATION 12317. 
        SHOT NUMBER  = 6                                                                               SHOT NUMBER  = 
        DEPTH    (FT)=  30.0                                                                           DEPTH    (FT)=    .0 
        ELEVATION(FT)= 2733.                                                                           ELEVATION(FT)= 2789. 
        TIME         =  1620                                                                           TIME         = 
        NORTH TC(SEC)=-.0030                                                                           SOUTH TC(SEC)= .0000 
                                                     GEOPHONE TIME - DISTANCE DATA 


                   NORTH - SOUTH             NORTH - SOUTH                   SOUTH - NORTH            SOUTH - NORTH 
        GEO DISTANCE INTERVAL ELEVAT.  RAWTI ELCOR WECOR CORTI IF     DISTANCE INTERVAL ELEVAT.  RAWTI ELCOR WECOR CORTI IR 
          0       .0       .0  2733.0  .0000 .0000 .0000 .0000  0           .0   2651.0  2733.0  .0000 .0000 .0000 .0000  0 
          1   2651.0   2651.0  2748.8  .4650-.0472 .0000 .5122  3       2651.0    201.0  2748.8  .0000-.0156 .0000 .0000  0 
          2   2852.0    201.0  2749.8  .4850-.0469 .0000 .5319  3       2852.0    194.0  2749.8  .0000-.0152 .0000 .0000  0 
          3   3046.0    194.0  2750.9  .5170-.0465 .0000 .5635  3       3046.0    200.0  2750.9  .0000-.0148 .0000 .0000  0 
          4   3246.0    200.0  2752.1  .5470-.0460 .0000 .5930  3       3246.0    201.0  2752.1  .0000-.0143 .0000 .0000  0 
          5   3447.0    201.0  2753.3  .5710-.0456 .0000 .6166  3       3447.0    197.0  2753.3  .0000-.0139 .0000 .0000  0 
          6   3644.0    197.0  2754.4  .5920-.0452 .0000 .6372  3       3644.0    197.0  2754.4  .0000-.0135 .0000 .0000  0 
          7   3841.0    197.0  2755.6  .6220-.0447 .0000 .6667  3       3841.0    197.0  2755.6  .0000-.0131 .0000 .0000  0 
          8   4038.0    197.0  2756.7  .6470-.0443 .0000 .6913  3       4038.0    198.0  2756.7  .0000-.0126 .0000 .0000  0 
          9   4236.0    198.0  2757.9  .6740-.0439 .0000 .7179 -3       4236.0    198.0  2757.9  .0000-.0122 .0000 .0000  0 
         10   4434.0    198.0  2759.1  .6870-.0435 .0000 .7305  4       4434.0    201.0  2759.1  .0000-.0118 .0000 .0000  0 
         11   4635.0    201.0  2760.2  .7090-.0430 .0000 .7520  4       4635.0    198.0  2760.2  .0000-.0114 .0000 .0000  0 
         12   4833.0    198.0  2761.1  .7270-.0427 .0000 .7697  4       4833.0    178.0  2761.1  .0000-.0110 .0000 .0000  0 
         13   5011.0    178.0  2762.0  .7570-.0424 .0000 .7994  4       5011.0    201.0  2762.0  .0000-.0107 .0000 .0000  0 
         14   5212.0    201.0  2762.9  .7800-.0420 .0000 .8220  4       5212.0    200.0  2762.9  .0000-.0103 .0000 .0000  0 
         15   5412.0    200.0  2763.9  .7990-.0417 .0000 .8407  4       5412.0    198.0  2763.9  .0000-.0100 .0000 .0000  0 
         16   5610.0    198.0  2764.8  .8270-.0413 .0000 .8683  4       5610.0    198.0  2764.8  .0000-.0096 .0000 .0000  0 
         17   5808.0    198.0  2765.8  .8450-.0410 .0000 .8860  4       5808.0    198.0  2765.8  .0000-.0093 .0000 .0000  0 
         18   6006.0    198.0  2766.7  .8650-.0406 .0000 .9056  4       6006.0    201.0  2766.7  .0000-.0089 .0000 .0000  0 
         19   6207.0    201.0  2767.7  .8910-.0403 .0000 .9313  4       6207.0    201.0  2767.7  .0000-.0086 .0000 .0000  0 
         20   6408.0    201.0  2768.6  .9120-.0399 .0000 .9519  4       6408.0    194.0  2768.6  .0000-.0082 .0000 .0000  0 
         21   6602.0    194.0  2769.6  .9350-.0396 .0000 .9746  4       6602.0    198.0  2769.6  .0000-.0079 .0000 .0000  0 
         22   6800.0    198.0  2770.7  .9450-.0392 .0000 .9842  4       6800.0    204.0  2770.7  .0000-.0075 .0000 .0000  0 
         23   7004.0    204.0  2771.9  .9590-.0387 .0000 .9977  4       7004.0    201.0  2771.9  .0000-.0070 .0000 .0000  0 
         24   7205.0    201.0  2773.2  .9820-.0383 .00001.0203 -4       7205.0   5112.0  2773.2  .0000-.0066 .0000 .0000  0 
          0  12317.0   5112.0  2789.0  .0000 .0000 .0000 .0000  0      12317.0       .0  2789.0  .0000 .0000 .0000 .0000  0 







APPENDIX D – ATTACHMENT D1 
SEISMIC REFRACTION STUDIES 


MOJAVE TRANSITION ZONE RECHARGE PROJECT 
July 30, 2002 


                                                          HELENDALE ROAD - MTZ 
                                                 ***** PROFILE 1S14 NORTH - SOUTH ***** 
                                                                04/27/02 
                                                                UNIT = 1 
                                                      DATUM ELEVATION =  2790. FEET 
        * NORTH SHOT POINT *                                                                           * SOUTH SHOT POINT * 
        REL. LOCATION     0.                                                                           REL. LOCATION 12317. 
        SHOT NUMBER  = 6                                                                               SHOT NUMBER  = 
        DEPTH    (FT)=  30.0                                                                           DEPTH    (FT)=    .0 
        ELEVATION(FT)= 2733.                                                                           ELEVATION(FT)= 2789. 
        TIME         =  1620                                                                           TIME         = 
        NORTH TC(SEC)=-.0240                                                                           SOUTH TC(SEC)= .0000 
                                                     GEOPHONE TIME - DISTANCE DATA 


                   NORTH - SOUTH             NORTH - SOUTH                   SOUTH - NORTH            SOUTH - NORTH 
        GEO DISTANCE INTERVAL ELEVAT.  RAWTI ELCOR WECOR CORTI IF     DISTANCE INTERVAL ELEVAT.  RAWTI ELCOR WECOR CORTI IR 
          0       .0       .0  2733.0  .0000 .0000 .0000 .0000  0           .0   7715.0  2733.0  .0000 .0000 .0000 .0000  0 
          1   7715.0   7715.0  2776.4 1.0240-.0371 .00001.0611  5       7715.0    194.0  2776.4  .0000-.0054 .0000 .0000  0 
          2   7909.0    194.0  2777.6 1.0370-.0366 .00001.0736  5       7909.0    188.0  2777.6  .0000-.0049 .0000 .0000  0 
          3   8097.0    188.0  2778.8 1.0510-.0362 .00001.0872  5       8097.0    194.0  2778.8  .0000-.0045 .0000 .0000  0 
          4   8291.0    194.0  2780.0 1.0560-.0358 .00001.0918  5       8291.0    201.0  2780.0  .0000-.0041 .0000 .0000  0 
          5   8492.0    201.0  2780.4 1.0770-.0356 .00001.1126  5       8492.0    198.0  2780.4  .0000-.0039 .0000 .0000  0 
          6   8690.0    198.0  2780.9 1.0900-.0354 .00001.1254  5       8690.0    194.0  2780.9  .0000-.0037 .0000 .0000  0 
          7   8884.0    194.0  2781.3 1.0990-.0353 .00001.1343  5       8884.0    205.0  2781.3  .0000-.0036 .0000 .0000  0 
          8   9089.0    205.0  2781.8 1.1180-.0351 .00001.1531  5       9089.0    204.0  2781.8  .0000-.0034 .0000 .0000  0 
          9   9293.0    204.0  2782.2 1.1360-.0349 .00001.1709  5       9293.0    201.0  2782.2  .0000-.0032 .0000 .0000  0 
         10   9494.0    201.0  2782.7 1.1470-.0348 .00001.1818  5       9494.0    194.0  2782.7  .0000-.0031 .0000 .0000  0 
         11   9688.0    194.0  2783.1 1.1580-.0346 .00001.1926  5       9688.0    204.0  2783.1  .0000-.0029 .0000 .0000  0 
         12   9892.0    204.0  2783.6 1.1720-.0344 .00001.2064  5       9892.0    168.0  2783.6  .0000-.0027 .0000 .0000  0 
         13  10060.0    168.0  2784.0 1.1790-.0343 .00001.2133 -5      10060.0    188.0  2784.0  .0000-.0026 .0000 .0000  0 
         14  10248.0    188.0  2784.4 1.1860-.0341 .00001.2201  6      10248.0    196.0  2784.4  .0000-.0024 .0000 .0000  0 
         15  10444.0    196.0  2784.8 1.1880-.0340 .00001.2220  6      10444.0    201.0  2784.8  .0000-.0023 .0000 .0000  0 
         16  10645.0    201.0  2785.3 1.1940-.0338 .00001.2278  6      10645.0    201.0  2785.3  .0000-.0021 .0000 .0000  0 
         17  10846.0    201.0  2785.7 1.2010-.0336 .00001.2346  6      10846.0    198.0  2785.7  .0000-.0019 .0000 .0000  0 
         18  11044.0    198.0  2786.2 1.2070-.0335 .00001.2405  6      11044.0    182.0  2786.2  .0000-.0018 .0000 .0000  0 
         19  11226.0    182.0  2786.6 1.2160-.0333 .00001.2493  6      11226.0    194.0  2786.6  .0000-.0016 .0000 .0000  0 
         20  11420.0    194.0  2787.0 1.2270-.0332 .00001.2602  6      11420.0    201.0  2787.0  .0000-.0015 .0000 .0000  0 
         21  11621.0    201.0  2787.4 1.2360-.0330 .00001.2690  6      11621.0    198.0  2787.4  .0000-.0013 .0000 .0000  0 
         22  11819.0    198.0  2787.9 1.2410-.0328 .00001.2738  6      11819.0    207.0  2787.9  .0000-.0011 .0000 .0000  0 
         23  12026.0    207.0  2788.3 1.2490-.0327 .00001.2817  6      12026.0    198.0  2788.3  .0000-.0010 .0000 .0000  0 
         24  12224.0    198.0  2788.8 1.2570-.0325 .00001.2895  6      12224.0     93.0  2788.8  .0000-.0008 .0000 .0000  0 
          0  12317.0     93.0  2789.0  .0000 .0000 .0000 .0000  0      12317.0       .0  2789.0  .0000 .0000 .0000 .0000  0 







APPENDIX D – ATTACHMENT D1 
SEISMIC REFRACTION STUDIES 


MOJAVE TRANSITION ZONE RECHARGE PROJECT 
July 30, 2002 


                                                          HELENDALE ROAD - MTZ 
                                                 ***** PROFILE 1S14 NORTH - SOUTH ***** 
                                                                04/27/02 
                                                                UNIT = 2 
                                                      DATUM ELEVATION =  2790. FEET 
        * NORTH SHOT POINT *                                                                           * SOUTH SHOT POINT * 
        REL. LOCATION     0.                                                                           REL. LOCATION 12316. 
        SHOT NUMBER  =                                                                                 SHOT NUMBER  = 5 
        DEPTH    (FT)=    .0                                                                           DEPTH    (FT)=  25.0 
        ELEVATION(FT)= 2733.                                                                           ELEVATION(FT)= 2789. 
        TIME         =                                                                                 TIME         = 1510 
        NORTH TC(SEC)= .0000                                                                           SOUTH TC(SEC)= .0000 
                                                     GEOPHONE TIME - DISTANCE DATA 


                   NORTH - SOUTH             NORTH - SOUTH                   SOUTH - NORTH            SOUTH - NORTH 
        GEO DISTANCE INTERVAL ELEVAT.  RAWTI ELCOR WECOR CORTI IF     DISTANCE INTERVAL ELEVAT.  RAWTI ELCOR WECOR CORTI IR 
          0       .0       .0  2733.0  .0000 .0000 .0000 .0000  0         -1.0   2651.0     -.2  .0000 .0000 .0000 .0000  0 
          1   2651.0   2651.0  2748.8  .0000-.0362 .0000 .0000  0       2650.0    201.0  2748.8 1.1320-.0248 .00001.1568  6 
          2   2852.0    201.0  2749.8  .0000-.0358 .0000 .0000  0       2851.0    194.0  2749.8 1.1300-.0244 .00001.1544  6 
          3   3046.0    194.0  2750.9  .0000-.0354 .0000 .0000  0       3045.0    200.0  2750.9 1.1230-.0240 .00001.1470  6 
          4   3246.0    200.0  2752.1  .0000-.0350 .0000 .0000  0       3245.0    201.0  2752.1 1.1180-.0236 .00001.1416  6 
          5   3447.0    201.0  2753.3  .0000-.0345 .0000 .0000  0       3446.0    197.0  2753.3 1.1050-.0231 .00001.1281  6 
          6   3644.0    197.0  2754.4  .0000-.0341 .0000 .0000  0       3643.0    197.0  2754.4 1.0930-.0227 .00001.1157  6 
          7   3841.0    197.0  2755.6  .0000-.0337 .0000 .0000  0       3840.0    197.0  2755.6 1.0910-.0223 .00001.1133  6 
          8   4038.0    197.0  2756.7  .0000-.0333 .0000 .0000  0       4037.0    198.0  2756.7 1.0850-.0218 .00001.1068  5 
          9   4236.0    198.0  2757.9  .0000-.0328 .0000 .0000  0       4235.0    198.0  2757.9 1.0800-.0214 .00001.1014  5 
         10   4434.0    198.0  2759.1  .0000-.0324 .0000 .0000  0       4433.0    201.0  2759.1 1.0600-.0210 .00001.0810  5 
         11   4635.0    201.0  2760.2  .0000-.0320 .0000 .0000  0       4634.0    198.0  2760.2 1.0480-.0206 .00001.0686  5 
         12   4833.0    198.0  2761.1  .0000-.0316 .0000 .0000  0       4832.0    178.0  2761.1 1.0290-.0202 .00001.0492  4 
         13   5011.0    178.0  2762.0  .0000-.0313 .0000 .0000  0       5010.0    201.0  2762.0 1.0150-.0199 .00001.0349  4 
         14   5212.0    201.0  2762.9  .0000-.0310 .0000 .0000  0       5211.0    200.0  2762.9  .9920-.0196 .00001.0116  4 
         15   5412.0    200.0  2763.9  .0000-.0306 .0000 .0000  0       5411.0    198.0  2763.9  .9770-.0192 .0000 .9962  4 
         16   5610.0    198.0  2764.8  .0000-.0303 .0000 .0000  0       5609.0    198.0  2764.8  .9520-.0189 .0000 .9709  4 
         17   5808.0    198.0  2765.8  .0000-.0299 .0000 .0000  0       5807.0    198.0  2765.8  .9270-.0185 .0000 .9455  4 
         18   6006.0    198.0  2766.7  .0000-.0296 .0000 .0000  0       6005.0    201.0  2766.7  .9090-.0182 .0000 .9272  4 
         19   6206.0    200.0  2767.7  .0000-.0292 .0000 .0000  0       6206.0    201.0  2767.7  .8900-.0178 .0000 .9078  4 
         20   6407.0    201.0  2768.6  .0000-.0289 .0000 .0000  0       6407.0    194.0  2768.6  .8630-.0175 .0000 .8805  4 
         21   6601.0    194.0  2769.6  .0000-.0285 .0000 .0000  0       6601.0    198.0  2769.6  .8450-.0171 .0000 .8621  4 
         22   6799.0    198.0  2770.7  .0000-.0281 .0000 .0000  0       6799.0    204.0  2770.7  .8300-.0167 .0000 .8467  4 
         23   7003.0    204.0  2771.9  .0000-.0277 .0000 .0000  0       7003.0    201.0  2771.9  .8050-.0162 .0000 .8212  4 
         24   7204.0    201.0  2773.2  .0000-.0272 .0000 .0000  0       7204.0   5112.0  2773.2  .7800-.0158 .0000 .7958  4 
          0  12316.0   5112.0  2789.0  .0000 .0000 .0000 .0000  0      12316.0       .0  2789.0  .0000 .0000 .0000 .0000  0 







APPENDIX D – ATTACHMENT D1 
SEISMIC REFRACTION STUDIES 


MOJAVE TRANSITION ZONE RECHARGE PROJECT 
July 30, 2002 


                                                          HELENDALE ROAD - MTZ 
                                                 ***** PROFILE 1S14 NORTH - SOUTH ***** 
                                                                04/27/02 
                                                                UNIT = 1 
                                                      DATUM ELEVATION =  2790. FEET 
        * NORTH SHOT POINT *                                                                           * SOUTH SHOT POINT * 
        REL. LOCATION     0.                                                                           REL. LOCATION 12317. 
        SHOT NUMBER  =                                                                                 SHOT NUMBER  = 4 
        DEPTH    (FT)=    .0                                                                           DEPTH    (FT)=  30.0 
        ELEVATION(FT)= 2733.                                                                           ELEVATION(FT)= 2789. 
        TIME         =                                                                                 TIME         = 1342 
        NORTH TC(SEC)= .0000                                                                           SOUTH TC(SEC)= .0050 
                                                     GEOPHONE TIME - DISTANCE DATA 


                   NORTH - SOUTH             NORTH - SOUTH                   SOUTH - NORTH            SOUTH - NORTH 
        GEO DISTANCE INTERVAL ELEVAT.  RAWTI ELCOR WECOR CORTI IF     DISTANCE INTERVAL ELEVAT.  RAWTI ELCOR WECOR CORTI IR 
          0       .0       .0  2733.0  .0000 .0000 .0000 .0000  0           .0   7715.0  2733.0  .0000 .0000 .0000 .0000  0 
          1   7715.0   7715.0  2776.4  .0000-.0260 .0000 .0000  0       7715.0    194.0  2776.4  .7430-.0164 .0000 .7594 -3 
          2   7909.0    194.0  2777.6  .0000-.0256 .0000 .0000  0       7909.0    188.0  2777.6  .7170-.0160 .0000 .7330  3 
          3   8097.0    188.0  2778.8  .0000-.0251 .0000 .0000  0       8097.0    194.0  2778.8  .6940-.0156 .0000 .7096  3 
          4   8291.0    194.0  2780.0  .0000-.0247 .0000 .0000  0       8291.0    201.0  2780.0  .6660-.0151 .0000 .6811  3 
          5   8492.0    201.0  2780.4  .0000-.0245 .0000 .0000  0       8492.0    198.0  2780.4  .6370-.0149 .0000 .6519  3 
          6   8690.0    198.0  2780.9  .0000-.0244 .0000 .0000  0       8690.0    194.0  2780.9  .6150-.0148 .0000 .6298  3 
          7   8884.0    194.0  2781.3  .0000-.0242 .0000 .0000  0       8884.0    205.0  2781.3  .5850-.0146 .0000 .5996  3 
          8   9089.0    205.0  2781.8  .0000-.0240 .0000 .0000  0       9089.0    204.0  2781.8  .5650-.0145 .0000 .5795  3 
          9   9293.0    204.0  2782.2  .0000-.0239 .0000 .0000  0       9293.0    201.0  2782.2  .5340-.0143 .0000 .5483  3 
         10   9494.0    201.0  2782.7  .0000-.0237 .0000 .0000  0       9494.0    194.0  2782.7  .5060-.0141 .0000 .5201  3 
         11   9688.0    194.0  2783.1  .0000-.0235 .0000 .0000  0       9688.0    204.0  2783.1  .4780-.0140 .0000 .4920  3 
         12   9892.0    204.0  2783.6  .0000-.0234 .0000 .0000  0       9892.0    168.0  2783.6  .4500-.0138 .0000 .4638  3 
         13  10060.0    168.0  2784.0  .0000-.0232 .0000 .0000  0      10060.0    188.0  2784.0  .4230-.0137 .0000 .4367  3 
         14  10248.0    188.0  2784.4  .0000-.0231 .0000 .0000  0      10248.0    196.0  2784.4  .3970-.0135 .0000 .4105  3 
         15  10444.0    196.0  2784.8  .0000-.0229 .0000 .0000  0      10444.0    201.0  2784.8  .3730-.0133 .0000 .3863  3 
         16  10645.0    201.0  2785.3  .0000-.0228 .0000 .0000  0      10645.0    201.0  2785.3  .3420-.0132 .0000 .3552  3 
         17  10846.0    201.0  2785.7  .0000-.0226 .0000 .0000  0      10846.0    198.0  2785.7  .3150-.0130 .0000 .3280  3 
         18  11044.0    198.0  2786.2  .0000-.0224 .0000 .0000  0      11044.0    182.0  2786.2  .2870-.0128 .0000 .2998  3 
         19  11226.0    182.0  2786.6  .0000-.0223 .0000 .0000  0      11226.0    194.0  2786.6  .2570-.0127 .0000 .2697  3 
         20  11420.0    194.0  2787.0  .0000-.0221 .0000 .0000  0      11420.0    201.0  2787.0  .2350-.0125 .0000 .2475  3 
         21  11621.0    201.0  2787.4  .0000-.0219 .0000 .0000  0      11621.0    198.0  2787.4  .2050-.0124 .0000 .2174  2 
         22  11819.0    198.0  2787.9  .0000-.0218 .0000 .0000  0      11819.0    207.0  2787.9  .1650-.0122 .0000 .1772  2 
         23  12026.0    207.0  2788.3  .0000-.0216 .0000 .0000  0      12026.0    198.0  2788.3  .1130-.0120 .0000 .1130  1 
         24  12224.0    198.0  2788.8  .0000-.0215 .0000 .0000  0      12224.0     93.0  2788.8  .0470-.0119 .0000 .0470  1 
          0  12317.0     93.0  2789.0  .0000 .0000 .0000 .0000  0      12317.0       .0  2789.0  .0000 .0000 .0000 .0000  0 







APPENDIX D – ATTACHMENT D1 
SEISMIC REFRACTION STUDIES 


MOJAVE TRANSITION ZONE RECHARGE PROJECT 
July 30, 2002 


                                                          HELENDALE ROAD - MTZ 
                                                 ***** PROFILE 1S14 NORTH - SOUTH ***** 
                                                                04/27/02 
                                                                UNIT = 3 
                                                      DATUM ELEVATION =  2790. FEET 
        * NORTH SHOT POINT *                                                                           * SOUTH SHOT POINT * 
        REL. LOCATION     0.                                                                           REL. LOCATION 12317. 
        SHOT NUMBER  =                                                                                 SHOT NUMBER  = 4 
        DEPTH    (FT)=    .0                                                                           DEPTH    (FT)=  30.0 
        ELEVATION(FT)= 2733.                                                                           ELEVATION(FT)= 2789. 
        TIME         =                                                                                 TIME         = 1342 
        NORTH TC(SEC)= .0000                                                                           SOUTH TC(SEC)= .0114 
                                                     GEOPHONE TIME - DISTANCE DATA 


                   NORTH - SOUTH             NORTH - SOUTH                   SOUTH - NORTH            SOUTH - NORTH 
        GEO DISTANCE INTERVAL ELEVAT.  RAWTI ELCOR WECOR CORTI IF     DISTANCE INTERVAL ELEVAT.  RAWTI ELCOR WECOR CORTI IR 
          0       .0       .0  2733.0  .0000 .0000 .0000 .0000  0           .0  11716.0  2733.0  .0000 .0000 .0000 .0000  0 
          1  11716.0  11716.0  2787.7  .0000-.0219 .0000 .0000  0      11716.0     25.0  2787.7  .1836-.0123 .0000 .1959  2 
          2  11741.0     25.0  2787.7  .0000-.0218 .0000 .0000  0      11741.0     25.0  2787.7  .1811-.0123 .0000 .1934  2 
          3  11766.0     25.0  2787.8  .0000-.0218 .0000 .0000  0      11766.0     25.0  2787.8  .1784-.0122 .0000 .1906  2 
          4  11791.0     25.0  2787.8  .0000-.0218 .0000 .0000  0      11791.0     25.0  2787.8  .1721-.0122 .0000 .1843  2 
          5  11816.0     25.0  2787.9  .0000-.0218 .0000 .0000  0      11816.0     25.0  2787.9  .1681-.0122 .0000 .1803  2 
          6  11841.0     25.0  2787.9  .0000-.0218 .0000 .0000  0      11841.0     25.0  2787.9  .1616-.0122 .0000 .1738  2 
          7  11866.0     25.0  2788.0  .0000-.0217 .0000 .0000  0      11866.0     24.9  2788.0  .1569-.0122 .0000 .1691  2 
          8  11890.9     24.9  2788.0  .0000-.0217 .0000 .0000  0      11890.9     24.9  2788.0  .1509-.0121 .0000 .1630  2 
          9  11915.8     24.9  2788.1  .0000-.0217 .0000 .0000  0      11915.8     24.9  2788.1  .1456-.0121 .0000 .1577  2 
         10  11940.7     24.9  2788.2  .0000-.0217 .0000 .0000  0      11940.7     24.9  2788.2  .1411-.0121 .0000 .1532  2 
         11  11965.6     24.9  2788.2  .0000-.0217 .0000 .0000  0      11965.6     24.9  2788.2  .1356-.0121 .0000 .1356  1 
         12  11990.5     24.9  2788.3  .0000-.0216 .0000 .0000  0      11990.5     24.9  2788.3  .1274-.0121 .0000 .1274  1 
         13  12015.4     24.9  2788.3  .0000-.0216 .0000 .0000  0      12015.4     24.9  2788.3  .1169-.0120 .0000 .1169  1 
         14  12040.3     24.9  2788.4  .0000-.0216 .0000 .0000  0      12040.3     24.8  2788.4  .1069-.0120 .0000 .1069  1 
         15  12065.1     24.8  2788.4  .0000-.0216 .0000 .0000  0      12065.1     24.8  2788.4  .1006-.0120 .0000 .1006  1 
         16  12089.9     24.8  2788.5  .0000-.0216 .0000 .0000  0      12089.9     24.8  2788.5  .0941-.0120 .0000 .0941  1 
         17  12114.7     24.8  2788.5  .0000-.0215 .0000 .0000  0      12114.7     24.7  2788.5  .0849-.0120 .0000 .0849  1 
         18  12139.4     24.7  2788.6  .0000-.0215 .0000 .0000  0      12139.4     24.6  2788.6  .0754-.0119 .0000 .0754  1 
         19  12164.0     24.6  2788.7  .0000-.0215 .0000 .0000  0      12164.0     24.4  2788.7  .0631-.0119 .0000 .0631  1 
         20  12188.4     24.4  2788.7  .0000-.0215 .0000 .0000  0      12188.4     24.1  2788.7  .0519-.0119 .0000 .0519  1 
         21  12212.5     24.1  2788.8  .0000-.0215 .0000 .0000  0      12212.5     23.6  2788.8  .0414-.0119 .0000 .0414  1 
         22  12236.1     23.6  2788.8  .0000-.0214 .0000 .0000  0      12236.1     22.5  2788.8  .0294-.0119 .0000 .0294  1 
         23  12258.6     22.5  2788.9  .0000-.0214 .0000 .0000  0      12258.6     19.3  2788.9  .0181-.0118 .0000 .0181  1 
         24  12277.9     19.3  2788.9  .0000-.0214 .0000 .0000  0      12277.9     39.1  2788.9  .0115-.0118 .0000 .0115  1 
          0  12317.0     39.1  2789.0  .0000 .0000 .0000 .0000  0      12317.0       .0  2789.0  .0000 .0000 .0000 .0000  1 







APPENDIX D – ATTACHMENT D1 
SEISMIC REFRACTION STUDIES 


MOJAVE TRANSITION ZONE RECHARGE PROJECT 
July 30, 2002 


                                                          HELENDALE ROAD - MTZ 
                                                 ***** PROFILE 1S14 NORTH - SOUTH ***** 
                                                                04/27/02 
                                                                UNIT = 3 
                                                      DATUM ELEVATION =  2790. FEET 


                                                          COMPUTED VELOCITY/INTERCEPTS 
                                            LAYER   FORWARD    FORWARD    REVERSE   REVERSE 
                                                   INTERCEPT   VELOCITY  INTERCEPT  VELOCITY 
                                              1     -.003        2372.     .001       -2552. 
                                              2      .124        5514.     .078       -5007. 
                                              3      .144        7328.     .124       -7202. 
                                              4      .267        9446.     .267       -9554. 
                                              5      .534       14708.     .547      -14704. 
                                              6      .843       27469.     .766      -24494. 


                                                          VELOCITY/DEPTH INTERPRETATION 
                                            LAYER VELOCITY THICKF DEPTHF ELEVF  THICKR DEPTHR ELEVR  VDIP  TDIP 
                                              1     2462.   173.   173.  2617.   109.   109.  2681.   1.5    .3 
                                              2     5247.    43.   217.  2573.   154.   264.  2526.  -2.3   -.2 
                                              3     7251.   661.   877.  1913.   747.  1010.  1780.  -2.5   -.6 
                                              4     9482.  1374.  2251.   539.  1398.  2408.   382.  -1.2   -.7 
                                              5    14684.  2161.  4413. -1623.  1324.  3732.  -942.   1.2   3.2 
                                              6    25843.  
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APPENDIX F


REVIEW OF AERIAL PHOTOGRAPHS OF THE MOJAVE RIVER


APPENDIX F-1
REVIEW OF AERIAL PHOTOGRAPHS OF THE MOJAVE RIVER
BELOW THE LOWER NARROWS TO EVALUATE
LOSING STREAM LENGTH VERSUS FLOW RATE


Tables
F-1 Aerial Photographs Reviewed Mojave River Below The Lower Narrows
F-2 Flow Rates And Flow Lengths Mojave River Below The Lower Narrows


Figures
F-1 Mojave River Losing Stream Length Below the Lower Narrows
F-2 Flow Length Vs Flow Rate Within The Transition Zone
F-3 Occurrence of Infiltration Rate Variations, Shallow Clay Lenses, and


Dense Riparian Vegetation Along the Mojave River


APPENDIX F-2
REVIEW OF AERIAL PHOTOGRAPHS OF THE MOJAVE RIVER
ABOVE THE LOWER NARROWS TO EVALUATE
GAINING STREAM LENGTH VERSUS FLOW RATE


Tables
F-3 Aerial Photographs Reviewed, Mojave River Above The Lower Narrows
F-4 Flow Rates And Flow Lengths, Mojave River Above The Lower Narrows
F-5 Relationship Between Flow Length Of Rising Water Above The Lower


Narrows And Flow Rate At The Lower Narrows


Figures
F-4 Mojave River Gaining Stream Length Above the Lower Narrows
F-5 Mojave River Flow Above The Lower Narrows
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REVIEW OF AERIAL PHOTOGRAPHS OF THE MOJAVE RIVER


BELOW THE LOWER NARROWS TO EVALUATE


LOSING STREAM LENGTH VERSUS FLOW RATE


The Mojave River is largely an intermittent stream, but flows perennially in the southern
Transition Zone (TZ) where it enters the TZ at the bedrock gap of the Lower Narrows.
Upon entering the TZ, the Mojave River channel winds northward past the communities
of Oro Grande, La Delta, Bryman, and Helendale, then exits the TZ across the Helendale
fault.  The path of the Mojave River through the TZ past these locations is shown on
Figure F-1.  The Mojave River below the Lower Narrows is a losing stream, in which
base flows typically infiltrates into the dry river channel shortly after entering, and rarely
reach the Helendale fault except during large storm flows.  In 1981, a significant addition
to Mojave River flow in the TZ began as the Victor Valley Wastewater Reclamation
Authority (VVWRA) treatment plant began discharging treated wastewater across the
river from Oro Grande.


This evaluation was conducted to identify potential relationships within the TZ between
the length of losing stream and flow rates measured at the Lower Narrows.  Flow lengths
and discharge rates from the VVWRA treatment plant are also compared.  With all other
factors being equal, flow lengths should be directly proportional to flow rates. Variations
from the proportional relationship can be explained by local variations in channel
infiltration rates.  For example, with a locally decreased infiltration rate, a uniform
increase in flow rate should produce a comparably greater flow length.  The relationship
can also be influenced by factors that increase or decrease the surface flow velocity, such
as channel width, depth, and vegetation density.


Infiltration rates can also be controlled by variations in the permeability of subsurface
deposits.  Low permeability clay deposits at about 75 to 100 feet beneath the river surface
are suspected of supporting groundwater in shallower sand and gravel deposits and
keeping groundwater in reach of riparian vegetation root zones.  Without these clay
lenses, groundwater in the shallow sediments would tend to migrate downward during
pumping of nearby deeper wells.  These lower permeability deposits are also thought to
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influence infiltration rates and the travel length per unit flow rate in the Mojave
River channel.


Collection of Flow Length and Flow Rate Data


To conduct the evaluation, historical annual aerial photographs taken along the Mojave
River were reviewed to estimate the distance reached by surface flows passing the Lower
Narrows and by discharges from the VVWRA treatment plant.  The photographs
reviewed were made available by Mojave Water Agency and are listed in Table F-1.  For
flows measured at the Lower Narrows and discharges from the VVWRA treatment plant,
flow lengths were measured from the Lower Narrows along the Mojave River channel.
Flow lengths were measured to the nearest 100 feet.  The channel lengths are measured
along the path of the Mojave River as shown on the USGS topographic map1 reproduced
in part on Figure F-1.  The locations where surface flows become absent in the channel
are shown on Figure F-1. The evaluation assumes measured flow rates have reached
equilibrium with measured flow lengths.


Historical flow rates were obtained from stream gage data recorded at the Lower Narrows
gage operated by USGS 2.  Average daily flow rates in cubic feet per second (cfs) were
compiled for the day of the photograph date and for the seven days prior to the
photograph date.  These flow rate data are listed in Table F-2 for each photograph date.
Table F-2 notes if significantly larger than average flows were measured in the 30 days
prior to the photograph date.  VVWRA discharges to the Mojave River began in 1981.
For the 1985 to current water year, VVWRA treatment plant discharge rates are daily
averages in cfs as reduced from annual totals3 in acre-feet per water year.  Pre 1985
Water Year VVWRA discharges were obtained through verbal communication with the
Mojave River Watermaster.


In Table F-2, flow lengths from VVWRA are identified separately from flow lengths past
the Lower Narrows.  In these instances, a length of dry channel was observed between
flow past the Lower Narrow and the VVWRA discharge point.  The VVWRA treatment


                                                
1 U.S. Geological Survey, 1982, Topographic Map Of Victorville California, 1:100 000-Scale Metric.
2 U.S. Geological Survey Steam Gage Data for Station Number 10261500
3 Mojave Water Agency Watermaster, 2001, Watermaster Seventh Annual Report, Water Year 1999-00.
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plant flows lengths were also measured from the Lower Narrows although they originate
from the treatment plant located approximately 23,000 feet from the Lower Narrows.


Flow rates are graphed versus flow lengths on Figure F-2.  Only the flows rates measured
on the day of the aerial photograph are graphed, as the daily flow averaged over seven
days were nearly identical and do not add significantly to the evaluation.  Different shape
symbols are used for VVWRA discharges and flow past the Lower Narrows.  Different
shading is used for flows past the Lower Narrows that are either pre VVWRA discharge
operations (pre 1981) or post VVWRA discharge operations (post 1981).  None of the
aerial photographs reviewed had combined flows from the Lower Narrows and VVWRA
discharges, except in instances were storm flows exited the TZ and were not shown on
Figure F-1 or graphed on Figure F-2.  The general trends of the graphed data are shown
as dashed lines on Figure F-2.  The locations of communities and geographic reference
points are shown along the top of Figure F-2.


Relationships of Flow Rate and Flow Length


Comparison of stream flow lengths and flow rate shows that Mojave River surface water
follows approximately four linear relationships through then TZ.  These relationships are
listed in the below chart and summarized in the following paragraph.


Mojave River surface water travels the shortest length per unit flow rate (600 feet/cfs) in
the first 8,000 feet past the Lower Narrows.  At 1.6 cfs/1,000 feet, this is the most rapid
infiltration rate observed along the river length in the TZ.  As is shown on Figure F-2,
two possible lines fit the data directly downstream of the Lower Narrows.  The lower-
slope line does not appear to continue with the remaining flow data and may represent
anomalous conditions, perhaps due to temporary narrow channelized river flows.  With a
similar infiltration rate, flow contained in a narrow channel would tend to travel farther
than a similar flow rate in a wider channel.  A greater infiltration volume would occur in
the wider channel due to the grater surface area.


Mojave River within the Transition Zone - Interpreted Relationships of Flow Length to Flow Rate
Mojave River Length, L (feet) Flow Rate, Q (cfs) Slope (dQ/dL) 1/Slope (dL/dQ)


Location Begin End Entering Exiting (cfs/1,000 feet) (feet/cfs)
Lower Narrows 0 8,000 0.0 13.0 1.6 600


Oro Grande to La Delta 8,000 33,000 13.0 21.0 0.3 3,100
La Delta to Bryman 33,000 42,000 21.0 30.0 1.0 1,000


Bryman to Helendale 42,000 62,000 30.0 32.0 0.1 10,000
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Between Oro Grande, the VVWRA plant, and La Delta, Mojave River surface flow
travels approximately five times farther per unit flow rate (3,100 feet/cfs) than it does just
past the Lower Narrows.  This indicates a lower infiltration rate (0.3 cfs/1,000 feet) along
this river length than the previous upstream length.  Based on these flow relationships,
approximately 18 cfs of flow at the Lower Narrows is needed for flow to reach the
VVWRA treatment plant.  All observed aerial photographs show VVWRA discharges
passing La Delta.  Between La Delta and Bryman, VVWRA discharges begin to
disappear in the subsurface.  VVWRA discharges graphed on Figure F-2 plot below the
Lower Narrows data.  If the 18 cfs required for Lower Narrows flow to reach the
VVWRA plant were added to the VVWRA discharges, the VVWRA data would plot
directly on the Lower Narrows data.


Between La Delta and Bryman, both VVWRA discharge data and pre 1981 Lower
Narrows data show Mojave River surface flows travel a shorter distance per unit flow
rate (1,000 feet/cfs) along this river length than the immediate upstream length.  This
indicates an increased infiltration rate (1.0 cfs/1,000 feet) along this river length than the
previous upstream length.


Between Bryman and about 10,000 feet south of Helendale, Mojave River surface flow
travels the farthest per unit flow rate (10,000 feet/cfs) than it does in the upstream river
lengths below the Lower Narrows.  This indicates the lowest infiltration rate (0.1
cfs/1,000 feet) along this river length compared with the three other upstream lengths.


Sufficient data are not available to adequately evaluate the ratio of flow length to flow
rate for the Mojave River for between Helendale and the Helendale fault.  Only two flow
data points occur along this river length.  These two data points plot at lower flow rates
than data from the up steam length and may be anomalous.  Although they plot lower on
the graph, a line fit between these two data points is nearly the same slope as the line for
the data between Bryman and Helendale, suggesting no change in the relationship of flow
length and flow rate along this river length.


Infiltration Rate Variation, Shallow Clay Lenses, and Dense Riparian Vegetation
Variation in observed river channel infiltration rates coincides with the occurrence of
shallow clay lenses and areas of dense riparian vegetation.  The occurrence and variations
of these three factors are shown on Figure F-3 as varying width parallel bars oriented in a
north-south direction.  Projection of the bar ends and changes in width eastward to the
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river mark the limit of the occurrence or variation.  For the infiltration rate bars, the wider
bars corresponding to infiltration rates (greater than 1 cfs per 1,000 feet of river channel,
while the narrower bars correspond to rates less than 1 cfs per 1,000 feet of river channel.
Areas of dense riparian vegetation are shown on Figure F-3 based on their relative
coverage of the channel4.  Wider bars are shown were dense riparian vegetation covers 71
to 100 percent of the channel bottom and thinner bars are shown where they cover 41 to
70 percent of the channel bottom.  The lack of a bar for dense riparian vegetation
indicates the channel width is less than 41 percent or riparian vegetation is not considered
dense. The occurrence of the shallow clay lenses are derived from Cross Section A-A’ in
the Mojave River Transition Zone Recharge Project Phase I Report.  Wider bars are show
on Figure F-3 for thicker more continuous clay lenses at a depth of approximately 75 to
100 feet.


Just up stream from the Lower Narrows, infiltration rates are highest at approximately 1.6
cfs per 1,000 feet of river channel.  This high rate occurs where there is no occurrence of
significant shallow clay lenses.  This area is the Forebay of the Floodplain aquifer in the
TZ, where groundwater recharge can flow into both the deep and shallow zones of the
aquifer.  Immediately down stream of the Forebay near Oro Grande, shallow clay lenses
begin and correspond with a lower infiltration rate and dense riparian vegetation.  Above
these clay lenses is the shallow zone of the Floodplain aquifer.  About a half mile from
the VVWRA treatment plant, the clay lenses thicken and correspond with increase
riparian vegetation density.  This condition continues northward past the VVWRA
treatment plant.  Near La Delta, infiltration rates increase and correspond with less dense
riparian vegetation and decreased thickness and decreased continuity of shallow clay
lenses.  Near Bryman, infiltration rates again decrease and correspond with an increase in
dense riparian vegetation and resumed clay lens continuity.  A few miles north of
Bryman, thick continuous clay lenses do not occur in the Floodplain aquifer, and no
distinction is made between deep and shallow zones.  Flow data north of Bryman near
Helendale are rare and thus estimated infiltration rates up to the Helendale fault are less
certain.  Available data show no significant change in infiltration rate between Bryman
and the Helendale fault despite the lack of the clay lenses and lack of areas of dense
riparian vegetation in the Helendale area.


                                                
4 U.S. Geological Survey, 1996, Riparian Vegetation And Its Water Use During 1995 Along The Mojave
River, Water Resources Investigations Report 96-4241.
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Summary


Review of the historical aerial photographs indicates base flow follows several linear
mathematical relationship in the losing stream portion of Mojave River down stream of
the Upper Narrows.  Surface flows in the Mojave River channel travel shorter distances
per unit flow rate between the Lower Narrows and Oro Grande and between La Delta and
Bryman.  With all other factors being equal, this indicates more infiltration along these
lengths of the Mojave River.  Between Oro Grande and La Delta and between Bryman
and Helendale, surface flows in the Mojave River channel travel longer distances per unit
flow rate.  With all other factors being equal, this indicates less infiltration along these
lengths of the Mojave River.


Higher infiltration rates in the southern TZ correspond with an area of the Floodplain
aquifer lacking significant clay lenses.  This area between the Lower Narrows and Oro
Grande is referred to as the Forebay.  Lower infiltration rates between Oro Grande and
Bryman correspond with subsurface clay lenses that divide the Floodplain aquifer into
shallow and deep zones.  The occurrence of these clay lenses also corresponds with areas
of dense riparian vegetation.  An increase in infiltration rate near Bryman corresponds
with a break in the continuity of the clay lenses, which in turn corresponds with a smaller
area of dense riparian vegetation.


The variation in infiltration rate and the occurrence of subsurface clay lenses should be
utilized to support future recharge goals.  Recharge to transport water downstream or to
supply riparian vegetation should be conducted in areas of lower infiltration and greater
thickness and continuous clay lenses.  Recharge to replenish pumping in the deeper zone
of the Floodplain aquifer or Regional aquifer should be conducted in areas of higher
infiltration rate with less continuous clays, such as in the Forebay or near La Delta.







TABLE F-1


AERIAL PHOTOGRAPHS REVIEWED


Aerial Photograph


MONTH YEAR Photo Date Photo Type Photograph Series Photograph Number
Photo 


Interpreted By
Comments


Aug 1969 08/22/69 Black & White None Provided 2653-3 to 2653-6
Phil Richards, 


URS Corporation
Good Photo depicting end of surface flow. VVWRA plant not 
constructed at this date.


Jun 1971 06/15/71 Black & White None Provided 2920-3 to 2920-6
Phil Richards, 


URS Corporation
Good Photo depicting end of surface flow within main channel. 
VVWRA plant not constructed at this date.


Jun 1972 06/29/72 Black & White 0-31; 052; 051; 050 3 to 6
Phil Richards, 


URS Corporation
Poor photo,  shaded channel assumed to represent surface 
water. VVWRA plant not constructed at this date.


Jun 1972 Black & White
Phil Richards, 


URS Corporation
These 1972 photographs were not provided for review.  A 
separate 1972 photograph series was reviewed.


Jul 1973 07/19/73 Black & White None Provided 3358-3 to 3358-6
Phil Richards, 


URS Corporation


A small area between  16,000 and 18,000 feet distance was 
observed with shading that may indicate saturated soils in main 
channel.  Also, between 24,000 to 30,0000 feet, the vegetated 
area on the west side of the channel may be saturated based on 
photo shading. VVWRA plant not constructed at this date. 


Jul 1973 Black & White
Phil Richards, 


URS Corporation


These photographs  were not provided for review and likely do 
not cover the inhabited Transition Zone area along the Mojave 
River based on the description of the photographed area.


Jul 1977 07/14/77 Black & White None Provided 2920-3 to 2920-6
Phil Richards, 


URS Corporation
None


Aug 1978 08/22/78 Black & White UAgII 3052 153.19
3-4 to 3-13; 4-1 to 4-11; 


5-5
Phil Richards, 


URS Corporation
Poorer quality photo with whites bleached out. VVWRA plant 
is under construction.


Sept 1981 09/27/81 Black & White None Provided 2185-1 photos 3-6
Phil Richards, 


URS Corporation
North of Route 66, sun reflecting off very narrow channel, then 
channel is lost in vegetation.


Aug 1982 Black & White
Phil Richards, 


URS Corporation
Photograph series is a combination of 1981 and 1982 photos, 
site covered by 1981 photos and not 1982 photos


Oct 1983 10/20/83 Black & White UAGI 6069 152.00 3-6 to 3-8; 4-1 to 4-8
Phil Richards, 


URS Corporation
B&W photos are much more subjective; nevertheless this 
photograph clearly depicts the end of surface flow 


Jan 1984 01/29/84 Black & White None Provided
13-10 to 13-11; 12-1 to 


12-2; 10-2; 9-4; 8-3; 
Phil Richards, 


URS Corporation


Again, channel narrows and braids in vegetated area near 
treatment plant. Flow extends well beyond the northern limits 
of the Transition Zone.


May & Jun 1985 05/20/85 Color Infrared UAgII 3090 153.23
13-10 to 13-11; 12-2; 11-


2; 10-2; 9-4
Phil Richards, 


URS Corporation
Not as large a flow as in other photographs.  Photographs are 
not as clearly depicting surface flow as others.


May & Jun 1985 05/21/85 Black & White UAgII 3090 153.23
13-11; 2-2; 11-2;10-2; 9-


4&5;
Phil Richards, 


URS Corporation


Poor quality photo, flow appears in channels to 62,200 feet 
then reappears in what looks to be an engineered channel road 
crossing


Aug & Sept 1987 08/10/87 Color Infrared MWA 13-10; 11-2;
Phil Richards, 


URS Corporation
Only indicated photos where flow stops; however, all photos 
were reviewed.


Aug & Sept 1987 08/10/87 Black & White MWA
11-2; 9-5; 12-2 to 12-3; 


13-10
Phil Richards, 


URS Corporation
Same distances as color


Jun & Jul 1989 06/27/89 Color Infrared
WILD 15 / 4 UAG 
Nr 13040 152.67


13-11 (7464); 12-2 to 12-
3; 


Phil Richards, 
URS Corporation


Very narrow channel.  Photographs do not extend north of Oro 
Grande.


Jun & Jul 1989 07/25/89 Color Infrared
WILD 15 / 4 UAG 
Nr 13040 152.67


13-10 (9568);
Phil Richards, 


URS Corporation


Very narrow channel. Flow exists and extends beyond 33,000 
feet, the limit of the photograph.  Photographs do not extend to 
Bryman


Jun & Jul 1989 07/25/89 Black & White
WILD 15 / 4 UAG 
Nr 13040 152.67


11-2, 10-2, & 9-5
Phil Richards, 


URS Corporation


Many photographs with different dates.  Fair to Poor quality. 
7/25/89 used from Lower Narrows flow and 7/15//89 used for 
VVWRA plant flow.


Jun & Jul 1989 07/15/89 Black & White
WILD 15 / 4 UAG 
Nr 13040 152.67


9-4 & 9-5
Phil Richards, 


URS Corporation


Many photographs with different dates.  Fair to Poor quality. 
7/25/89 used from Lower Narrows flow and 7/15//89 used for 
VVWRA plant flow.


Jun & Jul 1989 07/15/89 Color Infrared
WILD 15 / 4 UAG 
Nr 13040 152.67


9-4 to 9-5; 10-1 to 10-2; 
11-1 to 11-2


Phil Richards, 
URS Corporation


Northern part of site, north of treatment plant in view. Lower 
Narrows not covered by photographs


Jun & Jul 1991 06/21/91 Color Infrared
WILD 15/4 UAG Nr. 


13040 152.67
4685-4685; 4693; 4659; 


4654; 4710 (11-2) 
Phil Richards, 


URS Corporation
Good photos, flow is clearly visible


Apr 1992 04/03/92 Color Infrared Mojave River 17 to 24
Phil Richards, 


URS Corporation


Clearly large surface flow in this photo.  Channel becomes 
braided and very spread out between 20,000 to 30,000 feet 
near treatment plant where the vegetation is dense.  Flow in 
channel gets very wide in main channel at 43,000 feet.  Flow 
extends well beyond the Transition Zone.
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TABLE F-1


AERIAL PHOTOGRAPHS REVIEWED


Aerial Photograph


MONTH YEAR Photo Date Photo Type Photograph Series Photograph Number
Photo 


Interpreted By
Comments


Jun & Jul 1993 09/23/93 Color Infrared
MWA; Wild 15/4 
UAG Nr.13013 


153.64


11-6; 10-3; 9-3; 8A-10 
to 8A-11


Phil Richards, 
URS Corporation


Good photos, flow is clearly visible


Jun & Jul 1993 09/16/93 Color Infrared
MWA; Wild 15/4 
UAG Nr.13013 


153.64
12-13;


Phil Richards, 
URS Corporation


Not reviewed because better photographs were available for 
the same month (see 9/23/93).


Jul 1995 07/06/95 Color Infrared
MWA 95-947 WILD 


15 / 4 UAG 
Nr.13013 153.64


12-14 (2011); 9-2 (2047)
Phil Richards, 


URS Corporation
Good photos, flow is clearly visible; only noted photos where 
the flow stops; however, all photos were reviewed


Jul & Sept 1996 07/08/96 Color Infrared
WILD 15 / 4 UAGA-
F Nr 13157 153.08


12-12&13; 11-5&6;10-
6; 9-2; 


Phil Richards, 
URS Corporation


Fair photo, flow is very channelized


Jun 1997 07/01/97 Color Infrared
MWA 97-0768 


WILD 15 / 4 UAG 
Nr.13013 153.64


12-13&14; 11-6; 10-6; 
Phil Richards, 


URS Corporation


6/28/97 depicts the central and northern portion, 7/1/97 
photographs used for the Lower Narrows and 6/28/97 
photographs used for VVWRA


Jun 1997 06/28/97 Color Infrared
MWA 97-0768 


WILD 15 / 4 UAG 
Nr.13013 153.64


12-13&14; 11-6; 10-6; 
Phil Richards, 


URS Corporation


6/28/97 depicts the central and northern portion, 7/1/97 
photographs used for the Lower Narrows and 6/28/97 
photographs used for VVWRA


Jun 1998 06/27/98 Color Infrared
WILD 15/4 UAGA-
F Nr.13157 153.08


12-13; 11-6; 10-6; 9-2 & 
9-1


Phil Richards, 
URS Corporation


None


Jun 1999 06/16/99 Color Infrared
WILD 15/ 4 UAGA-
F Nr 13157 153.08


12-13; 11-6; 9-2; 8A-5
Phil Richards, 


URS Corporation
Used 6/16/99 for Lower Narrows and 6/17/99 for VVWRA 
plant


Jun 1999 06/17/99 Color Infrared
WILD 15/ 4 UAGA-
F Nr 13157 153.08


12-13; 11-6; 9-2; 8A-5
Phil Richards, 


URS Corporation
Used 6/16/99 for Lower Narrows and 6/17/99 for VVWRA 
plant


Jun 2000 06/19/00 Color Infrared
WILD 15 / 4 UAGA-
F Nr 13157 153.08


12-3; 11-6; 10-6; 9-2; 
8A-5


Phil Richards, 
URS Corporation


very good photo, flow is extremely channelized in narrow 
channels


Jun 2001 06/05/01 Color Infrared
WILD 15 / 4 UAGA-
F Nr 13157 153.08


12-13 & 14; 11-6; 10-6; 
9-2; 8A-5


Phil Richards, 
URS Corporation


very good photo, flow is extremely channelized in narrow 
channels


Jun & Jul 2002 07/19/02 Color Infrared
WILD 15 / 4 UAG-S 


No 13367 153.19
12-13&14; 11-6; 10-6; 9-


2; 8A-5
Phil Richards, 


URS Corporation
very good photo, flow is extremely channelized in narrow 
channels
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TABLE F-2


FLOW RATES AND FLOW LENGHTS


Flow Rates Lower Narrows VVWRA Treatment Plant Discharge Flow Length Past Lower Narrows (feet)


Photo Date Photo Type


Same Day 
Average 


Flow Rate 
(cfs) 


7 Day 
Previous 
Average 


Flow Rate 
(cfs)


30 Day 
Previous 
Average 


Flow Rate 
(cfs)


Significantly 
Different Flow in 


past 30 Days


VVWRA 
Discharge 
AF/WY


VVWRA
Avg. Flow
1 day (cfs)


Same day 
Total MR 
LN and 


VVWRA


From Flow 
Past Lower 


Narrows 
Gage, Alone


From Flow 
From 


VVWRA, 
Alone


From Flow Past 
The Lower 


Narrows And 
from VVWRA, 


Combined


08/22/69 Black & White 29.0 29.0 30.4 No 0 0.0 29.0 41,200


06/15/71 Black & White 32.0 28.6 22.4 6/10/71, 38 cfs 0 0.0 32.0 57,500


06/29/72 Black & White 15.0 15.0 14.5  6/7/72, 23 cfs 0 0.0 15.0 20,000


07/19/73 Black & White 9.0 9.0 11.8 No 0 0.0 5,400


07/14/77 Black & White 21.0 23.5 23.6 No 0 0.0 21.0 33,000


08/22/78 Black & White 15.0 15.1 15.9 No 0 0.0 14,000


09/27/81 Black & White 18.0 17.3 17.1 No 266 0.4 8,000


10/20/83 Black & White 31.0 33.6 31.2 10/1/83, 53 cfs 3,543 4.9 35.9 59,500


01/29/84 Black & White 49.0 49.9 48.7
Large Discharges 
31-34 days prior.  


90-737 cfs
3,543 4.9 53.9 > 92,000


05/20/85 Color Infrared 23.0 21.9 24.0 No 3,915 5.4 28.4 87,000


05/21/85 Black & White 23.0 22.0 24.0 No 3,915 5.4 28.4 62,200


08/10/87 Color Infrared 7.6 8.3 9.1 No 4,601 6.4 4,000 36,800


08/10/87 Black & White 7.6 8.3 9.1 No 4,601 6.4 4,000 36,800


06/27/89 Color Infrared 4.3 4.7 6.2 No 6,330 8.7 3,200


07/15/89 Black & White 3.0 3.1 4.1 No 6,330 8.7 39,000


07/15/89 Color Infrared 3.0 3.1 4.1 No 6,330 8.7 39,800


07/25/89 Color Infrared 3.0 3.0 3.4 No 6,330 8.7 2,500


07/25/89 Black & White 3.0 3.0 3.4 No 6,330 8.7 2,200


06/21/91 Color Infrared 8.5 8.6 11.1 No 7,387 10.2 6,100 46,000


04/03/92 Color Infrared 174.0 352.3 182.3
13 days prior, Q > 
100 cfs with peak 


at 657 cfs
7,331 10.1 184.1 > 92,000


09/16/93 Color Infrared 3.7 3.5 5.0 No 7,753 10.7


Page 1 of 2







TABLE F-2


FLOW RATES AND FLOW LENGHTS


Flow Rates Lower Narrows VVWRA Treatment Plant Discharge Flow Length Past Lower Narrows (feet)


Photo Date Photo Type


Same Day 
Average 


Flow Rate 
(cfs) 


7 Day 
Previous 
Average 


Flow Rate 
(cfs)


30 Day 
Previous 
Average 


Flow Rate 
(cfs)


Significantly 
Different Flow in 


past 30 Days


VVWRA 
Discharge 
AF/WY


VVWRA
Avg. Flow
1 day (cfs)


Same day 
Total MR 
LN and 


VVWRA


From Flow 
Past Lower 


Narrows 
Gage, Alone


From Flow 
From 


VVWRA, 
Alone


From Flow Past 
The Lower 


Narrows And 
from VVWRA, 


Combined


09/23/93 Color Infrared 3.7 6.0 4.6 No 7,331 10.1 17,000 57,500


07/06/95 Color Infrared 6.8 7.1 8.5 No 7,949 11.0 4,000 51,000


07/08/96 Color Infrared 2.2 2.7 3.8 No 8,475 11.7 2,200 43,700


06/28/97 Color Infrared 2.4 2.7 3.9 No 8,705 12.0 45,650


07/01/97 Color Infrared 2.3 2.5 3.6 No 8,705 12.0 2,200


06/27/98 Color Infrared 2.5 2.8 4.0 No 9,353 12.9 14,300 60,400


06/16/99 Color Infrared 6.9 8.3 10.0 No 8,744 12.1 4,900


06/17/99 Color Infrared 6.2 8.1 9.8 No 8,744 12.1 48,800


06/19/00 Color Infrared 2.1 2.6 3.9 No 9,006 12.4 5,300 49,000


06/05/01 Color Infrared 2.0 2.6 3.5 No 9,286 12.8 6,200 51,700


07/19/02 Color Infrared Data Not Yet Posted by USGS 5,900 45,650
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Mojave River Losing Stream Length


Below the Lower Narrows


Modified From: USGS, 1982, 
Topographic Map Of Victorville 
California, 1:100 000-Scale Metric
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Source: This Evaluation


Wider line: 41 to 100 percent density riparian vegetation 
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Source: U.S. Geological Survey, 1996, Riparian Vegetation And 
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minimum of 50 feet thick and continuous along Cross 
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Narrower Line : Clay lenses at 75 to 100 feet deep are a 
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APPENDIX F-2
REVIEW OF AERIAL PHOTOGRAPHS OF THE MOJAVE RIVER


ABOVE THE LOWER NARROWS TO EVALUATE
GAINING STREAM LENGTH VERSUS FLOW RATE


The Mojave River is largely an intermittent stream, but flows perennially in the upper
Alto Subarea between the Upper and Lower Narrows and upstream of the Upper Narrows
where groundwater rises to form surface water.  Aerial photographs of the Mojave River
and flow data from Lower Narrows stream gage were reviewed to evaluate if a
relationship exists between gaged flow and the length of gaining stream above the Lower
Narrows.  A relationship between base flow rate and length of gaining stream could be
used as a water management tool to evaluate Alto Subarea overdraft recovery and to
predict annual base flow.


Mojave River base flow upstream of the Lower and Upper Narrows originates largely as
rising groundwater from the upper Alto Subarea.  The Mojave River gains water as the
northerly flowing groundwater in the upper Alto Subarea rises as the groundwater basin
shallows near the Upper Narrows.  Base flow can vary based on local water level
elevations and direct discharges to the river.  Figure F-4 is a map of the Mojave River in
the upper Alto Subarea between the Lower Narrows and Bear Valley Road.  Points
shown on Figure F-4 are the locations where river flows were observed to begin directly
up stream of the Lower Narrows.  The river centerline is also show on Figure F-4 with
distance labels in feet along the river centerline from the Lower Narrows.  The Lower
Narrows is used as the origin as it is the point where flows are measured.


Further to the south, flow in the Mojave River can originates from storm runoff on the
north-facing slopes of the San Bernardino Mountains.  Near the base of the mountains
south of Hesperia, the river flows are impounded at Silverwood Lake.  Approximately
6 miles downstream of Silverwood Lake, the Mojave River passes through the
unregulated Mojave River flood control dam and normally dry reservoir.  From the
Mojave Dam, the river channel leaves the mountains turning northward across broad
alluvial deposits west of Hesperia and on towards Victorville.  South of Victorville, two
fish hatcheries have historically discharged water to the Mojave River.  Fish hatchery
discharges were observable on several aerial photographs, but infiltrated prior to reaching
flows originating from rising groundwater directly upstream of the Upper Narrows.
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River flows attributed to rising groundwater were generally observed between Bear
Valley Road and the Mojave Narrows Regional Park.


Collection of Flow Length and Flow Rate Data


To conduct the evaluation, historical annual aerial photographs were reviewed to estimate
the lengths were surface flows occurred along the Mojave River between the Mojave
River Dam and the Lower Narrows.  The photographs reviewed were made available by
Mojave Water Agency and are listed in Table F-3.  For each year, several flow areas were
observed in the river typically originated from either the Mojave River Dam, from near
the fish hatcheries, or from directly up stream of the Upper Narrows.  The lengths of all
observed flows were measured to the nearest 100 feet using the scale shown on Figure F-
3 along the Mojave River channel.  Although only the flows immediately up stream of
the Upper Narrows are evaluated, all observed flows are listed in Table F-4.  The
locations were measured along the centerline of the Mojave River as shown on the USGS
topographic map1 reproduced in part on Figure F-4.  Only the locations where surface
flows appear directly up stream of the Upper Narrows are shown as points on Figure F-4.
The evaluation assumes measured flow rates have reached equilibrium with measured
flow lengths.


Historical flow rates were obtained from stream gage data recorded at the Lower Narrows
gage operated by USGS 2.  Average daily flow rates in cubic feet per second (cfs) were
compiled for the date of the photograph and for the seven days prior to the photograph
date.  The flow rate data are listed in Table F-4 for each photograph.  Table F-4 also notes
if flows differing from that on the photograph date by as much as 50 percent in the
30 days prior to the photograph date.  For comparison, Table F-4 also contains the annual
base flow determined by the Mojave River Watermaster for the water year encompassing
the date of each photograph.  Base flow for each water year is reduced to a 365-day
average flow in cfs.


Flow rates are graphed versus flow lengths on Figure F-5.  Only the flows rates measured
on the day of the aerial photograph are graphed, as the daily flow averaged over the
previous seven days were nearly identical and do not add significantly to the evaluation.


                                                
1 U.S. Geological Survey, 1982, Topographic Map Of Victorville California, 1:100 000-Scale Metric.
2 U.S. Geological Survey Steam Gage Data for Station Number 10261500
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Only the 1992 photograph showed continuous storm flow from the Mojave River dam to
the Lower Narrows and is not represented on Figure F-5.   When flow from a fish
hatchery was observed on a photograph, a length of dry channel was always observed
between it and flow directly up stream of the Upper Narrows.  The locations of streets
and geographic reference points are shown along the top of Figure F-4.


Relationships of Flow Rate and Flow Length


Comparison of stream flow rates and flow lengths shows that Mojave River flows
originating directly up stream of the Upper Narrows surface water follow a mathematical
relationship.  The best-fit relationship, shown as a dashed line on Figure F-4, is a curved
line matching the equation:


A) Flow (cfs-day) = Distance (feet)6.748 x 1.547x10-30


The equation has a statistical fit of R-squared = 0.80.  R-squares is a statistical indicator
which compares the accuracy of the model wherein a perfect fit would result in an R
squared of 1, a very good fit near 1, and a very poor fit near 0.


For water management, this equation can be used to predict base flow from an observed
point were river flow begins.  Conversely, the equation can be used with a desired base
flow to estimate the location of where groundwater should rise to obtain the desired base
flow.  The inverse of equation A can be used to predict distance with a given flow value.
The inverse of equation A is:


B) Distance(feet) = Flow (cfs-day)0.1482 x 26,150


Predicted base flows and distances to flow origin are contained in Table F-5 for both
equation A and equation B.  It should be noted that the annual (365-day average) base
flow corresponding to the water year in which each photograph was taken is generally
greater than base flow measured on the day the photograph was taken.  This is likely
because most of the photographs were taken during summer months when base flows are
expected to be near the lowest values of the year.  This should have no impact on the
mathematical relationship, as base flows are dependant predominately on water levels,
which are in turn dependant largely on seasonal groundwater pumping.
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Summary


Review of the historical aerial photographs indicates base flow follows a curved
mathematical relationship in the gaining stream portion of Mojave River up stream of the
Upper Narrows.  The relationship can be used as a groundwater management tool to
monitor recovery of over draft in the upper Alto subarea.  The relationship can be used to
gage over draft recovery by noting where surface water flows originates directly up
stream of the Upper Narrows compared to the location required to match a desired base
flow goal.


In an example of how the relationship can be used, the Judgment After Trial3 established
an initial subsurface flow obligation of 2,000 acre-feet per year (AFY), and a base flow
obligation of 21,000 AFY from the Alto Subarea to the Centro Subarea.  From table F-5,
a base flow of 21,000 AFY corresponds with an average daily base flow of 29 cfs and a
length of gaining stream (or point of flow origin) starting at approximately 43,100 feet up
stream of the Lower Narrows.  In another example, with a hypothetical discharge of
9,500 AFY from VVWRA in the Transition Zone counted towards the Alto Subarea
obligation, a base flow of 11,500 AFY (21,000 AFY minus 9,500 AFY) corresponds in
Table F-5 with a an average base flow of 15.6 cfs and a point of flow origin at
approximately 39,400 feet up stream of the Lower Narrows.


Review of the historical aerial photographs indicated fish hatchery discharges near Bear
Valley Road infiltrate prior to reaching flows originating from rising groundwater
directly upstream of the Upper Narrows.  This indicates that during summer months, fish
hatchery discharge rates do not have a contemporary or equivalent impact on base flow
measurements.


                                                
3 Riverside County Superior Court, 1996, Judgment After Trial, Mojave Basin Area Adjudication, City of
Barstow et al. V. City of Adelanto et al. Riverside Superior Court Case no. 208568.







TABLE F-3


AERIAL PHOTOGRAPHS REVIEWED
MOJAVE RIVER ABOVE THE LOWER NARROWS


MONTH YEAR Photo Date Photo Type Photograph Series Photograph Numbers Photo Interpreted 
By


Flow Length 
Above Lower Narrows (feet)


Comments
 (All photographs were reviewed starting with the year 2002 and then back to 1969.  


Comment terminology is also developed in that order.)


Aug 1969 08/22/69 Black & White 2653


9 (Dam to Hesperia golf course); 10-11 (Hesperia Golf to 
Spring Valley Lake area [not developed in this photo); 11-12 


(Spring Valley Lake are to Upper Narrows); 3&11 (I-15 to 
Lower Narrows)


Phil Richards,
 URS Corporation


Mojave River Dam to 88,000 (blue and gray); 42,300 
to 0 (blue and gray)


See 1981-82 comments.


Jun 1971 06/15/71 Black & White 2920
9 (Dam to Hesperia golf course); 10-11 (Hesperia Golf to 
Spring Valley Lake); 11-12 (Spring Valley Lake to Upper 


Narrows); 3&11 (I-15 to Lower Narrows)


Phil Richards,
 URS Corporation


Mojave River Dam to 72,900 (blue); 47,500 to 
36,000 (blue [narrow channel flow with flow clearly 
coming from six adjacent ponds]); 34,000 to 0 (blue-


gray)


Flow likely is continuous from 47,500 to 0, but I could not see channel well from 
photo quality.  The entire length of flow is a very narrow flow.


Jun 1972 06/29/72 Black & White None Provided
9 (Dam to Hesperia golf course); 10-11 (Hesperia Golf to 
Spring Valley Lake); 11-12 (Spring Valley Lake to Upper 


Narrows); 3&11 (I-15 to Lower Narrows)


Phil Richards,
 URS Corporation


Mojave River Dam to 89,000 (blue); 36,000 to 0 
(blue and gray)


See 1981-82 comments.


Jul 1973 07/19/73 Black & White 3358
9 (Dam to Hesperia golf course); 10 (Hesperia Golf to Spring 
Valley Lake); 11-12(Spring Valley Lake to Upper Narrows); 3 


(I-15 to Lower Narrows)


Phil Richards,
 URS Corporation


Mojave River Dam to 89,000 (blue); 36,000 to 0 
(blue and gray)


See 1981-82 comments.


Jul 1977 07/14/77 Black & White 2920
9 (Dam to Hesperia golf course); 10 (Hesperia Golf to just 
south of Spring Valley Lake); 11-12(Spring Valley Lake to 


Upper Narrows); 3&12 (I-15 to Lower Narrows)


Phil Richards,
 URS Corporation


Mojave River Dam to 89,000 (blue); 89,000 to 
72,500 (gray); 42,000 to 0 (starting from left side of 


bank with runofff flow into wash)
See 1981-82 comments.


Aug 1978 08/22/78 Color Infrared UAgII 3052 153.19
1-11,2-1 to 2-6, (Dam to Hesperia golf course); 2-6 to 2-13 
(Hesperia Golf to Spring Valley Lake); 3-1 to 3-9 (Spring 


Valley Lake to Lower Narrows)


Phil Richards,
 URS Corporation


Mojave River Dam to 86,000(blue); 86,000 to 
83,000(gray);47,000 to 45,100 Blue runoff from 
pond; 42,000 to 0; starting from left side of bank 


with runofff flow into wash. Looks like its coming 
from a treatment plant.  


See comment for 2002.  Great quality photo.  By far the best photos of the wash.  
The stretch from 42,000 to Lower Narrows is consistently braided in all photos.  
The blue often blurs into gray with tiny veins of blue within gray.  Photos often 
show reflection of sun off surface water for positive identification.


Aug
1981 & 1982 


various
1/26/82(9, 10, 
11); 9/27/81(3)


Black & White 2185-1
9 (Dam to Hesperia Lake); 10 (Hesperia golf course to Trout 
Farm south of Bear Valley Road); 11(Trout Farm to Upper 


Narrows); 3 (I-15 to Lower Narrows)


Phil Richards,
 URS Corporation


Mojave River Dam to 85,000 (blue); 34,000 to 0 
(blue and gray)


Black and White Photo so "blue" means what I think is surface water.  Quality of 
photo is not as good as others, but I can clearly see "gray" areas and "Blue" lines, 
but in some areas of "blue" are braided with "gray".


Oct 1983 10/20/83 Black & White UAGI 6069 152.00 Not applicable
Phil Richards,


 URS Corporation
Not applicable Not provided, therefore not reviewed.


Jan 1984 01/29/84 Black & White None Provided Not applicable
Phil Richards,


 URS Corporation
Not applicable Not provided, therefore not reviewed.


May & Jun 1985
5/19/85(18);5/20/
85(17,16,15,14,


Color Infrared UAgII 3090 153.23


18-3 (Dam); 17-3 (Hesperia Lake); 16-10 (Hesperia golf course 
to Trout Farm south of Bear Valley Road); 15-10 (Trout Farm 
to Spring Valley Lake); 14-11 (Spring Valley Lake to Upper 


Narrows); 13-10 (I-15 to Lower Narrows)


Phil Richards,
 URS Corporation


Mojave River Dam to 82,000 (blue); 37,000 to 0 
(blue)


See comment of 2002. Great quality photo.  Some exposure bleaching out of photo 
13-10 so can't see "blue" through entire length.  "Blue" is visible from the point of 
bleaching near the cement factory north of I-15 so I think flow is continuous.


May & Jun 1985 05/21/85 Black & White UAgII 3090 153.23 Not applicable
Phil Richards,


 URS Corporation
Not applicable Not provided, therefore not reviewed
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TABLE F-3


AERIAL PHOTOGRAPHS REVIEWED
MOJAVE RIVER ABOVE THE LOWER NARROWS


MONTH YEAR Photo Date Photo Type Photograph Series Photograph Numbers Photo Interpreted 
By


Flow Length 
Above Lower Narrows (feet)


Comments
 (All photographs were reviewed starting with the year 2002 and then back to 1969.  


Comment terminology is also developed in that order.)


June & Aug 1987& 1988
6/29/88(18-17); 


8/10/87(15,14,13)
Color Infrared MWA


18-3 (Dam); 17-2&3 (Hesperia Lake); 16-9&10 (Hesperia golf 
course to Trout Farm south of Bear Valley Road); 15-10 (Trout 


Farm to Spring Valley Lake); 14-11(Spring Valley Lake to 
Upper Narrows - Photo 14-10 missing); 13-10 (I-15 to Lower 


Narrows)


Phil Richards,
 URS Corporation


Mojave River Dam to 92,200 (Welsh Road) (blue); 
92,200 to 69,000 (narrow to meandering gray -See 


2002 comment about gray): 36,000 to 0 (blue)
See comment for year 2002.  Great quality photo.  


May 1989 05/25/89 Color Infrared BLM Not applicable
Phil Richards,


 URS Corporation
Not applicable No coverage in river area


Jun & Jul 1989
6/27/89; 7/25/89; 


6/7/89
Black & White


WILD 15 / 4 UAG Nr 
13040 152.67


Not applicable
Phil Richards,


 URS Corporation
Not applicable


Not great quality so did not spend time reviewing these photos.  Instead please see 
1989 color for description of wash that year.


June 1989
6/7/89(18-16); 


6/27/89(15-14); 
7/25/89(13)


Color Infrared
WILD 15 / 4 UAG Nr 


13040 152.67


18-3 (Dam); 17-2&3 (Hesperia Lake); 16-9&10 (Hesperia golf 
course to Trout Farm south of Bear Valley Road); 15-10 (Trout 


Farm to Spring Valley Lake); 14-10 (Spring Valley Lake to 
Upper Narrows); 13-10 (I-15 to Lower Narrows)


Phil Richards,
 URS Corporation


Mojave River Dam to 92,000 (Welsh Road) (blue); 
34,000 to 0 (blue)


See comment of 2002. Great quality photo.  Water observed at 34,000 gets very 
narrow in places.  The flow appears continuous, but may be intermittent between 
the Upper and Lower Narrows in 7/25/89 photo.


June 1991
6/20/91(18-14); 


6/21/91(13)
Color Infrared


WILD 15/4 UAG Nr. 
13040 152.67


18-3 (Dam); 17-2&3 (Hesperia Lake); 16-9&10 (Hesperia golf 
course to Trout Farm south of Bear Valley Road); 15-10 (Trout 


Farm to Spring Valley Lake); 14-10 (Spring Valley Lake to 
Upper Narrows); 13-10 (I-15 to Lower Narrows)


Phil Richards,
 URS Corporation


Mojave River Dam to 78,200 (blue); 52,000 to 
41,000 (very narrow blue from ponds); 26,100 to 0 


(blue to narrow and braided blue)


See comment of 2002. Great quality photo.  Jess Ranch Golf Club was not built.  
That site is an agricultural area.  A series of increasingly narrow (north to south) 
ponds are located on east bank of wash (53,000 to 57,000), then at 52,000 "blue" 
flow coming off ponds.


Apr 1992 04/03/92 Color Infrared Mojave River


6 (Dam); 7(Hesperia Lake); 10 (Hesperia to Jess Ranch Golf 
courses); 13 (Jess Ranch golf to Spring Valley Lake); 15-16 


(Spring Valley Lake to Upper Narrows);16-17 (I-15 to Lower 
Narrows)


Phil Richards,
 URS Corporation


Mojave River Dam to 0 (water)


See comment of 2002.  Great quality photo.  Photos clearly depict major flow along 
entire river from the Mojave Dam to the Lower Narrows.  For all comments "blue" 
and "water" are used interchangeably.  Jess Ranch Golf Course is under 
construction.


June 1993


6/28/93(17); 
616/93(15,16, 


13,12); 
6/23/93(14);


Color Infrared
MWA; Wild 15/4 UAG 


Nr.13013 153.64


17-18 (Dam); 16-18 (Hesperia Lake); 15-12 (Hesperia to Jess 
Ranch Golf courses); 14-12 (Jess Ranch golf to Spring Valley 
Lake); 13-12&13 (Spring Valley Lake to Upper Narrows); 12-


13 (I-15 to Lower Narrows)


Phil Richards,
 URS Corporation


Mojave River Dam to 68,100 (blue); small short flow 
from right bank 49,000 to 48,500 and 47,000 to 


45,100 (blue); flow starting from left bank at 42,000 
to 0 (blue)


See comment of 2002. Great quality photo.


Jul 1995
7/12/95(17-16); 
7/6/95(15-12)


Color Infrared
MWA 95-947 WILD 15 / 
4 UAG Nr.13013 153.64


17-18 (Dam); 16-18 (Hesperia Lake); 15-12 (Hesperia to Jess 
Ranch Golf courses); 14-12 (Jess Ranch golf to Spring Valley 
Lake); 13-12&13 (Spring Valley Lake to Upper Narrows); 12-


13 (I-15 to Lower Narrows)


Phil Richards,
 URS Corporation


Mojave River Dam to 82,000 (blue); 69,200 to 
68,000 (blue); 38,800 to 14,200 (intermittent blue); 


12,200 to 0 (blue)


See comment of 2002. Great quality photo.  Flow at 68,000 is clearly coming from 
the right bank, then dies out around Rock Springs Road. The flow at 38,800 to 
14,200 is intermittent. It should be commented that the water in the wash for every 
year is always wider and more apparent at 27,000.


July 1996 7/8/96(17-12) Color Infrared
WILD 15 / 4 UAGA-F 


Nr 13157 153.08


17-18 (Dam); 16-18 (Hesperia Lake); 15-12 (Hesperia to Jess 
Ranch Golf courses); 14-12 (Jess Ranch golf to Spring Valley 
Lake); 13-12&13 (Spring Valley Lake to Upper Narrows); 12-


13 (I-15 to Lower Narrows)


Phil Richards,
 URS Corporation


Mojave River Dam to about Welsh Road (92,200) 
(blue); 30,000 to 14,200 (blue); 11,000 to 0(blue)


See comment of 2002. Great quality photo.


July 1997
7/2/97(17-14); 


7/1/97(
Color Infrared


MWA 97-0768 WILD 15 
/ 4 UAG Nr.13013 


153.64


17-19 (Dam); 16-18 (Hesperia Lake); 15-12 (Hesperia to Jess 
Ranch Golf courses); 14-12 (Jess Ranch golf to Spring Valley 
Lake); 13-12&13 (Spring Valley Lake to Upper Narrows); 12-


13 (I-15 to Lower Narrows)


Phil Richards,
 URS Corporation


30,000 to 0 (water)


See comment of 2002. Great quality photo.  Between 21,000 and 25,000 and again 
between 12,000 and 15,000 the observable blue (water) becomes very narrow, but 
still visible.  During review of the 1997 photos, I noticed a photo number 14-12 for 
the first time.  I did not document a 14 photo series for 1998 to 2002.  Because these 
have already been refiled, I could not check if the 14 series occurs for those years.


Jun 1998
6/26/98(17); 
6/29/98(16); 


6/27/98(15-12)
Color Infrared


WILD 15/4 UAGA-F 
Nr.13157 153.08


17-18 (Dam); 16-18 (Hesperia Lake); 15-12 (Hesperia to Jess 
Ranch Golf courses); 13-12&13 (Spring Valley Lake to Upper 


Narrows); 12-13 (I-15 to Lower Narrows)


Phil Richards,
 URS Corporation


Mojave River Dam to 71,000 with 6/29/98 photo 
(water) or Dam to 69,100 with 6/27/98 photo; 39,000 


to 41,600 gray; 37,700 to 0 (water)
See comment of 2002. Great quality photo.
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TABLE F-3


AERIAL PHOTOGRAPHS REVIEWED
MOJAVE RIVER ABOVE THE LOWER NARROWS


MONTH YEAR Photo Date Photo Type Photograph Series Photograph Numbers Photo Interpreted 
By


Flow Length 
Above Lower Narrows (feet)


Comments
 (All photographs were reviewed starting with the year 2002 and then back to 1969.  


Comment terminology is also developed in that order.)


Jun 1999
6/22/99(17); 


6/19/99(16);6/16/
99(15-12)


Color Infrared
WILD 15/ 4 UAGA-F Nr 


13157 153.08


17-18 (Dam); 16-18 (Hesperia Lake); 15-12 (Hesperia to Jess 
Ranch Golf courses); 13-12&13 (Spring Valley Lake to Upper 


Narrows); 12-13 (I-15 to Lower Narrows)


Phil Richards,
 URS Corporation


Mojave River Dam to 90,200 (Havenhurst Road) 
(water); Havenhurst Road to 85,500 (gray); 30,000 to 


0 (water)
See comment of 2002. Great quality photo.


Jun 2000
6/28/00(17-14); 
6/19/00(13-12)


Color Infrared
WILD 15 / 4 UAGA-F 


Nr 13157 153.08


17-18 (Dam); 16-18 (Hesperia Lake); 15-12 (Hesperia to Jess 
Ranch Golf courses); 13-12&13 (Spring Valley Lake to Upper 


Narrows); 12-13 (I-15 to Lower Narrows)


Phil Richards,
 URS Corporation


Mojave River Dam to 90,200 (just above Havenhurst 
Road) (water);  30,000 to 0 (water)


See comment of 2002. Great quality photo.  No gray discussed because wash, 
including channel area, appeared very dry and lacked the characteristics depicted in 
the years 2002 and 2001.


Jun 2001
6/6/01(17-13);  


6/5/01(12)
Color Infrared


WILD 15 / 4 UAGA-F 
Nr 13157 153.08


17-18 (Dam); 16-18 (Hesperia Lake); 15-12 (Hesperia to Jess 
Ranch Golf courses); 13-12&13 (Spring Valley Lake to Upper 


Narrows); 12-13 (I-15 to Lower Narrows)


Phil Richards,
 URS Corporation


Mojave River Dam to 90,200 (Havenhurst Road) 
(water); Havenhurst Road to 37,000 (gray - see 
comments); 30,000 to 15,700 (blue); 11,000 to 0 


(water)


See comment of 2002.  Great quality photo.  As with 2002, gray braided area in they 
wash meets Rock Springs Road where the wash has an earthen channel.  The "gray" 
seen up stream becomes less distinct in the channel, but is still present 
(intermittent?).  I will indicate when this channel is "all gray", "not gray", or 
"intermittent gray".  In this photo, the channel starts off before Rock Springs Road 
(68,000) as very gray then fades slightly, and then more gray before Lemon Street 
(57,000).  The gray color then fades again, narrows, and becomes intermittent from 
south of Bear Valley Road to Spring Valley Lake (49,000 to 37,000).   


Jun & Jul 2002
8/2/02(17,16); 


7/30/02(15-13); 
7/19/02(12)


Color Infrared
WILD 15 / 4 UAG-S No 


13367 153.19


17-18 (Dam); 16-18 (Hesperia Lake); 15-12 (Hesperia to Jess 
Ranch Golf courses); 13-12&13 (Spring Valley Lake to Upper 


Narrows); 12-13 (I-15 to Lower Narrows)


Phil Richards,
 URS Corporation


Mojave River Dam (95,600) to 79,500 (gray), 77,200 
to 67,000 (gray); 58,500 to 37,000 (gray); 30,000 to 


15,700 water (certain blue seen only 24,000 to 
15,700, above that was shadows); 11,000 to 0 (blue)


To start the review, I looked at the river stretch from the Mojave River Dam to 
Lower Narrows for years 1993 (an El Nino year), 1999, 2000, 2001, and 2002.  The 
trend I can see is that there are two types of evidences of surface flow. 1) dark blue 
(on the infra red photos) indicating surface flow and 2) dark gray areas in the wash 
indicating recent flow, wet soil, and/or very shallow flow.  Dark blue areas are very 
obvious and less subjective, but gray areas are somewhat more subjective.  The gray 
areas vary from year to year and may represent recent surface flow. The gray areas 
are also somewhat intermittent.  Some infra red photos are too dark so that dark 
areas or shadows can be mistaken for water.  I will therefore indicate which photos 
are of a good enough quality to indicate surface conditions.  For this year, photo 13-
12 is too dark.
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TABLE F-4


FLOW RATES AND FLOW LENGTHS


MOJAVE RIVER ABOVE THE LOWER NARROWS


Short Term Flow Rates Lower Narrows Flow Rates for The Water Year


Photo Date Photo Year Photo Type


Same Day 


Average Flow 


Rate (cfs) 


7 Day Previous 


Average Flow 


Rate (cfs)


30 Day 


Previous 


Average Flow 


Rate (cfs)


First Flow Differing by 


50% in past 30 Days
Water Year (ending) Base Flow (AFY)


Base Flow 


365-day average


(cfs-day)


Storm Flow (AFY)
Flow Length Below 


Mojave Dam (feet)


Flow From Fish 


Hatcheries (feet)


Flow Length Above 


Lower Narrows 


(feet)


08/22/69 1969 Black & White 29.0 29.0 30.4 None 1969 23,745 33 267,385 7,600 None 42,300


06/15/71 1971 Black & White 32.0 28.6 22.4 None 1971 20,437 28 0 22,700 11,500 34,000


06/29/72 1972 Black & White 15.0 15.0 14.5 23 cfs on 6/7/72 1972 15,943 22 6,861 6,600 None 36,000


07/19/73 1973 Black & White 9.0 9.0 11.8 None 1973 18,095 25 16,619 6,600 None 36,000


07/14/77 1977 Black & White 21.0 23.5 23.6 None 1977 27,546 38 664 6,600 None 42,000


08/22/78 1978 Color Infrared 16.0 15.4 15.9 None 1978 21,509 30 187,615 9,600 1,900 42,000


01/26/82
1981 & 1982 


various
Black & White 56.0 37.9 40.2 Low of 32 cfs 1/3/82 1982 20,421 28 14,929 10,600 None 34,000


1983 Black & White


1984 Black & White


05/20/85 1985 Color Infrared 23.0 21.9 24.0 None 1985 20,161 28 895 13,600 None 37,000


1985 Black & White


08/10/87 1987& 1988 Color Infrared 7.6 8.3 9.1 None 1987 14,191 20 277 3,400 None 36,000


1989 Color Infrared


1989 Black & White


06/27/89 1989 Color Infrared 4.3 4.6 6.1 6.6 cfs of 6/8/89 1989 11,487 16 0 3,400 None 34,000


06/20/91 1991 Color Infrared 8.5 8.7 10.0 12.0 cfs on 6/2/91 1991 9,023 12 1,937 17,400 11,000 26,100


04/03/92 1992 Color Infrared 174.0 352.3 182.3 691 cfs on 3/26/92 1992 8,635 12 15,925 95,600 Continuous 95,600


06/28/93 1993 Color Infrared 34.0 43.4 39.0 53 cfs on 6/24/93 1993 9,707 13 275,693 27,500 3,900 42,000


07/06/95 1995 Color Infrared 6.8 7.1 8.5 11 cfs on 6/6/1995 1995 7,472 10 105,807 13,600 24,600 38,800


07/08/96 1996 Color Infrared 2.2 2.7 3.8 3.5 cfs of 6/28/97 1996 6,552 9 4,630 3,400 15,800 30,000


07/01/97 1997 Color Infrared 2.3 2.5 3.6 3.5 cfs on 6/18/97 1997 6,619 9 1,592 None None 30,000


06/29/98 1998 Color Infrared 13.0 13.9 25.0 21 cfs on 6/9/98 1998 10,162 14 73,355 24,600 None 37,700


06/16/99 1999 Color Infrared 6.9 8.3 10.0 12 cfs on 6/5/99 1999 8,970 12 328 5,400 None 30,000


06/19/00 2000 Color Infrared 2.1 2.6 3.9 3.3 cfs on 6/12/00 2000 6,322 9 668 5,400 None 30,000


06/05/01 2001 Color Infrared 2.0 2.6 3.5 3.0 cfs on 5/23/01 2001 5,345 7 273 5,400 14,300 30,000


07/30/02 2002 Color Infrared 1.5 1.1 1.1 None 2002 4,515 6 274 16,100 14,300 30,000
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TABLE F-5
RELATIONSHIP BETWEEN


FLOW LENGTH OF RISING WATER ABOVE THE LOWER NARROWS
 AND FLOW RATE AT THE LOWER NARROWS


Base Flow
First Point of


Rising Water (1)
First Point of


Rising Water (1) Base Flow (2)


cfs-day AF/day AFY
Distance Above Lower 


Narrows (feet)
Distance Above Lower 


Narrows (feet)
cfs-day AF/day AFY


1.4 3 1,000 27,433 25,000 0.7 1.46 533
2.1 4 1,500 29,132 25,400 0.8 1.62 593
2.8 5 2,000 30,401 25,800 0.9 1.80 659
3.5 7 2,500 31,423 26,200 1.0 2.00 731
4.1 8 3,000 32,284 26,600 1.1 2.22 809
4.8 10 3,500 33,030 27,000 1.2 2.45 895
5.5 11 4,000 33,690 27,400 1.4 2.71 989
6.2 12 4,500 34,283 27,800 1.5 2.99 1,090
6.9 14 5,000 34,823 28,200 1.7 3.29 1,201
7.6 15 5,500 35,318 28,600 1.8 3.62 1,320
8.3 16 6,000 35,777 29,000 2.0 3.97 1,450
9.0 18 6,500 36,203 29,400 2.2 4.36 1,590
9.7 19 7,000 36,603 29,800 2.4 4.77 1,742


10.4 21 7,500 36,979 30,200 2.6 5.22 1,906
11.1 22 8,000 37,335 30,600 2.9 5.71 2,083
11.7 23 8,500 37,672 31,000 3.1 6.23 2,274
12.4 25 9,000 37,992 31,400 3.4 6.79 2,480
13.1 26 9,500 38,298 31,800 3.7 7.40 2,701
13.8 27 10,000 38,590 32,200 4.1 8.05 2,938
14.5 29 10,500 38,870 32,600 4.4 8.75 3,194
15.2 30 11,000 39,139 33,000 4.8 9.50 3,468
15.9 32 11,500 39,398 33,400 5.2 10.31 3,761
16.6 33 12,000 39,647 33,800 5.6 11.17 4,076
17.3 34 12,500 39,888 34,200 6.1 12.09 4,413
18.0 36 13,000 40,120 34,600 6.6 13.08 4,773
18.7 37 13,500 40,345 35,000 7.1 14.13 5,158
19.3 38 14,000 40,563 35,400 7.7 15.26 5,569
20.0 40 14,500 40,775 35,800 8.3 16.46 6,008
20.7 41 15,000 40,980 36,200 8.9 17.74 6,475
21.4 42 15,500 41,180 36,600 9.6 19.11 6,974
22.1 44 16,000 41,374 37,000 10.4 20.56 7,505
22.8 45 16,500 41,563 37,400 11.1 22.11 8,069
23.5 47 17,000 41,747 37,800 12.0 23.75 8,670
24.2 48 17,500 41,927 38,200 12.9 25.50 9,308
24.9 49 18,000 42,103 38,600 13.8 27.36 9,986
25.6 51 18,500 42,274 39,000 14.8 29.33 10,706
26.3 52 19,000 42,441 39,400 15.8 31.42 11,469
26.9 53 19,500 42,605 39,800 17.0 33.64 12,278
27.6 55 20,000 42,765 40,200 18.1 35.99 13,135
28.3 56 20,500 42,922 40,600 19.4 38.47 14,042
29.0 58 21,000 43,075 41,000 20.7 41.10 15,003
29.7 59 21,500 43,226 41,400 22.1 43.89 16,019
30.4 60 22,000 43,373 41,800 23.6 46.83 17,092
31.1 62 22,500 43,518 42,200 25.2 49.94 18,227
31.8 63 23,000 43,660 42,600 26.8 53.22 19,425
32.5 64 23,500 43,799 43,000 28.6 56.68 20,690
33.2 66 24,000 43,936 43,400 30.4 60.34 22,024


A)  Distance(feet) = Flow (cfs-day)0.1482 x 26,150 B) Flow (cfs-day) = [Distance (feet) 6.748 x 1.547x10-30


       R-squared = 0.80        R-squared = 0.80
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APPENDIX G  


SUMMARY OF THE GEOLOGIC EVOLUTION 


OF THE MOJAVE DESERT 


 
This summary of the Mojave Desert geologic origin is a synopsis distilled from several 
chapters of The Cordilleran Orogen: Conterminous U.S. (Burchfiel, et al., 1992), which 
represents a vast collection of research synthesized into a geologic history of the western 
margin of the North American continent. 
 


PRECAMBRIAN 


During the Precambrian Era, the Mojave area was submerged off the continental margin 
and was receiving miogeoclinal deposition of sand and silt from the north.  Where 
remaining, these now metamorphosed deposits of quartzite and siltstone can be found in 
the western and northeastern Mojave Desert.  
 


PALEOZOIC 


During the early Paleozoic Era, deposition in the Mojave area continued as basinal 
sediments shed from the continent at a transition between deep water and the shallower 
edge of the continental shelf.  Lower Paleozoic flysch, conglomerate, quartzite, siltite, 
and argillite rocks can be found in the central Mojave Desert along with dolostone and 
subordinate limestone.  Juxtaposition of the deeper and shallower water deposits is 
interpreted by some to be the result of the Antler orogeny.  During the Antler orogeny, an 
island arc collided with the northeast-trending continental margin thrusting deep-ocean 
siliceous strata eastward over co-eval shallow water rocks of the continental shelf along 
the Roberts Mountain thrust.  Basinal sediments originating from the colliding island arc 
occurred off the continental margin.  Rocks similar to the Roberts Mountain allochthon of 
Nevada can be found in the El Paso Mountains in the northern Mojave Desert. 
 
During the later Paleozoic, marine deposition continued.  Pennsylvanian-age shallow-
water continental platform sediments consisting predominately of carbonates can be 
found in outcrop along the southwest Mojave Desert margin.  Permian-age left-lateral 
faulting along the continental margin created local extensional forces and small pull-apart 
basins, which filled with thick turbidite deposits.  These deposits now occur as 
metasedimentary rocks in the western Mojave Desert.  Near the close of the Permian, the 
onset of a major island arc collision within the continental margin (the Somona Orogeny) 
renewed thrust faulting and produced greenschist metamorphism of sediments now found 
in the central Mojave Desert.  In the region now exposed in the southwest Mojave Desert 
and in the San Bernardino Mountains, Mississippian and older sediments were intruded 
and uplifted, resulting in broad erosion to the east from a western highland 
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MESOZOIC 


During the Mesozoic Era, older rocks in the Mojave area were disrupted and impacted by 
several orogenic and intrusive events.  During the Triassic, the Somona orogeny 
continued producing sparse but widespread intrusion of granitic plutons throughout the 
Mojave area.  Intrusions imparted high-temperature, low-pressure metamorphism of the 
country rock.  The western Sonoma highland persisted during the Triassic shedding 
sandstone and conglomerate to the east.  During the Jurassic Period, regional northwest-
trending left-lateral offset of lower Paleozoic structures and crystalline terranes occurred 
in the Mojave along the theorized Mojave-Sonora megashear.  Renewed subduction 
along the margin in the late Jurassic and Cretaceous brought about the Nevadan Orogeny 
and produced widely distributed granitic plutons in the Mojave.  These plutons intruded 
Precambrian crystalline basement and Paleozoic sedimentary cover.  For much of the 
Mesozoic, plutonism and coeval metamorphism weakened the crust resulting in ductile 
deformation at scattered locations.  During the late Cretaceous and early Eocene, the 
Mojave area experienced widespread tectonism, magmatism, and local sedimentation.  In 
the eastern Mojave area, rapid uplift produced a highland and was followed by Tertiary 
deposition of continental sediments on rocks once deep within the crust. 
 


CENOZOIC 


During the Cenozoic, decreased subduction activity was followed by extension, normal 
faulting, and volcanism then late Cenozoic right-lateral faulting, extension, and broad 
sedimentary basin formation.  During the Paleocene and Eocene, plutonism, 
metamorphism, and ductile thrusting continued.  During the Oligocene, the Pacific Plate 
collided at an angle with the North American continent resulting in the right-lateral San 
Andreas transform fault at the point of impact.  During the Oligocene and Miocene, 
extension and volcanism along high-angle normal faulting was prevalent in the central 
and eastern Mojave.  Extension resulted in the development of ranges separated by broad 
sediment-filled basins, including the Barstow-Bristol trough.  Tertiary-age alluvial and 
fluvial sediments are up to several thousand-feet thick in areas throughout the Mojave 
lying locally between normally faulted mountain ranges. These alluvial sediments include 
the Crowder Sandstone and Punchbowl Sandstone exposed in Cajon Pass.  During the 
middle Miocene, sediment starved closed basins developed saline water, resulting in 
economic evaporite deposits, notably the Kramer borate deposits in the central Mojave.  
By the late Miocene, sparsely distributed basalt flows occurred over an eroded land 
surface, most notably the Cima, Pisgah, and Amboy volcanics in the central Mojave. 
 
The late Cenozoic saw the development of sub-parallel northwest-trending right-lateral 
strike-slip faults stepping northeastward from the San Andreas fault.  Individual 
displacement on these faults is small.  Of those northwest-trending faults, the Helendale, 
Lenwood, Camp Rock, and Calico faults are the most extensive in the middle Mojave.  
The Helendale and several smaller named and inferred faults transect the TZ and are 
described under local geology.  As the San Andreas system developed along the southern 
Mojave, the left-lateral Garlock transform fault became active along the northern Mojave 
resulting in the formation of marginal sag ponds and pull-apart basins.  The Garlock fault 
separates the Mojave from an area of larger extension to the north.  Along the southern 
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Mojave border, uplift of the San Bernardino and San Gabriel Mountains along the San 
Andreas and other fault began during the Pliocene and continues to present day.  These 
ranges composed predominately Cretaceous and older crystalline rocks are the source of 
alluvial sediments now shed to the north into the Mojave Desert.  Material shed from the 
San Gabriel Mountains formed the Victorville Alluvial Fan that grew to an extent of 
nearly 20 miles before the fan was cut off from its sediment source by movement along 
San Andreas fault.  These northwardly deposited sediments overlie southerly deposited 
sediments originating from an ancestral river that flowed south from highlands north of 
the present day Barstow.   
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APPENDIX H 


ESTIMATES OF SUBSURFACE FLOW 


INTO AND OUT OF THE TRANSITION ZONE 


This Appendix presents a summary of estimated subsurface groundwater flow into and 
out of the Transition Zone (TZ).  Subsurface flow into the TZ has been estimated by 
Albert A. Webb and Associates (Webb, 2000), URS under the current study, and has 
been simulated by groundwater flow modeling (USGS (2001a).  Subsurface flow out of 
the TZ across the Helendale fault into the Centro Subarea has been estimated by DWR 
(1967), URS under the current study, and has been simulated by the by the groundwater 
model presented in USGS (2001a).  Subsurface flow calculations performed by Webb 
(2000), DWR (1967), Mendez (USGS, 2001a) and URS are based on Darcy’s Law.  
Darcy’s Law states that flow (Q) is equal to the product of hydraulic conductivity (K), 
groundwater gradient (I), and area (A).  Because transmissivity (T) is the product of 
hydraulic conductivity (K) and saturated thickness (b), and because area (A) is the 
product of saturated thickness (b) and aquifer width (w), Darcy’s original equation of Q = 
KIA can be rewritten as Q = TwI.  Both Webb (2000) and URS used this form of Darcy’s 
equation to estimate subsurface flow into and out of the TZ.   
 
Webb (2000) estimated 4,590 AFY of subsurface underflow into the TZ from the upper 
Alto Subarea.  Webb (2000) estimated this value based on published transmissivity 
values (USGS, 1971) and groundwater gradients between wells and widths corresponding 
to segments of the boundary between the TZ and the upper Alto Subarea.  USGS (2001a) 
derived a maximum value of 3,501 AFY of subsurface flow across the same boundary by 
using a MODFLOW model of the Mojave River Basin.  USGS (2001a) used published 
transmissivity values (USGS, 1971) updated with recent aquifer tests and other 
information.  Transmissivity values published by USGS (1971) were used in the 
calculations made by Webb (2000), USGS (2001a), and URS under the current study.  
Although the published (USGS, 1971) transmissivity contours do not cover the entire 
study area, they do offer adequate coverage of the southern and northern TZ boundaries 
and represent the best transmissivity data available on a basin-wide scale. 
 


WEBB CALCULATIONS 


Although Webb (2000) did not publish fully documented inflow calculations, the Webb 
calculations are reproducible based on the published description of the method used.  
Webb (2000) divided the southern boundary of the TZ into three segments (aquifer 
widths) measuring 4.0, 5.25, and 3.0 miles in length from east to west, respectively.  
Transmissivity values used by Webb (2000), as published by USGS (1971), ranged from 
10,000 and 25,000 gallons per day per foot (gpd/ft).  The gradients used by Webb (2000) 
for these calculations were not published but are here estimated from 1998 water level 
data.  Table H-1 shows the inflow values of Webb (2000) as reproduced during the 
current study. 
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USGS SIMULATION 


USGS (2001a) modeled subsurface flow into the TZ using a 2-layer, three-dimensional 
flow model that utilized transmissivity values and boundaries first modeled using an 
electric analog model (USGS, 1971).  Although USGS (2001a) published the 
transmissivity values used in their model, reproduction of their flow estimates was not 
easily duplicated by this study using Darcy’s equation.  The manual calculation utilized 
published USGS (2000) water level data and the aquifer widths used by Webb (2000).  
The Webb (2000) aquifer widths were used for easy comparison.  Table H-2 shows the 
attempted duplication of the USGS inflow calculation.  The inflow value of 2,040 AFY 
shown in Table H-2 was obtained by Darcy’s equation, using the transmissivity values 
published in USGS (2001a).  The inflow value estimated with these calculations is lower 
than the 3,501 AFY value simulated in the model.  
 


URS CALCULATION 


The hydrologic boundaries of the southern TZ do not coincide with administrative 
boundaries.  Buried faults, inferred from gravity data and groundwater elevation data, 
control the flow of groundwater into the southern TZ from the upper Alto Subarea.  For 
the current study, URS calculated flow across the Shadow Mountains fault and Adelanto 
fault into the southern TZ.  These calculations were performed using 1998 groundwater 
gradients (Figure 6 of this report) and transmissivity value distribution as published in 
USGS (1971).  Table H-3 shows these inflow calculations as 4,891 AFY. 
 


INFLOW SUMMARY  


The values for subsurface flow from the upper Alto Subarea to the TZ as estimated by 
Webb (2000), USGS (2001a) and URS are 4,590 AFY, 3,501 AFY and 4,891 AFY, 
respectively.  Each of these inflow values was estimated using the transmissivity data 
published in USGS (1971).  These calculations are sensitive to minor changes in 
transmissivity and gradient.  These parameters are sensitive enough that the three inflow 
values for the southern TZ are essentially equivalent given the existing parameter 
variability.  Each value produced by each of the researchers is estimated and does not 
represent an absolute value for inflow into the TZ from the upper Alto Subarea.  As 
knowledge of the basin increases and more data becomes available, these numbers may 
change.  However, they do represent best estimates based on existing data.     
 


SUBSURFACE FLOW OUT OF THE TZ 


USGS (2001a) calculated a subsurface flow volume of approximately 1,566 AFY across 
the Helendale fault from the northern TZ to the Centro Subarea.  USGS (2001a) also 
refers to a personal communication from a Gregory Mendez who estimated that 
subsurface outflow across the Helendale fault might be as high as 5,000 to 6,000 AFY.  
The DWR (1967) estimated subsurface flow across the Helendale fault to be 
approximately 2,000 AFY based on Darcy’s Law.  It is unknown what transmissivity or 
groundwater gradient data was used by for the DWR calculation.  The Judgment uses the 
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value estimated by DWR (1967).  No other known estimates or calculations of subsurface 
flow across the Helendale fault have been published.  
 
USGS (2001a) modeled subsurface flow out of the TZ using the Mojave River Basin 
model cited previously.  The model was based on transmissivity values and boundaries 
first modeled using an electric analog model (USGS, 1971).  Although USGS (2001a) 
published the range of transmissivity values used in their model, their flow values were 
not duplicated using Darcy’s equation.  The value estimated using Darcy’s equation was 
significantly lower than that simulated by the model.  
 
Under the current study, URS estimated subsurface outflow using transmissivity values 
published by USGS (1971), 1998 groundwater elevations (gradients), and aquifer widths 
along the Helendale fault.  Table H-4 shows the URS outflow calculations. 
 
The subsurface outflow value from the TZ to the Centro Subarea estimated by Gregory 
Mendez (USGS, 2001a) ranges from 5,000 to 6,000 AFY.  The model presented in USGS 
(2001a) simulated subsurface flow across the Helendale fault at 1,566 AFY.  URS 
estimates, under the current study, approximately 4,579 AFY subsurface flow across the 
Helendale fault.  The 1,566 AFY outflow value reported by USGS (2001a) appears to be 
low in relation to values estimated by others.   
 
Each of these values was estimated using published transmissivity data (USGS, 1971).  
Although the method used by Mendez (USGS, 2001a) to estimate 5,000 to 6,000 AFY 
flow value is not documented, it is assumed that a Darcian type calculation was used.  
The estimates performed by Mendez, USGS (2001a), and URS are sensitive to minor 
changes in transmissivity.  These calculations are sensitive enough that the values for 
subsurface flow out of the TZ as estimated by Mendez and URS are essentially 
equivalent given the existing parameter variability.  The values produced by these 
researchers are estimates and do not represent absolute values for flow Centro Subarea 
form the TZ.  As knowledge of the basin increases and more data becomes available, 
these numbers may change.  However, they do represent best estimates based on existing 
data.  







Table H-1.   Approximation of Webb (2000) Calculations of Subsurface Flow Into the Transition Zone
I w T=Kb


Average 
Gradient 


(ft/ft)


Distance 
along 


southern TZ 
boundary (ft)


Transmissivity 
(ft^2/day)


Flow 
(ft^3/d)


Total Flow 
Per 


Segment 
(AFY)


Lower Narrows to Highway 395 2762 2587 175 21648 0.00808 0.00693 21120 1875 274535 2,300


2670 2612 58 10032 0.00578


West of Highway 395 2910 2762 148 36960 0.00400 0.00400 27720 1720 190920 1,600
West End of Southern Boundary 2925 2802 123 33792 0.00364 0.00364 15840 1430 82448 691
Total Subsurface Flow (AFY) 4,591


Down 
Gradient 


Groundwater 
Elevation (ft)


Up Gradient 
Groundwater 
Elevation (ft)


Segment of Southern Transition Zone 
Administrative Boundary


Q


Gradient 
(ft/ft) 


Distance 
Between 
Wells (ft)


Difference in 
Groundwater 


Elevation 
Between Wells 


(ft)







Table H-2.   Estimate of Subsurface Flow Into the Southern Transition Zone using USGS (2001) Transmissivity Values
I w T=Kb


Average 
Gradient 


(ft/ft)


Distance along 
southern TZ 
boundary (ft)


Transmissivity 
(ft^2/day)


Flow 
(ft^3/d)


Total Flow 
Per Segment 


(AFY)


Lower Narrows to Highway 395 2762 2587 175 21648 0.00808 0.00693 21120 1375 201325 1,687
2670 2612 58 10032 0.00578


West of Highway 395 2910 2762 148 36960 0.00400 0.00400 27720 250 27750 233
West End of Southern Boundary 2925 2802 123 33792 0.00364 0.00364 15840 250 14414 121
Total Subsurface Flow (AFY) 2,040


Segment of Southern Transition Zone 
Administrative Boundary


Q


Up Gradient 
Groundwater 
Elevation (ft)


Down Gradient 
Groundwater 
Elevation (ft)


Difference in 
Groundwater 


Elevation Between 
Wells (ft)


Distance 
Between 
Wells (ft) Gradient (ft/ft)







Table H-3.   Subsurface Flow Across Adelanto and Shadow Mountain Faults in the Southern Transition Zone Estimated by URS.
I w T=Kb


Gradient 
(ft/ft)


Distance along 
southern TZ 
boundary (ft)


Transmissivity 
(ft^2/day) Flow (ft^3/d)


Flow 
(AF/day)


Flow 
(AFY)


1 2850 2695 155 15840 0.00979 5280 1336 69027 1.58 578
2 2856 2725 131 15840 0.00827 5280 1336 58339 1.34 489
3 2867 2775 92 15840 0.00581 5280 668 20485 0.47 172
4 2883 2785 98 15840 0.00619 5280 668 21821 0.50 183
5 2883 2770 113 15840 0.00713 5280 668 25161 0.58 211
6 2880 2750 130 15840 0.00821 5280 668 28947 0.66 243
7 2882 2750 132 15840 0.00833 5280 668 29392 0.67 246
8 2880 2750 130 15840 0.00821 5280 668 28947 0.66 243
9 2875 2750 125 15840 0.00789 5280 668 27833 0.64 233
10 2783 2725 58 15840 0.00366 5280 668 12915 0.30 108
11 2766 2710 56 15840 0.00354 5280 668 12469 0.29 104
12 2750 2700 50 15840 0.00316 5280 668 11133 0.26 93
13 2743 2700 43 15840 0.00271 5280 1336 19149 0.44 160
14 2739 2700 39 15840 0.00246 5280 1875 24375 0.56 204
15 2736 2620 116 15840 0.00732 5280 5010 193720 4.45 1623


Total Subsurface Flow (AFY) 4,891


Up Gradient 
Groundwater 
Elevation (ft)


1 Mile Fault 
Segments 


Numbered From 
West to East


Q
Distance 
Between 
Points (ft)


Difference in 
Groundwater 


Elevation Between 
Points (ft)


Down Gradient 
Groundwater 
Elevation (ft)







Table H-4.   Subsurface Flow Across Helendale Fault into the Centro Subarea as Estimated by URS.
I w T=Kb


Gradient (ft/ft)


Distance along 
southern TZ 
boundary (ft)


Transmissivity 
(ft^2/day)


Flow 
(ft^3/d)


Flow 
(AF/day)


Flow 
(AFY)


Floodplain Aquifer 1 2400 2381 19 5280 0.00360 5280 13360 253840 5.83 2,127
Floodplain Aquifer 2 2392 2381 11 5280 0.00208 5280 13360 146960 3.37 1,231
Regional Aquifer 1 2392 2381 11 5280 0.00208 5280 5010 55110 1.27 462
Regional Aquifer 2 2390 2381 9 5280 0.00170 5280 3340 30060 0.69 252
Regional Aquifer 3 2388 2381 7 5280 0.00133 5280 3340 23380 0.54 196
Regional Aquifer 4 2388 2381 7 5280 0.00133 5280 2338 16366 0.38 137
Regional Aquifer 5 2388 2381 7 5280 0.00133 5280 1336 9352 0.21 78
Regional Aquifer 6 2388 2382 6 5280 0.00114 5280 1336 8016 0.18 67
Regional Aquifer 7 2390 2385 5 5280 0.00095 5280 668 3340 0.08 28


Total Subsurface Flow in the Floodplain Aquifer (AFY) 3,358
Total Subsurface Flow in the Regional Aquifer (AFY) 1,220
Total Subsurface Flow Across the Helendale Fault (AFY) 4,579


Distance 
Between 
Points (ft)


Q
1 Mile Fault Segments 
Numbered From East 


to West


Up Gradient 
Groundwater 
Elevation (ft)


Down Gradient 
Groundwater 
Elevation (ft)


Difference in 
Groundwater 


Elevation 
Between Points 












Figure 1
MWA Subarea Location Map
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Figure 2
Physiographic Map


of the Transition Zone
and Surrounding Area


Modified From:
USGS, 1982a, Topographic Map Of San Bernardino 
California, 1:100 000-Scale Metric and 
USGS, 1982b, Topographic Map Of Victorville 
California, 1:100 000-Scale Metric
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Figure 3a
Geologic Map


of the Transition Zone
and Surrounding Area


Modified From: California Division of Mines and 
Geology, 1986, Geologic Map of California, San 
Bernardino Sheet, 1:250,000.







Figure 3b
Geologic Map Explanation


Source: California Division of Mines and Geology, 
1986, Geologic Map of California, San Bernardino 
Sheet, 1:250,000.







Figure 3c
Geologic Map Explanation


Source: California Division of Mines and Geology, 
1986, Geologic Map of California, San Bernardino 
Sheet, 1:250,000.
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Figure 4
Depth to Bedrock


Map Modified from:
Subsurface Surveys, Inc., 1990, Inventory of 
Groundwater Stored in the Mojave River Basins.


BEDROCK FAULT MAPPED BY OTHERS, 
CDMG (1986), DWR (1960), & USGS (2001A)


BEDROCK DEPTH (FEET) (SSI, 1990)
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Figure 5
Lateral Extents of the


Floodplain and Regional Aquifers


REGIONAL AQUIFER (THIS REPORT)


FLOODPLAIN AQUIFER (THIS REPORT)Modified From: California Division of Mines and 
Geology, 1986, Geologic Map of California, San 
Bernardino Sheet, 1:250,000.


REGIONAL AQUIFER (USGS, 2001A)


REGIONAL AQUIFER (USGS, 1971)


FLOODPLAIN AQUIFER (USGS, 2001A)


NON-TZ REGIONAL AQUIFER INFLUENCED 
DIRECTLY BY TZ (THIS REPORT)
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Figure 6
Regional Aquifer


 1998 Groundwater Elevations


Modified From:
USGS, 1982b, Topographic Map Of Victorville 
California, 1:100 000-Scale Metric
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Figure 7
Floodplain Aquifer


 1998 Groundwater Elevations


FLOODPLAIN AQUIFER
GROUNDWATER ELEVATION  (FEET MSL)


Modified From:
USGS, 1982b, Topographic Map Of Victorville 
California, 1:100 000-Scale Metric
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Figure 8
Historical Groundwater Levels
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Figure 9
Piper Diagram of Surface Water







Figure 10
Stiff Diagrams of Surface Water







Figure 11
Surface Water Time Series


Sulfate, Chloride, and Electrical Conductivity
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Figure 12
Piper Diagram of Groundwater







Figure 13
Stiff Diagrams of Groundwater
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Figure 14
Hydrograph All Key Wells
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Figure 15
Historical Flow of the


Mojave River at the Lower Narrows
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Plate 1
Hydrogeologic Map 


Modified From:
California Department Of Water Resources, 1960, Data On 
Wells In The West Part Of The Middle Mojave Valley Area, San 
Bernardino County, California, Bulletin No. 91-1.
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EXECUTIVE SUMMARY
This report is the culmination of Phase I of the Mojave River Transition Zone Recharge Project.
Phase I, Transition Zone (TZ) Hydrogeology, entails describing the interrelationship of
hydrogeologic conditions governing the TZ water bridge concept.  The TZ water bridge is the
physical and natural means by which surface and groundwater are conveyed to the Centro
Subarea through the TZ from the upper Alto Subarea.  Phase I also entails evaluating the potential
for artificial recharge programs based on these interrelating hydrogeologic concepts.  The four
phases of the Mojave River TZ Recharge Project identified by Mojave Water Agency are:


Phase I Define Transition Zone Hydrogeology,
Phase II Assess Current Supply and Demand & Project Future Demand,
Phase III Perform Candidate Recharge Site Analysis, and
Phase IV Assess Current Regulatory Environment in Relation to the Proposed Recharge


Activity and Prepare Environmental Documentation.


GEOLOGY
The TZ consists of complex fault and erosion controlled bedrock depressions that are partially
filled with consolidated sedimentary materials, which in turn are covered with unconsolidated
sediments.  Sedimentary units include Tertiary-age consolidated sediments, Quaternary-age Older
and Younger Alluvium, and Quaternary-age fluvial deposits.  The Tertiary-age consolidated
sediments are overlain by Older Alluvium of the age-equivalent Victorville Fan deposits.
Bedrock occurs at depths up to 3,000 feet.  The Tertiary deposits range in thickness between 600
and 1,600 feet and the Quaternary deposits range in thickness between 800 and 1,200 feet.  The
paleo Mojave River channel, eroded into the Older Alluvial deposits, has been partially backfilled
with Mojave River fluvial deposits consisting of interbedded sand, gravel, boulders, silt, and clay.


HYDROGEOLOGY
TZ formations can be grouped into three hydrogeologic units: 1) nonwater-bearing units
composed of bedrock and consolidated sediments, 2) the Regional aquifer composed of Older
Alluvium, and 3) the Floodplain aquifer composed of Mojave River fluvial deposits.  Nonwater-
bearing units that underlie the Regional aquifer form the effective base of the groundwater
system.  The Regional aquifer is generally located between exposed bedrock outcrops and
underlies the Floodplain aquifer.  The Regional aquifer generally is up to 1,200 feet thick in the
center of the TZ.  Beneath the Floodplain aquifer, the Regional aquifer ranges between 150 and
840 feet thick.  The Regional aquifer contains locally perched groundwater. The Floodplain
aquifer is generally between 250 and 300 feet thick.  In the Floodplain aquifer, shallow and deep
zones can be distinguished through the central TZ.  The shallow zone generally corresponds with
areas of dense riparian vegetation.  The Floodplain aquifer is generally as wide as the Mojave
River channel between eroded bluffs.  The Floodplain aquifer has a much higher transmissivity
than the Regional aquifer.  The Floodplain aquifer forebay occurs between the Lower Narrows
and Oro Grande south of the shallow and deep zone separation.


A downward hydraulic gradient occurs in the forebay towards the underlying Regional aquifer
indicating the Regional aquifer may receive recharge from the Floodplain aquifer in this area.  An
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afterbay exists in the Floodplain aquifer near the Helendale fault north of the distinction of the
shallow and deep zones.  North of the forebay, the vertical gradient between Floodplain and
Regional aquifer slowly reverses as the width of the Regional aquifer narrows at the latitude of
Bryman.  As the Regional aquifer widens north of Bryman, the vertical gradient again gradually
reverses to a slight downward gradient from the Floodplain aquifer to the Regional aquifer.
North of the distinction of the Floodplain aquifer shallow and deep zones, an afterbay exists in
the Floodplain aquifer.  The Floodplain aquifer afterbay, located immediately up stream of the
Helendale fault, has a small vertical groundwater gradient from the Floodplain to the Regional
aquifer, indicating a potential for recharge from the Floodplain aquifer to the Regional aquifer in
this area.


GROUNDWATER FLOW
Groundwater flows generally northward in both the Regional and Floodplain aquifers.  Flow
paths in the Floodplain aquifer follow the course of the river channel from south to north.  Flow
paths in the Regional aquifer are generally from south to north but are controlled by the extents of
the aquifer.  Constriction of the Regional aquifer in the central TZ causes water levels in the
Regional aquifer to rise in this area relative those observed in the Floodplain aquifer, and may
cause the Floodplain aquifer to receive some recharge from the Regional aquifer in this area.
Groundwater elevations in the Regional aquifer range from about 2850 feet MSL in southwestern
TZ to less than 2400 feet at the Helendale fault.  Groundwater elevations in the Floodplain
aquifer range from about 2625 feet MSL in the southern TZ to 2400 feet MSL in the northern TZ.
Depending on relative groundwater elevations, groundwater can flow between the Regional and
Floodplain aquifers.


WATER QUALITY
TZ groundwater is generally of good quality with some notable concerns.  Arsenic, iron, and
fluoride concentrations in excess of State Drinking Water Standards occur in some wells within
both the Floodplain and Regional aquifers.  Arsenic, Iron and Fluoride concentrations in excess of
State Standards are not observed in surface water or VVWRA discharge.  Locally perched
groundwater beneath the former George AFB contains dissolved jet fuel and chlorinated solvents.
From approximately 35 years of historical surface water data collected at the Lower Narrows,
basin objectives set by the RWQCB Lahontan Region have recently been exceeded for TDS and
sulfate.  Since 2001, sulfate concentrations have occasionally exceeded basin objectives set by the
RWQCB Lahontan Region.  Since 2001, TDS concentrations have consistently exceeded basin
objectives by 10 to 100 mg/L.  These sulfate and TDS concentrations are within the historically
range of values measured since 1965.  Comparison of contemporaneous data indicates Upper
Narrows surface water quality may not be a good indicator of Lower Narrows surface water
quality.  In the southern TZ Floodplain aquifer, groundwater quality resembles that of Mojave
River surface water at the Lower Narrows.  Along the Mojave River, groundwater quality in the
Floodplain aquifer shallow zone increases in TDS likely to due evapotranspiration effects.  The
groundwater quality of the Floodplain aquifer deep zone is more similar to the Regional aquifer.
Groundwater in the Floodplain aquifer shallow zone is similar to VVWRA discharges.
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KEY WELL HYDROGRAPHS
Key well hydrographs show TZ water levels have seasonal variations, but have not changed
significantly on an annual basis over the past 10 years.  Depth to water during winter has changed
little over the period of record, while depth to water during summer has increased over the past
few years, particularly in the southern TZ.  Increasing seasonal groundwater fluctuations will
results in greater summer pumping lifts and potentially threaten seasonal water supply to riparian
vegetation.  Within the TZ, seasonal water level fluctuations decrease in magnitude from south to
north.  In the period immediately prior to and since the Judgment, annual water level changes
from 1990 to 2001 are relatively small in magnitude.  Long-term water levels are rising in some
locations and falling in others, likely due to changes in water use and recharge throughout the TZ.


SOURCES AND SINKS
The annual TZ water budget is essentially balanced based on representative long-term average
conditions.  The water budget indicates that under recent conditions, the TZ has an average
annual water inflow of approximately 61,150 AFY and average annual water outflow of
61,336 AFY.  The difference is within the estimating precision of the data.  The annual balance is
supported by long-term stability of annual water elevations shown by the Key Well Hydrographs
presented in this report.  The water budget does not provide an indication of seasonal balance as
would be required to judge water supply conditions for riparian vegetation.


VOLUME CALCULATIONS
The total saturated thickness of the TZ, groundwater storage estimates for the Regional and
Floodplain aquifers are 6.6 million AF and 700 thousand AF, respectively.  Using only the upper
100 feet of aquifer, TZ groundwater storage is estimated at approximately 1.1 million AF and
280,000 AF in the Regional aquifer and Floodplain aquifers, respectively.  Pumping this quantity
of water without annual replacement would severely impact the TZ water bridge function.


THE TZ WATER BRIDGE
As indicated by long-term hydrographs, a generally balanced TZ water budget, and relatively
constant groundwater storage, the TZ water bridge has been maintained since implementation of
the Judgment for the purposes of groundwater flow to the Centro Subarea. The water bridge
function of the TZ to maintain riparian vegetation is jeopardized in the southern TZ due to recent
increased depth to water during summer months.  Although the water levels recover during the
winter, riparian vegetation can be affected without a year round supply of water.


POTENTIAL RECHARGE PROGRAMS
Artificial groundwater recharge is feasible in the TZ.  Potential program objectives should be
considered when selecting recharge locations and methods. Water level data show available
storage exists predominately in the Regional aquifer and to a lesser extent in the southern portion
of the Floodplain aquifer.  Conversely, aquifer properties and demand support recharge to the
Floodplain aquifer rather than the Regional aquifer.  Artificial recharge to the Floodplain aquifer
would be most effective in the aquifer forebay, which is the Mojave River channel between the
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Lower Narrows and Oro Grande.  The southern TZ area would be preferable to supplement the
Section 30 well field used largely by the City of Adelanto and the SCLA.  Potential surface
recharge of the Floodplain aquifer between Oro Grande and Bryman would recharge the shallow
zone and be useful to support surface flows and water for riparian vegetation.  Recharge of the
Regional aquifer should consider the occurrence of local perched conditions when selecting
recharge mechanisms.  The southern area would be preferable to store water or supplement
groundwater in the Adelanto area.  The northern area would be preferable to store water in the
Regional aquifer west of Helendale or to enhance subsurface outflow towards the Centro Subarea.


DATA GAPS
The most significant data gaps include sparse groundwater elevation data in areas of the Regional
aquifer, and lack of multi-depth groundwater elevations from certain areas of the Floodplain
aquifer.  Additional monitoring wells in inflow and outflow areas of the Regional aquifer will
allow more accurate monitoring of groundwater gradients, especially where existing wells are
separated by faults and gradients are subjective.  A total of four additional single casing
monitoring wells would assist in evaluating subsurface flow in the Regional aquifer.  Two
additional multi-depth monitoring wells would assist in monitoring groundwater recharge of the
Floodplain aquifer and water levels in areas of riparian vegetation.  Reevaluation of existing
geophysical (gravity) data could provide additional insight into TZ hydrogeology specifically
along the perimeter of the TZ where faults control groundwater flow into and out of the TZ.
Evaluation of the data set could refine the locations of future well, including both production and
monitoring wells.
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INTRODUCTION


Increasing demand for limited surface water and groundwater resources along the Mojave
River has led to adjudication of the Mojave Basin Area (City of Barstow et. al. vs. City of
Adelanto et. al., Case No. 208568) (Riverside County Superior Court, 1996).  The
adjudication is commonly referred to as the Judgment.  The court appointed Mojave
Water Agency (MWA) as Watermaster to administer the provisions of the Judgment.
Groundwater management practices (the “physical solution”) enforced through the
Judgment are conducted in five hydrologic subareas of the Mojave River Basin.  The five
subareas are the Alto, Este, Oeste, Centro, and Baja Subareas.  The northern portion of
the Alto Subarea has been designated the Transition Zone (TZ) and is the subject of the
Phase I evaluation.  For the remainder of this report, the portion of the Alto Subarea that
excludes the TZ will be referred to as the upper Alto Subarea.  The boundaries of the
MWA, the five Subareas, and the TZ are shown on Figure 1.  The term “Mojave River
Basin” is used in this report to refer to the surface drainage area of the Mojave River.
The term “Mojave Basin Area” is used in this report to refer to the area within the limits
of the Judgment, namely the MWA jurisdiction within the Mojave River, Lucerne Valley
and El Mirage Basins.  As can be ascertained from Figure 1, the Mojave Basin Area is
more restrictive in size than the Mojave River Basin.


The Judgment declared the Mojave Basin Area and each of the five subareas to be in
overdraft and established base annual production rights (BAP) for groundwater producers
within each subarea.  Each year the Watermaster set a subarea’s Free Production
Allowance (FPA) as a percentage of the BAP.  With FPA ramp down, the Judgment
should ultimately end overdraft conditions.  The Judgment also established minimum
subarea flow obligations from each subarea to each downstream subarea.  The hydrologic
subareas are interrelated, and receive at least some of their annual water supply from
outflow of an up-gradient adjoining subarea.  For the Alto Subarea producers, the
Judgment established an initial subsurface flow obligation of 2,000 acre-feet per year
(AFY), and a base flow obligation of 21,000 AFY from the Alto Subarea to the Centro
Subarea.  The combined minimum Alto Subarea obligation of 23,000 AFY is measured
entering the TZ.  The Judgment requires MWA to develop data to improve the estimates
of subsurface flow between subareas, including flow from the Alto to the Centro Subarea
across the Helendale fault.  The obligation location was dictated by the presence and
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historical record of a steam gage at the Mojave River Lower Narrows, where the Mojave
River enters the TZ.  There is no current stream gage at the boundary between the Alto
and Centro Subareas and historically it has been very difficult to maintain one in the wide
sandy river channel found near Helendale.  The Judgment also requires water level data
development (installation and selection of key wells) and collection within the TZ to
allow the Watermaster to recommend minimum TZ water levels to the Court.
Maintenance of the selected minimum groundwater elevations would subsequently guide
the process of determining where replacement water is recharged within the Alto
Subarea.


Since the initial drafting of the Judgement, the TZ has historically been referred to as a
"water bridge".  Although the term “water bridge” was not used in the final language of
Judgment, the term is still commonly used to describe the function of the TZ to transmit
water from the upper Alto Subarea to the Centro Subarea.  In the Judgment, the physical
solution includes an interim assumption that if the Alto Subarea obligation to the TZ were
met, and groundwater producers within the TZ did not exceed their FPA (as determined
by their BAP), the TZ would remain in balance and sufficient water would flow to the
Centro Subarea from the Alto Subarea through the TZ.  This concept is the concept of the
water bridge.


MWA was created in 1960 by a special act of the State Legislature to secure future
groundwater supplies in the Mojave River Basin.  California State Water Code (1959)
states MWA is “to do any and every act necessary . . . so that sufficient water may be
available for any present or future beneficial use of the lands and inhabitants of the
agency”.  Under State law, MWA is obligated to provide adequate water supplies to
residents within its boundaries and thus, has a responsibility to investigate potential
solutions to offset overdraft of the Mojave Basin Area and its respective subareas.  With
this mandate and in order to meet the terms of the Judgment, MWA was prompted by
declining annual Mojave River base flows entering the TZ to access hydrogeologic
conditions of the TZ and to consider using artificial recharge to supplement river and
groundwater flows to the TZ and through it to the Centro Subarea.


MWA has defined a four-phase approach to assess the potential for recharge within the
TZ.  Each phase depends on successful completion and findings of previous phases, thus
creating an incremental approach to first investigate the need for additional recharge and
then to take the necessary steps toward establishing recharge facilities.
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The four phases of the Mojave River TZ Recharge Project identified by MWA are:


Phase I Define Transition Zone Hydrogeology,
Phase II Assess Current Supply and Demand & Project Future Demand,
Phase III Perform Candidate Recharge Site Analysis, and
Phase IV Assess Current Regulatory Environment in Relation to the Proposed


Recharge Activity and Prepare Environmental Documentation.


This report is the culmination of Phase I, which entails describing the interrelationship of
hydrogeologic conditions, water supply, and water demand, all of which govern the TZ
water bridge concept.  Phase I also entails evaluating the potential for artificial recharge
programs based on these interrelating concepts.  The Phase I report is intended to be a
document that would set the stage for future project phases and be a reference for future
TZ work.


MWA defined the tasks completed under the Phase I scope.  The specific tasks are listed
in Appendix A.  In general, the tasks included:


1. Compiling and summarizing existing data and technical reports,
2. Summarizing existing water sources and sinks to create a TZ-specific water budget,
3. Performing groundwater storage volumetric calculations,
4. Compiling and summarizing existing groundwater level and water quality data,
5. Preparing a basic hydrogeologic interpretation of TZ area stratigraphic formations,
6. Preparing four geologic cross sections,
7. Selecting key wells and summarizing key well hydrographs,
8. Preparing a potentiometric map,
9. Preparing an interpretation of hydrogeologic conditions of the water bridge,
10. Estimating average annual water supply,
11. Identifying gaps in existing data, and
12. Preparing this report.
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PHYSIOGRAPHY


This section describes the physiography of the TZ, including its boundaries, topography,
drainage patterns, climate, and land use.  Important elements of the TZ physiography are
shown on Figure 2.


BOUNDARIES


The TZ comprises an approximately 296-mile2 area within the northernmost portion of
the Alto Subarea.  The TZ boundaries are shown on all maps used in this report and are
described in the following paragraphs starting at the Lower Narrows stream gage and
traveling counter-clockwise.  As described, the administrative TZ boundaries do not
always coincide with hydrologic boundaries.  Hydrologic boundaries are defined as
boundaries that influence the flow of both groundwater and surface water.  This means
that groundwater and/or surface may flow readily across administrative boundaries, such
as those defined by Township and Range lines.


Southeast Boundary


From the Lower Narrows stream gage, the TZ boundary heads in a straight line in a
northeasterly direction to the low peak of Turtle Mountain.  This line is not a hydrologic
boundary as surface runoff can flow southerly across the boundary line out of the TZ,
into the Mojave River below the Upper Narrows, and return to the TZ across the Lower
Narrows.  This boundary is an internal boundary within the Alto Subarea.


Eastern Boundary


From Turtle Mountain, the TZ boundary heads in a northerly direction winding along a
topographic divide towards the peak of Silver Mountain and then subsequently towards
the Helendale fault directly north of Helendale Peak.  The eastern boundary is a
hydrologic boundary as the divide occurs in bedrock and separates surface drainage
between the TZ and the Centro Subarea.
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Northeastern Boundary


The northeastern TZ boundary coincides with a branch of the Helendale fault from the
topographic divide of the eastern boundary to the northern boundary.  This boundary is
also a hydrologic boundary, as the fault is known to partially impede groundwater flow
from the TZ to the Centro Subarea.  Northeast of this boundary is the Centro Subarea.


Northern Boundary


From the Helendale fault just north of Silver Lakes and Helendale, the TZ boundary
follows the east-west line between Townships 8 and 9 North, San Bernardino Base Line
and Meridian (SBB&M) to the topographic divide separating drainages of the Mojave
River and El Mirage Valley.  This east-west line is an administrative boundary rather
than a hydrologic boundary as surface water can flow south across it into the TZ and
groundwater can flow across it toward the Helendale fault.  Buckthorn Wash is the major
drainage that crosses the northern boundary of the TZ.  Buckthorn Wash originates west
of Kramer Hills, northwest of the TZ.  North of this boundary is the Centro Subarea.


Western Boundary


From the northeast corner of Section 3 of Township 8 North, Range 7 West SBB&M, the
TZ boundary heads southerly along a topographic divide separating surface drainages of
the Mojave River and El Mirage Valley.  The divide traverses low-lying alluvial hills and
the Shadow Mountains.  The western boundary is also a hydrologic boundary as it
separates surface drainages between the TZ and the Oeste Subarea.  West of this
boundary is the Oeste Subarea.


Southern Boundary


The southern TZ boundary heads east from western boundary along the east-west line
separating Townships 5 and 6 North, SBB&M.  At the southeast corner of Township 6
North, Range 5 West, SBB&M, the southern TZ boundary joins the southeastern TZ
boundary near the Lower Narrows stream gage.  The southern boundary is not a
hydrologic boundary as groundwater and surface water can flow across it into the TZ.
The southern boundary is an internal administrative boundary within the Alto Subarea.
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TOPOGRAPHY


The topography of the TZ is shown on Plate 1 in feet above mean sea level (MSL).  The
TZ is bounded to the east and west by several mountain ranges.  Along the eastern
boundary lie the Quartzite and Silver Mountains.  Quartzite Mountain, the farther south
of the two, rises 1,300 feet above the Mojave River channel over a distance of about
2 miles to an elevation of 3900 feet MSL.  Silver Mountain rises 1,700 feet above the
Mojave River channel over a distance of about 4 miles to an elevation of 4251 feet MSL.
Along the western TZ boundary, the Shadow Mountains lie 8 to 10 miles west of the
Mojave River channel and rise to a maximum elevation of 4120 feet MSL.


Between the mountains along the eastern and western boundaries, the TZ is an alluvial
plain sloping gently northeast towards the Mojave River.  Along the southern TZ
boundary, the alluvial plain lies at an elevation of 2900 feet MSL at the former George
Air Force Base (AFB).  At the northern and northeastern TZ boundaries, the alluvial plain
is at an elevation of about 2600 feet MSL.  From the base of the Shadow Mountains, the
alluvial surface slopes toward the Mojave River channel at about 150 feet per mile or
2.8 percent.  At the Mojave River channel, the alluvial surface is abruptly truncated at
bluffs that in some locations stand 200 feet or more above the channel bottom.


DRAINAGE PATTERNS


The alluvial plain is incised by drainages of the Mojave River, Fremont Wash, and
Buckthorn Wash.  Within the TZ, the Mojave River follows a broad arc-shaped path to
the northwest and then northeast from the Lower Narrows where it enters from the upper
Alto Subarea to the Helendale fault where it exits to the Centro Subarea.


The Mojave River originates outside the TZ about 20 miles to the south on north-facing
slopes of the San Bernardino Mountains (Figures 1 and 2).  The Mojave River
headwaters originate at an elevation between 5500 and 6000 feet MSL.  From the base of
the San Bernardino Mountains, the Mojave River channel heads north, skirting the
eastern toe of the Victorville Fan towards Victorville and the Upper Narrows.  At the
Upper Narrows, the river channel passes through a bedrock outcrop, which narrows the
Mojave River channel forcing groundwater and underflow to the surface of the normally
dry channel.
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Approximately 4 miles downstream of the Upper Narrows, a second bedrock outcrop
constricts the river channel at the Lower Narrows.  The Lower Narrows mark the
entrance of the Mojave River into the TZ at an elevation of approximately 2660 feet
MSL.  USGS constructed a stream gage at the Lower Narrows in the early 1900s.  The
location of the Lower Narrows gage is shown on Figure 2.  Within the TZ, the Mojave
River is contained within an incised, broad, alluvial channel along the foothills of
Quartzite and Silver Mountains.  Through the TZ, the Mojave River channel slopes at
approximately 17 feet per mile or about 0.3 percent.  The Mojave River channel trends
north through the TZ, past the communities of Oro Grande, La Delta, Bryman, and
Helendale (Plate 1).  Approximately 16 miles down stream of the Lower Narrows, the
Mojave River leaves the TZ crossing the Helendale fault at an elevation of approximately
2390 feet MSL.


Two large washes drain the TZ alluvial plain towards the Mojave River channel.  From
south to north, these washes are the Fremont and Buckthorn Washes.  These washes are
both located west of the Mojave River.  Fremont Wash, located near the southern extent
of the Shadow Mountains, collects several small unnamed washes originating in the
foothills of the San Gabriel Mountains 20 miles or more southwest of the TZ.  Within the
TZ, Fremont Wash collects runoff from the southern Shadow Mountains and drains
northeasterly into the Mojave River channel at the community of Silver Lakes.
Buckthorn Wash originates in the Kramer Hills approximately 6 miles northwest of the
TZ and enters the TZ across the northern administrative boundary 3 miles east of
Highway 395.  Buckthorn Wash collects runoff from the southern slopes of the Kramer
Hills and the northern portion of the Shadow Mountains then drains southeast into the
Mojave River channel at the community of Silver Lakes.


East of the Mojave River channel, Oro Grande Canyon and several small unnamed
washes drain the eastern foothills of the TZ toward the Mojave River.  Oro Grande
Canyon drains the north slope of Quartzite Mountain and the south slope of Sparkhule
Mountain into the Mojave River channel.  Approximately six west-draining unnamed
washes occur between Sparkhule Mountain and Helendale Peak.  These washes drain the
western slopes of Silver Mountain and other unnamed peaks between Silver Mountain
and Helendale Peak.
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CLIMATE


The TZ climate is that of the western Mojave Desert, a typical rain-shadow desert.
Precipitation in the TZ and western Mojave Desert is limited by the rain shadow of the
San Bernardino, San Gabriel, and Sierra Nevada mountains ranges, which are partial
barriers to storms originating along the California coast.  Consequently, the TZ and
western Mojave Desert are arid and experience long, hot summers and relatively short,
mild winters.  Daily summer temperatures commonly exceed 100° F, while daily winter
temperatures can be below 30° F.  The average annual high and low temperatures in
Victorville are 77.1° and 44.2°F, respectively (Desert Research Institute, 2002).
Although areas in the San Bernardino and San Gabriel Mountains can receive up to 40
inches precipitation per year (MWA, 1992b), average annual precipitation the desert can
be as low as 3.5 inches per year in some areas.


Much of the precipitation received throughout the western Mojave Desert and the TZ
occurs in the months of November through April.  Commonly, these months are as dry as
other months of the year with the exception of a few strong storms that contribute much
or all of the precipitation for the year.  Based on a 62-year precipitation record obtained
from the National Oceanic Atmospheric Administration (NOAA, 2002) for the
Victorville Pumping Plant No. 4, the TZ receives approximately 5.6 inches of
precipitation per year.  Victorville Pumping Plant is located approximately 3.5 miles
upstream of the Lower Narrows and is the closest rain gage to the TZ with a significant
historical record.  An isohyetal map of MWA indicates that annual precipitation ranges
from approximately 4.5 to 5.0 inches in the central low-lying areas of the TZ (MWA,
1992b).  Precipitation may be somewhat higher in the surrounding hills; however; rain
gage data do not exist in those areas.  The MWA isohyetal map was compiled using
average rainfall data from rain gages outside the TZ and located at Stoddard Valley,
Victorville, Kramer Junction, and Barstow.


Pan evaporation rates far exceed measured precipitation in the hot and arid western
Mojave Desert.  East of the TZ, evaporation rates as high as 160 inches per year have
been measured in some of the lower elevation basins of the Mojave Desert (MWA,
1992b).  Evaporation estimates for the TZ, however, are not as high.  NOAA (1982)
estimated evaporation rates along the Mojave River range between 60 and 85 inches per
year.  For lakes and aquaculture ponds, the Judgment uses a “consumptive use” (surface
evaporation) of 7 feet (84 inches) per year (Riverside County Superior Court, 1996).
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USGS (1996c) estimated evaporation rates in the TZ range between 60 and 75 inches per
year.  Because the (USGS, 1996c) values represent the most detailed TZ-specific research
available on the subject, the mean of the estimated USGS evaporation range (67.5 inches
per year) are used later in the Phase I report for water budget calculations.


LAND USE


Principal land uses within the TZ include urban development, industrial, freight transport,
a closed military base redeveloped for civilian uses, agriculture, ranching, mining,
transportation, and undeveloped private land.  The Federal government administers some
undeveloped portions of the TZ through the Bureau of Land Management (BLM).
Historically, people have been drawn to the Mojave Desert by opportunities in mining,
ranching, and agriculture.  More recently, people have been drawn to the TZ and
surrounding desert communities as these areas have developed into alternatives to the
more densely populated urban communities of San Bernardino and Los Angeles
Counties.


Urban


With a population of approximately 18,130 (U.S. Census Bureau, 2002) the City of
Adelanto has the largest population center within in the TZ.  Historically, the City of
Adelanto grew to support the George AFB, now utilized as the Southern California
Logistics Airport (SCLA).  The SCLA is owned and controlled by the City of Victorville,
which also has incorporated areas within the TZ along the bluffs on the west side of the
Mojave River and north of the SCLA.  Adelanto has grown around the intersection of
Highway 395 and Air Base Road.  Several small, unincorporated communities also exist
within the TZ, namely Oro Grande, La Delta, Bryman, Silver Lakes, and Helendale and
are located adjacent to the Mojave River channel.  The Silver Lakes Association is
located along the west bank of the Mojave River and falls within the community of
Helendale.  The 2000 census indicates that Helendale had a population of 4,936 and Oro
Grande had a population of 895 (U.S. Census Bureau, 2002).  The populations of Bryman
and La Delta are included in the Oro Grande census track population estimate.


Victor Valley Wastewater Reclamation Authority  (VVWRA) operates a wastewater
reclamation plant on the west bank of the Mojave River across from Oro Grande.  From
the plant, VVWRA recharges treated wastewater into infiltration basins and the Mojave
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River channel.  From 1994 to 2000, an average of 8,857 AFY of treated wastewater has
been released or infiltrated (MWA, 1995, 1996c, 1997b, 1998b, 1999a, 2000b).  Other
wastewater treatment plants within the TZ include one operated west of the SCLA by the
City of Adelanto Public Utility Authority having a 1.5 million gallons per day (mgd)
design capacity and another operated near Helendale by San Bernardino County Services
Area No. 70 having a 0.4 mgd design capacity.


The TZ includes large tracts of undeveloped land, the majority of which are located on
the alluvial plain between the Shadow Mountains and the Mojave River channel.  The
undeveloped desert areas are typically private lands with a few residences located great
distances from one another.  Some of the undeveloped land is used for grazing and
ranching.  Very little of the Mojave River bottomlands have undergone urban
development.  Only a few single-family dwellings are located adjacent the bottomlands
on either side of the river channel.


Industrial


In the southern TZ, the former George AFB has been deactivated as a military base and
has been turned over to the City of Victorville-sponsored Southern California Logistics
Airport Authority.  The former George AFB is now the SCLA, and is now home to
several growing industries including an airliner refurbishment and scrapping business, the
High Desert Power Project, a road to air cargo transfer point, and a proposed rail
intermodal facility.


The High Desert Power Project is a combined cycle power plant rated at 700 megawatts
currently under construction on 25 acres in the northeast corner of the SCLA (High
Desert Power Project Fact Sheet 97-AFC-1, California Energy Commission).  Although
the HDPP is being constructed within the TZ, cooling water for the plant will be provided
by State Water Project water (up to 4,000 AFY) transported through the California
Aqueduct and the Mojave River pipeline (power-technology.com, 2002).  The Victor
Valley Water District will provide potable water to the project.  Some of the purchased
State Water Project will be treated to drinking water standards and injected in the upper
Alto Subarea a few miles south of the TZ for subsequent recovery by HDPP when
backup water is needed.  As much as 13,000 acre feet (AF) is required to be stored in the
Regional aquifer and may be withdrawn for the HDPP when water is not available from
the Mojave River Pipeline (power-technology.com, 2002).  The injected water will be
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stored in the Regional aquifer and withdrawn by up to seven wells currently being
constructed a few miles south of the TZ.  As the HDPP will be supplied with imported
water, the project will not increase TZ water demand.


Portions of the SCLA are currently used as a transfer point for cargo moving between
road and air modes of transportation.  A rail intermodal facility has been proposed for the
site and would expand the cargo transfer capabilities between truck, rail and air transport.
It is anticipated that the intermodal facility will occupy 700 acres, may create 200 jobs
(The Business Press, 2002), which may contribute to economic development with the
Victor Valley and increased TZ water usage.


Agriculture and Ranching


Agriculture in the TZ has been limited to and is the dominant land use of the fertile
Mojave River bottom adjacent the channel of the intermittent river.  These fertile and
easily irrigated lands are what attracted some the earliest settlers to the region.  Much of
the Mojave River bottomlands is or has been at one time under cultivation with alfalfa or
other crops.  Portions of the bottomlands are currently maintained as pasture or are
fallow.  These and slightly higher elevation areas have been used as pasture or to support
livestock.  Within the entire Alto Subarea (including the TZ), Albert A. Webb Associates
(Webb, 2000) estimated 2,607 acres of land are used for agricultural purposes.  Webb
does not estimate how much of this land is specifically located within the TZ.  However,
from the Webb estimate, it can be assumed that there is no more than 2,607 acres under
cultivation in the TZ.  Undeveloped lands, west of the Mojave River channel are mostly
privately owned, and are used at least on an intermittent basis for grazing sheep.


Mining


The largest mining land use in the TZ supports cement manufacturing.  Limestone and
aggregate are mined on Quartzite Mountain and are transported to the Riverside Cement
Company plant located in the community of Oro Grande.  Cement has been produced by
a succession of companies at this location since the early 1900s.  Cement is exported
from the TZ to non-local markets using the transportation corridors of the Union Pacific
Railroad and National Trails Highway.  The Shadow Mountains contain major crystalline
limestone reserves similar to those near Oro Grande (Gray and Brown, 1980).  Most of
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these are claimed by the cement companies in Oro Grande and Victorville and are on
private land with moderate relief.


Pipelines


Major water and gas lines are located within the TZ.  West of the Mojave River, MWA
operates the Mojave River Pipeline, a buried high-capacity water pipeline that carries
imported water from the California Aqueduct.  The pipeline travels through the TZ
(Figure 2) northward from the California aqueduct, east along Colusa Road, and
generally northwest along Helendale Road and the Mojave River into the Centro Subarea.
The pipeline is used by MWA to supplement groundwater recharge along the Mojave
River.  Two natural gas transmission lines traverse the Silver Mountains towards
Brisbane Valley.  The Kimber Morgan Company operates the “Cal Nev” gasoline
pipeline that passes through eastern Adelanto to Colusa Road and from Colusa Road,
turns to follow the Mojave River channel into Barstow.  The “Cal Nev” pipeline carries
gasoline from San Bernardino, California to Las Vegas, Nevada.  Southern California
Gas Company operates two major natural gas pipelines along Highway 395 between
Adelanto and Kramer Junction.


Transportation


Transportation has been an important land use within the TZ.  In the mid 1880s, railroad
tracks were laid along the Mojave River to connect San Bernardino with Barstow
(Upland Savings & Loan Association, 1973).  Since then, the railroad industry has
continued to play a major part in the TZ economy by providing transportation to market
for mined materials and cement manufactured in Oro Grande.


National Trails Highway (formerly Route 66) follows the railroad route through the TZ.
Route 66 was constructed in the late 1920 and 1930s, connecting Los Angeles, San
Bernardino, Barstow, and other rural communities by highway to Chicago, Illinois
(National Historic Route 66 Federation, 1995).  Service stations, repair shops, and motels
appeared beside the new highway through the TZ.  Most of these roadside establishments
disappeared following development of the national interstate highway system in the late
1950s.  Route 66 traffic in the TZ was largely taken up by Interstate 15, located several
miles to the east.  In the western TZ, Highway 395 is a major north-south transportation
corridor connecting the desert communities of Victorville, Adelanto, Boron, Ridgecrest,
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and eastern California communities within Owens Valley.  Airbase Road and Shadow
Mountain Road are the only through-going east-west roads within the TZ.  Airbase Road
connects National Trails Highway with Highway 395 in the southern TZ.  Shadow
Mountain Road connects the Silver Lakes with Highway 395 in the northern TZ.
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PREVIOUS INVESTIGATIONS


The search for water resources in the Mojave Desert dates back to the earliest inhabitants
of the region.  The nature of that search has changed in modern times from one of travel
and exploration to one of science.  Accordingly, over the past 80 years, a number of
works have been produced ranging from reconnaissance level to detailed scientific
examinations of aquifer properties and water use trends.  Appendix B contains a brief
summary of previous Mojave River Basin investigations with either historical
significance or specific emphasis on the area now known as the TZ.  Appendix C is a
matrix of documents reviewed during this investigation correlated with general
informational and data categories found within each document.  The matrix serves as a
quick reference to locate specific information.  Documents listed in Appendix C that are
specifically cited in the current TZ evaluation are listed in the References Cited section.
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GEOLOGY


REGIONAL GEOLOGY


The TZ lies within the Mojave Desert geomorphic province.  The Mojave Desert is a
wedge-shaped 25,000-square mile area of southern California bounded by the Transverse
Range province to the southwest and the southern Sierra Nevada and southwestern Basin
and Range provinces to the north (Norris and Webb, 1990).  The Nevada state line and
the Colorado River forms an arbitrary eastern limit of the Mojave Desert in California.
Bounding ranges of the Transverse Ranges are the San Bernardino and San Gabriel
Mountains.


The TZ lies approximately 55 miles south of the Garlock fault and approximately
90 miles east of the intersection of the Garlock and San Andreas faults, the western tip of
the Mojave Desert.  The San Andreas fault runs southeast along the northern foothills of
San Gabriel Mountains and crosses through Cajon Pass to the southern foothills of the
San Bernardino Mountains.  The Garlock fault zones marks the northwest and northern
limits of the Mojave Desert.  The Garlock fault is a left- lateral strike-slip fault with a
mapped length of nearly 160 miles.


Internally, the Mojave Desert consists of small mountain ranges and individual mountains
composed largely of Mesozoic plutonic and metavolcanic rocks with lesser occurrences
of metasedimentary rocks.  These ranges are separated by Tertiary and Quaternary
sediment-filled basins and occasional volcanic flows.  The Mojave is considered by some
researchers to be a coherent block that is undergoing differential clockwise and
counterclockwise rotation taken up by numerous sub-parallel northwest-trending right-
lateral faults.


The geologic evolution of the Mojave Desert is long and complex.  Appendix G contains
a synopsis of the Mojave Desert geologic origin distilled from several chapters of The
Cordilleran Orogen: Conterminous U.S. (Burchfiel, et al., 1992), which represents a vast
collection of research synthesized into a geologic history of the western margin of the
North American continent.
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LOCAL GEOLOGY


The geology of the TZ is similar to the regional geology of the Mojave Desert, as detailed
in Appendix G.  As the primary purpose of the Phase I evaluation is groundwater
resources, the local geology is focused on those rock units and structures that control the
presence and movement of groundwater.  The mountains bounding the TZ contain
bedrock units ranging from Paleozoic metasediments to Mesozoic intrusives.  These units
are discussed in brief as they are essentially nonwater-bearing rocks.  The core of the TZ
is composed of Tertiary and Quaternary sediments and structures.  These units are
discussed in more or less detail depending on their ability to contain or control
groundwater or define the shape and limits of aquifers systems.  Local geologic features
expressed at the surface are shown on Figure 3a, which is a geologic map of the TZ and
surrounding areas, modified from the Geologic Map of California, San Bernardino Sheet
(California Division Of Mines And Geology (CDMG), 1986).  Figures 3b and 3c are the
explanation to the geologic map.


Paleozoic And Mesozoic Bedrock


Bedrock outcrops exposed in the mountains surrounding the TZ are comprised of
igneous, metavolcanic, and metasedimentary units ranging in age from Cambrian to
Cretaceous.  These units are referred to throughout this report as bedrock or as bedrock
complex.


Along the eastern TZ boundary, the southern two thirds of the Quartzite Mountains are
composed predominantly of quartz monzonite (Cretaceous or Jurassic).  These rocks
outcrop at the Lower Narrows.  The northern third of the Quartzite Mountains, directly
east of Oro Grande is composed of Cambrian crystalline limestone, Cambrian quartzite,
and Mesozoic metavolcanics.  Also along the eastern TZ boundary, Silver Mountain is
composed predominately Mesozoic metavolcanics.  The southern margin of Silver
Mountain contains outcrops of Paleozoic limestone and Mesozoic limestone, sandstone,
and siltstone (Fairview Valley Formation).  North of Silver Mountain, quartz monzonite
(Cretaceous or Jurassic) shares the landscape with the metavolcanic rock outcrops.


Along the northwestern corner of the TZ boundary, bedrock outcrops of quartz
monzonite (Cretaceous or Jurassic) occur as relatively flat areas.  Some hills within this
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area are shown on the geologic map (Figure 3a) as Red Buttes, Rabbit Hill, and Haystack
Butte.  Red Buttes lies along the TZ boundary and is composed of Miocene shallow
intrusive volcanics (basalt).  North of the TZ, the Kramer Hills form the northern extent
of the Buckthorn Wash drainage that flows into the TZ.  Although not within the
administrative TZ boundary, the Kramer Hills contribute surface drainage into the TZ.
The Kramer Hills consist of bedrock outcrops of quartz monzonite (Cretaceous or
Jurassic) and Miocene shallow intrusive volcanics (unspecified).


Along the western TZ boundary, the Shadow Mountains are composed of quartz
monzonite (Cretaceous or Jurassic), Mesozoic metasediments, and Paleozoic limestone.
Within the Shadow Mountains, quartz monzonite bedrock occurs predominately along
the northwest and southwest slopes (outside the TZ).  Metasediments and limestone occur
predominately along the eastern slopes (inside the TZ).  Along the eastern foothills of the
Shadow Mountains, alluvial deposits surround outliers of metasediments and limestone
bedrock.  Two small outliers of quartz monzonite occur in Fremont Wash several miles
from the Shadow Mountains.  These islands of bedrock protruding from the alluvial
deposits indicate relatively shallow bedrock in these areas.


Cenozoic Faulting And Deposition


Tectonism defining the current landscape of the Mojave Desert can generally be divided
into normal faulting and strike-slip faulting.  Normal faulting shaped the Tertiary
landscape and was subsequently imprinted with strike-slip faulting from the Miocene to
present.  Tertiary and Quaternary deposition of continental sediments between the
surrounding ranges has obscured many of these faults except in exposed bedrock areas.


Normal Faulting
Throughout the Mojave, early Cenozoic (post-Mesozoic subduction) extensional forces
produced normal faulting and created ranges separated by broad sediment filled basins.
Normal faulting in the TZ is not apparent from the predominately northwest-trending
strike-slip faults mapped on Figure 3a.  High angle normal faulting would likely have
occurred during Oligocene and Miocene extension and would now be long inactive.
Significant erosion and deposition of sediments from surrounding mountains and
through-going fluvial systems obscure such faults.  The broad valley between the Shadow
and Quartzite Mountains probably originated through normal faulting processes and has
been modified by subsequent erosion, deposition, and strike-slip faulting.
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Deep bedrock depressions have been identified by gravity data and are evidence of past
normal faulting in the TZ.  Figure 4 is a map showing depth to bedrock as interpreted for
MWA by Subsurface Surveys, Inc. (SSI, 1990).  Although the gravity data provide a
general sense of the depth to bedrock, caution should be exercised in making a
conceptual model based solely on interpretation of broad-based regional gravity data.
Gravity data can be used in some instances to estimate bedrock depth and buried bedrock
fault locations.  As alluvial sediments are less dense than bedrock, sedimentary basins
can be identified from areas having relatively lower gravity values.  The difference in
gravity measured over one of these basins from surrounding area measurements can be
modeled to indicate the sediment depth.


The deep bedrock depressions within the TZ have been labeled the George, Bryman,
Fremont, and Astley Basins (SSI, 1990).  As discussed later, these basins are partially
filled with nonwater-bearing sediments and do not coincide with distinct groundwater
basins.  Based on the URS seismic work, bedrock depths shown on Figure 4 (SSI, 1990)
are underestimated in the area of the former George AFB.  The seismic line conducted as
part of the Phase I evaluation is discussed in Appendix D.  This Appendix also briefly
evaluates in part the precision of the presented gravity data depth interpretations in
comparison with a deep seismic refraction profile.


Bedrock depressions beneath the TZ likely formed during normal faulting as bedrock
dropped down between normal faults.  With a land surface elevation of approximately
2500 feet MSL and basement depths of over 3,000 feet, the bottoms of the George and
Astley Basins are below sea level.  As seen on Figure 4, these bedrock depressions have
steep sides.  Basement depths below sea level coupled with steep sides indicates these
bedrock depressions are not erosional in nature but have formed from tectonic process
such as normal faulting (Dr. Shawn Biehler, personal. communication, 2002).  The
Bryman Basin is a steep-sided closed basin and is likely tectonic in origin.  Erosion
processes also control bedrock topography, such as in the shallower, less steep areas
shown on Figure 4.  The opening of the Fremont Basin into the George Basin and may be
erosional in origin.


Mapped northwest-trending strike-slip faults, conjugate with northeast-trending faults,
most likely originated as normal faults and later changed their sense of motion.  The
change would have occurred during the Miocene as tectonic stresses changed from
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extension to right-lateral shear.  The locations of such buried, inactive, normal faults
cannot be precisely located without more detail gravity or other geophysical data.


Strike-Slip Faulting
At the surface, several faults have been mapped in bedrock outcrops in the mountains
surrounding the TZ.  Several of these faults have been projected into the alluvium
(CDMG 1986, DWR 1960, and SSI 1990) based on geomorphic indicators (CDMG,
1987).  These faults are predominately northwest-trending, right-lateral strike-slip faults.
As shown on Plate 1 and/or Figure 3a, from north to south, these faults are the Helendale
fault along the northeast TZ boundary, the Kramer Hills, Airport, and Leumen faults
along the southern foothills of the Kramer Hills, an unnamed fault in Buckthorn Wash,
Blake Ranch fault north of the Shadow Mountains, and Mirage Valley fault south of the
Shadow Mountains.  Although these faults show remarkable parallelism with the strike-
slip San Andreas, vertical displacement has occurred on the Blake Ranch and Mirage
Valley faults (Norris and Webb, 1990).  Within the TZ, only the Helendale fault is
considered recently active (CDMG, 1994).


With additional gravity data, some of these and other faults could possibly be projected
further into the TZ.  Near the southern TZ boundary USGS (2001a) infers two faults, the
Shadow Mountains fault and the Adelanto fault.  The Shadow Mountains fault is likely a
strike-slip fault based on its northwest orientation.  The Adelanto fault is likely an
inactive normal fault based on its northeast orientation.  These faults bracket the southern
margin of an apparent groundwater depression beneath the City of Adelanto.  These
faults help explain the deeper groundwater elevations north of the faults as the faults are
partial groundwater flow boundaries which slow northward groundwater flow into the
southern TZ.


The Helendale fault is a right lateral, strike-slip fault trending northwest and forms the
northeastern boundary of the TZ.  Several other northwest oriented, right lateral strike-
slip faults have been mapped outside of, but adjacent to, the TZ.  The northwest-trending
strike-slip faults most likely originated as normal faults and later experienced right lateral
movement.  The change would have occurred during the Miocene as tectonic stresses
changed from extension to right-lateral shear.
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Deposition
As the surrounding ranges were being uplifted, deposition from a highland area north of
the TZ deposited non-marine conglomerate and sandstone of the Tertiary-age (middle
Miocene) Punchbowl Formation.  One of the oldest formations within the Mojave River
Basin, the Punchbowl Formation is exposed in Cajon Pass and at other uplifted locations
along the southern margin of the Mojave Desert.  The extent of the formation in the
Mojave River Basin as a whole is unknown.  Above the Punchbowl Formation is the
Miocene-age Crowder Formation, which consists of non-marine granitic sandstone,
siltstone, and conglomerate.  Comprising a large portion of the Tertiary basin fill, the
Crowder Formation was deposited by a southward draining river and may be as thick as
3,200 feet (USGS, 2000b).  From two deep exploration boreholes in the Buckthorn Wash
area (08N/06W-12B01 and 08N/05W-07F01, Plate 2D), sandstone, conglomerate, shale,
and siltstone formations have been identified below a depth of 1,200 feet to as deep as
4,100 feet.  Sediments of this composition and depth suggest these deposits deep below
Buckthorn Wash are correlative with the Punchbowl and Crowder Formations.  As these
older deposits are significantly compacted, they would likely yield little to no
groundwater to wells.


With uplift along the southern Mojave, the direction of sediment deposition in the Alto
Subarea gradually reversed.  Approximately 3.8 million years ago in the late Tertiary
(middle Pliocene), the Mojave River began flowing north from the ancestral Transverse
Ranges and began depositing sediments over existing southward deposited Tertiary
sediments.  These deposits include the Quaternary-age (early Pleistocene) Phelan Peak
Formation composed of a succession of sand, silt, and gravel deposited from both the
north and south (USGS, 2000b).  The Phelan Peak Formation unconformably overlies the
Tertiary-age Crowder Formation.  The Mojave River gradually progressed to the north
about 22 miles to the latitude of George AFB where a south facing alluvial slope stopped
the river.  At that location, a lake formed and the river began depositing sediments over
the Phelan Peak and other exposed contemporary deposits.  Sediment deposition by the
river gradually raised the river grade, and the river topped the alluvial dam to continue
northward towards Pleistocene Harper Lake.  As the river cut down through the south
facing alluvial slope, it uncovered and occupied a bedrock channel in the Upper and
Lower Narrows areas that had been cut by an ancestral river flowing south from northern
highlands (USGS, 2000b).  The Mojave River, representing a depositional system of
greater sustained energy, eroded through the Older Alluvium cutting a channel that may
have been as much as 300 feet deep in areas.
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Older Alluvial Units
South of the TZ, Victorville Fan deposits cap the sedimentary sequence now exposed in
the Cajon Pass.  Formations of the Quaternary-age Victorville Fan include from oldest to
youngest the Harold Formation, the Shoemaker Gravel, and Older Alluvium.  Equivalent-
age sediments were deposited in the TZ.  Based on clast lithology, all three formations
were derived from basement rocks of the San Gabriel Mountains.  Some of the clasts
found in these formations were derived from the Pelona Schist and Lowe Granodiorite.


The Harold Formation is a gray silty sandstone with lenses of conglomerate and
occasional thin beds of clayey silt (DWR, 1967).  Although USGS (2000b) defines the
entire Victorville Fan sequence as 650 feet thick, DWR defines the formation as up to
1,300 feet thick.  It is likely that DWR (1967) has grouped the Harold formation with
other coeval formations throughout the Mojave River Basin.  CDMG (1986) has mapped
the Harold Formation at the surface for a distance of several miles from the Cajon Pass.
The Harold Formation is the base of potential water-bearing formations in the Mojave
River Basin (DWR, 1967).  The Shoemaker Gravel overlies the Harold Formation and is
as much as 300 feet thick (DWR, 1967).  The Shoemaker Gravel is characterized by
poorly-sorted, sub-angular gravel with lenses of silt.


Older Alluvium ranges in thickness from a few inches to about 1,000 feet and is
composed of moderately consolidated deposits of interbedded gravel, sand, silt, and clay
with cementation in the form of caliche (DWR, 1967).  With the exception of the Mojave
River and bedrock areas, this formation underlies the entire TZ.  In northern portions of
the TZ west of the Mojave River channel, Older Alluvium is broadly exposed with no
younger alluvial cover.  Older Alluvium consists of sediments shed from mountains east
and west of the TZ and the San Gabriel Mountains to the south.


Younger Alluvial Units
Younger Alluvium occurs as a veneer overlying large areas of Older Alluvium.  Areas of
Younger Alluvium are most extensive in the southern half of the TZ, west of the Mojave
River channel.  In the northern TZ, west of the river channel, Younger Alluvium typically
occupies washes incised into the Older Alluvium.  Younger Alluvium east of the Mojave
River is limited to incised channels in deeply dissected Older Alluvial fans.  Younger
Alluvium sediments range in size from clay to large boulders and include unweathered
sands, silts, and gravel.  Thickness ranges from a few inches to approximately 100 feet
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(DWR, 1967).  Younger Alluvium is typically undifferentiated material shed from the
surrounding mountains during the Holocene.  Younger alluvium includes the Mojave
River fluvial deposits, or River Deposits as named by DWR (1967), which consist of
sand, gravel, boulders and silt with interbedded clay.  The Younger Alluvium partially
fills the channel cut into the Older Alluvium.   
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HYDROGEOLOGY


This section addresses aquifer systems, groundwater flow, groundwater water quality,
cross sections, and groundwater storage within the TZ.  Together, these features provide
the foundation of the TZ water bridge concept.


AQUIFER SYSTEMS


The rock units and formations within the TZ constitute two nonwater-bearing units and
two water-bearing units.  The nonwater-bearing units include the Paleozoic and
Mesozoic-age bedrock and the Tertiary-age consolidated deposits.  Quaternary-age
sediments overly the nonwater-bearing units and are considered water bearing.  Two
major recognized aquifers exist within the Quaternary Sediments, the Regional aquifer
and the Floodplain aquifer.  Both of these aquifers exist outside the TZ in both the upper
Alto and Centro Subareas.  The Regional aquifer consists of upper and lower zones with
the upper zone locally containing perched groundwater.  This report shows that the
Floodplain aquifer can be subdivided into shallow and deep zones in the TZ.  Both the
Regional and Floodplain aquifers play important roles in groundwater supply of the TZ.
The physical relationships between these aquifers are shown in cross section on Plates 2A
through 2D.  The cross sections are described in more detail later in this report.


The lateral extents of the Regional and Floodplain aquifers are defined by areas of
saturated older and younger alluvial sediments, respectively.  Areas outside the aquifer
limits are either nonwater-bearing rocks or alluvium where depth to groundwater exceeds
depth to nonwater-bearing rocks.  Nonwater-bearing rocks are those that may contain
water, but do not readily yield water.  Aquifer depths were estimated from several
sources, including borehole logs, gravity survey data, seismic survey data, and/or well
hydrographs.


The lateral extents of both the Regional and Floodplain aquifers within the TZ are shown
on Figure 5 as estimated by the Phase I evaluation and as previous ly shown by USGS
(1971) and USGS (2001a).  Differences between these boundaries are described in the
following paragraphs.  Areas within the TZ yet outside the aquifer boundaries are
essentially nonwater bearing.  The two USGS aquifer boundaries, which differ from each
other, are both reproduced from their original sources in Appendix E.  The USGS (1971)
boundaries are the limits of mapped transmissivity values.  The USGS (2001a)
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boundaries are the limits in the TZ of Mojave River “groundwater basin” as defined and
modeled by USGS.  Differences in these three boundaries are discussed below for the
Regional aquifer.


Nonwater-Bearing Units


Nonwater-bearing units include Paleozoic and Mesozoic-age bedrock and Tertiary
consolidated deposits (Punchbowl and Crowder Formations).  Paleozoic and Mesozoic-
age bedrock comprise the majority of surface outcrops within the hills and mountains
surrounding the TZ.  Surface outcrops of the nonwater-bearing units are shown on Plate 1
as “bc” for bedrock complex and on Figures 3 and 5 as granitic, volcanic, and
metasedimentary units.  In the mountain and hill areas, these rocks yield little water to
wells, but can be a source of water on a limited basis.  Wells completed in fracture zones
within these formations have the potential of producing some water; however due to the
arid climate and limited extent of most fracture systems, they offer little storage, have
low transmissivity, and can dewater quickly.  DWR (1967) found that yields from wells
completed in the bedrock complex are typically less than 50 gpm.  For purposes of the
Phase I evaluation, these rocks are not considered significant as groundwater aquifers,
and are not part of the aquifer systems discussed in this report.  As a whole, the
nonwater-bearing units act as barriers to groundwater flow.


The Paleozoic and Mesozoic-age bedrock units generally comprise the nonwater-bearing
units of the surrounding mountains and beneath the alluvial foothills.  Where historical
faulting has deepened the sedimentary basins to depths greater than approximately 1,200
feet, Tertiary consolidated deposits form the lower limits of the water-bearing sediments.
Tertiary consolidated deposits do not outcrop in the TZ, but have been identified at
similar elevations in two exploration boreholes in the Buckthorn Wash area and in the
seismic refraction line conduced north of the former George AFB during the Phase I
evaluation (Appendix D).  Based on seismic velocity data, these deposits may contain
minor quantities of water in pore spaces, but would be too consolidated or may be
partially cemented and would not yield water freely to wells.


Tertiary consolidated deposits exposed south of the TZ in Cajon pass include the
Punchbowl, Crowder, Phelan, and Harold Formations.  The Phelan and Harold
formations are early Pleistocene (Quaternary) in age, but are lumped with the Tertiary-
age formations due to their limited extent and consolidated nature.  The Harold
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Formation is the deepest and oldest formation of the upward coarsening Victorville Fan
sequence.  The Harold Formation is relatively consolidated, has a fine-grained texture
and thus reduced water-bearing capacity.  DWR (1967) states wells completed in the
Harold Formation typically produce less than 20 gpm.  Although it is unlikely that
Victorville Fan deposits extend into the TZ, the stated well yields of the Harold
Formation are likely similar to the underlying Tertiary consolidated deposits.


Regional Aquifer


Regional aquifer is primarily composed of Older Alluvium and represents a significant
storage volume of groundwater in the TZ and Mojave River Basin as a whole.  Older
Alluvium, first identified by Noble (1954) and mapped by CDMG (1986) overlies the
Harold Formation and Shoemaker Gravel in the Victorville area and extends throughout
the Mojave River Basin.  DWR (1967) characterized this formation as one that freely
yields water to wells.  Although hydraulic properties of Older Alluvium vary throughout
the basin, some wells constructed in Older Alluvium have been known to produce as
much as 2,000 gpm (DWR, 1967).  The saturated thickness of the Regional aquifer varies
between approximately 100 and 1,000 feet depending of the controlling structure of the
nonwater-bearing units and groundwater elevations.  The Regional aquifer underlies the
Mojave River fluvial deposits that constitute the Floodplain aquifer.  USGS (2001b)
estimated Regional aquifer transmissivity values range from 50 to 2,500 feet2 per day and
a storage coefficient value of 12 percent.


The extents of the Regional aquifer within the TZ (Figure 5) cover an area of
approximately 165 mile2.  The Regional aquifer extends from the southern to the northern
TZ administrative boundary between bedrock outcrops of the Shadow Mountains to the
west and Quartzite and Silver Mountain the east.  Counter clockwise from the southern
tip of the Shadow Mountains, the Regional aquifer boundaries within the TZ (Figure 5)
follows the alluvial divide of the western TZ boundary, east along the southern TZ
boundary and the southeastern TZ boundary to the Lower Narrows, northward along the
bedrock-alluvium interface to the Helendale fault, northeast along the Helendale fault and
the northwest TZ boundary to the northern TZ boundary, west along the northern TZ
boundary to the bedrock-alluvium interface at Red Buttes, southwest along the bedrock-
alluvium interface to the Blake Ranch fault, southeast along the Blake Ranch fault and its
projection towards exposed bedrock outcrops in Fremont Wash, and southwest around
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these outcrops along Fremont Wash, and then along the bedrock-alluvium interface of the
eastern Shadow Mountains.


The extents of the Regional aquifer identified in the Phase I evaluation differ from two
previous USGS reports, which in turn differ from each other.  These differences are
understandable given the different purposes and from data available to each report.  The
area of the Regional aquifer used in the Phase I evaluation is essentially the same as used
by the USGS in the southern TZ.  In the eastern TZ near Bryman, the Regional aquifer
boundary lies between the locations used by the two USGS reports.  Based on the
projection of water elevations to a buried bedrock slope, the USGS (2001a) boundary
near Bryman is too close to the nonwater-bearing bedrock and the USGS (1971)
boundary is not close enough.  Near Helendale both USGS references include a triangle-
shape area of older alluvium east of the Mojave River.  This small area is not included
within the Regional aquifer by the Phase I evaluation due to the occurrence of various
islands of bedrock complex outcropping within it.  These outcrops are observed on both
Plate 1 and Figure 3a, and indicate shallow bedrock.  In the northwest TZ, the Phase I
evaluation and (USGS, 1971) use a Regional aquifer boundary along the alluvium-
bedrock contact near Red Buttes.  This more western boundary is appropriate, as
groundwater would come near the steep buried bedrock slope in this location (Figure 4).
In the northwest TZ, USGS (2001a) excludes much of this area from their regional
model.  Excluding this area may be appropriate for the regional groundwater flow
modeling purpose of the USGS, but not appropriate when estimating groundwater storage
in the TZ.


The representations of the Regional aquifer boundary near Highway 395 east of the
Shadow Mountains varies significantly between the Phase I evaluation, USGS (1971),
and USGS (2001a).  USGS (2001a) uses a close approximation of the bedrock-alluvium
contact.  USGS (1971) uses a more broad approximation of the bedrock-alluvium contact.
The Phase I evaluation draws the boundary northeast around outlying bedrock outcrops in
Fremont Wash and turns it northwest towards the northern extent of Shadow Mountains
and the Blake Ranch fault.  An area of shallow bedrock (Figure 4) lies between the
Regional aquifer boundaries that are indicated by the Phase I evaluation and by USGS
(2001a).  Projections of groundwater elevations into this region would be lower than the
bedrock elevations, thus precluding this region from the Regional aquifer.
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The Regional aquifer extents overlap the area of the Floodplain aquifer.  The Regional
aquifer underlies the Floodplain aquifer where the Floodplain aquifer bottom is shallower
than bedrock.  Near Adelanto, the Regional aquifer is about 8 miles wide and narrows to
about 6 miles wide a few miles south of Silver Lakes.  Northeast of Silver Lakes, the
Regional aquifer widens again at the Buckthorn Wash area.  The Regional aquifer occurs
in the upper portion of the deep sedimentary basins identified from interpretation of
gravity data.  Existing exploration boreholes and the seismic line conducted as part of the
Phase I evaluation limit the saturated thickness of Older Alluvium and thus the Regional
aquifer to about 1,000 feet in the center of the TZ.  The area covered by Older Alluvium,
to the northwest of the two small bedrock outcrops in Fremont Wash, is not considered
part of the Regional aquifer because shallow bedrock in this area is higher in elevation
than surrounding groundwater elevations.


Groundwater flow in the Regional aquifer is influenced by the Shadow Mountains and
Helendale faults (USGS, 2001a), both of which are northwest-trending strike-slip faults.
The effects of other mapped strike-slip faults on groundwater flow in the basin is not
known due to the lack of water level data near these other faults.  Near Astley Ranch, a
short unnamed fault crossing Highway 395 may affect groundwater flow based on the
relatively higher elevation of groundwater in a single well at the Ranch.  Alternatively,
water levels in this area may be perched in the upper unit of the Regional aquifer.
Groundwater elevations northwest of Adelanto may also be perched in the upper unit of
the Regional aquifer.


Two small areas of the Regional aquifer outside the TZ administrative boundaries are
important to the Phase I evaluation.  The first area is that south of the TZ, but north of the
Adelanto and Shadow Mountains faults.  Groundwater in this portion of the upper Alto
Subarea has crossed the partial barriers to groundwater formed by these faults (USGS,
2001a) and may thus be affected by groundwater management practices within the TZ.
Groundwater in this approximately 5-mile2 area can originate either outside the TZ in the
Alto-Subarea from flow across these faults or within the TZ and be made to flow out of it
by potential pumping south of the SCLA.  The second area is in the Centro Subarea,
north of the TZ and southeast of the Kramer Hills.  Surface water in this approximately
18-mile2 area drains southerly into the TZ.  Groundwater flow from this area is at a low
northeast gradient towards the partial groundwater barrier formed by the Helendale fault.
As the groundwater surface in this area is flat and impeded by the partial flow barrier,
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this area is more likely affected by groundwater management practices in the TZ than in
the Centro Subarea.


Floodplain Aquifer


In the Mojave River Basin, the Floodplain aquifer extends from a location near the
headwaters of the Mojave River in the San Bernardino Mountains, 90 miles northward
along the course of the Mojave River to the downstream extent of the Mojave Basin Area
at Afton Canyon.  Within the TZ, the Floodplain aquifer occurs beneath the lowland
along the Mojave River channel from the Lower Narrows to the Helendale fault.  The
Floodplain aquifer is composed of Quaternary fluvial deposits and younger fan deposits
which have partially back filled the channel cut through Older Alluvium by an ancestral
Mojave River.  The extents of the Floodplain aquifer within the TZ (Figure 5) are
approximated along the Mojave River channel by areas mapped as younger Quaternary
alluvium.  Based on the distribution of wells within the Floodplain aquifer, the entire area
of younger alluvium is considered saturated.  As shown on Figure 5, the Floodplain
aquifer within the TZ covers an area of approximately 22 mile2.


The Floodplain aquifer ranges in width from about 100 feet at the Lower Narrows to
10,000 feet near Helendale, and in thickness from about 70 feet at the Lower Narrows to
as much as 300 feet near Helendale.  A seismic reflection survey conducted 2 miles
downstream from the Lower Narrows (USGS, 2000c) indicates the Floodplain aquifer is
approximately 200 feet thick at that location.  Other than at the margins of the back filled
channel in the older alluvium, the thickness of the Floodplain aquifer does not vary
significantly from east to west.  The bottom of the Floodplain aquifer is indicated on the
hydrogeologic cross sections shown on Plate 2.


Wells completed in the Floodplain aquifer have been documented to yield between 500
and 1,600 gpm (DWR, 1967).  USGS (2001a) estimated transmissivity values to range
from 1,000 to 60,000 feet2 per day, and a storage coefficient value of 25 percent for the
Floodplain aquifer.  In contrast with the Regional aquifer, the Floodplain aquifer has a
much higher transmissivity and storage coefficient.


Groundwater in the Floodplain aquifer generally flows from south to north along the path
of the Mojave River.  Groundwater flow in the Floodplain aquifer is not impeded by any
known faults within the TZ, including the Helendale fault, located at the northern extent
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of the TZ.  Recharge to the Floodplain aquifer occurs from surface flows in the Mojave
River and from the Regional aquifer in the central TZ near Bryman.  The Floodplain
aquifer recharges the Regional aquifer in both the southern TZ and to a lesser extent in
the northern TZ.  In the central TZ near Bryman, where water levels in the Regional
aquifer can be higher than those in the Floodplain aquifer, the Regional aquifer may
provide recharge to the Floodplain aquifer.


Starting about 1 mile below the Lower Narrows in the southern TZ, and extending to the
Bryman area, the Floodplain aquifer can be divided into separate but interrelated shallow
and deep zones.  These zones, shown on Cross Section A-A’ (Plate 2A), are separated by
clay layers interbedded with sand and gravel.  The interbedded clay and sand layers are
approximately 50-to 100 feet thick.  Discontinuities in the clay layer allow the shallow
and deep zones to be in hydrologic communication with one another.  In some areas
groundwater above the shallower clay layers may not be impacted by deeper water level
fluctuations.  The interbedded clay exhibits greater discontinuity north of Bryman.  The
shallow and deep zones are not distinguished in the northern TZ due to the absence of
these clays.  The extent to which the clay lenses act to create a confined or semiconfined
aquifer in this stretch of the river is not currently known.  Appendix F1 shows the extents
of the clay lenses and the interrelationship of these clay lenses with infiltration of surface
flows and the density of riparian vegetation along the Mojave River channel below the
Lower Narrows.


The shallow zone of the Floodplain aquifer ranges in thickness from about 60 to 100 feet.
The deep zone ranges in thickness from about 100 to 150 feet.  North of Oro Grande, the
interbedded clay boundary between the shallow and deep zones may slow surface water
recharge to the deep zone.  As discussed later in the water quality section, where
distinguished, the shallow and deep zones may differ in water quality.


AQUIFER PARAMETERS


Aquifer parameters characterize the ability of an aquifer to transmit and store water and
are typically determined through pumping tests or physical analysis of aquifer materials
in a laboratory.  Existing maps of aquifer transmissivity, specific yield, and production
distribution are reproduced in part as figures in Appendix E.  Transmissivity values
provide a quantitative measure of the ability of an aquifer to transmit water based on the
aquifers thickness and average hydraulic conductivity.  Storativity values can be used to
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estimate the volume of water in storage.  Aquifer properties for the TZ were first
summarized by USGS during the development of several groundwater flow models
prepared to simulate groundwater flow in the larger Mojave River Basin.  The TZ
portions of the USGS (1971) and USGS (2001a) transmissivity maps are reproduced in
Appendix E, Figures E-1 and E-2, respectively.  Care should be taken in comparison of
these two maps as they are presented in different units.  The 1971 map has units of 1,000s
of gallons per day per foot, while the 2001 map has units of feet2 per day.  The USGS
(1971) map also shows several storativity (or storage coefficient) values.  In unconfined
aquifers storativity is the same as specific yield, or the percentage of water by weight that
can be drained by gravity from a saturated material.


USGS (1971) prepared an electric analog model of groundwater flow in the Mojave
River Basin.  This model was one of the first groundwater models published of the
Mojave River Basin.  The values established for aquifer properties in this model were
cited and used again by USGS (1974) in preparing a mathematical model of flood
recharge in the Mojave River channel.  While preparing a MODFLOW-based
groundwater flow model of the Mojave River Basin, USGS (2001a) reviewed aquifer
property values originally used by USGS (1971) and found them to be generally
representative of conditions in the basin.


Transmissivity values are greater along the center of each aquifer and lower along the
margins as transmissivity values vary with aquifer thickness.  For the Regional aquifer,
USGS (2001a) estimated transmissivity values to range between 50 and 2,500 feet2 per
day.  USGS (1971) shows three storage coefficient values through the Regional aquifer
(3, 5, and 12 percent).  For the Floodplain aquifer, USGS estimated transmissivity values
to range between 1,000 and 60,000 feet2 per day and a specific yield (storage coefficient)
from 20 to 25 percent.  Although the Floodplain aquifer has localized areas that can be
semiconfined, both the Regional and Floodplain aquifers are unconfined aquifers.  As a
rule of thumb, unconfined aquifers have storage coefficients greater than 0.001
(Kruseman and de Ridder, 1994).


No new aquifer pump tests or laboratory analyses of formation materials were performed
under the Phase I evaluation.  Aquifer thickness data were obtained from a 2-mile long
seismic refraction line conducted during the Phase I evaluation (described in
Appendix D).  Generally aquifer property data can be inferred from the seismic data.  The
seismic data indicate that in the area just north of the former George AFB, the saturated
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thickness of older alluvium is approximately 1,000 feet under approximately 250 feet of
unsaturated alluvium.  More than 1,200 feet of rocks underlying the older Alluvium have
seismic velocities consistent with consolidated sedimentary rocks and/or volcanic rocks
that would not readily yield water to wells.


As discussed later for the TZ water budget, groundwater production in the TZ averaged
approximately 14,641 AFY during the 1994 through 2001 Water Years.  The distribution
of groundwater production in the TZ is predominately from wells located adjacent the
Mojave River.  These wells produce from either or both the Floodplain aquifer and the
Regional aquifer depending on the well screen depths.  Appendix E reproduces maps of
the TZ area showing the 1994 distribution of groundwater production (USGS, 2001a) and
the 2001 verified groundwater production (MWA, 2002).


GROUNDWATER FLOW


Groundwater flow in the Regional and Floodplain aquifers was evaluated using
groundwater elevations maps for both aquifers.  Groundwater elevation contours for the
Regional aquifer and Floodplain aquifer are shown Figure 6 and Figure 7, respectively.
In addition to groundwater elevation contours, these Figures show arrows indicating
approximate groundwater flow directions.  The set of groundwater elevation contours
provides important information and insight regarding the relationships between pumping,
groundwater levels, and surface water flows in the TZ.  Later in this evaluation, the
groundwater elevations contours are used to estimate groundwater in storage.


The water level data contoured are from the spring of 1998.  Spring data were chosen as
they reflect conditions in the basin with minimal pumping.  Summer pumping water level
data can distort the contours from year to year as pumping conditions shift from
agriculture to municipal uses.  The year 1998 was used for several reasons.  USGS
contoured 1992 and 1998 data for the entire Mojave River Basin, making no distinction
between data from the Regional and Floodplain aquifers.  The 1998 USGS water level
map is a refinement on the 1992 USGS water level map, as the later represents more data
and increased understanding of groundwater conditions.  The current TZ evaluation
advances USGS concepts from 1998 and 2000a publications and thus reevaluating the
1998 data helps highlight the water bridge function of the TZ.  The 1997-98 Water Year
was also an El Niño year.  As such, groundwater conditions in 1998 should reflect
recharge from that year’s storms.  As observed later in the discussion of key well
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hydrographs, the 1997-98 El Niño rains raised water levels 1 to 2 feet in most areas along
the Mojave River within the TZ.  Water elevations during 1998 are also fairly consistent
with elevations for other years during the recent 10-year period of 1991 to 2001.  Thus no
other years represents significantly different conditions.  The 1998 data also represent
conditions 2 years following the 1996 Judgment.  The 1998 data allow groundwater
elevations to be contoured at 25-foot intervals in the Floodplain aquifer and at 100-foot
and occasionally 50-foot intervals in the Regional aquifer.


Regional Aquifer


Groundwater elevations within the Regional aquifer (Figure 6) range from a high of
approximately 2875 feet MSL in the southwest corner of the TZ near the groundwater
divide with the Centro Subarea to a low of 2390 feet MSL near Helendale fault.
Groundwater flows northward into the TZ across the 12-mile long southern boundary
after first crossing the Shadow Mountains and Adelanto faults.  These faults are partial
barriers to groundwater flow as evidenced by groundwater elevations approximately 100
to 150 feet lower to the north.  Groundwater flow paths into the TZ across the southern
boundary generally converge in the Adelanto area.  Along the base of the Shadow
Mountains, groundwater elevations do not show as large a change across the Shadow
Mountains fault.  This may be due to the base of the Regional aquifer being higher in
elevation and forming an elevated bedrock shelf northwest of Adelanto.  Alternatively,
groundwater may be perched in an upper unit of the Regional aquifer.  The groundwater
gradient beneath the SCLA is relatively flat at 0.0015, decreasing 50 feet in elevation
over a distance of 6.2 miles.


East of the SCLA, groundwater entering the TZ in the Floodplain aquifer infiltrates the
Regional aquifer producing a small mound in the Regional aquifer at Oro Grande.  At the
VVWRA treatment plant downstream of Oro Grande, approximately 1,680 AFY of
secondary treated wastewater are percolated using ponds constructed in sediments above
the Regional aquifer.  Also at the VVWRA Plant, approximately 7,177 AFY of tertiary
treated wastewater are discharged to the Mojave River above the sediments of the
Floodplain aquifer shallow zone.  Based on available data and the contour interval used
for the map, a groundwater mound at the treatment plant is not discernible within the
Regional or Floodplain aquifers.  As indicated by the flow arrows on Figure 6, Regional
aquifer groundwater sourced at the treatment plant recharge basins would flow north-
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northeast in the Regional aquifer and join the Floodplain aquifer depending on the
groundwater gradient between the two aquifers.


From the SCLA, groundwater flow continues to the north and enters an east-west
constriction in the Regional aquifer.  The Regional aquifer narrows to about 6.5 miles
wide near La Delta and 5.5 miles wide a couple miles north of Bryman.  The flat gradient
beneath the SCLA may represent a build up of groundwater south of this constriction.
Between La Delta and a couple miles north of Bryman, the groundwater gradient more
than doubles to 0.0034 by changing 100 feet in elevation over a distance of 5.5 miles.
Over this same portion of the TZ, groundwater elevations in the Regional aquifer are 5 to
15 feet higher than in the Floodplain aquifer perhaps due to the build up of groundwater
elevations to flow through the constriction in the Regional aquifer.  The Regional aquifer
may recharge the Floodplain aquifer in this constricted area as can be inferred by the
differences in groundwater elevation and near Bryman by the northward bends in the
respective 2500-foot groundwater elevation contours in the two aquifers (compare
Figures 6 and 7).  The difference in groundwater elevation within the Regional aquifer
from the east bank to west bank of the Mojave River is approximately 80 feet.  The
northward deflection of the 2500-foot contour may also indicate a groundwater flow
barrier in the deeper depths of the Regional aquifer.


Beneath the Mojave River channel, groundwater flow paths in the Regional aquifer do
not parallel the flow paths or boundaries of the Floodplain aquifer, but move across the
Floodplain aquifer as the Regional aquifer changes orientation and shape.  Groundwater
in the Regional aquifer turns slightly to the northwest as the aquifer widens into
Buckthorn Wash area.  Along the Mojave River channel near Buckthorn Wash,
groundwater elevations in the Regional aquifer revert to being slightly deeper than in the
Floodplain aquifer.  Groundwater elevation measurements in the Buckthorn Wash area
present a significant data gap.  Groundwater elevation contours in this large area were
inferred from two data points along the western periphery of the Regional aquifer and
several points along the Mojave River.


Groundwater contours in the Buckthorn Wash area were constructed with the assumption
that the majority of groundwater in this area originates from the southern TZ through the
constricted portion of the Regional aquifer.  In the Buckthorn Wash area, the
groundwater gradient decreases as the Regional aquifer widens into the basin, remaining
greater near the Mojave River channel and lessening to the northwest.  From the 2450-
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foot groundwater elevation along the river channel to the Helendale fault, groundwater
has a gradient of 0.0029 decreasing 70 feet over 4.5 miles.  From the 2450-foot
groundwater elevation near Fremont Wash to the Helendale fault, groundwater has a
gradient of 0.0013 decreasing 70 feet over 10.5 miles.  Groundwater in the Regional
aquifer exits the TZ across the Helendale fault, which acts as partial barrier to
groundwater flow.  Groundwater elevation differences across the Helendale fault are
100 feet near the Mojave River and as much as 300 feet near Red Buttes.


Groundwater elevations measured in wells 08N/06W-15J1 and 08N/06W-27H1 near
Highway 395 are higher than would be expected without being perched or without a
groundwater flow barrier occurring between the well and other wells near the Helendale
fault.  Without such conditions, groundwater elevations would suggest a significant
inflow from the northwestern corner of the TZ.  An unnamed northwest-trending fault
located on Plate 1 may act as a significant barrier to groundwater flow.  As shown on
Figure 6, groundwater elevations differ by approximately 200 feet across this fault.  Any
groundwater flowing across this fault would next flow north and northeast with
groundwater sourced from the southern TZ.


North of the Helendale fault in the Centro Subarea, Figure 6 shows non-aquifer specific
groundwater elevations.  In this area groundwater elevations along the Mojave River can
be inferred to be for Floodplain aquifer while elevations away from the river can be
inferred to be Regional aquifer.  These contours indicate that as groundwater crosses
from the TZ into the Centro Subarea, it generally continues to flow in the area of the
Floodplain aquifer towards Barstow and turns continues to flow in the area of the
Regional aquifer towards Harper Lake.  Flow rates towards these areas are relatively
quicker in the Floodplain aquifer than in the Regional aquifer due to relative differences
in aquifer properties.


Floodplain Aquifer


Groundwater in the Floodplain aquifer flows generally to the north along the course of
the Mojave River channel.  North of the Lower Narrows, the Floodplain aquifer width
and thickness through the TZ does not change significantly, thus the groundwater
gradient should not vary significantly unless affected by changes in formation material or
groundwater recharge.  As shown on Figure 7, groundwater elevations in the Floodplain
aquifer range from a high of approximately 2625 feet MSL near Oro Grande to 2380 feet







PhaseI_Rpt_Final.doc 35


MSL at the Helendale fault.  The elevation contours represent groundwater levels in the
Floodplain aquifer deep zone.  Between Oro Grande (from Wells 06N/05W-12H2 &
12H1) and Bryman (nested well 07N/05W-24R5-8), Floodplain aquifer shallow zone
groundwater elevations are 5 to 25 feet higher than in the deep zone.  The difference in
groundwater elevations between the two zones is likely created by relatively greater
volume of production in the deep zone.


From Oro Grande to Bryman, groundwater within the Floodplain aquifer has a gradient
of 0.0037 changing 125 feet in elevation over a distance of 6.4 miles.  Adjacent the
VVWRA treatment plant, groundwater elevations in the Floodplain aquifer (see elevation
contour 2575 feet MSL on Figure 7) are slightly higher along the west side of the Mojave
River due to recharge operations at the plant.  From Bryman to Helendale, the
groundwater has a gradient of 0.0027 changing 75 feet in elevation over a distance of
5.3 miles.  Near Bryman, groundwater elevations in the Floodplain aquifer are 5 to
15 feet lower than in the Regional aquifer.  The flatter gradient along this portion of the
Floodplain aquifer may be due to both upward recharge from the Regional aquifer into
the Floodplain aquifer along the constricted portion of the Regional aquifer and/or from
infiltration of discharge from the VVWRA treatment plant placed in the Mojave River
channel.


From the community of Helendale to the Helendale fault, groundwater elevations in the
Floodplain aquifer are a couple feet higher than in the Regional aquifer.  Groundwater in
the Floodplain aquifer between Helendale and the Helendale fault has a gradient of
0.0039 changing 35 feet in elevation over a distance of 1.7 miles.  The steepening of the
gradient along this portion of the Floodplain aquifer may be due to groundwater exiting
the TZ unhindered by the Helendale fault and then subsequently recharging the Regional
aquifer in the Centro Subarea.  The groundwater gradient in the Floodplain aquifer
directly across the Helendale fault in the Centro Subarea is also 0.0039 decreasing 55 feet
in elevation over a distance of 2.7 miles.


HISTORICAL HYDROGRAPHS


Historical groundwater levels provide a perspective to which long-term and short-term
water levels of the key wells can be compared.  Historical groundwater levels from
several wells are graphed on Figure 8.  Many wells in the TZ have water level data from
the 1940s and 1950s, but do not extend into more recent decades.  Two wells of
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significance have water level records from 1930s through 1970 and from the 1990s
through 2000.  These two wells, 08N/04W-31R1 and 07N/04W-30C1, represent
groundwater elevations in the Floodplain aquifer near Silver Lakes and Oro Grande,
respectively.  Three other wells are shown on Figure 8 and represent historical
groundwater levels in the Regional aquifer near Adelanto.  Two of the Regional aquifer
wells have water levels from the 1940s and 1950s and can be used to compare historical
water level trends in the Floodplain aquifer.  The third Regional aquifer well (06N/05W-
19J2) fills a gap in the water level record between 1978 and 1988.


In general, historical Floodplain aquifer water levels show a downward trend of 5 to
10 feet over the past 50 years.  Within this historical period, shorter length cycles of
rising and falling water levels occur.  Figure 8 shows historical water levels in the
Floodplain aquifer near Silver Lakes (Well 08N/04W-31R1) deepen by 15 feet from the
early 1950s through the mid 1960s.  By 1970, Floodplain aquifer water levels at this
location had rebounded to within 5 feet below pre-1950s levels.  Between 1970 and 1990,
depth to water in the Floodplain aquifer near Silver Lakes again increased to 15 feet
below pre-1950 levels.  However, over the past 10 years, depth to water in the Floodplain
aquifer near Silver Lakes shallowed to within 10 feet below pre-1950 levels.  Historical
depths to water in the Floodplain aquifer near Oro Grande show a 5-foot increasing depth
trend between 1950 and 2000.  From the available data, the trend has been steady and
does not rise and fall as in Well 08N/04W-31R1.  Current water levels in the Floodplain
aquifer are similar to historical water levels in the 1960s.


Regional aquifer historical water levels in wells near Adelanto have varied historical
trends and can increase or decrease during the same time period.  As shown on Figure 8,
a falling water level may occur in one well while another well experiences rising water
levels.  Water levels from Well 06N/05W-08F1 shows little variation during the 1950s
and early 1960s, but are about 5 to 10 feet deep in the late 1960s.  The deepening occurs
as water levels are rising 5 feet in Well 06N/05W-29H1 and in the Floodplain aquifer
Well 08N/04W-31R1.  The depth to water on the hydrograph of Well 06N/05W-29H1
decreased by 7 feet from the late 1950s to the early 1970s.  This record also includes
several pumping water levels.  The hydrograph of Well 06N/05W-19J2 illustrates a slight
increasing depth trend of about 0.5 foot over the period 1982 to 1989.
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WATER QUALITY


Groundwater and surface water quality data were reviewed both to describe variations in
water quality and to identify parameters in excess of drinking water standards.  Water
quality data described here are summarized from both MWA and USGS on-line database
(http://waterdata.usgs.gov/nwis/qw).  MWA provided groundwater data only.  USGS
database contained both groundwater and surface water data.  Inorganic and organic data
were available for both
groundwater and surface water.
The adjacent chart summarizes
the types, quantities, and dates of
water quality data available for
review.  Groundwater data
quality used in this report are
included in Table 1.


Groundwater and surface water quality data were evaluated for variations over time and
location using both Piper and Stiff diagrams.  A Piper diagram is a graphical
representation of the major ion ratios that can be used to distinguish similar water quality
types within parameter fields.  Dissimilar samples will appear scattered within the
diagram fields, while similar samples will be clustered.  Differences can be time
dependent for samples collected from the same location or they can be location
dependent for samples collected at two locations on similar dates.  A Stiff diagram is a
graphical representation of ion concentrations represented by a closed polygon.
Variations in the shapes and sizes of the polygons represent variation of water chemistry
between samples.


Piper and Stiff diagrams allow quick comparison of multiple parameters for multiple
samples.  Piper and Stiff diagrams require a full compliment of major cations (potassium,
sodium, calcium, and magnesium) and anions (bicarbonate, carbonate, chloride, and
sulfate).  Of the available surface water data, approximately 100 samples collected at the
Lower Narrows between 1966 and 1978 meet these criteria.  Of the available
groundwater data, 35 samples collected between 1990 and 2001 meet these criteria.
Dissolved iron, arsenic, and fluoride were also specifically evaluated in both groundwater
and surface water, as they are known parameters of concern in the TZ.  In addition to the


Groundwater Inorganic Organic


Database Dates
Number of 


Samples
Dates


Number of 
Samples


MWA 1987-2001 325 1985-2001 210
USGS 1987-2000 155 1997-2000 3


Surface Water Inorganic Organic


Database Dates
Number of 


Samples
Dates


Number of 
Samples


MWA none none none none


USGS
1966-1982 & 
1992-1997


200
1966-1982 & 


1992-1997
195
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evaluation of ion ratios, time-series data for surface water were evaluated for total
dissolved solids (TDS), specific conductance, chloride, and sulfate.


Surface Water


From 1966 to 1996, TDS of surface water samples has ranged from 110 to 567 mg/L.  In
its Water Quality Control Plan, the State California Regional Water Quality Control
Board (RWQCB) Lahontan Region objective for TDS of the Mojave River at the Lower
Narrows is 312 mg/L (RWQCB, 1994).  Seasonal variations of TDS are evident;
generally, higher values are observed in the summer and lower values are observed in the
winter.  Water from the VVWRA outflow near Oro Grande demonstrated a TDS ranging
from 400 to 411 mg/L in 1996.


A series of samples collected at several locations between the Lower Narrows and
Bryman in March 1996 and again in July 1996 shows a gradual increase in specific
conductance both seasonally and along the river between these two locations.  Between
the Lower Narrows and Bryman sample locations, the difference between samples
collected in the same month was approximately 85 microSeimens/cm (µS/cm).  The
differences between samples collected in March and July were different by
approximately 188 µS/cm.  The ratio of TDS to EC at the Lower Narrows averages about
0.62.  Consequently, TDS of surface water at Lower Narrows can be estimated to have
increased by 53 mg/L (0.62 x 85 µS/cm) by the time it reaches Bryman.  The cause of the
increase may be due to evapotranspiration; contributions from VVWRA, and/or irrigation
pumping return flow.  Likewise, TDS of surface water at the same sample location can
vary seasonally as much as by 117 mg/L (0.62 x 188 µS/cm).  The cause of the increase
may be due to increased evapotranspiration during summer months.


The Piper diagram, shown on Figure 9, represents approximately 100 surface water
samples collected at the Lower Narrows between 1966 and 1978.  The diagram indicates
a generally consistent water character of the calcium-sodium bicarbonate type.  Stiff
diagrams shown on Figure 10 represent selected surface water samples collected at the
Lower Narrows.  The nearly 100 surface water analyses were pared down to show only
the spring and fall samples for each year of the record.  The Stiff diagrams show little
variation over the 10-year period, indicating a relatively consistent surface water quality
over the period of record.  Some spring sample Stiff diagrams are smaller in size,
indicating a lower TDS, likely due to the influence of storm flow.
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Several inorganic parameters of concern, namely arsenic, iron, and fluoride are detectable
in surface water at the Lower Narrows and along the Mojave River, but occur in
concentrations that are below State Drinking Water Standards.  Dissolved arsenic
concentrations in the surface water samples range from nondetect to 7 µg/L.  Dissolved
arsenic is also found in discharge from the VVWRA plant at about 4 µg/L. The United
States Environmental Protection Agency (2001) published a final rule revising the
existing primary drinking water standard arsenic from 50 µg/L) to 10 µg/L, with a
compliance date of January 23, 2006.  Dissolved iron concentrations in the surface water
samples range from nondetect to 190 µg/L.  Dissolved iron is also found in discharge
from the VVWRA plant at about 40 to 80 µg/L.  The Secondary Drinking Water
Standard for iron is 300 µg/L.  Dissolved fluoride concentrations in the surface water
samples range from nondetect to 0.8 mg/L.  Dissolved fluoride is also found in discharge
from the VVWRA plant up to 0.6 mg/L.  The average-temperature-dependent Secondary
Drinking Water Standard for fluoride applicable to the TZ is 1.4 mg/L.  Surface water
samples do not show any consistent parameters in excess of Primary Drinking Water
Standards.


The potential for degradation of surface water quality within the Mojave River due to
basin overdraft, water reclamation, and water reuse in the upper Alto Subarea is a
concern of MWA.  To evaluate this potential, available time-series data of surface water
at the Lower Narrows were reviewed.  Variations in concentrations of sulfate, chloride,
and TDS are specific surface water components of interest to MWA.  The Basin Plan for
these three parameters as measured at the Lower Narrows is 312 mg/L for TDS, 75 mg/L
for chloride, and 40 mg/L for sulfate (RWQCB, 1994).  Using a conversion factor of
TDS=0.62xEC the TDS objective can be expressed as an EC objective of 503 µS/cm.
The Basin Plan for the Mojave Hydrologic Unit also has objectives for boron, fluoride,
nitrate, total nitrogen, and orthophosphate (RWQCB, 1994).


For the three parameters of interest to MWA, data exist predominately for the period
1967 to 1983 with a few data points in the mid 1990s, and the years 2000 and 2001.
These data are graphed on Figure 11 and listed in Table 1.  During this period, sulfate
concentrations have generally ranged from 30 to 60 mg/L, chloride concentrations have
generally ranged from 20 to 50 mg/L, and EC concentrations have generally ranged from
400 to 700 mg/L.  These data show seasonal variations with lower concentrations during







PhaseI_Rpt_Final.doc 40


storm flows.  In addition to data collected at the Lower Narrows, Table 1 also contains
contemporary data collected in 2000 and 2001 at the Upper Narrows.  Although the
Upper Narrows data are not graphed on Figure 11, comparison with the contemporaneous
Lower Narrows data indicates the Upper Narrows data are consistently higher in
concentration for these three parameters.  As such, Upper Narrows surface water quality
may not be a good indicator of Lower Narrows surface water quality.


A long-term decrease in all three constituent concentrations is exhibited between 1965
and 1983.  From 1968 to 1975, the concentrations of sulfate, chloride, and EC showed
slight increasing trends.  Between 1975 and 1983, the concentrations of sulfate, chloride,
and EC all show a moderate decrease in concentration to the lowest concentrations
available for non-storm flow data.  The relatively few values for chloride and sulfate
concentration since the mid 1990s show no distinct trend, but are generally within the
historical range of values measured from 1967 to 1983.  The chloride data reviewed have
not historically exceeded the basin objectives.  The sulfate concentration data reviewed
show no definite degrading trend since the early 1990s, but occasionally exceed the basin
objective set by the Lahontan RWQCB.  The seven values for EC since the mid 1990s are
generally in the upper range of values measured from 1967 to 1983.  The EC
concentration data reviewed show no definite degrading trend since the early 1990s, but
have over the last couple years have consistently exceeded (by 10 to 100 mg/L) the basin
objective set by the RWQCB Lahontan Region.  The EC (TDS) and sulfate data reviewed
have historically varied both above and below the basin objectives, and are below the
objectives during seasonally high flows.  As degradation of water quality with respect to
these constituents would be expressed both as significant concentration increases and
concentrations consistently exceeding basin objectives, the data do not show surface
water quality degradation for chloride.  In 2001, sulfate concentration exceeded basin
objectives, but are within the concentration range observed between the years 1965 and
2001.  For TDS (expressed as EC), seven consistent concentrations since 2001 indicate a
slight degradation of water quality with respect to this constituent.


Groundwater


The Piper diagram, shown on Figure 12, depicts the major ion chemistry of groundwater
samples from the TZ.  Most of the waters depicted are of a calcium-sodium bicarbonate
and calcium-sodium mixed-anion character.  The calcium-sodium ratio in the
groundwater samples is similar to that observed in surface water samples collected from
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the Mojave River.  The mixed-anion type waters are generally bicarbonate-chloride or
bicarbonate-sulfate.  The anion variations observed between groundwater and surface
water samples are likely due to groundwater interaction with formation material.  TDS
concentrations of groundwater samples range from 230 to 2,190 mg/L.  North and west of
the City of Adelanto, data from wells (06N/05W-8F01 and 06N/05W-03Q02) indicate
that groundwater in the Regional aquifer has a TDS of about 300 mg/L.  TDS values are
generally greater in wells nearer the Mojave River.  The samples exhibiting TDS higher
than about 600 mg/L have concentrations that are generally higher than those observed
for historical surface water and may reflect connate water, water concentrated by
evaporation, water impacted by subsurface minerals, and/or water influenced by surface
activities.


Stiff diagrams, shown on Figure 13, were constructed for groundwater samples collected
from 15 wells.  These 15 wells are the source of the 35 samples that can be graphed as
Stiff and Piper diagrams.  The spatial variation in water quality in the TZ is indicated by
the locations of the Stiff diagrams on the hydrologic map of Plate 1 and the cross sections
of Plate 2.  Several groundwater Stiff diagrams are similar in shape to those of surface
water.  These likely reflect the recharge of groundwater with surface water.  Several
groundwater Stiff diagrams are noticeably different from those of surface water.  The
groundwater in two wells (08N/04W-31G01 and 08N/04W-29D03) located along the
river near Silver Lakes have relatively higher ratios of sodium and chloride then the other
groundwater along the river.  This may indicate that this groundwater has experienced
some evaporative concentration or has been in contact with evaporite minerals in the
subsurface.  Groundwater samples from wells 06N/05W-03Q02 and 06N/05W-08F05 are
of a noticeably different character than the other groundwater samples.  These two Stiff
diagrams are smaller (lower TDS) and have relatively lower calcium and chloride
concentration.  These two Stiff diagrams represent the water chemistry in the Regional
aquifer west of Adelanto.  The remaining groundwater samples are from wells located
along the Mojave River.  Minor differences in these Floodplain aquifer groundwater
samples are likely due to mixing with surface water and/or groundwater from various
sample depths.


Groundwater quality in the Floodplain aquifer shallow zone more closely resembles that
of rapidly recharged surface water from the Mojave River and from VVWRA discharges.
Groundwater quality of the deep zone may be impacted more by slower migration of
groundwater through that zone and by potential mixing with groundwater from the
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Regional aquifer.  Several historical samples and depth specific samples collected during
the Phase I evaluation are shown as Stiff diagrams on Cross Section A-A’ (Plate 2A).


The Stiff diagrams from nested monitoring well 07N/05W-24R5-R8 (near Bryman) show
groundwater at 50 feet (shallow zone) to be slightly higher in chloride, sulfate, and
calcium than those at 153 feet and deeper (deep zone).  This shallow sample is also
dissimilar from the VVWRA sample.  The groundwater sample at 153 feet (Floodplain
aquifer deep zone) is very similar to the VVWRA effluent.  Deeper samples at this well
are similar to those found in the Regional aquifer near Adelanto.  The Regional aquifer
and Floodplain aquifer deep zone samples near Bryman from well 07N/05W-24R5-R8
appear similar, but a have slightly different calcium and sulfate concentrations.  Depth
specific samples from well, 08N/04W-21M1-M4 near Helendale do not show significant
concentration differences with depth, likely because there are no significant aquitards in
this portion of the TZ to separate the Floodplain aquifer deep and shallow zones and the
Regional aquifer.


TDS
The majority of available TDS data are from wells in the Floodplain aquifer.  TDS
concentrations for groundwater in these wells vary from 220 to 2,210 mg/L.  Most of the
groundwater samples have TDS of 600 mg/L or less.  A few wells along the Mojave
River have groundwater having TDS concentrations in excess of 1,000 mg/L, the lower
threshold for water considered brackish.  These samples may reflect groundwater that has
experienced some evaporative concentration or has been in contact with evaporite
minerals in the subsurface.  Available records for wells located in the Regional aquifer
show TDS concentrations between 300 and 400 mg/L.


Arsenic
Arsenic concentrations in groundwater vary from nondetect to 110 µg/L.  Approximately
20 wells have groundwater analyses demonstrating arsenic concentrations in excess of
the proposed Primary Drinking Water Standard (10 µg/L).  These wells are located along
the Mojave River from the Lower Narrows to Helendale.  Wells in the Regional aquifer
have arsenic concentrations below the proposed standard.  The higher arsenic
concentrations likely originate from water flowing through deposits within the Floodplain
aquifer as Floodplain aquifer recharge source waters (surface water at the Lower Narrows
and groundwater in the Regional aquifer away from the river) have arsenic concentrations
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below 10 µg/L.  Arsenic in groundwater is typically associated with weathered volcanic
deposits.


Iron
Iron concentrations in groundwater vary from nondetect to 4,600 µg/L.  Approximately
14 wells have groundwater analyses demonstrating iron concentrations in excess of the
Secondary Drinking Water Standard (300 µg/L).  These wells are found predominantly
along the Mojave River from the Lower Narrows to Helendale.  Wells constructed in the
Regional aquifer and some wells along the river have iron levels below the standard.  The
higher iron concentrations likely originate from water flowing through deposits within
the Floodplain aquifer as Floodplain aquifer recharge source waters (surface water at the
Lower Narrows and groundwater in the Regional aquifer away from the river) have iron
concentrations below 300 µg/L.


Fluoride
Fluoride concentrations in groundwater vary from nondetect to 7.7 mg/L. Approximately
14 wells have groundwater analyses demonstrating fluoride concentrations in excess of
the Primary Drinking Water Standard (1.4 mg/L).  These 14 wells are located along the
Mojave River from the Lower Narrows to Helendale and in the Regional aquifer near the
former George AFB.  Fluoride levels below the standard are also observed in wells along
the river and in the Regional aquifer.  Fluoride is common in many desert groundwater
basins containing granitic bedrock.  The higher fluoride concentrations likely originate
from bedrock in contact within the Regional and Floodplain aquifers.


Boron
In arid regions, Boron can accumulate in soils and water to levels that are toxic to plants.
Economical borate deposits exist in Miocene-age deposits and are mined from an open
pit located 30 miles northwest of the TZ and the Kramer Hills.  As agriculture is an
important land use in the TZ, the concentration of boron in groundwater and surface
water samples was evaluated.  A boron concentration greater than 5 mg/L is considered
excessive or toxic to some plants (Dohahue, et al, 1983).  There are no Primary or
Secondary Drinking Water Standards for Boron.  Boron concentration in groundwater
wells range from nondetect to 3.5 mg/L.  Boron in surface water is less than 0.3 mg/L.
Boron concentrations in groundwater and surface water sampled in the TZ do not exceed
excessive levels.
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Organic Constituents
Jet fuel and solvent plumes within the groundwater beneath the former George AFB are
the largest source of groundwater contamination to the TZ.  While active, various
maintenance and operation activities at George AFB resulted in the release of jet fuel and
trichloroethane (TCE) into the groundwater.  Since the base closure, the U.S.
Environmental Protection Agency has assumed responsibility for cleanup oversight and
has identified three Operable Units (OU-1 through OU-3).  OU-1 is located beneath the
northeast corner of the base and was established to control and remediate a TCE plume in
that area.  OU-2 is located on the southwest side of the former base and was established
to control and remediate a jet fuel plume emanating from the base fuel storage and
distribution system.  OU-3 consists of several landfill and pond sites located throughout
the former base.  The locations of the operable units (Bechtel Corporation, 1995) are
shown collectively on Plate 1.  The TCE plume, located beneath the northeastern extent
of the former base, extends northward beyond the base for distance of approximately
4,000 feet.  The plume exists adjacent the VVWRA treatment plant to the west and
southwest.  Both TCE and jet fuel contamination primarily affects shallow (0 to 130 feet
bgs) soil and perched groundwater beneath the former base.  The contamination is kept
from deeper sediments of the Regional aquifer by a clay aquitard that creates perched
groundwater conditions (USGS, 2001b).  The Air Force extracts groundwater from both
the Regional and Floodplain aquifers to contain and remediate the OU-1 plume.


The RWQCB Lahontan Region reports two undefined TCE plumes in or near the TZ
(Mr. Jehiel Cass, RWQCB Lahontan Region, written communication to MWA, 2003).
An undefined plume of TCE is present in the Regional aquifer in the vicinity of the
closed Adelanto landfill north of Adelanto and west of Highway 395.  RWQCB Lahontan
Region staff believe the plume is fairly small and has not impacted any groundwater
users.  An undefined plume of TCE is present in the upper Alto Subarea in the Floodplain
aquifer near downtown Victorville, and is known as the “D Street Plume”.  At this time,
there is no evidence that this plume has migrated past the Lower Narrows.


At Silver Lakes, two sites with leaking underground petroleum storage tanks exist that
have affected the Floodplain aquifer (Mr. Jehiel Cass, RWQCB Lahontan Region, written
communication to MWA, 2003).  These sites are under the oversight of the San
Bernardino County Fire Department, hazardous materials Division.
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The presence of the pesticide Dieldrin at low concentration in the Regional and
Floodplain aquifer (yet above the State Drinking Water Action Level) beneath the Desert
Willows Golf Course is being investigated by the Air Force (Mr. Jehiel Cass, RWQCB
Lahontan Region, written communication to MWA, 2003).


Other Contaminants
Groundwater polluted with hexavalent chromium is located at the Riverside Cement plant
near Oro Grande.  This plume does not appear to threaten the Floodplain aquifer at this
time (Mr. Jehiel Cass, RWQCB Lahontan Region, written communication to MWA,
2003).







PhaseI_Rpt_Final.doc 46


HYDROGEOLOGIC CROSS SECTIONS


Four hydrogeologic cross sections were constructed through the TZ using available well
data, water level data, geologic maps, and geophysical investigations.  The cross section
locations are shown on Plate 1.  The cross section profiles, shown on Plate 2, illustrate
the relationships between sedimentary units, aquifer units, recharge, production, and
groundwater elevations.  Cross Section A-A’ follows the generally northward path of the
Mojave River channel from the Lower Narrows to the Helendale fault and is intersected
by east-west Cross Sections B-B’, C-C’, and D-D’, from south to north, respectively.
The cross sections also form a basis for groundwater storage calculations.  The
relationship of bedrock and nonwater-bearing deposits were estimated from geophysical
investigations and are intended to define the limits of the aquifer system not regional
tectonic relationships.  Groundwater elevations on the cross sections are from 1998 data.
To show details of the Floodplain aquifer, the vertical exaggeration is larger for Cross
Section A-A’ (20 horizontal to 1 vertical) than for the other three cross sections (5 to 1).


CROSS SECTION A-A’


Cross Section A-A’, shown on Plate 2A, follows the generally northward path of the
Mojave River channel from the Lower Narrows to the Helendale fault and depicts both
the Regional and Floodplain aquifers.  From south to north along the groundwater flow
paths, the younger alluvial deposits of the Floodplain aquifer vary in thickness and depth.
Near the southeast TZ boundary, the Mojave River crosses shallow bedrock at the Lower
Narrows.  Directly north of the Lower Narrows, a USGS seismic reflection profile
indicated a bedrock depth of approximately 75 meters (245 feet) (USGS, 2000c).  In the
central TZ, near Oro Grande, bedrock has deepened due to faulting and erosion.  Older
alluvial deposits of the Regional aquifer are present between the Floodplain aquifer and
nonwater-bearing units.


Between the Lower Narrows and Oro Grande, the absence of significant clay lenses in
the subsurface creates a hydraulic opening between shallow and deep zones of the
Floodplain aquifer.  The stretch of the river is termed the Forebay as it allows for deep
infiltration and recharge of surface flows.  Appendix F1 demonstrates that surface
infiltration in the Forebay is approximately 1.6 cfs per 1,000 feet of river channel below
the Lower Narrows and is several times that of the downstream channel reaches within
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the TZ.  Between Oro Grande and Bryman, clay and silt layers are interbedded with sand
and gravel deposits and roughly define shallow and deep zones in the Floodplain aquifer
at a depth of approximately 75 to 100 feet.  The lateral extent of the low permeability
layers between the shallow and deep zones corresponds with the areas of dense (71 to
100 percent) riparian vegetation as mapped by USGS (1996c).  Appendix F1 shows the
lateral extent of these clay lenses along the river below the Lower Narrows, and
correlates their occurrence with areas of dense riparian vegetation and surface water
infiltration.  Riparian vegetation depend in part on recharge to the shallow zone of the
Floodplain aquifer above these clay lenses.  North of Bryman, towards Helendale, clay
and silt deposits are less common making the shallow and deep zones less distinct and
intern, resulting in slightly higher surface infiltration rates.  Near Silver Lakes and up
gradient of the Helendale fault, the Floodplain aquifer is predominately sand and gravel
at all depths.  The base of the Floodplain aquifer generally lies at a depth of 300 feet
along the cross section as estimated from borehole lithology and water level data.
Floodplain aquifer deposits were distinguished from Regional aquifer deposits from logs
indicating compact or harder sedimentary units and the predominance of gravel in the
Regional aquifer.


The older alluvial sediments of the Regional aquifer are deposited directly on top of
nonwater-bearing units including Tertiary continental deposits and bedrock.  The
Regional aquifer varies in thickness along the Mojave River due to an irregular lower
surface created by faulting and erosion of nonwater-bearing units.  The Regional aquifer
is approximately 700 to 800 feet thick between Oro Grande and La Delta and is thinned
to 300 and 200 feet thick near Bryman and Helendale, respectively.  Well 07N/05W-
24R5-R8 (near Bryman) and Helendale No. 4, shown projected onto the Floodplain
aquifer of Cross Section A-A’, are completed in the older alluvium of the Regional
aquifer adjacent the river channel.  These two wells are projected onto the cross sections
because they are multi-depth key wells and are the source of important groundwater
elevation data.


Groundwater elevations in the Floodplain and Regional aquifers vary along Cross Section
A-A’ due to basin configuration, interbedded sediments, pumping, and recharge sources.
Immediately down gradient from the Lower Narrows, groundwater elevations in the
Floodplain aquifer are greater than in the Regional aquifer due to recharge of inflow
passing the Lower Narrows.  Pumping from the deep zone of the Floodplain aquifer may
locally lower groundwater elevations below that in the adjacent Regional aquifer.  Near
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Bryman, the Regional aquifer water elevations are greater than in the Floodplain aquifer
in part due to constriction of the Regional aquifer shape between bedrock outcrops.
North of Bryman in the area up gradient of the Helendale fault, the Regional aquifer
widens and exhibits groundwater elevations similar to those observed in the Floodplain
aquifer, with groundwater elevations in the Floodplain aquifer being slightly higher.


Groundwater elevations in the shallow zone of the Floodplain aquifer below the Lower
Narrows and below the VVWRA treatment plant are maintained by recharge from
surface waters.  Three major well fields extract groundwater from the Floodplain aquifer
and are shown on Cross Section A-A’.  The City of Adelanto well field is located in the
southern TZ, between the Lower Narrows and Oro Grande.  The Silver Lakes and County
of San Bernardino Helendale well fields are located in the northern TZ, between Silver
Lakes and the Helendale fault.  Groundwater production centers are shown on Figure E-4
and Figure E-5 in Appendix E.


CROSS SECTION B-B’


Cross Section B-B’, shown on Plate 2B, follows a generally west to east line from the
Shadow Mountains to southern foothills of Quartzite Mountain.  The cross section trace
passes approximately 1 mile north of the City of Adelanto and crosses the former George
AFB and the Mojave River approximately 2 miles south of the VVWRA treatment plant.
Along the trace of Cross Section B-B’, the TZ can be divided into three distinct regions
between bedrock outcrops: 1) the area west of Highway 395, 2) the area at the former
George AFB, and 3) the area of the Mojave River.


West of Highway 395, depth to bedrock is relatively shallow ranging from 0 to
approximately 500 feet.  Depth to water in the Regional aquifer in this area is
approximately 100 feet.  East of Highway 395, Tertiary normal faulting has deepened
bedrock beneath the former George AFB.  This bedrock depression has been termed the
George Basin (SSI, 1990).  Beneath this area, the bottom of the Regional aquifer is at a
depth of approximately 1,200 feet and rests on nonwater-bearing Tertiary consolidated
sediments.  Bedrock lies much deeper at a depth of approximately 2,500 feet.  These
depths are determined from the seismic refraction profile conducted by URS as described
in Appendix D.  Just south of this cross section, depth to water in the Adelanto area is
approximately 330 feet.  The difference in depth to water between the areas west of
Highway 395 and the George AFB area may be related to northeast-moving groundwater
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inflow to the TZ across the Shadow Mountains fault and the relative difference in
thickness of the Regional aquifer in these two locations.  Between the former George
AFB and the Mojave River, the Regional aquifer thins, as does depth to bedrock.


In the Mojave River area, both the older and younger alluvium units exist, as do both the
Floodplain and Regional aquifers.  On Cross Section B-B’, the Floodplain aquifer is
shown to be approximately 170 feet thick.  The shallow and deep zones of the Floodplain
aquifer occur in the area of Cross Section B-B’, but are better observed at the larger scale
of Cross Section A-A’.  Groundwater elevations in the Mojave River along Cross Section
B-B’ are higher in the Floodplain aquifer than in the Regional aquifer both directly
beneath it and to the west.  Based on the difference in groundwater elevations, the
Floodplain aquifer may recharge the Regional aquifer at this latitude.


CROSS SECTION C-C’


Cross Section C-C’, shown on Plate 2C, follows a generally west to east line from Silver
Peak (north of the Shadow Mountains) to the northern foothills of Silver Mountain.  The
cross section crosses Highway 395, Fremont Wash, and the Mojave River 1 mile north of
Bryman.  Along the trace of Cross Section C-C’, the TZ can be divided into four distinct
regions between bedrock outcrops: 1) the alluvial area west of Fremont Wash, 2) the area
between Fremont Wash and the Mojave River 3) the area of the Mojave River, and 4) the
areas east of the Mojave River.


Beneath the alluvial area west of Fremont Wash, bedrock is relatively shallow (less than
200 feet deep) and is higher in elevation than surrounding groundwater.  The USGS on-
line water level database (http://waterdata.usgs.gov/nwis/gwlevels) does not contain
water levels for the two wells in this area shown on Plate 1 near Highway 395.  This
portion of the TZ is considered outside the limits of the Regional aquifer as shown on
Figure 5.


Beneath the Fremont Wash and Mojave River areas are approximately 500 feet of older
alluvium.  Thicker sediments occur on either side of a northwest-trending bedrock ridge
(generally parallel the cross section) between two bedrock depression termed the Fremont
and George Basins (SSI, 1990).  From the centers of the George and Fremont bedrock
depression to the south, the older alluvium and Regional aquifer thin northward toward
the bedrock ridge.  The Older Alluvium and Regional aquifer are significantly thicker
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north of the bedrock ridge in the Buckthorn Wash area.  Depth to water along this ridge is
approximately 280 feet in the Regional aquifer.


Where Cross Section C-C’ crosses the Mojave River, both older and younger alluvium
units exist as do both the Floodplain and Regional aquifers.  In Cross Section C-C’, the
Floodplain aquifer is shown to be approximately 300 feet thick.  The shallow and deep
zones of the Floodplain aquifer both occur in this area but are less distinct than in areas
south due to less interbedded clay lenses.  The relationship between the shallow and deep
zones is better observed at the greater vertical exaggeration of Cross Section A-A’.
Groundwater elevations in the Mojave River at Cross Section C-C’ are slightly higher in
the Regional aquifer than in the Floodplain aquifer.  Higher groundwater elevations in the
Regional aquifer relative to the Floodplain aquifer represents a change from conditions
observed in the southern TZ.  The change in relative groundwater elevations occurs about
midway between Cross Sections B-B’ and C-C’.  The higher groundwater elevations in
the Regional aquifer are likely due to the thinning and narrowing of the aquifer northward
as it passes from the George AFB area into the Buckthorn Wash area.  Based on the
difference in groundwater elevations, the Regional aquifer may recharge the Floodplain
aquifer at the latitude of Cross Section C-C’.


West of the Mojave River, Older Alluvium and the Regional aquifer are present to a
depth of approximately 800 feet.  East of the Mojave River, alluvial sediments near
Bryman may be over 1,500 feet deep just south of the cross section line.  Groundwater
elevations in the Bryman area are projected from wells along the Mojave River.  The
extend of the Regional aquifer is limited to the east as groundwater encounters a steep
bedrock slope beneath alluvial fans originating from Silver Mountain.


CROSS SECTION D-D’


Cross Section D-D’, shown on Plate 2D, follows a generally west to east line from Red
Buttes, across Highway 395 at the northern TZ boundary, parallels Buckthorn Wash to
Silver Lakes, continues across the Mojave River, and towards Helendale Peak in the
mountains along the eastern TZ boundary.  Along Cross Section D-D’, the TZ can be
divided into two distinct regions between bedrock outcrops: 1) the alluvial area along
Buckthorn Wash and 2) the area of the Mojave River.
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Beneath the Buckthorn Wash area, bedrock lies at depths as great as 4,000 feet (SSI,
1990).  Tertiary and Quaternary deposits fill this bedrock depression, referred to by SSI
as the Astley Basin.  As bedrock in this area lies below sea level, it has been deepened by
historical normal faulting.  Tertiary continental deposits are found in this area at depths
below 1,300 feet as indicated by sandstone and shale lithologic descriptions from two
borehole logs and by northward projection of data from the URS seismic refraction line.
These Tertiary deposits form the base of the Regional aquifer.  Older alluvium deposits
overlie the nonwater-bearing Tertiary deposits.  Where groundwater occurs in these
alluvial deposits, they constitute the Regional aquifer.  Depth to groundwater in this area
is approximately 400 feet.  The Regional aquifer likely receives little to no recharge from
the Buckthorn wash watershed.  Quaternary strike-slip faults are mapped and projected
through the Astley Basin.  The extent to which these strike-slip faults create barriers to
groundwater flow is unknown.  The Key Well located along Highway 395 at the Astley
Ranch lies about half way between Cross Sections C-C’ and D-D’.  Water levels in this
well are higher in elevation than expected and likely represent either perched conditions
or groundwater held behind a flow barrier fault.


In the area of the Mojave River, both the older and younger alluvium units exist, as do
both the Floodplain and Regional aquifers.  In Cross Section D-D’, the Floodplain aquifer
is shown to a depth of approximately 300 feet.  The Floodplain aquifer in this area is
predominately sand and gravel lenses and the shallow and deep zones are not
differentiated.  Depth to bedrock along the river is approximately 500 feet and is slightly
shallower than observed beneath the river in Cross Section C-C’ to the south.
Groundwater elevations in the Mojave River at Cross Section D-D’ are nearly equal in
both the Regional and Floodplain aquifers.  In Cross Section D-D’, water levels in the
Floodplain aquifer are a fraction of a foot higher than in the Regional aquifer.  This
change in relative position occurs about 1 mile north of Cross Section C-C’.  The lower
water levels in the Regional aquifer are likely due to the Regional aquifer widening into
the Buckthorn Wash area.  It is also likely that flow in the Regional aquifer across the
lateral constriction near Bryman reaches equilibrium with flow from the Regional aquifer
across the Helendale fault.
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KEY WELLS


Hydrographs can be used to identify cycles and trends in groundwater levels, including
long-term and seasonal responses to groundwater pumping and recharge.  Comparison of
hydrographs from different aquifers and from different areas can be useful for evaluation
and management of the groundwater resource.  Such comparisons can be used to identify
how water levels have responded to historical conditions and management practices.
Regions that are important to understanding groundwater basin dynamics are “key areas”.
Hydrographs of wells within the key areas that are important to understanding the
groundwater basin dynamics are “key well hydrographs”.  The key wells selected and
used in the Phase I evaluation were chosen in part because they represent long-term water
level conditions within the TZ.  They are considered key wells for the purposes of the
Phase I evaluation and are not intended in this context to fulfill the obligation placed on
MWA to establish “key wells” to monitor groundwater levels in the TZ as stated in
Exhibit G Section 2 of the Judgment (Riverside County Superior Court, 1996).  These
wells are however suitable for this purpose should the Watermaster choose to use them.
From the Phase I evaluation, additional water level monitoring wells are recommended at
key locations, and are discussed in the Data Gaps section of this report.


The key well hydrographs for the TZ were selected to meet objectives of the
hydrogeologic evaluation, which include identifying:


• Long-term water level trends across the TZ,
• Relationships between the Floodplain aquifer and the Regional aquifer, and
• Relationships between shallow and deep zones of the Floodplain aquifer.
• Floodplain aquifer shallow zone water levels in areas of riparian vegetation


Key well areas include locations of groundwater inflow and discharge.  Inflow areas
include natural recharge areas along the Mojave River directly up stream of the Lower
Narrows, artificial recharge areas along the Mojave River adjacent the VVWRA
treatment plant, and groundwater inflow along the southern TZ boundary and the Shadow
Mountains fault.  Discharge areas include production areas near the City of Adelanto and
the community of Silver Lakes, and groundwater outflow across the Helendale fault.
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Accordingly, key wells have been selected based on geographic distribution, aquifers
screened, and the length and quality of the water level record.  Well locations,
construction, and water level data were reviewed from Annual Water Level Monitoring
Reports (MWA, 1999, and 2000).  These data were supplemented with water level data
from the USGS on-line database (http://waterdata.usgs.gov/nwis/gwlevels).  Areas key to
the management of TZ groundwater resources may change as management practices
change and areas develop.  Consequently, the number of key wells required in the future
may change.


The key wells selected for use in this evaluation are listed in Table 2 by key area and
aquifer represented.  For monitoring wells screened in multiple aquifers, the casing
number is listed.  Key well locations and key well hydrographs are shown on Plate 3 and
where appropriate the well construction details are projected onto the hydrogeologic
cross sections (Plate 2).  Plate 3 contains individual key well hydrographs.  Figure 14
shows all key well hydrographs together using a common elevation y-axis.  Water levels
presented on the hydrographs are discussed in his report in terms of depth to water for
single wells or nested well casings have the same surface elevation and in terms of
elevation for separate wells having differing surface elevations.  The period of time
shown on the key well hydrographs is the 1990-91 to 2001-02 Water Year, and represents
water level conditions both prior and since to enactment of the Judgment.  This 10-year
period is referred to here as “long term” as opposed to “historical”, which would refer a
period much longer than 10 years.  The period since the Judgment in 1996 is referred to
here as “short-term”.


KEY WELL CONSTRUCTION AND DATA


The following are descriptions of the construction and data record for each key well.
Following these descriptions is a section discussing the significance of each hydrograph.


Mojave River Area Up Gradient From The TZ


Water levels in the Mojave River directly up gradient of the TZ are key to understanding
basin conditions that contribute surface water to the Mojave River and ultimately to the
TZ.  Water levels in the Upper Narrows Well (05N/04W-14D1, D2, D3, & D4) represent
conditions in the Floodplain and Regional aquifers along the Mojave River directly up
gradient of the TZ.  The Upper Narrows Well is a nested monitoring well consisting of
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four individual casings in one borehole.  In order of depth, casings D4, D3, D2, and D1
are screened at depths of 30 to 50 feet, 80 to 100 feet, 180 to 200 feet, and 320 to 340 feet
respectively.  The water level in casing D1 and D2 represents conditions in the Regional
aquifer.  Water levels in casings D3 and D4 represent conditions in the Floodplain
aquifer.  The Upper Narrows Well hydrograph is shown on Plate 3.


Prior to 1999, depth to water at the Upper Narrows Well within the Floodplain aquifer
varied from 11 feet bgs in the winter to 18 feet bgs in the summer.  During the same
period, depth to water in the Regional aquifer (casing D2) varied from 3 feet above
ground in the winter to 20 feet bgs in the summer.  Since 1999, the summer depth to
groundwater in the Floodplain aquifer has deepened about 2 feet to approximately 20 feet
bgs.  Prior to 1999, depth to water in the Regional aquifer varied from 0 feet bgs in the
winter to 20 feet bgs in the summer.  Since 1999, summer water levels in the Regional
aquifer have deepened to between 30 and 70 feet bgs.  However, winter water levels still
rebound to near or above ground surface.  The large seasonal variations in the Regional
aquifer indicate the aquifer may be confined at this location.  Despite these recent deeper
summer water levels at the Upper Narrows Well, winter water levels recovered to levels
observed in previous years.  The long-term and short-term trend in annual water levels is
no change.


Directly up gradient from the TZ, an upward groundwater flow component exists from
the Regional into the Floodplain aquifer.  In the winter, the vertical gradient is upwards
from the Regional aquifer through the Floodplain aquifer shallow zone.  In the summer,
the vertical gradient is towards the Floodplain aquifer deep zone both upwards from the
Regional aquifer and downwards from the Floodplain aquifer shallow zone.  The vertical
flow component indicates rising groundwater from the deeper aquifers of the Victorville
area into the shallower aquifers and ultimately to the Mojave River to flow into the TZ.


Mojave River Area Down Gradient From The Lower Narrows


Water levels in the Mojave River area down gradient of the Lower Narrows are indicative
of conditions in the Floodplain aquifer within the southern TZ.  Water levels in the
Riverside Cement Well (06N/04W-30J05) represent conditions in the Floodplain aquifer
shallow zone down gradient of the Lower Narrows.  The Riverside Cement Well is
located in the Mojave River floodplain, about one half mile down gradient from the
Lower Narrows.  The Riverside Cement Well has a single casing completed to 40 feet
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bgs and is screened from 24 to 40 feet bgs.  The water level record for the Riverside
Cement Well begins in January 1996 and continues through 2002.  The Riverside Cement
Well hydrograph is shown on Plate 3.


In the Riverside Cement Well, depth to water varies from 8 feet bgs in the winter to
greater than 40 feet bgs in the summer.  Water levels in this area dropped below 40 feet
bgs during the summer of 2000 and 2001.  Prior to 2000, summer water levels in the
Floodplain aquifer shallow zone were not lower than 24 feet bgs.  Despite these recent
deeper summer water levels, winter water levels have recovered to water levels observed
during previous winters.  The long-term and short-term trend in annual water levels is no
change.


Down gradient of the Lower Narrows, the shallow zone of the Floodplain aquifer is
significantly influenced by annual winter recharge.  The summer water levels also appear
to be influenced by seasonal pumping from other wells located nearby in Section 30.
Depth to water in this area is important as the area acts to transport water downstream to
areas of dense riparian vegetation to the north.


Shadow Mountains Fault - Up Gradient Area


Water levels up gradient of the Shadow Mountains fault represent conditions in the
western TZ and the Regional aquifer.  The El Mirage Well (06N/06W-21J02) has a single
casing completed at a depth of 200 feet bgs and is screened from 110 to 200 feet bgs.
This well is located south of El Mirage Road and near the head of Fremont Wash at the
southern end of the Shadow Mountains.  Water levels in the El Mirage Well have been
recorded annually since January 1987.  The El Mirage Well hydrograph is shown on
Plate 3.


Because El Mirage Well water levels have been measured only on an annual basis,
insufficient data exist to allow evaluation of seasonal variations in the Regional aquifer at
this location.  Annual depth to water measurements at the El Mirage Well varied from
133 feet bgs in 1991 to 128 feet bgs in 2002.  Depth to water shows a shallowing trend
from 1987 to 1997 of approximately 0.6 feet per year.  Since 1997 the depth to water in
the Regional aquifer at this location has stabilized at approximately 129 feet bgs.
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Adelanto Area


Groundwater levels in the Adelanto area are key to understanding the Regional aquifer in
this area of groundwater production.  Well 06N/05W-34F01 has a single casing.  The
depth and screened interval of this well are not available.  This well is located in the
center of Section 34 approximately 1 mile southeast of the Adelanto and 0.5 mile south of
Air Base Road.  The well is also located down gradient from the Adelanto and Shadow
Mountains faults.  Water levels in the well have been recorded in the spring biannually
since 1996.  The 06N/05W-34F01 hydrograph is shown on Plate 3.  This well may not be
suitable as a key well as defined by the Judgment due to its unknown construction and its
scheduled abandonment by the Air Force in 2003.  It does however allow evaluation of
groundwater elevations in the Adelanto area since 1990.


Because water levels have only been measured every 2 years, not enough data exist for
the well to evaluate seasonal variations in the Regional aquifer at this location.  During
the period of record, the depth to water at Well 06N/05W-34F01 varied from 330 to
332 feet bgs.  With the limited data and small annual variation, it is difficult at this time
to determine a long-term water level trend from this well.  However, existing data do
show the depth to water at Well 06N/05W-13R01 was relatively consistent at 330 feet
bgs from 1995 to 1998 and increased only slightly to 332 and 331 feet bgs, respectively
in 2000 and 2002.  The 1-foot to 2-foot deepening of water levels is consistent in timing
with depth to water increase at other wells for the period 1999 to current.


Mojave River Area Adjacent The VVWRA Treatment Plant


Water levels in the Mojave River area adjacent the VVWRA treatment plant are key to
understanding the effect on the Floodplain aquifer from recharge of plant discharges and
the water supply for areas of riparian vegetation in this area.  Two adjacent wells, Oro
Grande Wells (06N/05W-12H2 and 12H1) represent groundwater levels in the Floodplain
aquifer shallow and deep zones.  Well 12H2 is completed in the shallow zone to a depth
of 25 feet bgs.  Well 12H1 is completed in the deep zone to a depth of 150 feet bgs.  The
screen lengths on these two wells are unknown.  The wells are located in the Mojave
River channel west of the VVWRA treatment plant.  Water levels in the Wells 12H2 and
12H1 have been recorded annually since 1997 and 1987, respectively.  The hydrographs
of these two wells are shown on Plate 3.  Only an elevation scale is shown for this key
well hydrograph as the two Oro Grande wells are at slightly difference elevations and
would thus not show comparable water depths.
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Depth to water in the Floodplain aquifer adjacent the VVWRA treatment plant was
approximately 14 to 15 feet bgs from 1990 to 1992.  From 1993 to 2001, depth to water
increased to approximately 18 to 22 feet bgs.  Water levels in the two wells varied
approximately 2 feet between deeper summer and shallower winter levels.  Water levels
are approximately 1 foot higher in the 25-foot deep well than in the 150-foot deep well
indicating a slight downward gradient at this location.  Following a 7-foot water level
decline in 1993, water levels have steadily shallowed by 3 feet from 1993 to 2000.
Between 1993 and 2001, water levels have shallowed approximately 2 feet due in part to
VVWRA discharge and the 1997-98 Water Year being an El Niño year.


Central TZ Mojave River Area


Water levels in the Central TZ Mojave River area are key to understanding conditions in
the Floodplain and Regional aquifers downstream of production by the City of Adelanto
and recharge at the VVWRA treatment plant. Water levels in the Well 07N/05W-24R5,
R6, R7, and R8 represent conditions in the Floodplain and Regional aquifers at the
Mojave River in the Central TZ near Bryman.  This key well is approximately 4 miles
down stream of the VVWRA percolation ponds.  Water levels in the shallow zone of the
Floodplain aquifer are key to monitoring groundwater supply to riparian vegetation in
this area.  In this area, agriculture is the dominant land use with irrigation water
originating from groundwater pumped predominately from the Floodplain aquifer.


Well 07N/05W-24R5-R8 is a nested monitoring well consisting of four individual
casings constructed in one borehole.  In order of increasing depth, casings R8, R7, R6,
and R5 are located at depths of 50 feet, 144 feet, 285 feet, and 550 feet, respectively.
Water levels in casings R8 and R7 represent conditions in the Floodplain aquifer shallow
and deep zones, respectively.  Water level in casing R6 and R5 represent conditions in
the Regional aquifer.  The hydrograph for Well 07N/05W-24R5-R8 is shown on Plate 3.


At this location, depth to water in casing R8 within the Floodplain aquifer shallow zone
has varied from 8 to 14 feet bgs with a 2-foot difference between deeper summer and
shallower winter water levels.  Winter water levels in casing R8 have been consistently
about 25 feet shallower than in the Floodplain aquifer deep zone casing R7 indicating that
a semiconfining clay still exists in the Floodplain aquifer at this location.  Depth to water
in casing R7 within the Floodplain aquifer deep zone has varied between 26 and 41 feet
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bgs with about a 9-foot difference between deeper summer and shallower winter water
levels.  Depth to water in casings R6 and R5 within the Regional aquifer have been
nearly the same with those in R5 being about 3 foot deeper than in R6.  Depth to water in
the Regional aquifer at this location has varied between 65 and 85 feet bgs with about a
12-foot difference between deeper summer and shallower winter water levels.  The
seasonal variation in the Regional aquifer is larger than observed in other areas of the TZ.


During the period of record at Well 07N/05W-24R5- R8, depth to water in the Regional
aquifer have consistently been about 30 feet deeper than depth to water in the Floodplain
aquifer, indicating a downward gradient from the Floodplain aquifer to the Regional
aquifer.  Between 1991 and 1997, seasonal peak water levels were relatively steady.
Following 1997 and continuing to 2001, seasonal peaks have deepened by about 2 feet in
the Floodplain aquifer shallow zone and shallowed by about 1 foot in the Regional
aquifer.  Although relatively small, these long and short-term trends are apparent on the
hydrograph.


Central TZ Highway 395 Area


Water levels in the Central TZ, Highway 395 area, represent conditions in the Regional
aquifer west of the Mojave River.  Well 08N/06W-15J1 is located approximately
0.25 miles west of Highway 395 and 2.5 miles south of the northern TZ boundary.  The
well is located approximately 0.5 miles west of an unnamed concealed fault (DWR,
1960).  Well 08N/06W-15J1 has a single casing completed at a depth of 294 feet bgs.
The screened interval is not known.  Water levels in this well have been recorded
approximately biannually since 1992.  The Well 08N/06W-15J1 hydrograph is shown on
Plate 3.


Because water levels have only been measured every two years, not enough data exist for
Well 08N/06W-15J1 to evaluate seasonal variations in the Regional aquifer at this
location.  Depth to water in Well 08N/06W-15J1 has varied from 158 feet bgs to 164 feet
bgs over the period of record.  In this well, the long-term water level trend is no change.


Water levels in Well 08N/06W-15J1 are higher than would be expected compared to
Regional aquifer water levels along the Mojave River.  These shallower depths to water
may indicate either locally perched groundwater conditions or the presence of a hydraulic
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barrier to the east.  The concealed fault mapped on Plate 1 east of the well could create
such a barrier.


Helendale Area Up Gradient From The Helendale Fault


Water levels in the Helendale and Silver Lakes area up gradient from the Helendale fault
represent groundwater conditions in this production area near the northeast TZ boundary.
This area is key to monitoring water levels that control subsurface out flow from the TZ
to the Centro Subarea.  For this key area, Helendale Well No. 2 and No. 4 hydrographs
represent groundwater levels the Floodplain and Regional aquifers, respectively.
Helendale No. 2 and No. 4 hydrographs are shown on Plate 3 with only selected casings
shown to increase clarity.


Helendale No. 2
Helendale well No. 2 (08N/04W-19Q7, through Q12) is located within the Mojave River
channel just south and up gradient from the Helendale fault.  This well represents
conditions in the Floodplain aquifer where groundwater crosses the Helendale fault into
the Centro Subarea.  The Helendale fault only acts as a partial groundwater barrier within
the Regional aquifer and does not impede flow in the Floodplain aquifer.  Water level
records for the well span the period of time from January 1994 to December 2000.  The
Helendale No. 2 hydrograph is shown on Plate 3.


Helendale No. 2 is a nested monitoring well consisting of six casings constructed in one
borehole.  From shallow to deep, casing Q11 is screened from 30 to 50 feet bgs, Q12 is
screened from 100 to 140 feet bgs, Q10 is screened from 140 to 160 feet bgs, Q9 is
screened from 250 to 270 feet bgs, Q8 is screened from 330 to 350 feet bgs, and Q07 is
screened from 440 to 460 feet bgs.  Water levels in Casings Q11, Q10, and Q12 represent
the Floodplain aquifer shallow zone.  As water levels from these casings are nearly
identical, data from Q11 and Q12 have been left off the hydrograph for clarity.  Deep and
shallow zones of the Floodplain aquifer are not distinguished in this key area.  Although
Casings Q9, Q8, and Q7 are constructed in buried ridge of fractured bedrock (see Cross
Section A-A’, Plate 2), they are representative of conditions in the adjacent Regional
aquifer.  As water levels from these casings are nearly identical, data from Q9 have been
left off the hydrograph for clarity.  The Regional aquifer does not exist at the well site,
but occurs south and west of the well site where bedrock is deeper.
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Water levels in the five casings are all within 1 foot of each other and follow nearly
identical seasonal trends.  Water levels are highest in April and lowest in September.
During the period of record, depth to water in the Floodplain aquifer ranged from
approximately 4 to 12 feet bgs, while depth to water in the Regional aquifer ranged from
6 to 13 feet bgs.  Seasonal variations were similar in both the Floodplain aquifer and
fractured bedrock (Regional aquifer).


Depth to water in the shallow zone of the Floodplain aquifer is generally less than in the
Floodplain aquifer deep zone, but not as a rule.  The winter recovery in the shallowest
portion of the shallow zone lags behind the deeper casings and has equal or slightly
greater depths to water during recovery.  This is likely due to upstream recharge having a
greater impact on deeper zones.  From 1998 to 2001, water levels in the shallowest casing
(Q11) were the deepest of the nested well, where as previously it has been the highest
water level in Floodplain aquifer water level.


From spring 1996 to summer 1998, depth to water in all aquifers in this key area
gradually increased about 2.5 feet.  From 1998 to 1999, depth to water in both aquifers
recovered to 1996 levels.  The recovery is likely due to the 1997-98 Water Year being an
El Niño year.  In the year 2000, depth to water in both aquifers again began to deepen
slightly; however, the typical spring low depth did not occur in 2000.  Instead, depth to
water remained at the 1999 fall level, perhaps due to atypical winter pumping in 1999.


Helendale No. 4
Helendale well No. 4 (08N/04W-19G1-G4) is located immediately up gradient from the
Helendale fault about 1 mile west of the Mojave River channel.  Helendale No. 4 is a
nested monitoring well consisting of four individual casings constructed in the same
borehole.  From shallow to deep, casing G4 is screened from 80 to 100 feet bgs, G3 is
screened from 150 to 170 feet bgs, G2 is screened from 220 to 240 feet bgs, and G1 is
screened from 295 to 315 feet bgs.  Casing G1 has the longest water level record of the
four casings.  Casing G1 is installed in fractured bedrock.  Casing G2 is installed in the
Regional aquifer.  Casing G3 and G4 are installed in the Floodplain aquifer.  Water level
records for casing G1 began in January 1995 and May 1998 for the other three casings.
Due to similarities in water levels between casings G1 and G2 and also G3 an G4, only
the water levels for casing G1 and G4 are shown on the Helendale No. 4 hydrograph on
Plate 3 to increase clarity.
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Between 1995 and 1998, depths to water in the Regional aquifer (casing G1) varied from
70 to 72 feet bgs exhibiting small winter to summer water level fluctuations.  Following
May 1998, seasonal fluctuations are muted to nonexistent (casings G1 and G2) as depth
to water decreased steadily to 68 feet bgs by March 2000.  Over the same period, depths
to water in shallower casings G3 and G4 show a similar lack of seasonal fluctuation
while decreasing from 69 to 67 feet bgs.  The recovery is likely due to the 1997-98 Water
Year being an El Niño year.  From March 2000 to March 2002, depths to water in all
casings gradually deepened by about 1 foot, but continued to show little to no seasonal
fluctuations.


At this location, water levels measured in the two Floodplain aquifer casings are nearly
identical differing only by hundredths of a foot.  Water levels measured in the two deeper
casings are also nearly identical except for the monthly measurements in June and July
1998 when they are different by approximately 3 feet and 2 feet respectively.  Since the
water levels in these casings have been nearly equal for years, this difference is likely due
to a field measurement or data entry error rather than local pumping effects.


At Helendale No. 4, water levels in the Floodplain aquifer are approximately 0.5 feet
higher than in the Regional aquifer indicating a slight downward groundwater gradient in
the Floodplain aquifer at this location.  This is important as it indicates groundwater is
still be able recharge into the Regional aquifer at this location rather than groundwater
rising out of and into the Floodplain aquifer due to the partial groundwater flow barrier
created in the Regional aquifer by the Helendale fault.


Mojave River area Down Gradient From The TZ


Water levels in the Mojave River area down gradient of the TZ directly across the
Helendale fault are key to understanding the basin conditions in the Centro Subarea in
comparison with conditions and management practices in the TZ.  Water levels in two
wells (08N/04W-12Q1 and 12C1) represent conditions in the Floodplain aquifer about
3 miles down gradient from the Helendale fault within the 1-mile wide bedrock gap south
of the Iron Mountain.  As indicated by water level contours on Plate 3, groundwater at
this Centro Subarea location flows northeast in the Floodplain aquifer towards Barstow
and not northwest in the Regional aquifer towards Harper Dry Lake.  Wells 08N/04W-
12Q1 and 12C1 are separate single casing wells completed to 49 and 150 feet bgs,
respectively.  The available water level records for Wells 08N/04W-12Q1 and 12C1
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begin in 1931 and 1991, respectively, and continue intermittently through 2000.  The
hydrograph of Wells 08N/04W-12Q1 and 12C1 is shown on Plate 3.


Groundwater elevations in both Wells 08N/04W-12Q1 and 12C1 are very similar.
However, depth to water in 12C1 is about 20 feet deeper than in 12Q1 due to 12C1 being
at a higher surface elevation.  Long-term depth to water in 12Q1 varies from 12 to 40 feet
bgs with short-term depth to water ranging from 12 to 24 feet bgs.  Water level
measurements from these wells number about two per year and thus preclude comment
on seasonal fluctuations.


Groundwater elevation in this area rose 30 feet steadily between the summer of 1991 and
the summer of 1993 and then held fairly constant until the summer of 1996.  During the
summers of 1996 and 1997, groundwater elevation decreased steadily by 10 feet.  In the
spring of 1998, groundwater elevations increased 10 feet and then began a 5-foot steady
decrease through the spring of 2000.  The long-term and short-term trends in groundwater
elevation at this location are an increase of 20 feet over 10 years and a decrease of 5 feet
over the past 5 years, respectively.


KEY WELL HYDROGRAPH SIGNIFICANCE


Seasonal Water Level Changes


Generally, TZ water levels are lowest in fall at the beginning of the water year and rise
winter through spring.  From their shallowest depths in late spring, depths to water
increase through summer and fall.  In comparison to the Upper Narrows Well
hydrograph, seasonal water level fluctuations in the TZ are small relative to those in the
upper Alto Subarea.  In the Upper Narrows area, larger seasonal fluctuations are likely
due to greater pumping.  The upper Alto Subarea Upper Narrows Well shows 30 to
65 foot seasonal fluctuations.  Within the TZ, seasonal water fluctuations decrease in
magnitude from south to north.  In the Floodplain aquifer, the largest seasonal TZ water
level fluctuations are approximately 30 feet down at wells down gradient from the Lower
Narrows, 4 feet at wells adjacent the VVWRA treatment plant, 10 feet at wells near
Bryman, and less than 2 feet at wells near Silver Lakes.  Near Bryman, seasonal water
level fluctuations are similar in the Floodplain aquifer deep zone and in the Regional
aquifer.  Near Bryman, Floodplain aquifer shallow zone water level changes are likely
muted by discharges to the river channel from VVWRA.  Not enough data exist to
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describe seasonal fluctuations in the Regional aquifer away from the Mojave River in the
Adelanto and Highway 395 areas.  In the areas up and down gradient from the Lower
Narrows, summer water levels in both the Floodplain and Regional aquifers were deeper
in 1999, 2000, and 2001 than in previous years.  However, during the following winters,
water levels recovered to levels similar to those observed during previous winters.


Long-term Water Level Changes


The key well hydrographs indicate only very subtle long-term changes in water levels in
both the Regional and Floodplain aquifers.  In the Regional aquifer, a very slight long-
term shallowing of groundwater levels by approximately 5 feet is observable up gradient
from the Shadow Mountains fault while a very slight long-term deepening of
approximately 1 foot is observable down gradient from the Shadow Mounts fault near
Adelanto.  No long-term change was observed in the Regional aquifer in the central TZ
near Highway 395.  Along the Mojave River down gradient from the Lower Narrows no
long-term change in water levels was observed in the Floodplain aquifer.  Adjacent the
VVWRA plant, a slight shallowing of groundwater by approximately 1 foot was
observed in the Floodplain aquifer at the two Oro Grande area wells.  Near Bryman, the
Floodplain aquifer shallow zone exhibits a long-term deepening of about 1-foot and the
deep zone exhibits no long-term change.  Near Bryman, the Regional aquifer exhibits a 3-
foot long-term shallowing in groundwater levels that occurred essentially in the spring of
1998.  Along the Mojave River near Silver Lakes, a 1- to 2-foot shallowing of long-term
depth to water has occurred in both the Regional and Floodplain aquifers.


Water-Level Changes In Relationship To The Judgment


Following implementation of the Judgment in 1996, groundwater production in the
Mojave Basin Area became regulated and has undergone step-wise mandatory decreases.
Beginning in 1997, small magnitude, short-term shallowing of groundwater levels has
been observed in the Oro Grande, Silver Lakes, and Shadow Mountains fault areas.  The
shallowing may be in part due to declining groundwater production since implementation
of the Judgment.  Shifting of production and use from agricultural to municipal well
fields may also cause decreased water levels in some areas with corresponding increases
in others.  Small magnitude, short-term deepening of water levels has been observed in
the Adelanto area.
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Vertical Groundwater Gradients


Groundwater elevations generally decreased from south to north, indicating a generally
northward groundwater flow in both the Floodplain and Regional aquifers.  Vertical
components to the northerly gradient also exist within and between the Floodplain and
Regional aquifers.  Directly up stream of the TZ, groundwater in the Regional aquifer is
at a higher pressure than groundwater in the Floodplain aquifer.  This is caused in part by
the thinning of both aquifers towards the Lower Narrows and results in upward
groundwater flow towards the surface.  Down stream from the Lower Narrows, surface
water is able to infiltrate through the river channel into the Floodplain aquifer and
subsequently the Regional aquifer.  At the Riverside Cement Well, the Floodplain aquifer
shallow zone responds readily to seasonal pumping and recharge influences.  Near the
VVWRA plant, a downward gradient is evident within the Floodplain aquifer as
indicated by the key well hydrographs of two Oro Grande area wells.


The water levels in the Regional aquifer gradually built up as groundwater flows south in
the Regional aquifer through the restriction in the Regional aquifer thickness and width.
The constriction of the Regional aquifer is shown on Cross Section A-A’ (Plate 2).  The
reduced width of the Regional aquifer is evident from Figure 5, which shows of the
lateral extents of the Regional aquifer.  North of these vertical and lateral constrictions,
groundwater elevations in the Floodplain aquifer and Regional aquifer are nearly
identical, with only a slightly higher pressure in the Floodplain aquifer.


If water levels in the Floodplain aquifer were increased to predevelopment levels through
a floodplain recharge programs, the very small vertical downward gradient from the
Floodplain aquifer to the Regional aquifer would become greater assuming water levels
in the Regional aquifer did not increase as readily.  Groundwater elevations in the
Regional aquifer would likely respond more slowly to recharge in the Floodplain aquifer
as the Regional aquifer is less transmissive.
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SOURCES AND SINKS


The inflow (sources) and outflow (sinks) of surface water and groundwater within the TZ
are identified for the purpose of understanding the dynamics of the TZ and to develop a
water budget.  A balanced water budget will give an indication of basin surplus or
overdraft and verify the magnitude of budget components.  The TZ-specific water budget
developed for this report represents recent average conditions, but not seasonal variations
in water supply.


Past studies have generally been conducted to identify, characterize, and manage water
resources in the Mojave River Basin as a whole or by subarea.  Although few studies
provide data specific to the TZ, several address specific water resources of the entire Alto
Subarea from which TZ specific data can be gleaned.  The following are significant
reports having TZ-specific data that were used in identifying sources and sinks:


• Albert A. Webb Associates, 2000, Consumptive Water Use Study and Update of
Production Safe Yield Calculations for the Mojave Basin Area (Webb, 2000),


• USGS, 2001a, Simulation of Groundwater Flow in the Mojave River Basin,
California,


• USGS, 1996c, Riparian Vegetation and its Water Use During 1995 Along the Mojave
River, Southern California, and


• Annual Report of the Mojave Basin Area Watermaster (MWA Watermaster, 1995-
2001).


Inflow and Outflow components of the TZ-specific water budget assembled as part of the
Phase I evaluation are described in the following paragraphs.  Values tabulated in this
water budget are summarized in Table 3.


SURFACE WATER INFLOW


Surface water inflow to the TZ comes from the following sources: Mojave River base
flow, Mojave River storm flow, VVWRA discharge, precipitation, ungaged tributaries
and pumped water return flows.  Currently, VVWRA discharge is the only imported
water released in the TZ.
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Mojave River Base Flow and Storm Flow


At the Lower Narrows, USGS records daily total flow values of the Mojave River as it
enters the TZ.  Total stream flow consists of combined base flow and storm flow.  Each
year, the Office of the Mojave Basin Area Watermaster separates, or “scalps”, the storm
flow value from the total flow value, resulting in a base flow value.  The scalping method
is set forth in Exhibit C of the Judgment.  Historical base flow and storm flow at the
Lower Narrows is shown in Figure 15.  As described in the following paragraphs, the
Mojave River base flow and storm flow values used in the TZ water budget are 8,142 AF
and 33,107 AF, respectively.


The 8,142 AF base flow value used in the water budget is the average of base flow values
for the 1991 through 2001 Water Years.  Although the Watermaster has calculated base
flow and storm flow values for the 1931 through 2001 Water Years, a longer term
average was not used because the recorded base flows at the Lower Narrows have
decreased significantly since about 1950.  Consequently, the average base flow value for
the entire period of record is higher than would be expected of an average year under
current conditions.  The period 1991 to 2001 better reflects groundwater conditions
immediately prior to, and following the Judgment.


The 33,107 AF storm flow value used in the water budget is the average of storm flow
values for the 1931 through 2001 Water Years, the entire period of record for data
provided by the Watermaster.  An average of scalped storm flows for the entire period of
record is used because storm flow is related more closely to precipitation than
groundwater use.  No long-term climatic trends have been documented which would
preclude long-term precipitation and corresponding storm flows from being
representative of current average conditions.


River Gain / Loss


The Mojave River is an intermittent river flowing through one of the more arid regions of
Southern California.  Perennial water occurs only in a few locations where it is forced to
the surface by shallow bedrock such as the Mojave Narrows.  A stream gage exists at the
Lower Narrows, the upstream limit of the TZ, but no gage exists in the Helendale fault
area, the downstream limit of the TZ.  With no surface water flow data for the Helendale
fault area, the amount of surface flow leaving the TZ must be estimated.  Webb (2000)
estimated surface water flow across the Helendale fault and did not suggest any increase
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in base flow relative to base flow recorded at the Lower Narrows gage.  None of stream
gages on the Mojave River have recorded increases in flow relative to the next upstream
gage.


If the Mojave River were to gain base flow within the TZ, it would be accounted for in
the total surface water outflow at the Helendale fault.  However, since there is not
perennial flow at the Helendale fault, any river gain must be lost again to evaporation,
riparian transpiration, or infiltration to groundwater.  The river gain/loss is estimated at
0 AFY.


Reclaimed Water


Within the TZ, VVWRA operates a wastewater treatment plant located on the west bank
of the Mojave River channel about half a mile north of the former George AFB.  Most of
the wastewater treated at the VVWRA plant originates from cities outside the TZ
(Hesperia, Victorville and Apple Valley).  The VVWRA plant discharges secondary
treated effluent to percolation ponds and tertiary treated effluent to the Mojave River
channel.  Although the treated wastewater is discharged to ponds and to the river, it
percolates prior to reaching the downstream limit of the TZ, VVWRA discharge is
included as a surface water source in the water budget because it originates as surface
discharges.


Between the 1994 and 2001 Water Years, the total VVWRA surface water discharge to
the TZ averages approximately 8,659 AFY (MWA Watermaster, 1994 through 2002).
Approximately 6.4 mgd or 7,177 AFY of tertiary effluent are discharged to the Mojave
River channel.  Approximately 1.5 mgd or 1,680 AFY of secondary effluent are
discharged through percolation ponds that have a combined surface area of
approximately 52 acres.  The standard practice of VVWRA is to rotate discharge of
reclaimed wastewater to about half the pond area, ideally allowing the other half to dry
between discharge cycles.  As discussed in the following paragraphs, the contribution of
VVWRA discharge is adjusted for evaporation losses and precipitation gains, for the
purposes of the water budget.


The 1994 to 2001 period for VVWRA discharge was chosen for the water budget as it
reflects the period tabulated by the Watermaster and corresponds to the period of verified
groundwater production.  Total discharge from VVWRA has increased an average of 219
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AFY from 1994 and 2001.  Discharge from VVWRA is expected to increase in the
future, as most new construction will be connected to the sewer system rather than septic
systems.  Court proceedings have been initiated by VVWRA to allow them to limit future
discharge to the river channel to current levels and allow future increases to be diverted
for sale and use elsewhere (Mr. Norm Caouette, MWA Assistant General Manager,
personal communication, December 2002).  The anticipated increase in discharge from
VVWRA if discharged for use within the TZ would still apply directly toward the
groundwater supply component of the TZ water budget.  The diversion of new VVWRA
discharges away from the river may either meet a new demand or reducing an existing
pumping demand.


Precipitation


The Mojave River Basin receives a relatively small volume of precipitation and much of
what is received is lost to evaporation or transpiration.  With the exception of surface
runoff, direct precipitation does not recharge groundwater under normal conditions
(USGS, 1996c).  Long-term precipitation data (1939 through 2001) indicate that an
average of 5.61 inches falls at the Victorville Pumping Plant (NOAA, 2002).  The
Victorville Pumping Plant is located approximately 3 miles upstream from the Lower
Narrows and half a mile west of the Mojave River channel.


Despite the large losses of precipitation to evaporation, precipitation falling on open
water bodies is assumed to add to the water budget through direct percolation or
percolation of runoff.  Three major surface water bodies that exist in the TZ are the lakes
at Silver Lakes, the VVWRA percolation ponds, and areas of perennial flow in the
Mojave River channel.  As described in the following paragraph, the TZ water budget
contribution from precipitation falling on open bodies of water is approximately 96 AFY.


Silver Lakes are lined and groundwater pumped to fill them is assumed to represent a
sink (outflow) from the water budget.  Consequently, precipitation falling on the Silver
Lakes does not enter into the water budget.  During operation, the VVWRA percolation
ponds as described above provide approximately 26 acres of surface water area.  Based
on this area and average rainfall, direct precipitation on these ponds contributes
approximately 12 AFY to the TZ water budget.  Although the Mojave River is dry for
much of its length, several areas of the river in the TZ have perennial surface water.
USGS (1996c) estimated that approximately 200 acres of surface water occur in the TZ
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and of that area about 10 percent (20 acres) is heavily vegetated, leaving 180 acres of
open surface water.  Based on this area and average rainfall, direct precipitation on areas
of perennial surface water contributes approximately 84 AFY to the TZ water budget.
This estimate assumes that direct rainfall on the open bodies of water in the Mojave River
channel during periods of storm flow are not accumulated with the storm flow and
removed from the TZ as surface flow.


Ungaged Tributaries


Several ephemeral washes contribute surface water flow to the TZ.  Webb (2000) used
USGS (1996a) data to estimate that approximately 320 AFY of surface water flow are
contributed to the TZ by ungaged tributaries from the upper Alto Subarea.  As these
flows originate from storm events, it is assumed for the TZ water budget that none of
these flows are lost to evaporation and that 100 percent is recharged either in the tributary
or in the Mojave River.


Pumping Return Flow


Water pumped from the TZ will be consumed by evaporation to the atmosphere,
transpiration by vegetation, by people and animals, or return to groundwater as
infiltration.  Pumping return flows occur through infiltration of irrigation and septic
system water.  USGS (1971) assumes 40 to 45 percent return flows from total pumping
and 55 to 60 percent return flows from water pumped for irrigation.  USGS (2001a)
assumes that improvements to irrigation techniques since 1971 have reduced irrigation
return flows to approximately 46 percent.  Pumping return flows also include recharge of
reclaimed wastewater by the City of Adelanto west of the SCLA and by the San
Bernardino County near Silver Lakes.  Pumping return flows do not include direct
infiltration the lakes at Silver Lakes as are lined and are maintains for recreational and
aesthetic purposes.


Webb (2000) performed a detailed consumptive use study of the Mojave Basin Area
based on the 1996-97 Water Year.  A maximum irrigation consumptive use of 65 percent
(35 percent return) was assumed when groundwater production exceeded crop
requirements.  Otherwise, irrigation consumption was assumed to be equal to the crop-
specific consumptive use values.  A 50 percent consumption (50 percent return) value
was assumed for urbanized areas (domestic and municipal production) and 100 percent
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consumption (no return) for industrial processes.  Based on these consumption and return
numbers, Webb (2000), calculated a TZ consumptive use value of 10,390 AF for the
1996-97 Water Year.  This is equal to approximately 60 percent of the total verified
production in the TZ for the 1996-97 Water Year of 17,199 AF.  Thus Webb (2000)
estimated an average return flow of 40 percent on all of the groundwater production
within the TZ.  The annual pumping return flow value used in the water budget represents
a 40 percent return flow of the total 1994 through 2001 TZ pumping as reported by the
Watermaster (2001).


GROUNDWATER INFLOW


Groundwater inflow across the southern TZ boundary occurs in the Regional aquifer.
Webb (2000) used 1998 USGS water level and transmissivity data to calculate that 4,590
AFY of groundwater flow across three linear segments of southern TZ boundary.
Groundwater flowing across the southern TZ boundary originates in the upper Alto
Subarea.  Groundwater flow across the southern boundary of the TZ is affected by faults,
which occur directly south of the former George AFB and Adelanto.  These faults, the
Adelanto and Shadow Mountains, trend northeast to southwest, and northwest to
southwest, respectively.  The faults likely constitute partial barriers to groundwater flow,
resulting in the steep groundwater gradient south of the former George AFB.
Groundwater must flow across these partial hydraulic barriers prior to entering the TZ.
These barriers are significant in that they limit the natural flow of groundwater into the
TZ.  Because of these faults, groundwater management practices that affect the Regional
aquifer in the upper Alto Subarea up gradient of the TZ may have limited impacts on
Regional aquifer groundwater conditions in the TZ.  The Judgment assumes 2000 AFY of
groundwater inflow into the TZ.


The gradient used by Webb (2000) to estimate groundwater flow across the southern TZ
boundary, may change as groundwater pumping from the Regional aquifer changes in the
Adelanto area.  However, no significant long-term change in groundwater inflow to the
TZ would likely occur due to the groundwater flow barriers directly south of the southern
TZ boundary.


Webb (2000) also calculated flow from the Oeste Subarea to the TZ and found that no
appreciable groundwater flows between the Oeste Subarea and the TZ.  Low groundwater
gradients between the Oeste Subarea and the western TZ combined with groundwater use
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characteristics of these areas preclude any significant flow contribution to the regional
aquifer of the TZ.


Under the Phase I evaluation, URS estimated subsurface flow into the southern TZ by
means of Darcy’s Law, using published transmissivity values and 1998 water levels.  The
water levels were contoured specifically for the TZ evaluation using an updated
conceptual understanding of the TZ hydrogeology.  The calculations indicate that values
determined by Webb (2000), USGS (2001a) and URS are essentially equivalent given
existing parameter variability.  A summary of the three subsurface flow estimates is
presented in Appendix H.  Of the three values, the value determined by URS
(4,900 AFY) for subsurface flow into the southern TZ was used for the current TZ
evaluation.


SURFACE WATER OUTFLOW


Surface water outflows from the TZ include evaporation, riparian transpiration, and
surface flow across the Helendale fault.


Evaporation


Free surface water evaporation in the TZ is limited by the scarcity of open bodies of
water.  As described previously for Precipitation Inflow, three major water bodies occur
in the TZ, Silver Lakes, VVWRA percolation ponds, and areas of perennial flow in the
Mojave River channel.  Water pumped to fill Silver Lakes is excluded from the
calculation of evaporation loss because water used to fill these lined lakes is counted as
an outflow from the system as pumped groundwater.  Additional outflow of that water
due to evaporation is not necessary as the water is already out of the budget.


USGS (1996c) states that evaporation along the Mojave River in the Alto Subarea ranges
from 60 to 75 inches per year.  Evaporation outflow for the water budget is estimated at
1,159 AFY by applying the midpoint of this range, 67.5 inches, to the surface area of the
remaining two surface water bodies (206 acres).


Transpiration


In the TZ, xerophytes, irrigated crops, landscape vegetation, and phreatophytes remove
significant amounts of water from the system through transpiration.  Although a
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significant portion of the TZ is vegetated only with xerophytes (e.g. creosote),
transpiration from xerophytes is accounted for by the exclusion of the limited
precipitation falling on those areas from the water budget.  The water budget only
accounts for direct transpiration from crops, landscape vegetation, and phreatophytes.


Webb (2000) estimated transpiration from crops by performing a detailed consumptive
use study that sought to establish the amount of surface water flowing across the
Helendale fault.  The consumptive use value determined by Webb was compared to the
total pumping reported by the Watermaster for the TZ for that water year, and a gross
percentage value for return flow was obtained, as described above under the Pumped
Water Return Flow heading.  Water pumped for irrigation of crops and landscape
vegetation that is not part of the consumptive use of the crop is accounted for as a return
flow of total pumping.  Consequently, no additional crop specific or plant specific
transpiration accounting is made under the Phase I evaluation.


USGS (1996c) conducted a detailed study of riparian water use in the TZ that included a
detailed accounting of the acreage vegetated by specific riparian flora.  Normal riparian
vegetation have root zones depths of between 8 and 14 feet.  USGS multiplied the
riparian acreage by established plant-specific, transpiration values to determine the
amount of water consumed to transpiration in the TZ.  USGS (1996c) estimated
6,000 AFY consumed by riparian transpiration in the TZ.  Because transpiration by crops
and landscape vegetation is accounted for as described above, riparian transpiration as
estimated by USGS is the only transpiration itemized in the Phase I water budget.


River Losses / Groundwater Gain


As described previously, the Mojave River is an intermittent river with perennial water
occurring in only a few locations where it is forced to the surface by shallow bedrock and
an incised channel.  Except during storm flow, surface flows do not generally occur in the
Mojave River at the Helendale fault, the northern TZ boundary.  Because of the lack of
surface water flow, no stream gage exists in the Helendale fault area, and without surface
water flow data in the Helendale fault area, the amount of flow crossing the fault and
leaving the TZ can only be estimated.


Webb (2000) estimated surface water flow across the Helendale fault as described below
and suggested that ungaged surface flow across the fault is less than gaged surface water
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inflow at the Lower Narrows.  From the Webb (2000) estimate of surface water flow
across the Helendale fault, it is evident that the Mojave River base flow decreases
significantly within the TZ.  Decreases in base flow are due to surface water evaporation,
plant transpiration, and infiltration to groundwater.  Infiltration occurs to replace
groundwater removed by a combination of pumping, evapotranspiration, and subsurface
groundwater outflow across the Helendale fault.


Surface Outflow Across The Helendale Fault


The Helendale fault at the Mojave River is the downstream limit the Alto Subarea and the
TZ.  Surface water flowing across the fault enters the Centro Subarea.  Because the
Helendale fault is the boundary between these subareas, an understanding of surface and
groundwater water flow across the fault is important to managing water resources within
the TZ and between subareas.


Perennial flow does not generally occur in the Mojave River at the Helendale fault.
Faulting has not disturbed the Floodplain aquifer enough to create a groundwater flow
barrier within that aquifer.  Although the Helendale fault does create a partial
groundwater barrier in the Regional aquifer, the barrier is not sufficient to produce
sustained surface flow across the fault.


Because there is no stream gage station on the Mojave River at or near the Helendale
fault surface water flow across the fault can only be estimated.  Webb (2000) undertook a
detailed accounting of water flux at the fault for the 1996-97 Water Year and estimated
surface water flow across the Helendale fault.  In the Webb accounting, all measured and
estimated sources of water inflow to the TZ were totaled and then all measured
consumption of water within the TZ was subtracted.  The remaining water was assumed
to leave the TZ as surface water flow across the Helendale fault.  Webb (2000) estimated
that approximately 34,720 AFY of surface flow crosses the fault.  This value is
equivalent to approximately 105% of the long-term average storm flow for the base
period used by Webb (2000).  This factor was applied to the long-term average storm
flow for the period used in the Phase I evaluation.  The resulting surface outflow
(34,762 AF) is used in the TZ-specific water budget.
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GROUNDWATER OUTFLOW


The only significant groundwater outflow from the TZ occurs across Helendale fault at
the northern TZ boundary and to direct groundwater pumping.  Groundwater outflow
through bedrock areas is considered to be insignificant.


Subsurface Outflows Across The Helendale Fault


The Judgment assumes that 2,000 AFY (Table C-1, Superior Court of the State of
California, 1996) of groundwater flow across the Helendale fault from the TZ to the
Centro Subarea.  This assumption is carried forward based on the results of a Darcian
flow solution calculated by DWR and published in Bulletin 84 (DWR, 1967).  To
calculate this flow solution, DWR used water levels observed on either side of the
Helendale fault, local permeability data and selected a cross sectional area of the Flood
Plain aquifer above the Helendale fault.


Gregory Mendez of the USGS (cited as personal communication in USGS, 2001a)
estimated that significantly more than 2,000 AFY of groundwater cross the Helendale
fault as subsurface flow.  From water levels and hydraulic properties of the Floodplain
and Regional aquifers, Mendez (USGS, 2001a) estimated as much as 5,000 to 6,000 AFY
of groundwater flows across the Helendale fault in the Floodplain aquifer with a
component of 1,200 AFY in the Regional aquifer.  The model presented in USGS
(2001a) has simulated approximately 1,566 AFY groundwater flow across the Helendale
fault under average historical conditions.


Under the current TZ evaluation, URS estimated subsurface flow across the Helendale
fault from the northern TZ into the Centro Subarea using Darcy’s Law, 1998 groundwater
elevations, and published transmissivity values.  The estimate performed by URS
produced a number closer to that of Mendez reported by USGS (2001a) than that
produced by the USGS model (USGS, 2001a).  The values determined by Mendez and
URS are essentially equivalent given existing parameter variability. The value
representing subsurface flow across the Helendale fault as simulated by USGS (2001a) is
significantly less than those of Mendez and URS.  The difference may be due to the
transmissivity values used by each estimate.  The difference between Regional aquifer
transmissivity values of USGS (1971) and (2001a) shown in Appendix E are significant
and may reflect variation used to calibrate the USGS regional flow model.  Of these
values, the one determined by URS under the Phase I evaluation was selected for use
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throughout this report because it was estimated using the current understand ing of the TZ,
and the estimating method is documented in Appendix H.  For Subsurface Outflow of
groundwater across the Helendale fault, the water budget uses the value of 4,600 AFY
based on calculations performed by the current TZ evaluation.  As tabulated in
Appendix H, approximately two thirds of this outflow occurs in the Floodplain aquifer
and one third in the Regional aquifer.  Both existing and current subsurface flow
estimates are presented in Appendix H of this report.


Groundwater Production


Groundwater production within the TZ can be estimated for large producers and small
producers.  The Mojave Water Agency (Mr. Victor Jackowich, personal communication,
2002) estimates that there may be as many as 177 minimal groundwater producers
(producing less than 10 AFY each) in the TZ.  The minimal producers are show on a map
in Appendix E.  The majority of the minimal producers, pump for domestic water uses.
Average domestic water consumption is typically about 1 AFY.  For the purposes of the
Phase I evaluation it is assumed that all of the minimal groundwater producers pump
1 AFY for domestic uses.  Using this assumption total minimal producer extraction from
the TZ is 177 AFY.


The Watermaster has verified groundwater pumping throughout the Mojave Water
Agency area beginning in 1994.  Verified pumping values, broken down by use category
are listed in the water budget.  Groundwater production from large producers in the TZ
averaged 14,641 AFY during the 1994 through 2001 Water Years.  Annual production
during this period is listed by water use category in Table 4.  The values for municipal
water use are slightly lower than values reported by producer in the Watermaster Annual
Reports.  The Watermaster Annual Reports address the entire Mojave Basin Area and
tabulate water production by producer rather than by well location.  The City of Adelanto
produces water from both the TZ and the upper Alto Subarea.  As a result, water
production values reported in the Watermaster Annual Reports are greater than the
amount produced by the City of Adelanto from within the TZ.  Only City of Adelanto
production from within the TZ is included in the water budget.


Much of the City of Adelanto groundwater production comes from a well field located in
the southern TZ in Section 30 of Township 06N, Range 04W.  Between 1996 and 2001,
average groundwater production from this well field has been increasing at a rate of
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approximately 170 AFY.  As the City of Adelanto continues to grow, both industrial and
residential developments will continue to expand, and in turn will cause demand for City
water to grow.  For each acre-foot increase in production by the City of Adelanto,
approximately 0.60 AF will be removed from the TZ water supply based on assumptions
associated with the water budget prepared during the Phase I evaluation.  The remaining
0.40 AF returns to the Regional aquifer through irrigation return flow, septic systems, and
percolation basins.  Adelanto is not part of VVWRA and operates a treatment plant that
discharges to the Regional aquifer west of the SCLA.


WATER BUDGET


Inflow and outflow components described in the previous paragraphs were compiled into
a TZ specific water budget shown in Table 3.  Total annual inflow to the TZ is estimated
to be 61,150 AFY in an average year.  This value is a sum of base flow at the Lower
Narrows, storm flow at the Lower Narrows, precipitation on open bodies of water,
VVWRA discharge to ponds and the river channel, surface flow and infiltration from
ungaged tributaries, pumping return flows and subsurface groundwater flow.  The
assumptions and conditions associated with each of these inflow components have been
described in the preceding section.


Total annual outflow from the TZ is estimated to be 61,336 AFY in an average year, a
difference of approximately 186 AFY from annual inflow.  Outflow is a sum of; surface
water evaporation, riparian transpiration, surface outflow across Helendale fault,
subsurface outflow across Helendale fault, and municipal, domestic, agricultural,
industrial, Silver Lakes Association and minimal producer groundwater production.
Domestic groundwater producers are those that pump greater than 10 AFY.  Minimal
producers pump primarily for domestic uses and produce less than 10 AFY.  The
difference between total inflow and total outflow, although insignificant compared with
the variability of the given data, may be accounted for by a change in storage.


Historical groundwater elevations from key wells within the TZ show annual water table
stability although seasonal fluctuations are observed in the southern portion of the TZ.
With annual inflow and outflow in balance, and with groundwater elevations within the
TZ being annually consistent, the water budget is concluded to generally be in balance on
an annual basis.  While the annual water supply, annual water demand, and annual water
elevations indicate a balance, seasonal groundwater fluctuations exist that can impact
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riparian vegetation and pumping lifts.  This is especially true within the Floodplain
aquifer in the southern TZ when during recent years summer-time water levels have been
deeper than in previous years, only to recover by the following spring.
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GROUNDWATER STORAGE


The volume of groundwater storage was estimated for both the Regional and Floodplain
aquifers within the administrative TZ boundary.  For the Regional aquifer, additional
estimates were also made for two areas outside the administrative boundary that may be
influenced by groundwater management practices within the TZ.  These two areas were
defined in the Aquifer Systems Section.  The first area is north of the northern TZ
administrative boundary but south of the Helendale fault.  The second area is south of the
southern TZ administrative boundary, but north of partial groundwater barriers formed by
the Adelanto and Shadow Mountains faults.


Groundwater storage was estimated for both the Floodplain and the Regional aquifers by
calculating the volume of water between the base of each aquifer and 1998 groundwater
elevations.  The base of the Regional aquifer is composed of bedrock along the basin
margins and consolidated continental deposits along the basin central axis.  From La
Delta to Helendale, the base of the Floodplain aquifer was estimated to range from 280 to
300 feet bgs.  From the Lower Narrows to La Delta, the base of the Floodplain aquifer
was estimated to range from 75 to 280 feet bgs.  1998 groundwater elevations (Figure 6
and Figure 7) were used for both the Regional and Floodplain aquifers.


The first step of estimating storage was to divide the lateral extents of the Regional and
Floodplain aquifers (shown on Figure 5) into grids and assign top and bottom elevations
to each grid cell.  This simplifies the storage calculation by allowing the irregular top and
bottom surfaces to be represented by multiple parallel surfaces.  In three dimensions,
each grid cell becomes a column with a volume calculated by multiplying length, width,
and height.  The volume of the aquifer material is then estimated by totaling all the
column volumes.  Grid cell size for the Regional and Floodplain aquifers were 1/4-mile2


and 1/16-mile2, respectively.  For the Regional and Floodplain aquifers, the grid cells
generally correspond to a subdivision of each square-mile Township and Range Section
into quarter sections (160 acres) and sixteenth sections (40 acres), respectively.  A finer
grid was used for the Floodplain aquifer to better define its relatively smaller area and
provide a slightly more accurate estimate than the coarser grid could provide.


Based on their location in the TZ, the grid cells for each aquifer were next assigned
values for water level elevation and aquifer bottom elevation.  The difference between the







PhaseI_Rpt_Final.doc 79


two values multiplied by the area of the grid cell provided the volume of saturated
sediments within each grid cell.  Summing the volumes for all grids provided an estimate
of the total volume of saturated sediments in each aquifer.  As the base of the Floodplain
aquifer is locally the top of the Regional aquifer, it is necessary to remove the volume of
the Floodplain aquifer from the volume from the Regional aquifer.  If not, this removed
volume would be counted twice.  Next, total volumes of each aquifer were multiplied by
an average specific yield value to provide an estimate of groundwater in storage.  For the
Floodplain and Regional aquifers, specific yield values of 20 percent and 10 percent were
used, respectively.  The 20-percent value is the lower end of the USGS (2001a) specific
yield range of 20 to 23 percent.  The 10-percent value is a weighted average of the two
values used in by USGS (2001a).  Within the TZ, USGS (2001a) shows about 25 percent
of the area at 5 percent specific yield and 75 percent of the area at 12 percent specific
yield.  Locally these values may be higher or lower, but are considered aquifer averages.


Groundwater in storage in the TZ and the two additional areas are listed in Table 5.
Based on these estimation methods, the Regional and Floodplain aquifers within the TZ
contain approximately 6.6 million AF and 710,000 AF of groundwater storage,
respectively.  The total groundwater in storage in both the Floodplain and Regional
aquifers is approximately 7.3 million AF.  These values are for 1998 conditions and may
change slightly as the TZ population develops, additional water is produced, and as basin
management practices change.  A large portion of the water stored in the Regional
aquifer may be unavailable for use due reasons associated with pumping water from
deeper and older aquifers.  Such reasons include lower yields and larger drawdowns in
the more consolidated deeper aquifers, greater energy requirements needed to lift the
water over larger drawdowns, and potentially poorer quality water from older more
consolidated formations.  Bookman-Edmonston (1994) estimated that the entire Mojave
River Basin contains approximately 5 million AF of usable groundwater in storage.  That
estimate assumed water levels were drawn down 100 feet from the 1930s groundwater
elevations.  For the Phase I evaluation, using a similar drawdown assumption and the
aquifer extents presented previously, the TZ aquifers contain 1.4 million AF of usable
groundwater.  That level of drawdown and extraction of this quantity of groundwater
without replenishment would have serious impacts to the use of the TZ as a water bridge.
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THE TZ WATER BRIDGE


The TZ water bridge is the physical and natural means by which surface and groundwater
are conveyed to the Centro Subarea through the TZ from the upper Alto Subarea.  The
function of the TZ as a water bridge is controlled mainly by regional precipitation
patterns, subsurface hydrogeologic conditions, and balanced water use (sources equal
sinks).  Regional precipitation patterns control the frequency, intensity, and volume of
storm flow, which on average comprise the largest inflow component of the water
budget.  Storm flows also supply recharge to the upper Alto Subarea, which helps
maintain water levels there and support future base flows to the TZ.  Hydrogeologic
conditions controlling TZ inflow and outflow include groundwater flow barriers (faults),
differences in relative aquifer properties, variations in surface infiltration rates, and local
pumping pattern.  Favorable hydrogeological conditions have historically influenced the
location of groundwater production centers along the Mojave River.


Balanced water use in both the upper Alto Subarea and in the TZ controls whether
surface water and groundwater inflow replaces groundwater outflow or whether water
inflow is passed through to the Centro Subarea.  Conveyance of flow across the TZ water
bridge is maintained when inflow is in balance with outflow (the TZ water budget) and
when long-term water levels within the Floodplain and Regional aquifers are maintained.
As outlined in the water budget discussion, the TZ annual water budget is on average in
balance, but may experience seasonal groundwater fluctuations that can impact riparian
vegetation and pumping lifts.  This is especially true within the Floodplain aquifer in the
southern TZ when during recent years summer-time water levels have been deeper than
in previous years, only to recover by the following spring.


Groundwater production in the TZ has averaged 14,641 AFY over the period of verified
production, 1994 to the 2001 Water Year (Watermaster, 1996 to 2002).  Available
storage created by pumping from the Floodplain aquifer can be recharge by surface water
and/or inflow from the Regional aquifer.  A significant portion of groundwater
production occurs along the Mojave River up stream of Oro Grande.  Due to the location
of pumping and limited aquitards, a significant potential exists for surface water to
recharge at this location.  A short distance downstream of Oro Grande, clay lenses within
the Floodplain aquifer separate shallow and deep zones.  Groundwater in the shallow
zone experiences less seasonal fluctuations from pumping.  As surface flows past Oro
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Grande and infiltrate above these clay layers, these waters would be less accessible to
deeper pumping and would progress farther down stream towards the Centro Subarea.
The existence of riparian vegetation in the TZ requires surface water and groundwater to
maintain water levels above the basal clays of the upper zone of the Floodplain aquifer.


Groundwater inflow to the TZ occurs predominately in the Regional aquifer.
Groundwater in the Floodplain aquifer occurs largely through the recharge of surface
water in the Mojave River channel.  The Mojave River channel is the effective top of the
Floodplain aquifer.  Although the Regional aquifer is larger and more extensive than the
Floodplain aquifer, the Floodplain aquifer is able to transmit groundwater more readily.
At a depth of 75 to 100 feet, the Floodplain aquifer can be subdivided into shallow and
deep zones separated by interbedded sand and clay lenses.  These zones occur directly
down stream from the recharge forebay between the Lower Narrows and Oro Grande and
continue a couple miles past Bryman.  At the surface, the Floodplain aquifer shallow
zone coincides with the approximate area of dense riparian vegetation in the Mojave
River channel.  North of this point, the Floodplain aquifer is mostly comprised of sand
and gravel and is an afterbay where groundwater has the potential to flow upward from
the deep to the shallow zone.


The Regional aquifer and Floodplain aquifer are in hydraulic communication.  The
direction of groundwater flow from one aquifer to the other varies.  The Floodplain
aquifer and Regional aquifer can gain water from or lose water to each other depending
on relative differences in groundwater elevations.  In the southern TZ, a downward
gradient exists for groundwater to flow from the Floodplain aquifer to the Regional
aquifer.  As the width of the Regional aquifer constricts from 12 miles along the southern
border to approximately 6 miles near Bryman, groundwater elevations in the Regional
aquifer rise relative to those in the Floodplain aquifer.  As water levels in the two aquifers
become similar, the gradient and potential for groundwater to flow from one to the other
diminishes.  In the northern TZ, the Regional aquifer widens again, yet groundwater
elevations in both the Regional aquifer and Floodplain aquifer remain similar.  The
Helendale fault acts to slow groundwater leaving the TZ and thus helps to maintain water
level equilibrium.


Movement of water through the TZ depends on the demand not exceeding the supply, but
also on the fullness of each aquifer.  The fuller the Floodplain aquifer, the more likely it
will be not to induce flow and storage from the Regional aquifer, and the more likely it
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will be that groundwater gradients will be maintained to supply the subsurface outflow
component of the obligation.  Likewise, the fuller the Floodplain aquifer is the more
likely it is that surface water components of the obligation (base flow and current
VVWRA discharges) will be transmitted through the TZ.  On average, the annual water
budget for the TZ is in balance with annual inflow (sources) approximately equaling
annual outflow (sinks).  However, the water budget may have seasonal imbalances that
produce water level drawdown in areas of concentrated seasonal pumping that could
impact riparian vegetation.


Historical (post 1930) water levels show a 5- to 10-foot decline in water levels in the
Floodplain aquifer.  Water levels in the Regional aquifer show lesser historical declines.
Based on key well hydrographs, water levels in the TZ aquifers since 1990 are generally
consistent from year to year.  Short-term water levels show a slight increase, perhaps due
to recent wet years.  Since implementation of the Judgment, the TZ water bridge function
has been maintained on an annual basis to transmit water though it to the Centro Subarea.
This is supported by stability of long-term hydrographs, a generally balanced TZ water
budget, and relatively constant groundwater storage.  On a seasonal level, the timing,
location, and concentration of pumping in the Floodplain aquifer in the southern TZ can
produce seasonal instability in the water bridge than can affect pumping lifts and
groundwater availability to riparian vegetation.
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ARTIFICIAL GROUNDWATER RECHARGE POTENTIAL


Although water level data show available groundwater storage exists predominately in
the Regional aquifer and to a lesser extent in the southern portion of the Floodplain
aquifer, the objective of artificial groundwater recharge should be considered when
selecting locations for potential recharge programs.  Recharge objectives of MWA may
include:


• Supplying water to riparian vegetation,
• Replenishing groundwater production,
• Banking or storing groundwater for short or long-terms,
• Meeting the minimal subarea obligation, and
• Maintaining water levels in TZ outflow areas.


Artificial groundwater recharge in the Floodplain and Regional aquifers can best occur
where unsaturated aquifer material exists near ground surface and vertical hydraulic
gradients have a downward component, essentially the aquifer forebay.  Based on these
criteria, artificial recharge to the Floodplain aquifer would be most effective in the
Mojave River channel between the Riverside Cement Well and the VVWRA plant.
Further north, the water levels in the Floodplain aquifer are shallower and have little or
no downward vertical gradient between aquifers.  Depending on the recharge program
objectives, artificial recharge to the Regional aquifer would be effective in either the area
north or south of the mapped constriction in the Regional aquifer extents.  The southern
areas would be preferable if the objective was to supplement production or store water in
the Adelanto area.  The northern area would be preferable if the objective was to store
water in the Silver Lakes or Buckthorn Wash areas or maintain water elevations to
provide subsurface flow toward the Centro Subarea.


Based on flow lines generated from 1998 Groundwater elevations, artificial recharge to
the Regional aquifer would be best conducted near the Mojave River channel, or east of
the Mojave River channel.  In these areas, recharge water would flow to the Floodplain
aquifer and flow towards Barstow area rather than toward the Harper Lake area once it
crosses the Helendale fault.  Barstow represents a larger groundwater demand than the
Harper Lake area.
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DATA GAPS


In the course of the current TZ evaluation, several data gaps have been identified.  Data
gaps are areas or subjects with insufficient data coverage to allow complete analysis.
Several data gaps were filled during the course of the evaluation such as water quality
sampling and analysis.  Existing data gaps include; lack of surface water flow data at the
Helendale fault area, sparse groundwater elevation data in areas of the Regional aquifer,
and lack of groundwater elevations from certain key locations.


STREAM GAGE


No stream gauging station exists on the Mojave River at the Helendale fault.  Webb
(2000) performed an analysis of water resources within the TZ for the purpose of
estimating the average annual flow across the Helendale fault.  Although the work done
was highly detailed, it is still only an estimate of average surface water flow across the
fault.  Most surface water crossing the fault occurs during storm flows.  A gage at the
fault would provide data for non-storm periods.  According to MWA staff, potential
construction of a gage at the Helendale fault has been explored with the USGS, but was
rejected due to poor river channel cross-section characteristics at the fault.


MONITORING WELLS


Subsurface flow into and out of the TZ has been estimated using groundwater gradients
and long-standing transmissivity data.  Because the groundwater gradients into and out of
the TZ occur at faults and where water level data are lacking, the gradients are subject to
interpretation.  For maintaining groundwater flow through the TZ, water levels in the out
flow areas are more significant than maintaining water levels in inflow areas.  Inflow
areas can fluctuate annually or seasonally without a contemporary impact on outflow area
water levels.


Accurate calculation of groundwater gradients requires elevations for at least three wells.
Additional monitoring wells in inflow and outflow areas will allow more accurate
monitoring of groundwater gradients, especially where existing wells are separated by
faults and gradients are subjective.  Rather than small diameter nested wells, new
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monitoring wells can be constructed as 4-inch diameter single casing wells that can also
be used to conduct pump tests to refine transmissivity estimates.


Outflow Areas


Two additional monitoring wells would assist in evaluating subsurface outflow from the
Regional aquifer.  One well should be located about 2 miles northwest of the river
between Buckthorn Wash and the Helendale fault and the other should be about 3 miles
west of the river at Silver Lakes.  Boreholes for the new wells if drilled to the base of
water-bearing rocks, could be used to verify basin thickness in these areas .  The new
monitoring wells would be used with existing wells near the river to monitor Regional
aquifer groundwater elevations, which account for one third of the estimated outflow
from the TZ.  The new wells could also be used during future aquifer pump tests to verify
aquifer properties in these areas.


Inflow Areas


An additional two monitoring wells would assist in evaluating subsurface inflow from the
upper Alto Subarea across the Adelanto and Shadow Mountains faults.  The wells should
be located on the down gradient side of the fault along the southern TZ boundary.  The
new monitoring wells would be used with existing wells near the SCLA and Oro Grande
to monitor Regional aquifer groundwater elevations, which account for nearly all of the
subsurface inflow to the TZ.  Reevaluation of existing geophysical data sets can be used
to focus these well locations to make sure they are placed on the correct sides of the
Adelanto and Shallow Mountains faults.


Areas of Riparian Vegetation and Surface Water Recharge


Water level monitoring in areas of riparian vegetation is required by the Judgment.
Significant areas of riparian vegetation occur directly downstream of the Lower Narrows
just north of the Floodplain aquifer forebay.  Areas of riparian vegetation continue down
stream past Bryman and are supported by recharge to the shallow zone of the Floodplain
aquifer.  Recharge of base flow in the forebay can flow both to the deep or shallow zones
of the Floodplain aquifer depending of flow rates and forebay groundwater elevations.
Groundwater in the deep zone supports local groundwater production.
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A multi-depth monitoring well located between Oro Grande and the VVWRA treatment
plant would assist both to track groundwater flow and quality through the Floodplain
aquifer forebay, and also to monitoring groundwater elevations in both the deep and
shallow zones of the Floodplain aquifer.  A multi-depth well at this location should
completed in the shallow and deeps zones of the Floodplain aquifer, the Regional aquifer,
and also in the first encountered nonwater-bearing rock.  This well should be considered
as a Key Well for monitoring water levels for riparian vegetation.  A new multi-depth
well in the floodplain between Oro Grande the VVWRA Treatment plant would also aid
in understanding the complex vertical gradients between the Regional and Floodplain
aquifers south of Bryman.


A second multi-depth monitoring well in the floodplain upstream of the VVWRA
treatment plant near La Delta would assist both in evaluating recharge of treatment plant
discharges, water levels in riparian vegetation, and in evaluating vertical gradients. Such
a well would also assist in further delineating the shallow and deep zones of the
Floodplain aquifer.  This well would be located near discontinuity in the clay lenses
separating the Floodplain aquifer deep and shallow zones.  A pump test of a nearby well
screened in the deep zone of the Floodplain aquifer using these two new multi-depth
wells for monitoring would provide the degree of confinement of the deep zone.


GROUNDWATER CONTOURING


With the new monitoring well elevations, groundwater gradients in the inflow and
outflow areas should be contoured and used to reevaluate groundwater flow.  Historical
estimates of subsurface inflow by USGS and others consultants range from 3,500 to
4,800 AFY.  Estimates of groundwater outflow flow across the Helendale fault range
from approximately 1,600 to 6,000 AFY.  Although these values are published, a detailed
basis for these values has not been published.  Appendix H of this report provides some
rationale for these estimates and provides a newer estimate based on the latest
hydrogeologic understanding of the TZ.  Sufficient wells exist in the Floodplain aquifer
near the Helendale fault to estimate groundwater flow in the Floodplain aquifer.  With
new wells in the Regional aquifer and new water elevation data to contour away from the
river, a detailed estimate of subsurface flows using both the Regional and Floodplain
aquifer should be developed under peer review and published such that all assumptions
and methods are document.  These new values would provide a reasonable estimate that
could be used for basin management purposes.
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The USGS has produced groundwater elevation contour maps of the Mojave River Basin
for 1992, 1996 and 1998 groundwater conditions and is in the process of producing a
contour map for 2000 conditions.  Portions of the northern and western TZ are not
contoured on these maps.  In particular, the area north of the Shadow Mountains and west
of Highway 395, and the area between Silver Lakes and Highway 395, has few
groundwater measurements.  Groundwater elevation data from these areas would help
define groundwater flow patterns and may offer an indication of how faults that control
bedrock structure in the area may affect groundwater flow.  Understanding how these
faults affect groundwater flow may have an impact on aquifer volumetric calculations
and estimates of water supply in the TZ.  Groundwater elevation data may be obtained
from these areas by adding existing wells to the groundwater level monitoring program,
or constructing new wells in a few key locations.


Annual groundwater contours maps of the Mojave Basin and particularly the TZ should
be constructed using contouring techniques and similar concepts of how groundwater
moves through the aquifers.  Comparison of the 1992, 1996, and 1998 elevation maps
shows differences in elevation and shape without significant differences in water level
data.  These differences may have resulted from an improved understanding of the
aquifer systems over time.  Using the existing maps, subtle differences in contouring
yield storage changes that do not match the raw water elevation data.  With two
successive and similarly contoured maps, a change in aquifer storage map could be
produced.


GEOPHYSICAL SURVEYING


SSI (1990) produced a significant gravity data set for MWA.  Through the Phase I
evaluation, URS made a concerted yet unsuccessful effort to locate these data through
SSI and Dr. Shawn Biehler of UC Riverside.  To duplicate the effort made by SSI in
1990 would today cost between $100,000 and $200,000.  If these data can be located in
MWA or governmental archives, they could be used to better define subsurface bedrock
structures and depths as well as alluvial units having significant differences in density.
Such differences include degree of groundwater saturation and degree of consolidation.
The data shown in SSI can be evaluated at a much finer resolution than was conducted by
SSI, especially with new bedrock depth data from recently completed USGS wells and
the URS seismic refraction survey.  Reevaluation of these data could provide additional
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insight into where groundwater exists along the perimeter of the TZ and how faults
control groundwater flow into and out of the TZ.  Evaluation of the data set could refine
the locations of future well, including both production and monitoring wells.
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FINDINGS


Summarized below are the findings of the Transition hydrogeologic evaluation.


GEOLOGY


The TZ consists of complex fault and erosion controlled bedrock depressions that
are partially filled with consolidated sedimentary materials, which in turn are
covered with unconsolidated sediments.  Sedimentary units include Tertiary-age
consolidated sediments, Quaternary-age Older and Younger Alluvium, and Quaternary-
age fluvial deposits of the Mojave River.  The Tertiary-age consolidated sediments
include the Punchbowl and Crowder equivalent formations.  The Tertiary-age
consolidated sediments are overlain by Older Alluvium of the age-equivalent Victorville
Fan deposits.  Based on seismic data acquired during the Phase I evaluation, the Tertiary
deposits range in thickness between 600 and 1,600 feet and the Quaternary deposits range
in thickness between 800 and 1,200 feet.  Bedrock occurs at depths up to 3,000 feet.
Normal faults can be inferred in the Tertiary and older units based on the below sea level
bedrock elevations and the steep bedrock basin sides indicated by the gravity data.  A
series of northwest trending strike-slip faults have been mapped in all rock units.  The
Mojave River channel, eroded into the Older Alluvial deposits beginning in the middle
Pliocene, has been partially backfilled with Mojave River fluvial deposits consisting of
interbedded sand, gravel, boulders, silt, and clay.


HYDROGEOLOGY


Aquifer Systems


The formations of the TZ can be grouped into three hydrogeologic units:
1) nonwater-bearing units composed of bedrock and consolidated sediments, 2) the
Regional aquifer composed of Older Alluvium, and 3) the Floodplain aquifer composed
of Mojave River fluvial deposits.  In the Floodplain aquifer, shallow and deep zones can
be distinguished between the Oro Grande and Bryman areas.


Nonwater-bearing units that underlie the Regional and Floodplain aquifers form the
effective base of the groundwater system.  Within the TZ, the Regional aquifer extends
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from alluvial deposits between the bedrock outcrops of Quartzite and Silver Mountain to
the bedrock outcrops of the eastern Shadow Mountains.  Areas of alluvium can be
excluded from the Regional aquifer where groundwater is within bedrock below the base
of the water-bearing deposits.  Within the TZ, the Regional aquifer ranges in width from
about 12 miles along the southern TZ boundary, 8 miles near Adelanto, about 6 miles
near Bryman, then widens again to the north in the Buckthorn Wash area.  In the area of
the Mojave River channel, the regional aquifer underlies the Floodplain aquifer.  The
Regional aquifer generally ranges in thickness from a few inches along the aquifer
margins to about 1,200 feet in the center.  Beneath the Floodplain aquifer, the Regional
aquifer ranges between 150 and 840 feet thick.


Within the TZ, the Floodplain aquifer is generally as wide as the Mojave River channel
between eroded bluffs.  The Floodplain aquifer has a much higher transmissivity than the
Regional aquifer.  At a depth of 75 to 100 feet, a 50 to 100-foot thick zone of interbedded
clay and sand layers separates the shallow and deep zones of the Floodplain aquifer from
approximately 1.5 miles down stream from the Lower Narrows to midway through the
TZ in the Bryman area.  From Bryman northward, the clay lenses are sufficiently
discontinuous or absent as to make a distinction between the shallow and deep zones of
the Floodplain aquifer.  The shallow zone ranges in thickness from 70 to 100 feet.  The
deep zone of the Floodplain aquifer ranges in thickness between 120 and 160 feet.
Where zones are not distinguished, the Floodplain aquifer is between 250 and 300 feet
thick.


The Floodplain aquifer forebay occurs south of the shallow and deep zone separation.  A
downward hydraulic gradient occurs in the forebay towards the underlying Regional
aquifer indicating the Regional aquifer may receive recharge from the Floodplain aquifer
in this area.  North of the forebay, the vertical gradient between Floodplain and Regional
aquifer slowly reverses as the width of the Regional aquifer narrows at the latitude of
Bryman.  As the Regional aquifer widens north of Bryman, the vertical gradient again
gradually reverses to a slight downward gradient from the Floodplain aquifer to the
Regional aquifer.  North of the distinction of the Floodplain aquifer shallow and deep
zones, an afterbay exists in the Floodplain aquifer.  The Floodplain aquifer afterbay is
located immediately up gradient of the Helendale fault.  The afterbay area has a small
groundwater gradient from the Floodplain to the Regional aquifer, indicating the potential
for the Floodplain aquifer to recharge the Regional aquifer in this area.  This potential
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downward gradient would likely increase with any future increase in Floodplain aquifer
water elevations


Groundwater Flow


Groundwater flows generally northward in both the Regional and Floodplain
aquifers.  Groundwater flow paths in the Floodplain aquifer follow the course of the
river channel from south to north.  Groundwater flow paths in the Regional aquifer are
generally from south to north but are controlled by the extents of the aquifer.  In the
southern TZ, the Regional aquifer is approximately 12 miles wide in the area of the
former George AFB, and narrows to approximately 6 miles wide in the Bryman area.
Constriction of the Regional aquifer in the central TZ causes water levels to rise in the
Regional aquifer relative those observed in the Floodplain aquifer, and may cause the
Floodplain aquifer to receive some recharge from the Regional aquifer in this area.  North
of Bryman, the Regional aquifer widens again and groundwater elevations are nearly the
same in both the Regional and Floodplain aquifers.  Groundwater elevations in the
Regional aquifer range from about 2850 feet MSL in southwestern TZ to less than
2400 feet at the Helendale fault.  Higher groundwater elevations in the Regional aquifer
northwest of Adelanto and Highway 395 near Astley Ranch may be impacted by faulting
or perching conditions.  Groundwater elevations in the Floodplain aquifer range from
about 2625 feet MSL in the southern TZ to 2400 feet MSL in the northern TZ.


Water Quality


Groundwater in the TZ is generally of good quality with some notable concerns .
Arsenic concentrations in excess of State Primary Drinking Water Standards have been
observed in samples collected from 20 wells constructed within the Floodplain aquifer
between the Lower Narrows and the Helendale fault.  Iron concentrations in excess of
state secondary drinking water standards have been observed in samples collected from
14 wells constructed predominantly within the Floodplain aquifer and to a lesser extent
the Regional aquifer between the Lower Narrows and the Helendale fault.  Fluoride
concentrations in excess of state primary drinking water standards have been observed in
samples collected from 14 wells constructed within the Floodplain and Regional aquifers
between the Lower Narrows and the Helendale fault.  Arsenic, Iron and Fluoride
concentrations in excess of State Standards are not observed in surface water or VVWRA
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discharge.  Locally perched groundwater beneath the former George AFB is
contaminated with jet fuel and chlorinated solvents.


From approximately 35 years of historical surface water data collected in the Mojave
River at the Lower Narrows, basin objectives set by the RWQCB Lahontan Region have
recently been exceeded for TDS and sulfate.  Since 2001, sulfate concentrations have
occasionally exceeded basin objectives set by the RWQCB Lahontan Region.  Since
2001, TDS concentrations have consistently exceeded basin objectives by 10 to
100 mg/L.  These sulfate and TDS concentrations are however within the historically
range of values measured since 1965.  Comparison of contemporaneous data indicates
Upper Narrows surface water quality may not be a good indicator of Lower Narrows
surface water quality.


Groundwater in the TZ reflects its source.  In the southern TZ Floodplain aquifer,
groundwater quality resembles that of Mojave River surface water at the Lower Narrows.
Along the Mojave River, groundwater quality in the Floodplain aquifer shallow zone
increases in TDS likely to due evapotranspiration effects.  The groundwater quality of the
Floodplain aquifer deep zone is more similar to the Regional aquifer.  Groundwater in the
Floodplain aquifer shallow zone is similar to VVWRA discharges.  As groundwater
leaves the TZ, its quality represents a blend of sources and impacts.  The character of
surface water at the Lower Narrows has been relatively consistent over the 25-year period
of record.  Groundwater in the Regional aquifer near Adelanto has lower TDS than is
observed in surface water or Floodplain aquifer groundwater, except at times when
surface water is affected by storm flows.  The Regional aquifer does exhibit localized
high TDS.


Key Well Hydrographs


Key well hydrographs show TZ water levels have seasonal variations, but have not
changed significantly on an annual basis over the past 10 years.  In the Floodplain
aquifer, water levels are shallowest in winter and spring and deeper in summer and fall
months.  Seasonal fluctuations are greatest in the southern TZ and are subdued in the
northern TZ.  Generally, depth to water during winter has changed very little over the
period of record, while depth to water during summer has increased over the past few
years, particularly in the southern TZ.
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Increasing seasonal groundwater elevation fluctuations will results in greater
summer pumping lifts and potentially threaten seasonal water supply to riparian
vegetation.  Within the TZ, seasonal water fluctuations decrease in magnitude from south
to north.  In the Floodplain aquifer, the largest seasonal TZ water level fluctuations are
greater than 30 feet down gradient from the Lower Narrows, 4 feet adjacent the VVWRA
treatment plant, 10 feet near Bryman, and less than 2 feet near Silver Lakes.  In the areas
up and down gradient from the Lower Narrows, summer water levels in both the
Floodplain and Regional aquifers were deeper in 1999, 2000, and 2001 than in previous
years.  However, during the following winters, water levels recovered to levels similar to
those observed during previous winters.


In the period immediately prior to and since the Judgment, long-term annual water
level changes (1990-2001) are relatively small in magnitude. Long-term water levels
are rising in some locations and falling in others, likely due to changes in water use
and recharge throughout the TZ.  Following implementation of the Judgment in 1996,
groundwater production in the Mojave Basin Area became regulated and free production
allowances have undergone step-wise mandatory decreases.  Beginning in 1997, small
magnitude (approximately 1 to 2 feet), short-term shallowing of groundwater levels has
been observed in the Oro Grande, Silver Lakes, and Shadow Mountains fault areas.
Shifting of production and use from agricultural to municipal well fields may cause
decreased water levels in some areas with corresponding increases in others.  Small
magnitude (approximately 1 foot), short-term deepening of water levels has been
observed in the Adelanto area.


SOURCES AND SINKS


The annual TZ water budget is essentially balanced based on representative long-
term average conditions.  The water budget prepared for the Phase I evaluation
indicates that under recent conditions, the TZ has an average annual water inflow of
61,150 AFY and average annual water outflow of 61,336 AFY.  The approximate
difference of 186 AFY is within the variability and estimating precision of the data.  This
finding is supported by long-term stability of annual water elevations shown by the Key
Well Hydrographs.  The water budget does not provide an indication of seasonal balance
as would be required to judge the water supply for riparian vegetation.  In order to
evaluate annual and seasonal availability of water supply for riparian vegetation, near
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surface water elevations in the shallow zone of the Floodplain aquifer in areas of riparian
vegetation should be investigated.


VOLUME CALCULATIONS


The total groundwater storage is approximately 1.4 million AF is by proportion
roughly comparable with the storage estimate of the Regional Water Management
Plan.  The Regional Water Management plan (Bookman-Edmonston, 1994) cites a
useable groundwater storage value of approximately 5 million AF within the entire
Mojave River Basin.  The 1994 estimate assumes that useable groundwater supplies
consist of 100 feet of aquifer thickness below 1930 groundwater levels.  Using this
assumption, useable groundwater storage within the TZ is estimated at approximately
1.1 million AF and 280,000 AF in the Regional aquifer and Floodplain aquifers,
respectively.  Pumping of this quantity of water without annual replacement would
severely impact the water bridge function of the TZ.  Within the total saturated thickness
of the TZ, groundwater storage estimates for the Regional and Floodplain aquifers are
6.6 million AF and 700 thousand AF, respectively.   


THE TZ WATER BRIDGE


As indicated by long-term hydrographs, a generally balanced TZ water budget, and
relatively constant groundwater storage, the TZ water bridge has been maintained
since implementation of the Judgment for the purposes of groundwater flow to the
Centro Subarea.  Movement of water through the TZ depends on the demand not
exceeding the supply, but also on the fullness of each aquifer.  Balanced water use in both
the upper Alto Subarea and in the TZ controls whether surface water and groundwater
inflow replaces groundwater storage deficits or whether the inflow is passed through to
the Centro Subarea.


The water bridge function of the TZ to maintain riparian vegetation is jeopardized
in the southern TZ due to recent increased depth to water during summer months.
Although the water levels recover during the winter, riparian vegetation can be affected
without a year round supply of water.  Future monitoring for riparian vegetation should
utilize wells screened in the shallow zone of the Floodplain aquifer.
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POTENTIAL RECHARGE PROGRAMS


Artificial groundwater recharge is feasible in the TZ and potential programs
objectives should be considered when selecting recharge locations and methods.
Water level data show available storage exists predominately in the Regional aquifer and
to a lesser extent in the southern portion of the Floodplain aquifer.  Conversely, aquifer
properties and demand support recharge to the Floodplain aquifer rather than the
Regional aquifer.


Artificial recharge to the Floodplain aquifer would be most effective in the Mojave River
channel between the Lower Narrows and Oro Grande.  The southern TZ area would be
preferable if the objective was to supplement the Section 30 well field used largely by the
City of Adelanto and the SCLA.  Further north, water levels in the Floodplain aquifer are
shallower and have only a small downward vertical gradient between aquifers.  Potential
surface recharge of the Floodplain aquifer in this area between Oro Grande and Bryman
would supply the shallow zone and would be useful both as underflow to support surface
flows and water for riparian vegetation habitat.  Increase channel infiltration rates near La
Delta should be considered when using the river channel as an infiltration mechanism.


Artificial recharge of the Regional aquifer would be more effective in the areas north or
south of the mapped constriction in the Regional aquifer.  Recharge of the Regional
aquifer should consider the occurrence of local perched conditions when selecting
recharge mechanisms.  The southern area would be preferable if the objective was to
store water or supplement groundwater in the Adelanto area.  The northern area would be
preferable if the objective was to store water in the Regional aquifer west of Silver Lakes
or to enhance subsurface outflow towards the Centro Subarea.  For Regional aquifer
recharged water to flow towards the Barstow area artificial recharge would be most
effective near the Mojave River channel, or east of the Mojave River channel as indicated
by groundwater flow lines.


DATA GAPS


The most significant data gaps include sparse groundwater elevation data in areas
of the Regional aquifer, and lack of multi-depth groundwater elevations from
certain areas of the Floodplain aquifer.  Sufficient wells exist in the Floodplain aquifer
near the Helendale fault to estimate groundwater flow in the Floodplain aquifer.
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Additional monitoring wells in inflow and outflow areas will allow more accurate
monitoring of groundwater gradients, especially where existing wells are separated by
faults and gradients are subjective.  Two additional single casing monitoring well would
assist in evaluating subsurface outflow from the Regional aquifer.  An additional two
monitoring wells in the Regional aquifer would assist in evaluating subsurface inflow
from the upper Alto Subarea across the Adelanto and Shadow Mountains faults.  With the
new monitoring well elevations, groundwater gradients in the inflow and outflow areas
should be contoured and used to reevaluate groundwater flow.  These new values would
provide a reasonable estimate that could be used for basin management purposes.


Reevaluation of existing geophysical (gravity) data could provide additional insight into
TZ hydrogeology specifically where groundwater exists along the perimeter of the TZ
and how faults control groundwater flow into and out of the TZ.  Evaluation of the data
set could refine the locations of future wells, including both production and monitoring
wells.
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TABLE 1
WATER QUALITY DATA GRAPHED IN THE HYDROGEOLOGIC EVALUATION


DATA FOR FIGURE 9, FIGURE 10, PLATE 1, AND PLATE 2
Piper and Stiff Diagrams of Surface Water


Sample Location = MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA, USGS Database (http://waterdata.usgs.gov/nwis/qw)


Date
Sodium as Na, 


Dissolved
 (mg/l)


Potassium as K, 
Dissolved


 (mg/l)


Calcium as Ca, 
Dissolved


 (mg/l)


Magnesium as 
Mg, Dissolved 


(mg/l)


Chloride as Cl, 
Dissolved


 (mg/l)


Bicarbonate as 
HCO3
 (mg/l)


Carbonate
(mg/L)


Sulfate as SO4, 
Dissolved


(mg/l)
04/05/67 11 2 17 30 6 73 0 12


10/05/67 56 5 40 13 32 220 0 44


04/02/68 48 5 42 11 25 210 0 38


10/16/68 46 5 40 12 28 200 0 40


04/23/69 11 4 16 4 5 79 0 12


10/20/69 45 18 37 8 24 200 0 40


04/16/70 45 14 40 10 26 210 0 44


11/06/70 44 4 45 10 30 190 0 44


04/21/71 37 3 39 9 22 170 0 38


10/20/71 39 3 35 8 24 160 0 45


04/27/72 55 5 44 13 34 200 0 62


11/29/72 45 4 42 9 26 180 0 47


04/26/73 24 3 23 6 15 110 0 19


11/21/73 51 4 43 11 28 200 0 50


04/24/74 53 6 48 10 32 220 0 50


11/20/74 53 6 54 9 36 210 0 57


04/23/75 51 6 49 10 34 210 0 57


10/31/75 58 8 49 10 38 220 0 56


04/21/76 48 6 47 9 31 200 0 50


10/26/76 44 6 44 9 29 200 0 41


04/13/77 42 4 41 8 23 110 0 39


10/18/77 44 4 40 8 29 190 0 39


04/13/78 25 3 22 6 26 88 0 22


10/10/66 60 9 48 11 38 220 0 65


11/03/66 57 6 49 10 36 210 0 60


12/07/66 10 3 23 2 4 83 0 15


01/05/67 51 5 47 11 29 210 0 55


02/08/67 47 5 45 9 26 200 0 50


03/21/67 22 3 26 6 11 120 0 22


05/03/67 14 2 18 6 7 93 0 12


05/31/67 45 6 41 8 22 190 0 46


07/11/67 56 6 43 10 28 220 0 50


08/10/67 59 7 38 10 28 210 0 53


08/31/67 58 7 41 11 30 220 0 50


11/09/67 52 5 40 10 29 220 0 36


12/13/67 44 5 39 10 24 200 0 38


01/12/68 45 5 41 9 22 200 0 38


02/09/68 40 4 40 9 20 190 0 35


03/13/68 42 4 42 10 24 200 0 36


05/01/68 44 5 44 11 28 200 0 40


06/13/68 48 5 42 10 26 200 0 44


07/24/68 56 6 45 10 32 220 0 49


01/15/69 48 8 44 9 31 200 0 45


07/26/69 40 14 37 8 21 200 0 35


01/21/70 47 26 35 9 25 210 0 44


07/23/70 47 7 44 12 32 210 0 53


01/22/71 42 3 41 10 26 180 0 44


07/14/71 39 3 36 8 23 160 0 44


01/07/72 50 6 45 10 32 200 0 54


07/26/72 51 7 43 12 33 200 0 55


01/11/73 39 3 43 9 28 180 0 45


01/31/73 43 3 37 10 25 180 0 44


03/21/73 29 3 27 6 26 82 0 27
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TABLE 1
WATER QUALITY DATA GRAPHED IN THE HYDROGEOLOGIC EVALUATION


DATA FOR FIGURE 12, FIGURE 13, PLATE 1, AND PLATE 2
Piper and Stiff Diagrams of Groundwater


Date obtained from USGS Database (http://waterdata.usgs.gov/nwis/qw)


Well Location
 (Sample Date)


Sodium
 as Na, 


Dissolved
(mg/l)


Potassium
 as K,


Dissolved
 (mg/l)


Calcium
 as Ca, 


Dissolved
(mg/l)


Magnesium
as Mg,


 Dissolved 
(mg/l)


Chloride
 as Cl, 


Dissolved
(mg/l)


Bicarbonate
as HCO3, Field  


(mg/L)


Carbonate 
(mg/L), 


assumed to be 
nondetect


Sulfate
 as SO4, 


Dissolved
 (mg/l)


Database


08N/04W-31G01 (3/28/1995) 166.6 2.80 59 2.6 125.0 163.5 NA 220.0 MWA


08N/04W-29D03 (6/28/1994) 350.7 2.90 144 6.7 427.0 194.2 NA 415.0 MWA


07N/04W-07K02 (5/9/1995) 100.0 2.70 120 16.0 120.0 256.0 NA 160.0 USGS


06N/05W-12H01 (6/20/1991) 100.0 1.30 83 14.0 79.0 335.0 NA 150.0 USGS


06N/05W-08F05 (5/9/1995) 84.0 0.80 6 1.7 2.6 114.0 NA 100.0 USGS


06N/05W-03Q02 (5/19/1994) 100.0 1.50 16 1.8 5.8 196.0 NA 110.0 USGS


06N/04W-30Q06 (2/7/1995) 41.7 1.90 24 4.8 36.0 108.0 NA 16.9 MWA


06N/04W-30P05 (2/7/1995) 53.6 3.60 48 2.4 54.3 148.0 NA 65.9 MWA


06N/04W-30K05 (2/7/1995) 50.9 2.30 27 4.8 45.6 112.0 NA 24.7 MWA


06N/04W-30K04 (2/7/1995) 54.5 4.50 51 6.0 62.0 158.0 NA 37.1 MWA


06N/04W-30K03 (2/7/1995) 55.9 3.90 48 6.0 59.0 136.0 NA 47.0 MWA


06N/04W-30G03 (2/7/1995) 51.3 3.90 46 7.2 58.0 140.0 NA 36.9 MWA


06N/04W-30G01 (2/7/1995) 49.0 4.40 43 8.4 70.0 132.0 NA 30.7 MWA


06N/04W-30D10 (5/19/1993) 130.0 1.00 97 19.0 91.0 337.0 NA 220.0 USGS


06N/04W-29M09 (8/1/2001) 96.0 1.50 180 11.0 120.0 320.0 NA 250.0 MWA


08N/04W-31G01 (3/2/1998) 181.0 2.90 58.2 5.4 127.0 168.0 NA 247.0 MWA


08N/04W-31G01 (3/21/2001) 197.0 3.63 72 3.5 160.0 144.0 NA 190.0 MWA


08N/04W-31G01 (6/20/1989) 184.0 3.00 51 29.0 42.0 159.0 NA 255.0 MWA


08N/04W-31G01 (10/8/1992) 165.8 2.70 59.1 1.9 129.6 152.3 NA 212.9 MWA


07N/04W-07K02 (5/23/1990) 110.0 3.00 130 18.0 130.0 270 NA 250.0 USGS


07N/04W-07K02 (6/20/1991) 110.0 1.70 120 16.0 120.0 268 NA 240.0 USGS


07N/04W-07K02 (10/29/1991) 120.0 2.90 110 16.0 110.0 259 NA 210.0 USGS


07N/04W-07K02 (5/18/1993) 97.0 2.60 96 14.0 86.0 251 NA 180.0 USGS


06N/05W-12H01 (10/29/1991) 87.0 2.70 80 15.0 67.0 303 NA 130.0 USGS


06N/05W-08F05 (5/19/1993) 89.0 0.90 6.4 1.7 3.2 117 NA 110.0 USGS


06N/04W-30Q06 (2/27/1992) 46.5 2.00 33 6.2 20.3 134.2 NA 54.7 MWA


06N/04W-30P05 (2/27/1992) 42.2 2.10 45.7 4.4 24.7 178.1 NA 37.8 MWA


06N/04W-30K05 (2/27/1992) 50.7 2.20 32.5 7.3 22.3 134.2 NA 65.5 MWA


06N/04W-30K04 (2/27/1992) 52.4 3.20 50.6 11.1 33.8 192.8 NA 68.5 MWA


06N/04W-30K04 (5/23/1995) 57.0 6.20 40 7.2 58.0 128.0 NA 57.4 MWA


06N/04W-30K03 (2/27/1992) 50.8 2.60 47.3 5.3 29.6 148.8 NA 79.4 MWA


06N/04W-30G03 (2/27/1992) 49.0 2.90 44.1 13.6 29.6 185.4 NA 60.2 MWA


06N/04W-30G01 (2/27/1992) 50.5 3.50 44.2 11.6 32.2 187.9 NA 55.2 MWA


06N/04W-30D10 (5/23/1990) 94.0 0.40 66 12.0 38.0 332 NA 110.0 USGS


06N/04W-30D10 (6/19/1991) 85.0 0.80 54 9.8 50.0 210 NA 130.0 USGS


06N/04W-30D10 (10/30/1991) 100.0 0.60 68 13.0 42.0 344 NA 120.0 USGS


Samples Collected By MWA for this Evaluation
VVWRA.Effluent (8/15/2002) 110 11.00 27 5.0 80.0 140.0 0 64.0 MWA


06N/05W-12H02.(8/15/2002) 170 1.00 170 31.0 150.0 460.0 0 370.0 MWA


07N/05W-24R05.(8/15/2002) 130 2.40 12 0.0 17.0 200.0 0 110.0 MWA


07N/05W-24R06.(8/15/2002) 140 2.10 11 0.0 38.0 190.0 0 130.0 MWA


07N/05W-24R07.(8/15/2002) 120 2.30 30 2.1 47.0 210.0 0 88.0 MWA


07N/05W-24R08.(8/15/2002) 140 2.50 74 11.0 130.0 250.0 0 160.0 MWA


08N/04W-21M1.(8/19/2002) 89 2.70 38 3.2 48.0 190.0 0 68.0 MWA


08N/04W-21M2.(8/19/2002) 92 3.60 49 4.5 51.0 220.0 0 91.0 MWA


08N/04W-21M3.(8/19/2002) 78 2.20 34 3.2 33.0 200.0 0 55.0 MWA


08N/04W-21M4.(8/19/2002) 76 2.20 37 3.3 32.0 210.0 0 55.0 MWA
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TABLE 1
WATER QUALITY DATA GRAPHED IN THE HYDROGEOLOGIC EVALUATION


DATA FOR FIGURE 12
Surface Water Time Series Sulfate, Chloride, and Electrical Conductivity


USGS Database http://waterdata.usgs.gov/nwis/qw


Sample Location
Sample 


Date


Chloride
 as Cl, Dissolved 


(mg/l)


Solids, Sum of 
Constituents, 


Dissolved
 (mg/l)


Specific 
Conductance 


(micorsiemens / cm 
@ 25 C)


Sulfate as SO4, 
Dissolved (mg/l)


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 10/10/66 38 NA 601 65


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 11/03/66 36 NA 576 60


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 12/07/66 4 NA 170 15


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 01/05/67 29 NA 528 55


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 02/08/67 26 NA 494 50


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 03/21/67 11 NA 277 22


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 04/05/67 6 NA 161 12


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 05/03/67 7 NA 200 12


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 05/31/67 22 NA 475 46


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 07/11/67 28 NA 532 50


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 08/10/67 28 NA 541 53


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 08/31/67 30 NA 545 50


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 10/05/67 32 307 519 44


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 11/09/67 29 283 493 36


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 12/13/67 24 265 478 38


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 01/12/68 22 262 437 38


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 02/09/68 20 247 451 35


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 03/13/68 24 262 475 36


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 04/02/68 25 276 506 38


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 05/01/68 28 278 517 40


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 06/13/68 26 277 504 44


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 07/24/68 32 309 543 49


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 10/16/68 28 NA 493 40


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 01/15/69 31 NA 533 45


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 04/23/69 5 NA 165 12


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 07/26/69 21 NA 441 35


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 10/20/69 24 NA 479 40


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 01/21/70 25 NA 514 44


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 04/16/70 26 NA 491 44


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 07/23/70 32 NA 518 53


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 11/06/70 30 NA 489 44


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 01/22/71 26 NA 461 44


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 04/21/71 22 NA 415 38


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 07/14/71 23 NA 407 44


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 10/20/71 24 NA 400 45


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 01/07/72 32 NA 560 54


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 04/27/72 34 NA 550 62


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 07/26/72 33 NA 525 55


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 11/29/72 26 NA 460 47


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 01/11/73 28 NA 480 45


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 01/31/73 25 NA 420 44


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 03/21/73 26 178 221 27


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 03/28/73 20 190 320 26


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 04/26/73 15 NA 260 19


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 07/25/73 35 NA 465 56


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 11/21/73 28 NA 525 50


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 01/30/74 29 NA 470 46


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 04/24/74 32 NA 550 50


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 07/24/74 40 NA 575 59


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 11/20/74 36 NA 550 57


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 01/22/75 35 NA 490 56


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 01/27/75 34 339 574 53


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 02/13/75 33 336 551 54


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 03/19/75 32 333 560 54


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 04/23/75 34 NA 475 57


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 04/29/75 35 345 550 54


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 05/30/75 37 346 570 54


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 06/30/75 37 362 607 56


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 07/17/75 40 349 581 60


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 07/23/75 38 NA 550 58


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 08/21/75 39 364 585 59


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 09/26/75 37 349 552 55


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 10/31/75 38 349 595 56


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 11/19/75 35 NA 610 54


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 11/26/75 34 337 590 52


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 12/30/75 33 334 575 53


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 01/29/76 32 325 565 54


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 02/04/76 30 NA 475 54


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 02/24/76 30 317 535 53


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 03/25/76 32 320 570 54


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 04/21/76 31 NA 485 50
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TABLE 1
WATER QUALITY DATA GRAPHED IN THE HYDROGEOLOGIC EVALUATION


DATA FOR FIGURE 12
Surface Water Time Series Sulfate, Chloride, and Electrical Conductivity


USGS Database http://waterdata.usgs.gov/nwis/qw


Sample Location
Sample 


Date


Chloride
 as Cl, Dissolved 


(mg/l)


Solids, Sum of 
Constituents, 


Dissolved
 (mg/l)


Specific 
Conductance 


(micorsiemens / cm 
@ 25 C)


Sulfate as SO4, 
Dissolved (mg/l)


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 04/29/76 29 303 525 52


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 05/27/76 31 NA 523 50


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 06/28/76 33 NA 520 120


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 07/13/76 33 319 550 49


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 07/28/76 32 NA 500 51


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 08/19/76 33 323 460 56


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 09/14/76 28 303 470 52


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 10/26/76 29 295 430 41


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 11/23/76 25 277 435 43


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 12/01/76 25 NA 470 40


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 12/10/76 25 280 430 41


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 01/19/77 23 268 436 38


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 01/29/77 25 NA 490 38


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 02/15/77 29 265 421 37


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 03/16/77 27 266 430 41


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 04/13/77 23 235 453 39


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 04/22/77 26 NA 445 40


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 05/19/77 25 251 434 38


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 06/16/77 27 277 457 39


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 07/20/77 30 296 480 43


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 07/26/77 32 NA 490 45


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 08/18/77 31 308 492 48


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 09/22/77 27 288 470 40


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 10/18/77 29 286 457 39


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 11/22/77 26 276 454 33


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 12/01/77 21 249 490 36


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 12/29/77 38 226 367 34


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 01/18/78 45 208 371 31


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 02/01/78 24 231 430 34


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 02/15/78 35 175 320 23


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 03/23/78 28 152 249 21


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 04/13/78 26 167 273 22


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 04/26/78 19 137 250 18


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 05/09/78 28 190 300 26


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 06/30/78 35 278 466 41


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 07/26/78 36 NA 490 43


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 07/28/78 39 340 551 44


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 08/15/78 37 329 560 41


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 09/29/78 31 296 500 37


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 10/19/78 28 287 488 35


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 11/16/78 27 284 463 42


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 11/30/78 27 NA 390 36


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 12/28/78 27 267 463 35


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 01/23/79 27 269 437 39


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 01/24/79 24 NA 440 34


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 02/27/79 24 187 303 25


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 03/29/79 17 121 210 16


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 04/18/79 12 116 215 13


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 04/18/79 12 NA 200 13


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 05/22/79 23 233 382 30


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 06/27/79 20 180 450 27


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 07/17/79 28 NA 410 37


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 07/25/79 31 292 468 38


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 08/23/79 29 288 485 41


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 09/27/79 25 281 460 38


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 10/25/79 25 275 450 35


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 11/28/79 27 NA 430 34


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 11/29/79 26 287 225 36


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 12/20/79 24 275 425 33


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 02/01/80 33 NA 260 24


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 02/07/80 30 237 360 37


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 03/21/80 14 126 215 16


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 04/16/80 14 NA 250 19


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 04/23/80 13 161 240 20


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 05/09/80 16 175 300 23


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 05/28/80 18 211 380 22


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 06/18/80 22 269 280 31


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 07/23/80 28 NA 370 37


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 07/29/80 25 290 380 35


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 08/19/80 32 311 540 37


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 09/23/80 29 284 500 33
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TABLE 1
WATER QUALITY DATA GRAPHED IN THE HYDROGEOLOGIC EVALUATION


DATA FOR FIGURE 12
Surface Water Time Series Sulfate, Chloride, and Electrical Conductivity


USGS Database http://waterdata.usgs.gov/nwis/qw


Sample Location
Sample 


Date


Chloride
 as Cl, Dissolved 


(mg/l)


Solids, Sum of 
Constituents, 


Dissolved
 (mg/l)


Specific 
Conductance 


(micorsiemens / cm 
@ 25 C)


Sulfate as SO4, 
Dissolved (mg/l)


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 10/17/80 24 280 480 31


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 11/20/80 24 264 450 32


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 12/17/80 22 256 470 30


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 01/14/81 21 249 425 33


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 02/20/81 22 258 440 35


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 03/19/81 23 257 450 33


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 04/16/81 20 267 420 35


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 05/21/81 26 293 500 39


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 06/16/81 NA NA 560 NA
MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 07/22/81 23 305 520 46


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 08/14/81 29 304 500 39


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 09/18/81 30 NA 505 NA
MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 11/18/81 25 283 460 41


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 01/21/82 24 249 430 30


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 03/05/82 22 257 440 33


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 05/21/82 24 255 435 35


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 07/29/82 26 282 440 37


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 09/23/82 24 274 405 41


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 04/29/92 36 NA 520 NA
MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 01/13/93 NA NA 305 NA
MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 03/12/96 31.1 NA 485 41


MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA 07/19/96 45 NA 586 64


Data provide by RWQCB


Sample Location
Sample 


Date
Chloride


(mg/l)
TDS


(mg/L)


EC Estimated 
(EC=TDS/0.62) 


(uS/cm)


Sulfate
 (mg/l)


Lower Narrows Mojave River 03/21/00 15 319 515 22


Lower Narrows Mojave River 06/15/00 65 430 694 62


Lower Narrows Mojave River 01/03/01 40 360 581 43


Lower Narrows Mojave River 03/26/01 46 327 527 42


Lower Narrows Mojave River 06/25/01 56 406 655 33


Lower Narrows Mojave River 08/27/01 58 410 661 30


Lower Narrows Mojave River 11/20/01 54 397 640 52


Upper Narrows Mojave River 03/21/00 240 897 1447 47
Upper Narrows Mojave River 06/15/00 240 840 1355 240
Upper Narrows Mojave River 01/03/01 230 1100 1774 260
Upper Narrows Mojave River 03/26/01 290 1090 1758 220
Upper Narrows Mojave River 06/25/01 190 885 1427 190
Upper Narrows Mojave River 08/27/01 220 826 1332 200
Upper Narrows Mojave River 11/20/01 56 400 645 58
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DATA FOR FIGURE 9, FIGURE 10, PLATE 1, AND PLATE 2
Piper and Stiff Diagrams of Surface Water


Sample Location = MOJAVE RIVER AT LOWER NARROWS NEAR VICTORVILLE CA, USGS Database (http://waterdata.usgs.gov/nwis/qw)


Date
Sodium as Na, 


Dissolved
 (mg/l)


Potassium as K, 
Dissolved


 (mg/l)


Calcium as Ca, 
Dissolved


 (mg/l)


Magnesium as 
Mg, Dissolved 


(mg/l)


Chloride as Cl, 
Dissolved


 (mg/l)


Bicarbonate as 
HCO3
 (mg/l)


Carbonate
(mg/L)


Sulfate as SO4, 
Dissolved


(mg/l)
03/28/73 28 3 27 6 20 120 0 26


07/25/73 60 4 37 9 35 180 0 56


01/30/74 47 4 43 10 29 200 0 46


07/24/74 60 9 50 10 40 220 0 59


01/22/75 52 7 50 10 35 220 0 56


01/27/75 51 7 51 11 34 210 53


02/13/75 51 7 50 11 33 220 54


03/19/75 50 7 47 11 32 220 0 54


04/29/75 52 6 50 11 35 230 0 54


05/30/75 56 8 49 10 37 220 0 54


06/30/75 62 11 49 10 37 230 0 56


07/17/75 57 9 48 10 40 200 0 60


07/23/75 60 10 53 6 38 220 0 58


08/21/75 63 12 46 9 39 220 0 59


09/26/75 60 9 47 9 37 220 0 55


11/19/75 54 7 50 11 35 210 0 54


11/26/75 53 8 48 11 34 220 0 52


12/30/75 52 7 51 11 33 210 0 53


01/29/76 50 6 47 11 32 210 0 54


02/04/76 49 6 50 10 30 210 0 54


02/24/76 46 5 50 10 30 200 0 53


03/25/76 47 7 47 10 32 200 0 54


04/29/76 46 6 41 10 29 200 0 52


07/13/76 50 6 47 10 33 200 0 49


07/28/76 51 6 43 9 32 200 0 51


08/19/76 53 6 44 8 33 200 0 56


09/14/76 45 5 44 9 28 190 0 52


11/23/76 42 5 40 8 25 180 0 43


12/01/76 42 5 41 8 25 180 0 40


12/10/76 42 4 41 8 25 190 0 41


01/19/77 40 4 41 8 23 180 0 38


01/29/77 43 2 41 8 25 180 0 38


02/15/77 39 4 39 9 29 170 0 37


03/16/77 39 4 40 8 27 170 0 41


04/22/77 44 3 42 8 26 190 0 40


05/19/77 39 4 25 8 25 180 0 38


06/16/77 43 5 43 8 27 180 0 39


07/20/77 47 5 44 9 30 190 0 43


07/26/77 48 4 45 8 32 190 0 45


08/18/77 49 5 45 9 31 190 0 48


09/22/77 44 5 42 8 27 190 0 40


11/22/77 44 4 40 8 26 190 0 33


12/01/77 42 3 42 7 21 190 0 36


12/29/77 39 5 31 7 38 110 0 34


01/18/78 37 3 24 8 45 92 0 31


02/01/78 40 3 38 6 24 160 0 34


02/15/78 29 3 22 7 35 83 0 23


03/23/78 22 3 20 6 28 74 0 21


04/26/78 24 3 18 6 19 90 0 18
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Table 2 


Key Areas and Key Wells in the Transition Zone 


 
 
 


Aquifer
Key Hydrogeologic Areas Well Floodplain, 


Shallow Zone
Floodplain, Deep 


Zone
Regional


Inflow Areas


Mojave River Area Up Gradient From The 
TZ (Alto Sub-Area)


Upper Narrows Well 
(05N/04W-14D)


14D1 14D2 14D3 & 14D4


Mojave River Area Down Gradient From 
The Lower Narrows


Riverside Cement Well 
(06N/04W-30J5) 30J5


Shadow Mountains Fault - Up Gradient 
Area


El Mirage                       
(06N/06W-21J2)


21J2


Mojave River Area Adjacent The VVWRP
Oro Grande                         


(06N/05W-12H1) 12H2 12H1


Central TZ Highway 395 Area (08N/06W-15J1) 15J1


Outflow Areas


Adelanto Area (06N/05W-34F1) 34F1


Central TZ Mojave River Area (07N/05W-24)R5, R6, R7, 
& R8


24R8 24R7 24R6 & 24R5


Silver Lakes Area & Area Up Gradient 
From The Helendale Fault


Helendale 4                          
(08N/04W-19G) 19G4 19G3


19G2 (19G1 in 
bedrock fractures)


Area Within The Helendale Fault Helendale 2                            
(08N/04W-20Q)


20Q11 20Q9
20Q7, Q8, & Q9 
(all in bedrock 


fractures)


Mojave River Area Down Gradient From 
The TZ (Centro Subarea)


(08N04W12Q1 & 12C1) 12Q1 12C1







 


Table 3 


Groundwater Production In the Transition Zone 


By Water Use (acre-feet) 


 
 1994 1995 1996 1997 1998 1999 2000 2001 Avg. 
Agriculture 4,610 3,997 5,096 5,175 3,614 3,074 2,868 2,120 3,819 
Domestic       85      65    137    123    120    112      76      70      99 
Silver Lakes 
Association 


2,947 2,826 3,457 3,372 2,925 3,458 3,899 3,416 3,288 


Industrial 2,757 3,077 2,042 1,783 1,387 2,405 2,485 1,856 2,224 
Municipal 2,980 2,464 6,066 5,946 5,307 5,802 6,376 6,726 5,208 
Minimal 
Producers 
(estimated) 


   177 177    177    177    177    177    177    177   177 


Total 13,556 12,606 16,975 16,576 13,530 15,028 15,881 14,365 14,815 
 
 







 


Table 4 


Transition Zone Water Budget 


 


 
 


Footnotes are on the following page. 
 


Components Average Year Subtotal
Sources (Inflow) 61,150 AF
Surface Water


Mojave River Base Flow at the Lower Narrows 8,142 AF (1)


Mojave River Stormflow at the Lower Narrows 33,107 AF (2)


Precipitation 96 AF (3)


VVWRA Discharge 8,659 AF (4)


Ungaged Tributaries 320 AF (7)


Pumping Return Flows 5,926 AF (6)


Groundwater
Subsurface Inflows 4,900 AF (5)


Sinks (Outflow) 61,336 AF
Surface Water


Evaporation 1,159 AF (9)


Riparian Transpiration 6,000 AF (10)


Surface Outflow Across Helendale Fault 34,762 AF (12)


Groundwater
Subsurface Outflow Across Helendale Fault 4,600 AF (11)


Total Pumping 14,815 AF (8)


          Municipal Well Pumping 5,208 AF (8)


          Domestic Well Pumping 99 AF (8)


          Agricultural Pumping 3,819 AF (8)


          Industrial Pumping 2,224 AF (8)


         Silver Lakes Association 3,288 AF (8)


Minimal Producers (<10 AFY) 177 AF (13)


Difference -186 AF







Footnotes to Table 4 


 


1  The base flow value is an average value determined from data provided by the Mojave River Basin Watermaster for Water Years 1991 through 2001.  Storm flow 
and base flow are derived from total flow by the Mojave River Basin Watermaster using the method outlined in Exhibit C of the Judgment After Trial (California 
Superior Court, 1996).  Base flow and Storm flow values at the Lower Narrows are based on total flow measurements taken at the USGS stream gage at the Lower 
Narrows.  For the water budget, a longer period average was not used because the decline in base flow values observed since 1950 would not representing average 
conditions over the past 10 years.  The long term average base flow (1931-2001) is 18,829 AFY.  


8  The Mojave River Basin Watermaster has tabulated Transition Zone groundwater pumping since 1994.  The groundwater production values used in this water 
balance are average values representing the years 1994-2001.


2  This value is an average of storm flow values reported by the Watermaster for Water Years 1931 through 2001.  Base flow and Storm flow values at the Lower 
Narrows are based on stream flow measurements taken at the USGS stream gage at the Lower Narrows.  The determination of storm flow and base flow was made 
by the Mojave River Basin Watermaster using the method outlined in Exhibit C of the Judgment After Trial (California Superior Court, 1996).


3  Precipitation falling on desert areas, in the dry river channel, and/or in riparian areas is considered lost to evapotranspiration in accordance with assumptions 
made by the USGS (1996c and 2001a).  The value presented reflects direct precipitation on bodies of open water from which recharge can occur.  The value 
presented was estimated by multiplying the average annual precipitation by the area of the open water body.  Open bodies of water were determined from USGS 
(1996c) and personal communication with VVWRA to be approximately 206 acres.  NOAA data collected from 1939 through 2001 at the Victorville Pumping Plant, 
indicate an average precipitation of 5.61 inches per year.  


4  The value presented is an average of annual VVWRA discharge for the period tabulated by the Watermaster (1994-2001).  This period corresponds to the verified 
groundwater production data tabulated by the Watermaster.  VVWRA annual discharges observed during this period are the highest recorded.  Future VVWRA 
discharges are expected to increase annually.  


Based on these calculations and assumptions Webb determined a consumptive use value for the Transition Zone of 10,390 AFY for the 1996-97 Water Year.  Total 
verified production in the Transition Zone for the 1996-97 Water Year was 17,199 AFY.  The detailed consumptive use value determined by Webb for the 1996-97 
water year is 60.4 percent which leaves a return flow of approximately 40 percent. For the purposes of this study, Pumping Return Flows are assumed to be returns 
of groundwater pumped from within the Transition Zone and include averaged returns from irrigation and domestic septic systems.


13  The Mojave Water Agency estimates that there are approximately 177 small producers in the Transition Zone.  The small producers typically use the water for 
domestic purposes and use an average of 1 AFY (Webb, 2000).  For this study it is assumed that the 177 small producers each use 1 AFY.


9  This value reflects an evaporation rate of 67.5 inches per year (USGS 1996c) from 206 acres of free surface water associated with the VVWRA percolation ponds 
and surface water in the Mojave River Channel.  Silver Lakes are not included in this value because the lakes are lined, and water pumped to fill the lakes is 
considered outflow from the system accounted for by Total Pumping (Footnote 8).  Losses associated with agriculture, including evaporation, are accounted for in 
the estimate of pumping return flow, which is derived in part from agricultural consumptive use (Webb, 2000).


10  The value represents only riparian transpiration as determined by the USGS (1996c).  Transpiration from vegetation irrigated in urban areas is accounted for in 
domestic consumptive use as calculated by Webb (2000).  Transpiration from non-irrigated vegetation in urban areas is accounted for by the loss of deep infiltration 
from direct rainfall, similar transpiration from xerophytes in undeveloped areas as assumed by USGS (1996c).  Transpiration losses associated with agriculture are 
accounted for as agricultural consumptive use as calculated by Webb (2000)


11  As calculated by URS for this study.  Calculations are presented in Appendix H of this report.  The Mojave Basin Area Adjudication, Table C-1 gives a value of 
2,000 AFY.


12  This value represents 105% of storm flow measured at the Lower Narrows gage.  Based on calculations performed by Webb (2000) approximately 105% of long 
term average storm flow leaves the Transition Zone as surface flow in an average year.  There is likely a lower limit of storm flow beneath which this relationship 
cannot be applied.  That limit has not been defined.   


5  As calculated by URS for this study.  Calculations are presented in Appendix H of this report.    


6  Return flow value is estimated to be 40 percent of total pumping.  USGS (1971) assumes 40 - 45 percent return on total pumping and 55 - 60 percent return on 
water pumped for irrigation.  USGS (2001a) states that improvements to irrigation techniques since 1971 have reduced irrigation return flows to approximately 46 
percent.   Webb (2000) performed a detailed consumptive use study based on the 1996-97 water year.  Webb assumed a maximum irrigation consumptive use of 65 
percent when production exceeded crop requirements.  Otherwise, Webb applied crop specific consumptive use values to the number of acres under cultivation with 
each crop.  Webb assumed a 50 percent return value for water produced for domestic and municipal use.  Webb assumed that 100 percent of water produced for 
industrial processes in the Transition Zone is consumed.


7  The value presented is from Webb (2000).  This value for ungaged tributary stream flow in the Transition Zone was determined from data presented in Groundwater 
and Surface Water Relations Along the Mojave River, Southern California, USGS (1996a) . Described in text as occurring at the Transition Zone boundaries.  
Assumes 100 percent is recharged.







 


Table 5 Groundwater Storage Volume Estimates 


 
 
 
 


Entire Thickness Upper 100 Feet


Region
Regional 
Aquifer


Floodplain 
Aquifer


Regional 
Aquifer


Floodplain 
Aquifer


(acre-feet) (acre-feet)
Transition Zone (TZ) 6,600,000 700,000 1,100,000 300,000
Area South of TZ, but 


North of Shadow 
Mountains and Adelanto 


Faults


900,000 120,000


Area North of TZ, but 
within  the TZ Watershed 300,000 30,000


Specifiy Yield 10% 20% 10% 20%





