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Summary of Opinions  
Regarding Delineation of Sub-basins 
Antelope Valley Adjudication Area, 

Antelope Valley, California

October 22, 2008 

This report is submitted by the undersigned on behalf of Bolthouse Properties, LLC, and  
Wm. Bolthouse Farms, Inc., in connection with Phase II of the Antelope Valley Groundwater 
Cases, Superior Court of the State of California, County of Santa Clara, Judicial Council 
Coordination Proceeding No. 4408, Santa Clara Case No. 1-05-CV-049053.   

BACKGROUND 

As part of the Phase I trial of the Antelope Valley Groundwater Cases, the Court concluded that 
the boundary of the alluvial groundwater basin set forth in a report entitled “State of California, 
the Resources Agency, Department of Water Resources, California’s Groundwater, Bulletin 
118, Update 2003, October 2003 (“Bulletin 118-2003”) should serve as the basis for defining the 
jurisdictional boundary for purposes of the adjudication.  The Court generally used this boundary 
to define the boundary of the Antelope Valley Adjudication Area, which is also intended to 
represent the boundary of the Antelope Valley Groundwater Basin (hereinafter collectively 
“Adjudication Basin”).   

In the Phase II trial, the Court wished to determine, in a legal sense, if it is appropriate to 
delineate and separate sub-basins within the Adjudication Basin for the purposes of determining 
water rights among the parties.  The Court has indicated that it is useful to learn various aspects 
of the physical characteristics of the Antelope Valley from the testimony of experts concerning 
possible sub-basin delineations and what conditions, principally hydrogeological characteristics, 
might constitute a basis for delineating a portion of the Adjudication Basin as a sub-basin and 
separating this area from the main Adjudication Basin.   

Other parties in this matter have asserted, as part of the first week of the Phase II trial, that 
there are as many as three areas that they propose to be delineated as sub-basins and 
separated from the Adjudication Basin for the purposes of determining water rights among the 
parties; these three areas are generally referred to herein as the Anaverde Creek area, the 
Willow Springs area, and the Western Antelope area. 

MY CHARGE

In light of this background, Richard G. Zimmer, Esq., of Clifford & Brown, a Professional Law 
Corporation, attorney for Bolthouse Properties, LLC, and Wm. Bolthouse Farms, Inc., asked me, 
on October 21, 2008, to provide a report summarizing my opinions as to whether any of these 
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three areas of the Adjudication Basin have hydrogeological characteristics that indicate that the 
area should be delineated as a sub-basin that should be excluded from the Adjudication Basin 
for the purposes of determining water rights among the parties. 

SUMMARY OF OPINIONS 

My opinions concerning the issue of sub-basins are summarized and organized as follows: 
 Opinion concerning pertinent hydrogeologic characteristics; 
 Opinion concerning Anaverde Creek area, 
 Opinion concerning Willow Springs area, and 
 Opinion concerning Western Antelope area. 

Each of these opinions is summarized in a separate section, below. 

Opinion Concerning Pertinent Hydrogeologic Characteristics 

In my opinion, an area, including the subsurface materials beneath that surface area, that is a 
portion of the Adjudication Basin should be delineated as a sub-basin and excluded from the 
Adjudication Basin, for purposes of determining water rights among the parties, if that area or 
portion of the Adjudication Basin is so hydraulically and hydrogeologically isolated from adjacent 
portions of the Adjudication Basin that recharge to or discharge from the groundwater within that 
area or that portion has essentially no perceptible effect on adjacent portions of the Adjudication 
Basin and that recharge to or discharge from the adjacent portions of the Adjudication Basin has 
essentially no perceptible effect on that area or that portion of the Adjudication Basin. 

Opinion Concerning Anaverde Creek Area 

In my opinion, the Anaverde Creek area does not have the requisite hydrogeological 
characteristics, should not be delineated as a sub-basin, and should not be excluded from the 
Adjudication Basin for the purposes of determining water rights among the parties. 

The Anaverde Creek area, is generally defined in a report entitled “Anaverde Creek 
Groundwater Basin Hydrologic Review,” prepared for Anaverde LLC by Mr. John M. Lambie, E, 
PUR, LLC, September 28, 2008.  The Anaverde Creek area is not a separate and distinct 
groundwater basin from the Adjudication Basin, but instead is hydraulically connected to the 
Adjudication Basin.  Even with assumed consumption of 1,307 acre-feet per year by the so-
called “verdant area,” the Anaverde Creek Watershed contributes an average annual natural 
recharge of about 2,400 acre-feet per year to the Adjudication Basin, which is a meaningful and 
significant amount of potential groundwater recharge to the Adjudication Basin.   

Future pumping in the alluvial aquifers of the Anaverde Creek Watershed has the potential to 
impact the remainder of the Adjudication Basin by reducing the natural recharge provided to the 
Adjudication Basin from that portion of the mountain-front area of the San Gabriel Mountains 
that is within the Anaverde Creek Watershed.  Consequently, the Anaverde Creek area is 
hydraulically connected to the remainder of the Adjudication Basin, should not be delineated as 
a sub-basin, and should not be excluded from the Adjudication Basin for the purposes of 
determining water rights among the parties.   
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I have attached, as Attachment No. 1 to this report, my October 21, 2008, report entitled 
“Natural Recharge Contribution from the Anaverde Creek Portion of the San Gabriel Mountains 
to the Antelope Valley Adjudication Area, Antelope Valley, California” which provides additional 
support for this opinion. 

Opinion Concerning Willow Springs Area 

In my opinion, the Willow Springs area does not have the requisite hydrogeological 
characteristics, should not be delineated as a sub-basin, and should not be excluded from the 
Adjudication Basin for the purposes of determining water rights among the parties.   

The Willow Springs area is generally defined in the Phase I, November 3, 2006, Order After 
Hearing on Jurisdictional Boundaries, signed by Judge Jack Komar.  The Court in Phase I 
defined the Willow Springs area as that area in the northwestern portion of the Adjudicated 
Basin to the north of the Willow Springs/Cottonwood fault lines.   

The Phase I trial considered whether the fault bordering this area is so impermeable that it 
constitutes a barrier such that no water flows south of the fault line.  In other words, the Court 
considered whether there is sufficient conductivity between the area north of the fault and the 
balance of the Antelope Valley such that the Willow Springs area should be included within the 
Adjudication Basin.  The Court concluded in Phase I that the Willow Springs area should be 
included within the Adjudication Basin.  I have reviewed the data and information presented in 
the Phase I trial and the testimony of witnesses during the first week of the Phase II trial, and I 
agree with that conclusion.   

More specifically, my review indicated that there is a significant amount of groundwater that 
flows from the Willow Springs area into the remainder of the Adjudication Basin, and that future 
pumping in the Willow Springs area would reduce the amount of this recharge that enters the 
remainder of the Adjudication Basin.  Consequently, the Willow Springs area is hydraulically 
connected to the remainder of the Adjudication Basin, should not be delineated as a sub-basin, 
and should not be excluded from the Adjudication Basin for the purposes of determining water 
rights among the parties.

In support of my opinion, I have attached two figures to this report: I have attached, as 
Attachment No. 2 and Attachment No. 3, respectively, Plate 6 from a report entitled “Calibration 
of a Mathematical Model of the Antelope Valley Groundwater Basin, California,” by Timothy J. 
Durbin, U. S. Geological Survey Water-Supply Paper 2046, 1978; and Figure 10 from a report 
entitled “Water Resources of the Antelope Valley-East Kern Water Agency Area, California,” by 
R. M. Bloyd, Jr., U. S. Geological Survey Open File Report 67-21, 1967. 

Opinion Concerning Western Antelope Area 

In my opinion, the Western Antelope area does not have the requisite hydrogeological 
characteristics, should not be delineated as a sub-basin, and should not be excluded from the 
Adjudication Basin for the purposes of determining water rights among the parties.   

The Western Antelope area, is generally defined in a report entitled “Groundwater Sub-Basins in 
the Antelope Valley,” prepared for Kuhs and Parker on behalf of Tejon Ranchcorp by Mr. E. 
John List, Flow Science Incorporated, June 24, 2008 (List, 2008).  The Western Antelope area 
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is not a separate and distinct groundwater basin from the Antelope Valley Groundwater Basin, 
but instead is hydraulically connected to the Antelope Valley Groundwater Basin.  The buried 
bedrock ridge that has been used to attempt to define the eastern boundary of the Western 
Antelope area does not extend upward to ground surface or even to the groundwater table over 
much of its length.  In fact, there is a considerable amount of saturated alluvium overlying much 
of the bedrock ridge through which groundwater can, and does, flow from one side of the ridge 
to the other.   

Historically, groundwater flowed from west to east across the buried bedrock ridge as a result of 
natural and anthropogenic groundwater discharges from the portion of the Adjudicated Basin 
east of the buried ridge.  If future groundwater extraction were to increase west of the buried 
bedrock ridge, it is likely that groundwater would be caused to flow westerly across the bedrock 
ridge to help meet that demand.  Similarly, if future groundwater extraction were to increase 
east of the bedrock ridge, it is likely that groundwater would be caused to flow easterly across 
the bedrock ridge to help meet that demand.  Consequently, the Western Antelope area is 
hydraulically connected to the remainder of the Adjudication Basin, should not be delineated as 
a sub-basin, and should not be excluded from the Adjudication Basin for the purposes of 
determining water rights among the parties.   

In support of my opinion, I have attached three figures to this report: I have attached, as 
Attachment No. 4, Attachment No. 5, and Attachment No. 6, respectively, Figure 16 (revised), 
Figure 17 (revised), and Figure 18 (revised) of the report by John List (List, 2008). 

CLOSURE

This concludes my report summarizing my opinions regarding delineation of sub-basins in the 
Adjudication Basin, Antelope Valley, California.  If called to testify under oath at deposition 
and/or at the Phase II trial, I am prepared to express these opinions, to elaborate on my 
opinions, and to provide further support for my opinions. 

Respectfully submitted, 
AMEC Geomatrix Inc. 

N. Thomas Sheahan, PG, PGP, CEG, CHG 
Senior Consultant Hydrogeologist 

Attachments: 

Attachment No. 1 - Report entitled ““Natural Recharge Contribution from the Anaverde 
Creek Portion of the San Gabriel Mountains to the Antelope Valley Adjudication Area, 
Antelope Valley, California”, Prepared by N. Thomas Sheahan, PG, PGP, CEG, CHG, 
Senior Consultant Hydrogeologist, Geomatrix Consultants, Inc., on behalf of Bolthouse 
Properties, LLC and Wm. Bolthouse Farms, Inc., in connection with the Antelope Valley 
Groundwater Cases, Superior Court of the State of California, County of Santa Clara, 
Judicial Council Coordination Proceeding No. 4408, Santa Clara Case No. 1-05-CV-
049053, October 21, 2008. 
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Attachment No. 2 - Plate 6 from a report entitled “Calibration of a Mathematical Model 
of the Antelope Valley Groundwater Basin, California,” by Timothy J. Durbin, U. S. 
Geological Survey Water-Supply Paper 2046, 1978. 

Attachment No. 3 – Figure 10 from a report entitled “Water Resources of the Antelope 
Valley-East Kern Water Agency Area, California,” by R. M. Bloyd, Jr., U. S. Geological 
Survey Open File Report 67-21, 1967. 

Attachment No. 4 – Figure 16 (revised) from a report entitled “Groundwater Sub-Basins 
in the Antelope Valley,” prepared for Kuhs and Parker on behalf of Tejon Ranchcorp by 
Mr. E. John List, Flow Science Incorporated, June 24, 2008. 

Attachment No. 5 – Figure 17 (revised) from a report entitled “Groundwater Sub-Basins 
in the Antelope Valley,” prepared for Kuhs and Parker on behalf of Tejon Ranchcorp by 
Mr. E. John List, Flow Science Incorporated, June 24, 2008. 

Attachment No. 6 – Figure 18 (revised) from a report entitled “Groundwater Sub-Basins 
in the Antelope Valley,” prepared for Kuhs and Parker on behalf of Tejon Ranchcorp by 
Mr. E. John List, Flow Science Incorporated, June 24, 2008. 
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Attachment No. 1 

Report entitled ““Natural Recharge Contribution from the Anaverde Creek Portion of the San 
Gabriel Mountains to the Antelope Valley Adjudication Area, Antelope Valley, California”,
Prepared by N. Thomas Sheahan, PG, PGP, CEG, CHG, Senior Consultant Hydrogeologist, 
Geomatrix Consultants, Inc., on behalf of Bolthouse Properties, LLC and Wm. Bolthouse Farms, 
Inc., in connection with the Antelope Valley Groundwater Cases, Superior Court of the State of 
California, County of Santa Clara, Judicial Council Coordination Proceeding No. 4408, Santa 
Clara Case No. 1-05-CV-049053, October 21, 2008. 
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Natural Recharge Contribution 
from the Anaverde Creek Portion 

of the San Gabriel Mountains to the 
Antelope Valley Adjudication Area, 

Antelope Valley, California

October 21, 2008 

This report is submitted by the undersigned on behalf of Bolthouse Properties, LLC, and  
Wm. Bolthouse Farms, Inc., in connection with Phase II of the Antelope Valley Groundwater 
Cases, Superior Court of the State of California, County of Santa Clara, Judicial Council 
Coordination Proceeding No. 4408, Santa Clara Case No. 1-05-CV-049053.  Results of 
calculations herein are presented to a precision of the nearest unit in some cases and are 
rounded to a lower precision in other cases, but should not be assumed to be accurate to the 
precision shown.  The accuracy of most calculations is to the nearest two or three significant 
figures.

SUMMARY OPINION 

The Anaverde Creek Groundwater Basin is not a separate and distinct groundwater basin from 
the Antelope Valley Groundwater Basin, but instead is hydraulically connected to the Antelope 
Valley Groundwater Basin.  The Anaverde Creek Watershed contributes an average annual 
natural recharge of about 2,400 acre-feet per year to the Antelope Valley Adjudication Area, 
which is a meaningful and significant amount of potential groundwater recharge to the Antelope 
Valley Groundwater Basin. 

INTRODUCTION

As part of the Phase I trial of the Antelope Valley Groundwater Cases, the Court concluded that 
the alluvial groundwater basin set forth in the “State of California, the Resources Agency, 
Department of Water Resources, California’s Groundwater, Bulletin 118, Update 2003, October 
2003 (“Bulletin 118-2003”) should serve as the basis for defining the jurisdictional boundary for 
purposes of the adjudication, and the Court defined the boundary of the Antelope Valley 
Adjudication Area to represent the boundary of the Antelope Valley Groundwater Basin for this 
purpose.

In the report entitled “Anaverde Creek Groundwater Basin Hydrologic Review, prepared for 
Anaverde LLC by Mr. John M. Lambie, E, PUR, LLC, September 28, 2008” (Lambie, 2008), Mr. 
Lambie delineates an area that he refers to as the “Anaverde Creek Watershed.”  Mr. Lambie 
also seems to sometimes refer to this watershed area as the “Anaverde Creek Groundwater 
Basin,” but unfortunately, Mr. Lambie does not show the boundaries of the Anaverde Creek 
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Groundwater Basin on any of the exhibits included in his report.  In describing the conceptual 
hydrogeology of the Anaverde Creek Groundwater Basin, Mr. Lambie includes the alluvial 
deposits and the underlying and adjoining bedrock. (Lambie, 2008, p. 6)  As a result, it appears 
that Mr. Lambie’s definition of the Anaverde Creek Watershed and the Anaverde Creek 
Groundwater Basin are one in the same.   

I disagree with many of the conclusions presented by Mr. Lambie in his report, including his 
statements that:

 “[t]he Anaverde Creek Groundwater Basin is a separate and distinct groundwater basin 
from the Antelope Valley Groundwater Basin;” (Lambie, 2008, p.2) 

 “the Anaverde Creek Groundwater Basin is not hydraulically connected to the Antelope 
Valley Groundwater Basin;” (Lambie, 2008, p.2) and 

 the Anaverde Creek Groundwater Basin “does not contribute a meaningful amount of 
groundwater to the Antelope Valley Groundwater Basin.” (Lambie, 2008, p.2) 

In an attempt to support of his statements, Mr. Lambie asserts that “[e]vapotranspiration by 
wetland vegetation [the 276-acre verdant area] consumes” … “approximately 1,300 acre-feet 
per year.”  (Lambie, 2008, p. 12).

He then states that “[e]stimates of the average groundwater recharge for the Anaverde Creek 
Groundwater Basin suggest the available quantity of groundwater is on the order of 1,200 acre-
feet per year” (Lambie, 2008, p. 12), and concludes that “[n]o appreciable quantity of 
groundwater flows from the Anaverde Creek [Groundwater] Basin to the Antelope Valley basin 
as upwelling groundwater at the bedrock and fault structures is consumed by 
evapotranspiration.”  (Lambie, 2008, p. 12)  I disagree with Mr. Lambie’s conclusion and his 
estimate of the available quantity of groundwater. 

BACKGROUND INFORMATION 

Mr. Lambie reportedly measured the area of the Anaverde Creek Watershed and found it to 
contain approximately 10,260 acres.  (Lambie, 2008, p. 2)  Similarly, Mr. Lambie reportedly 
researched the average annual rainfall for the Anaverde Creek Watershed and found that 
annual rainfall averages 8.8 inches in the lower elevation areas that include the Anaverde 
Ranch property, but ranges to as much as 18.4 inches in the high elevation areas. (Lambie, 
2008, p. 3)  Using the precipitation data, Mr. Lambie reportedly determined that the average 
annual rainfall for the Anaverde Creek Watershed is 14.14 inches, which totals an average of 
12,090 acre-feet per year of precipitation for the Anaverde Creek Watershed. (Lambie, 2008, p. 
7)

As part of his report, Mr. Lambie describes a 276-acre area he refers to as the “verdant” area on 
the lower portions of the Anaverde Ranch Property. (Lambie, 2008, p. 8 and Ex. 13)  Using the 
Blaney-Criddle method, Mr. Lambie reportedly calculated an estimated consumptive use for the 
verdant area of 1,307 acre-feet per year. (Lambie, 2008, p. 8 and Ex. 16)   

Mr. Lambie did not report conducting any sort of rigorous analysis of the amounts of surface 
water runoff and bedrock infiltration (groundwater recharge) that occur in the Anaverde Creek 
Watershed.  Instead, Mr. Lambie simply assumed a value of 10% of rainfall as groundwater 
recharge, a value that he refers to as a “working estimate.” Using this assumed percentage, he 
reportedly calculated an amount of 1,209 acre-feet per year.  Mr. Lambie’s report does not 
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provide any rational basis for his assumed percentage or any other support for his assumed 
amount of groundwater recharge.  Although he states that this assumption “is supported by soil 
moisture retention estimates for the climate in the region,” he does not present any basis for this 
statement, does not present any information on soil moisture retention, and does not provide 
any clue as to why “soil moisture retention estimates for the climate in the region” should be 
considered support for his assumed percentage. (Lambie, 2008, p. 7-8)   

The value for annual groundwater recharge, or bedrock infiltration of precipitation, in the 
mountain-front portion of the Anaverde Creek Watershed, is a critical element in Mr. Lambie’s 
conclusion that evapotranspiration by the 276-acre verdant area (about 1,300 acre-feet per 
year) consumes the upwelling average groundwater recharge for the Anaverde Creek 
Groundwater Basin (about 1,200 acre-feet per year) such that no appreciable quantity of 
groundwater flows from the Anaverde Creek Groundwater Basin to the Antelope Valley 
Groundwater Basin.  (Lambie, 2008, p. 12)   

Obviously, If the amount of annual groundwater recharge or bedrock infiltration of precipitation 
in the Anaverde Creek Watershed is significantly greater than Mr. Lambie’s “working estimate” 
of 1,209 acre-feet per year, Mr. Lambie’s conclusion that the Anaverde Creek Groundwater 
Basin is a separate and distinct groundwater basin from the Antelope Valley Groundwater 
Basin, is not hydraulically connected to the Antelope Valley Groundwater Basin, and does not 
contribute a meaningful amount of groundwater to the Antelope Valley Groundwater Basin is 
patently wrong. 

I have made a rigorous analysis of the amounts of surface water runoff and groundwater 
recharge or bedrock infiltration in the mountain-front area of the San Gabriel Mountains, 
including the area delineated by Mr. Lambie as the Anaverde Creek Watershed.  I have 
determined the average amount of groundwater recharge for this area to be significantly larger 
than the “working estimate” assumed by Mr. Lambie.  The following sections of this report 
present my results and my conclusion that the Anaverde Creek Groundwater Basin is not a 
separate and distinct groundwater basin from the Antelope Valley Groundwater Basin, but 
instead is hydraulically connected to the Antelope Valley Groundwater Basin, and contributes a 
meaningful amount of natural recharge to the Antelope Valley Adjudication Area and the 
Antelope Valley Groundwater Basin. 

CALCULATION OF ANTELOPE VALLEY MOUNTAIN FRONT RECHARGE 

As the basis for my analysis of the groundwater recharge provided to the Antelope Valley 
Adjudication Area from the Anaverde Creek Watershed, I use the results of my previous studies 
of the Antelope Valley Mountain-Front Area.  These results are documented in my report 
entitled “Mountain-Front Recharge, Runoff, and Bedrock Infiltration in the Antelope Valley, 
California, Prepared by N. Thomas Sheahan, PG, PGP, CEG, CHG, Senior Consultant 
Hydrogeologist, Geomatrix Consultants, Inc., on behalf of Bolthouse Properties, LLC and Wm. 
Bolthouse Farms, Inc., in connection with the Antelope Valley Groundwater Cases, Superior 
Court of the State of California, County of Santa Clara, Judicial Council Coordination 
Proceeding No. 4408, Santa Clara Case No. 1-05-CV-049053, March 9, 2008” (“Sheahan, 
2008”), which is attached hereto as Exhibit No. 1 to this report.  It is noted that the boundaries of 
the Antelope Valley Adjudication Area and watershed shown in several of the figures of this 
report are slightly different than the boundary defined by the Court in Phase 1 of this trial; 
however, these slight differences do not materially affect the conclusions of that report or the 
conclusions presented in this report. 
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In my report (Exhibit 1), I present my analysis of the Antelope Valley mountain-front recharge 
(runoff and bedrock infiltration or groundwater recharge) based on published and readily 
available precipitation, runoff, and evapotranspiration data for the Antelope Valley Watershed.  
My analysis used a standard methodology developed by the U.S. Geological Survey for 
calculating runoff and groundwater recharge.  My resulting analysis provides reasonable values 
for surface water runoff and groundwater recharge from the mountain-front area of the San 
Gabriel Mountains, including the mountain-front area of the Anaverde Creek Watershed.  My 
report also quantifies the contribution from these mountain-front areas to the total natural 
recharge of the Antelope Valley Adjudication Area and the Antelope Valley Groundwater Basin. 

From my previous report (Sheahan, 2008, p. 1) I have determined the following areas for the 
Antelope Valley Watershed: 

 the area of the total Antelope Valley Watershed is about 1,575,000 acres;  
 the area of the surface of the Antelope Valley Groundwater Basin portion of the 

Watershed is about 900,000 acres; 
 the area of the mountain-front portion of the Antelope Valley Watershed is about 

287,000 acres; and 
 the remaining 388,000-acre portion of the Antelope Valley Watershed consists of other 

bedrock outcrops in areas of the Antelope Valley Watershed, other than the bedrock in 
the mountain-front area. 

Also, from my previous report (Exhibit 1) I have determined the following natural, average 
annual water quantities for the Antelope Valley Watershed: 

 average annual precipitation in the Antelope Valley Watershed is about 958,000 acre-
feet per year (Sheahan, 2008, p.1); 

 average annual precipitation in the mountain-front area is about 279,400 acre-feet per 
year, which is the precipitation that occurs in the area between the Antelope Valley 
Watershed boundary along the San Gabriel and Tehachapi Mountains and the Antelope 
Valley Groundwater Basin boundary or Antelope Valley Adjudication Area boundary 
where the average annual precipitation is greater than 6-inches per year (Sheahan, 
2008, Fig. 6); 

 average annual mountain-front runoff is about 45,700 acre-feet per year (Sheahan, 
2008, p.1); 

 average annual mountain-front evapotranspiration is about 172,000 acre-feet per year 
(Sheahan, 2008, p.1);

 average groundwater recharge or bedrock infiltration of precipitation in the mountain-
front area is about 61,700 acre-feet per year, which recharges the Antelope Valley 
Groundwater Basin directly as underflow inflow to the alluvial aquifers of the Antelope 
Valley Groundwater Basin (Sheahan, 2008, p.1); and  

 total mountain-front recharge available to the Antelope Valley Adjudication Area and the 
Antelope Valley Groundwater Basin is about 107,400 acre-feet per year. (Sheahan, 
2008, p.1) 

I have summarized these data and results for the Antelope Valley Watershed in Table 1, 
“Antelope Valley Mountain Front Natural Recharge Contribution to the Antelope Valley Area of 
Adjudication (Antelope Valley Adjudication Area)”, attached hereto as Exhibit No. 2 to this 
report.
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As Table 1 shows, the average amount of surface water runoff from the Antelope Valley 
mountain-front area onto the Antelope Valley Adjudication Area is about 45,700 acre-feet per 
year.  Nearly all of this runoff infiltrates into the ground in the Antelope Valley Adjudication Area 
and recharges the groundwater in the Antelope Valley Groundwater Basin.  Similarly, the 
amount of precipitation that infiltrates into the fractured bedrock of the mountain-front area is 
about 61,700 acre-feet per year in the Antelope Valley mountain-front area.  This water 
infiltrates into the ground becoming groundwater, migrates through the fractured bedrock 
downgradient to the alluvial aquifers of the Antelope Valley Groundwater Basin, and directly 
recharges the alluvial aquifers of the Antelope Valley Groundwater Basin as underflow inflow to 
those alluvial aquifers.  The total of these, runoff and bedrock infiltration, becomes 107,400 
acre-feet per year of natural recharge available to the Antelope Valley Adjudication Area.  The 
remainder of the precipitation that falls in the Antelope Valley mountain-front area, about 
172,000 acre-feet per year, is consumed by evapotranspiration. 

APPLICATION OF MOUNTAIN-FRONT ANALYSIS TO ANAVERDE WATERSHED

Mr. Lambie’s report figure entitled “Exhibit 2 Anaverde Ranch Location” shows the line he has 
drawn to represent the Anaverde Creek Watershed boundary.  He has also drawn the line that 
represents the Antelope Valley Adjudication Area boundary, which is the same as the boundary 
of the Antelope Valley Groundwater Basin.  For convenience, I have attached Mr. Lambie’s 
“Exhibit 2 Anaverde Ranch Location” as Exhibit No. 3 to this report without modification.  Based 
on the work done by the California Department of Water Resources as part of Bulletin 118-
2003, the area generally within the Antelope Valley Adjudication Area boundary, within the 
Anaverde Creek Watershed and continuing out into the remainder of the Antelope Valley is 
generally alluvium and is considered to be part of the Antelope Valley Groundwater Basin.  
(Bulletin 118-2003, p. 192, Fig. 41)  This area is generally coincident with the portion of the 
watershed described by Mr. Lambie as “the lower elevation areas that include the Anaverde 
Ranch property” (Lambie, 2008, p. 3) and includes the alluvial aquifers penetrated by the wells 
on the Anaverde Ranch Property.  (Lambie, 2008, Ex. 2 and Exhibit 3 of this report)  For 
convenience, I refer to this lower area as the “Anaverde Creek Alluvial Area.”  

The higher-elevation area south of the Anaverde Creek Alluvial Area, but within the Anaverde 
Creek Watershed to the south, therefore, is the mountain-front area of the Anaverde Creek 
Watershed.  Again, for convenience, I refer to this area as the “Anaverde Creek Mountain-Front 
Area.”  The south boundary of the Anaverde Creek Watershed is the same as the south 
boundary of the Anaverde Creek Mountain-Front Area, the same as the south boundary of the 
Antelope Valley Watershed, and the same as the south boundary of the Antelope Valley 
Mountain-Front Area.  Consequently, the Anaverde Creek Mountain-Front area of the Anaverde 
Creek Watershed is part of the mountain-front area of the Antelope Valley Watershed. 

Using a hard copy of Mr. Lambie’s Exhibit 2, I measured the relative sizes of the Anaverde 
Creek Alluvial Area and the Anaverde Creek Mountain-Front area.  I found that the area of the 
Anaverde Creek Alluvial Area is about 3,796 acres and the area of the Anaverde Creek 
Mountain-Front Area is about 6,464 acres, totaling 10,260 acres for the full Anaverde Creek 
Watershed, as reported by Mr. Lambie.  (Lambie, 2008, p. 2)   

 3,796 acres + 6,464 acres = 10,260 acres. 
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These acreages are used in the subsequent analyses, below, and the results are summarized in 
Table 2, “Anaverde Mountain Front Area Natural Recharge Contribution to the Antelope Valley 
Area of Adjudication (Antelope Valley Adjudication Area)”, attached hereto as Exhibit No. 4 to 
this report.. 

Total Precipitation in Anaverde Creek Watershed Areas 

Next, using Mr. Lambie’s reported average annual rainfall value of 8.8 inches per year (in/yr) for 
the Anaverde Creek Alluvial Area, which is essentially coincident with the lower elevation areas 
that include the Anaverde Ranch property (Lambie, 2008, p. 3) I calculated that the average 
annual amount of precipitation falling on the Anaverde Alluvial Area is 2,784 acre-feet per year. 

 3,796 acres X 8.8 in/yr / 12 inches/ft = 2,784 acre-feet per year 

The total precipitation for the Anaverde Creek Watershed is 12,090 acre-feet per year, as 
reported by Mr. Lambie.  (Lambie, 2008, p. 7)  The average annual amount of precipitation 
falling on the Anaverde Creek Mountain-Front Area, therefore, is 9,306 acre-feet per year.  

 12,090 acre-feet per year - 2,784 acre-feet per year = 9,306 acre-feet per year. 

Considering the generally dry climate of the Anaverde Ranch Property area, I conservatively 
assumed that all of the precipitation falling on the Anaverde Alluvial Area is lost to evaporation 
and/or evapotranspiration and that none of this precipitation infiltrates to the groundwater table 
within the alluvial aquifers or runs of as surface water in Anaverde Creek.   

Surface Water Runoff from Anaverde Creek Mountain-Front Area 

Applying the results of my assessment of the surface water runoff in the Antelope Valley 
Mountain-Front area (Sheahan, 2008, p. 1), I calculated the amounts of surface water runoff in 
the Anaverde Creek Mountain-Front Area.  From Table 1, the average annual amount of surface 
water runoff from the Antelope Valley mountain-front area is about 45,700 acre-feet per year.  
The total annual average precipitation in the Antelope Valley mountain-front area is 279,400 
acre-feet per year.  For the Anaverde Mountain-Front Area, the average annual precipitation is 
9,306 acre-feet per year.  Applying the factor (45,700/279,400) to the average annual 
precipitation of 9,306 acre-feet per year for the Anaverde Mountain-Front Area yields a value of 
1,522 acre-feet per year for the average annual surface water runoff from the Anaverde 
Mountain-Front Area. 

 9,306 acre-feet per year X (45,700/279,400) = 1,522 acre-feet per year 

This surface water runoff flows out of the Anaverde Mountain-Front Area, is collected by 
Anaverde Creek, and flows in the creek over the Anaverde Creek Alluvial Area, which is part of 
the Antelope Valley Adjudication Area, providing a source of recharge to the alluvial aquifers in 
the Antelope Valley Groundwater Basin.  Although some portion of the surface water runoff may 
infiltrate into the alluvial material within the Anaverde Creek Alluvial Area, the portions that do 
not infiltrate into the alluvium of the Anaverde Alluvial Area continue to flow out into the 
remaining portion of the Antelope Valley Adjudication Area providing a source of natural 
recharge to the Antelope Valley Adjudication Area. 
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Groundwater Recharge in the Anaverde Mountain-Front Area 

Similarly, applying the results of my assessment of the groundwater recharge from bedrock 
infiltration in the Antelope Valley Mountain-Front area (Sheahan, 2008, p. 1), I calculated the 
amounts of bedrock infiltration in the Anaverde Creek Mountain-Front Area.  From Table 1, the 
amount of precipitation that infiltrates into the fractured bedrock of the Antelope Valley 
mountain-front area, becoming groundwater recharge to the Antelope Valley Groundwater 
Basin, is about 61,700 acre-feet per year.  The total annual average precipitation in the 
Antelope Valley mountain-front area is 279,400 acre-feet per year.  For the Anaverde Mountain-
Front Area, the average annual precipitation is 9,306 acre-feet per year.  Applying the factor 
(61,700/279,400) to the average annual precipitation of 9,306 acre-feet per year for the 
Anaverde Mountain-Front Area yields a value of 2,055 acre-feet per year for the average annual 
amount of precipitation that infiltrates into the fractured bedrock of the Anaverde Mountain-Front 
Area.

 9,306 acre-feet per year X (61,700/279,400) = 2,055 acre-feet per year 

The water that infiltrates into the ground in the Anaverde Mountain-Front Area migrates through 
the fractured bedrock and directly recharges the Antelope Valley Groundwater Basin as 
underflow inflow to the alluvial aquifers of that area, including the alluvial aquifers of the 
Anaverde Alluvial Area. 

Evapotranspiration from the Anaverde Mountain-Front Area 

The remainder of the average annual precipitation that falls on the Anaverde Mountain-Front 
Area is consumed by evapotranspiration.  The average annual evapotranspiration from the 
Anaverde Mountain-Front Area, based on the data from Table 2, is about 5,729 acre-feet per 
year.

 9,306 acre-feet per year – 1,522 acre-feet per year – 2,055 acre-feet per year  
 = 5,729 acre-feet per year 

A value for evapotranspiration of the Anaverde mountain front area can be calculated by a 
separate, independent approach.  The total area of the Anaverde Creek Watershed is 6,464 
acres.  The crop coefficient for native vegetation (Knv = 0.14) and the average value for the 
reference evapotranspiration (ETo = 51.5 inches per year) have been determined and reported 
for the Antelope Valley mountain-front area, which includes the Anaverde Creek mountain-front 
area.  (Sheahan, 2008, p. 10).  Applying the crop coefficient Knv to the average value for ETo 
for the Anaverde mountain-front area yields a value for the average annual evapotranspiration 
of native vegetation ( ETnv) of about 7.2 inches per year (in/yr). 

 ETnv = Knv X ETo 

 ETnv = 0.14 X 51.5 in/yr = 7.2 in/yr 

Based on the average evapotranspiration rate of 7.2 in/yr for native vegetation developed for the 
Antelope Valley mountain front area, the estimated evapotranspiration for the Anaverde 
Watershed would be 3,878 acre-feet per year. 
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 6,464 acres X 7.2 in/yr / 12 in/ft = 3,883 acre-feet per year 

This value is somewhat smaller than the 5,729 acre-feet per year value calculated above using 
Table 2, which suggests that the total amount of runoff and bedrock infiltration in the Anaverde 
Creek Mountain-Front Area may be larger than the values shown in Table 2.. 

Summary of Analyses of Anaverde Creek Mountain-Front Area 

In summary, the total mountain-front recharge potentially available from the Anaverde Creek 
Mountain-Front Area to the Anaverde Alluvial Area aquifers, which are part of the Antelope 
Valley Adjudication Area and the Antelope Valley Groundwater Basin, is the combination of 
1,522 acre-feet per year of surface water runoff and 2,055 acre-feet per year of bedrock 
infiltration, totaling about 3,577 acre-feet per year. 

 1,522 acre-feet per year + 2,055 acre-feet per year = 3,577 acre-feet per year 

This is a significant amount of potential natural recharge to the Anaverde Alluvial Area, the 
Antelope Valley Adjudication Area, and the Antelope Valley Groundwater Basin.  These results 
are summarized in Table 2, “Anaverde Mountain Front Area Natural Recharge Contribution to 
the Antelope Valley Area of Adjudication (Antelope Valley Adjudication Area)”, attached hereto 
as Exhibit No. 4 to this report.  

EFFECT OF EVAPOTRANSPIRATION FROM VERDANT AREA

As noted above, Mr. Lambie delineated a 276-acre area he refers to as the “verdant” area on 
the lower portions of the Anaverde Ranch Property (within the Anaverde Alluvial Area), and 
shows that area on his figure entitled “Exhibit 13 Estimated Verdant Area in Anaverde Creek 
Groundwater Basin”.  (Lambie, 2008, p. 8 and Ex. 13)  For convenience, I have attached Mr. 
Lambie’s “Exhibit 13 Estimated Verdant Area in Anaverde Creek Groundwater Basin” as Exhibit 
No. 5 to this report.

Correction of Verdant Area Demand for Direct Precipitation 

Mr. Lambie reportedly calculated an estimated consumptive use for the verdant area of 1,307 
acre-feet per year.  (Lambie, 2008, p. 8 and Ex. 16)  Although not addressed by Mr. Lambie, a 
portion of the estimated 1,307 acre-feet per year consumption calculated by Mr. Lambie is 
contributed by precipitation falling directly on the verdant area.  I have assumed that all of the 
precipitation falling on the Anaverde Alluvial Area is lost to evaporation and/or 
evapotranspiration and that none of this precipitation infiltrates to the groundwater table within 
the alluvial aquifers; however, that part of the Anaverde Alluvial Area precipitation falling on the 
verdant area is consumed by the vegetation in the verdant area.  Only the remainder of the 
consumptive demand of the verdant area comes from other sources, such as surface water 
infiltrating out of Anaverde Creek, subsurface flow in the stream channel beneath Anaverde 
Creek, or groundwater flowing from bedrock infiltration in the Anaverde Creek Mountain-Front 
Area.  Thus, it is necessary to calculate the average annual amount of precipitation in the 
verdant area to subtract from the total consumption of 1,307 acre-feet per year.  This is 
presented in the following paragraph. 
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The verdant area is 276 acres in size.  (Lambie, 2008, p. 8)  The average annual rainfall in this 
area is 8.8 inches.  (Lambie, 2008, p. 3)  The average annual amount of precipitation in the 
verdant area, therefore, is 202 acre-feet per year.   

 276 acres X 8.8 in/yr / 12 1n/ft = 202 acre-feet per year 

Subtracting this amount from the calculated consumptive demand of the verdant area, 1,307 
acre-feet per year, leaves a resultant verdant area average annual consumptive demand of 
1,105 acre-feet per year. 

 1,307 acre-feet per year – 202 acre-feet per year = 1,105 acre-feet per year 

Thus, the average demand of the verdant area on either groundwater or surface water sources 
in the Anaverde Creek Watershed is only 1,105 acre-feet per year. 

Verdant Area Potentially Supplied by Anaverde Creek Surface Flow 

It is important, also, to note that Anaverde Creek flows directly through the verdant area.  
Lambie, 2008, Ex. 2 and Ex. 13)  When there is surface flow in the creek, this water would be 
available to supply a portion, or all, of the resultant consumptive demand of the plants in the 
verdant area.  Also, there appear to be several man-made ponds in the eastern portion of the 
verdant area that may also supply water for plants in the verdant area.  (Lambie, 2008, Ex. 11)   

Subsurface Flow in Subterranean Stream Channel of Anaverde Creek 

Most creeks and streams, such as Anaverde Creek, situated on alluvial materials also have 
subsurface flow in the subterranean alluvial channels beneath the streams.  The combination of 
surface flow in streams and subsurface flow in subterranean stream channels has been widely 
recognized by California hydrogeologists and legislators, alike, and is addressed in California 
Water Code §1200, which states:

“Whenever the terms stream, lake or other body of water occurs in relation to 
applications to appropriate water or permits or licenses issued pursuant to such 
applications, such term refers only to surface water, and to subterranean streams 
flowing through known and definite channels.”   
(Source: “Sheahan, N. T., 2003, After the Pala/Pauma Decision: Criteria for Classifying 
Groundwater as Subterranean Streams or Percolating Groundwater, Feature Article in 
California Water Law and Policy Reporter, Vol. 13, No. 5, February, pp. 127-131.”)

Some of the runoff from mountain-front areas or hillsides that starts as surface flow of a stream 
may infiltrate into, and become part of, the subsurface flow of the subterranean channel of the 
stream.  It is the same surface water runoff, part of the runoff from the mountain-front areas or 
hillsides, and is still considered surface water by the State of California under Water Code 
§1200, but it flows as groundwater through the subsurface alluvial materials of the subterranean 
channel.  Consequently, because Anaverde Creek flows directly through the verdant area, the 
average annual amount of 1,522 acre-feet per year of runoff that flows in this creek, as surface 
water in the creek or as subterranean flow like groundwater through the subsurface alluvial 
materials of the subterranean channel, likely supplies a significant portion of the remaining 
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1,105 acre-feet per year consumptive demand of the verdant area plants, and may, in fact, 
supply the full amount of this resultant demand.   

Verdant Area Demand Met by Surface Water in Anaverde Creek 

This verdant area demand remaining after accounting for 202 acre-feet per year of average 
annual rainfall directly on the verdant area, may consume water from the surface water flowing 
in Anaverde Creek, from the portion of the surface water that flows as groundwater through the 
subsurface alluvial materials of the subterranean channel in the area, and/or from the 
groundwater in the aquifer materials beneath the stream channel.   

As shown on Table 2, the total mountain-front recharge potentially available on an annual 
average basis to the Anaverde Alluvial Area aquifers, including the verdant area, is the 
combination of 1,522 acre-feet per year of surface water runoff and 2,055 acre-feet per year of 
groundwater recharge or bedrock infiltration, totaling about 3,577 acre-feet per year of water 
available to the system.  Assuming that the full amount of residual estimated evapotranspirative 
demand of the verdant area, 1,105 acre-feet per year, is supplied by this combination of sources 
and subtracting this amount from the total of 3,577 acre-feet per year of water available there 
would still be an average annual amount of natural recharge totaling 2,472 acre-feet per year 
leaving the Anaverde Watershed and supplying potential recharge to the Antelope Valley 
Adjudication Area and the Antelope Valley Groundwater Basin. 

 3,577 acre-feet per year – 1,105 acre-feet per year = 2,472 acre-feet per year.  

Assuming that the resultant demand of the verdant area is supplied by surface water of 
Anaverde Creek, as much as 2,055 acre-feet per year of this total would leave the Anaverde 
Creek Watershed as groundwater underflow to the Antelope Valley Groundwater Basin.  A 
portion of this flow, probably about 40 to 60% or about 800 to 1,200 acre-feet per year likely 
leaves the Anaverde Creek Watershed as groundwater underflow through the alluvial materials 
that fill the valley that underlies Anaverde Creek.  The remainder likely infiltrates into the 
Antelope Valley Groundwater Basin as underflow bedrock infiltration, passing through the 
fractured bedrock beneath the alluvium in the vicinity of the San Andreas Fault and out into the 
Antelope Valley Groundwater Basin just the same as the bedrock infiltration that occurs along 
the entire front of the San Gabriel and Tehachapi Mountains. 

Verdant Area Demand Met by Groundwater 

As noted above, it is likely that the 1,105 acre-feet per year of residual water demand of the 
verdant area is met to a considerable extent by the surface water flowing in Anaverde Creek, 
which runs down the center of the verdant area.  For the purpose of this analysis, however, I will 
assume that the verdant area residual demand is met entirely by groundwater.  Under this 
assumption, the 1,522 acre-feet per year of surface water runoff from the Anaverde Creek 
Watershed would pass through the Anaverde Creek channel into the main portion of the 
Antelope Valley and would infiltrate into the ground north of the San Andreas Fault Zone 
providing a portion of the natural recharge from the Anaverde Creek Watershed to the Antelope 
Valley Groundwater Basin.  Under this assumption, the Verdant area is assumed to consume 
1,105 acre-feet per year of the 2,055 acre-feet of groundwater recharge in the Anaverde Creek 
Watershed, leaving 950 acre-feet per year of groundwater leaving the Anaverde Watershed and 
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supplying potential recharge to the Antelope Valley Adjudication Area and the Antelope Valley 
Groundwater Basin 

CALCULATION OF GROUNDWATER DISCHARGE THROUGH ALLUVIUM 

Based on the other information provided by Mr. Lambie in his report and testimony, I have 
calculated the amount of groundwater that likely leaves the Anaverde Creek Watershed as 
groundwater underflow in the alluvial valley of Anaverde Creek. 

Darcy’s Law 

Henry Darcy (1856), a French engineer, recognized that the flow of water through the ground is 
governed by the equation 

 Q = K i A 

where:

 Q = groundwater discharge, cubic feet per day (ft3/d),
 K = hydraulic conductivity, in feet/day (ft/d),  
  i = hydraulic gradient along flowpath, feet/foot (ft/ft), and  
 A = cross-sectional area of material through which flow occurs, in sq. ft. (ft2).

This equation has become known in the field of hydrogeology as Darcy’s Law.  Source: Driscoll, 
1986, Ground Water and Wells, Second Edition, Johnson Filtration Systems Inc., ISBN 0-
9616456-0-1, p. 73 (Driscoll, 1986, p. 73). 

Hydraulic Conductivity 

Mr. Lambie presented results of an aquifer test conducted using Well 5 and Well 6 situated in 
the aquifers of the Anaverde Alluvial area, and stated that the “transmissivity of the upper 200 
feet of the aquifer on the Anaverde Ranch appears to be on the order of 40,000 gallons per day 
per foot of drawdown [sic]”.  (Lambie, 2008, p. 9)  The actual calculated value reported was 
40,636 gallons per day per foot (gal/d/ft).  (Lambie, 2008, Exhibit 17)  Transmissivity is the value 
of hydraulic conductivity multiplied times the aquifer thickness.  (Driscoll, 1986, p. 76)  Thus, the 
hydraulic conductivity (K) of the upper 200 feet of alluvial aquifer on the Anaverde Creek 
Watershed, which is likely representative of the full thickness of the alluvium in this area, is 
about 200 gallons per day per square foot (gal/d/sq ft).  

 K = 40,000 gal/d/ft / 200 ft = 200 gal/d/sq ft. 

At 7.48 gallons per cubic foot, the K value of 200 gal/d/sq.\ ft equals about 26 feet per day (f/d). 

 K = 200 gal/d/sq ft / 7.48 gallons per cubic foot = 26 feet per day. 
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Hydraulic Gradient 

From the draft transcript of Phase 2 trial testimony, Day 5, 10/10/08, Mr. Lambie testified to 
three sets of data from which the hydraulic gradient can be calculated.  The data are the 
difference in elevation between the groundwater levels in the alluvial aquifers within the 
Anaverde Creek Watershed and the groundwater levels in the alluvial aquifers in the Antelope 
Valley Groundwater Basin a few miles north of the San Andreas Fault Zone: 

(1) on page 88, line 1 through page 88, line 27, of the transcript Mr. Lambie described a 
groundwater level elevation difference of 600 feet over distance of 3 miles, which results 
in a hydraulic gradient of 0.038 ft/ft [600 feet / (3 miles X 5,280 feet/mile) = 0.038 ft/ft]; 

(2) on page 89, line 7 through page 89, line 24, of the transcript Mr. Lambie described a 
groundwater level elevation difference of 300 feet over distance of 1-1/2 mile, which 
results in a hydraulic gradient of  0.038 ft.ft [300 feet / (1-1/2 miles X 5,280 feet/mile) = 
0.038 ft/ft]; and  

(3) on page 91, line 25 through page 92, line 9, of the transcript Mr. Lambie described a 
groundwater level elevation difference of 1,000 feet over distance of 5 miles, which 
results in a hydraulic gradient of 0.038 ft/ft [1,000 feet / (5 miles X 5,280 feet/mile) = 
0.038 ft/ft]. 

All three of these calculations agree.  Therefore, the hydraulic gradient (i) across San Andreas 
Fault Zone from alluvial aquifers in Anaverde Watershed into alluvial aquifers of the Antelope 
Valley Groundwater Basin is about 0.038 ft/ft. 

Cross-Sectional Area 

The thickness of the alluvium in Anaverde Creek Watershed is at least 300 feet, as shown by 
recent drilling reported by Mr. Lambie.  (Lambie, 2008, p. 4)  The alluvial valley of the Anaverde 
Creek Watershed leaves this watershed and enters the main portion of the Antelope Valley at a 
location near the center of Section 34, Township 6 North, Range 12 West.  The width of this 
valley at this location is about 1,000 feet, based on the valley width between the two sides of the 
valley as depicted by the 2800-foot msl surface contour on Mr. Lambie’s deposition Exhibit 203 
(Ritter Ridge 7.5-minute Quadrangle Map).  I have included a portion of this map as Exhibit No. 
6 to this report, which I have annotated to show this 1,000-foot-wide valley.  Assuming a 
triangular alluvial-filled valley 1,000 feet wide and 300 feet deep, the cross-sectional area (A) of 
the alluvium in the Anaverde Creek channel connecting the alluvial aquifers in Anaverde 
Watershed with the alluvial aquifers of the Antelope Valley Groundwater Basin is about 150,000 
square feet 

 (A = 1,000 X 300 / 2 = 150,000 sq. ft). 

Calculation of Discharge Through Alluvium in Anaverde Creek Channel 

With known values for hydraulic conductivity (K), hydraulic gradient (i), and cross-sectional area 
(A), I applied Darcy’s Law to calculate the discharge of groundwater out of the Anaverde Creek 
Watershed through the alluvium in the Anaverde Creek channel connecting the alluvial aquifers 
in Anaverde Watershed with the alluvial aquifers of the Antelope Valley Groundwater Basin. 

 Q = K i A 
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 Q = 26 ft/d X 0.038 ft/ft X 150,000 ft2

 Q = 148,200 ft3/d

Converting:

 Q = (148,200 ft3/d) X (365 d/yr) / (43560 ft2/acre)    

 Q = 1,242 acre-feet per year. 

This groundwater discharge value of 1,242 acre-feet per year is consistent with my earlier 
estimate, above, that about 40 to 60% of the total of 2,055 acre-feet per year of groundwater 
recharge in the Anaverde Creek Watershed, or about 800 to 1,200 acre-feet per year of 
groundwater, would leave the alluvial aquifers of the Anaverde Watershed through the alluvium 
in the Anaverde Creek channel that connects the alluvial aquifers in Anaverde Watershed with 
the alluvial aquifers of the Antelope Valley Groundwater Basin.  Thus, this flow would contribute 
about 1,200 acre-feet per year of groundwater underflow recharge to the alluvial aquifers of the 
Antelope Valley Groundwater Basin.  The remainder of the 2,055 acre-feet of groundwater 
would infiltrate into the Antelope Valley Groundwater Basin as underflow bedrock infiltration, 
passing through the fractured bedrock beneath the alluvium in the vicinity of the San Andreas 
Fault and out into the Antelope Valley Groundwater Basin just the same as the bedrock 
infiltration that occurs along the entire front of the San Gabriel and Tehachapi Mountains.  

Magnitude of Groundwater Recharge Through inflow of Bedrock Infiltration 

Recharge to the Antelope Valley Groundwater Basin from bedrock infiltration throughout the 
Antelope Valley mountain-front area will likely be relatively large due to the higher hydraulic 
head acting as the driving force and the fact that fractured bedrock underlies a large portion of 
the 900,000-acre Antelope Valley Groundwater Basin.  (Sheahan, 2008, p. 11)  Even if the 
effective area of contact allowing underflow from the bedrock into the alluvial aquifers of the 
Antelope Valley Groundwater Basin were only about one third of the Basin area, say 200,000 
acres, which is less than the total area of the Mountain Front, the average infiltration rate would 
need to be no more than about 0.001 feet per day (a very-small value for this factor) to result in 
the calculated 61,700 acre-feet per year of recharge from bedrock infiltration.  With a hydraulic 
gradient of 0.038, which is representative of the hydraulic gradient (i) across the San Andreas 
Fault Zone from alluvial aquifers in Anaverde Watershed into alluvial aquifers of the Antelope 
Valley Groundwater Basin, the hydraulic conductivity (K) of the fractured bedrock would need to 
be no more than 0.026 ft/d. 

 K = Infiltration Rate / Hydraulic Gradient 

 K = 0.001 ft/d / 0.038 ft/ft = 0.026 ft/d 

It is noted that this value of hydraulic conductivity for the fractured bedrock is only one 
thousandth (1/1,000) of the hydraulic conductivity of the alluvial aquifers on the Anaverde Ranch 
property (0.026 ft/d / 26 ft/d = 1 / 1,000).  While this value is small, it is not insignificant 
considering the massive amount of fractured bedrock bordering the Antelope Valley 
Adjudication Area. 
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The hydraulic conductivity value 0.026 ft/d is approximately equivalent to the value 0.00001 
cm/sec (10-5 cm/sec).  Exhibit No. 7 is an excerpt from the textbook “Physical and Chemical 
hydrogeology, by Domenico and Schwartz, pp. 86-87, including Figure 3.18, which shows that a 
secondary hydraulic conductivity of 0.026 ft/d (10-5 cm/sec) can be produced in fractured 
bedrock by no more than one joint or fracture every meter (about every 3.3 feet) of bedrock 
where the width of the joint or fracture is no more than 0.005 cm, which is less than the average 
width of a human hair.  Due to the intense fracturing caused by the San Andreas and Garlock 
Fault Zones, it is likely that the bedrock is much more fractured than this, and consequently 
much more permeable due to fractures.  This is true for the entire Antelope Valley mountain-
front area in general and for the Anaverde Creek Watershed in particular.   

BASIS FOR HYDRAULIC CONNECTION TO ANTELOPE VALLEY 

As noted above and shown on Table 2, the total mountain-front recharge potentially available on 
an annual average basis to the Anaverde Alluvial Area aquifers, including the verdant area, is 
the combination of 1,522 acre-feet per year of surface water runoff and 2,055 acre-feet per year 
of groundwater recharge or bedrock infiltration, totaling about 3,577 acre-feet per year of water.  
This is the natural recharge available to the Antelope Valley Adjudication Area from the 
Anaverde Creek Watershed.  Currently, the full amount of residual estimated evapotranspirative 
demand of the verdant area, 1,105 acre-feet per year, is supplied by this 3,577 acre-feet per 
year combination of sources leaving an average annual amount of natural recharge totaling 
2,472 acre-feet per year leaving the Anaverde Watershed and supplying potential recharge to 
the Antelope Valley Adjudication Area.   

If groundwater extraction were to begin in the Anaverde Creek Watershed and continue to 
increase in the future, the pumping would lower the water table in the Anaverde Creek 
Watershed, which would have several effects:  

(1) the shallower alluvial deposits would begin to be dewatered, reducing the water 
available for the verdant area to consume, which would reduce the evapotranspiration of 
this area;

(2) a portion of the surface water runoff that currently leaves the Anaverde Creek 
Watershed would infiltrate into the alluvial material and be extracted by the on-site 
groundwater pumping, thereby reducing the amount of runoff available for recharge in 
the Antelope Valley Adjudication Area;  

(3) the lowered groundwater levels in the Anaverde Creek Watershed would reduce the 
hydraulic gradient between Anaverde Creek Aquifers and the alluvial aquifers of the 
Antelope Valley Groundwater Basin, which would, in turn, reduce the rate of discharge of 
groundwater from the Anaverde Creek Watershed to the Antelope Valley Groundwater 
Basin; and

(4) continued pumping at increasing rates over time could eventually deprive the Antelope 
Valley Groundwater Basin of nearly all of the 3,577 acre-feet per year of natural 
recharge potentially available from the Anaverde Creek Watershed.   

Clearly, pumping within the Anaverde Creek Watershed would have a direct and detrimental 
impact on the remainder of the Antelope Valley Groundwater Basin.  Because of this, the 
Anaverde Creek Watershed is obviously hydraulically connected to the rest of the Antelope 
Valley Adjudication Area and the Antelope Valley Groundwater Basin. 
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COMPARING ANAVERDE CREEK AND ANTELOPE VALLEY WATERSHEDS 

Even assuming that the verdant area demand is satisfied, the total amount of potential average 
annual natural recharge available from the Anaverde Creek Watershed to the Antelope Valley 
Adjudication Area and to the Antelope Valley Groundwater Basin, 2,472 acre-feet per year, is a 
significant amount of recharge to the Antelope Valley area.  The Anaverde Mountain-Front Area, 
with an area of 6,464 acres, amounts to 2.25% of the total Antelope Valley Mountain-Front 
Area.

 6,464 acres / 287,000 acres X 100 = 2.25%   

The resultant natural recharge of 2,472 acre-feet per year coming into the Antelope Valley 
Adjudication Area from the Anaverde Creek Watershed, even after consumption of the demand 
by the 276-acre verdant area, amounts to 2.30% of the total Antelope Valley Mountain-Front 
contribution to the Antelope Valley Adjudication Area.  

 2,472 acre-feet per year / 107,400 acre-feet per year X 100 = 2.30%   

Thus, the Anaverde Creek Watershed is a significant contributor of natural recharge to the 
Antelope Valley Adjudication Area and the Antelope Valley Groundwater Basin, and actually 
contributes more than its share of the total natural recharge from the Antelope Valley mountain-
front area to the Antelope Valley Adjudication Area, based on its area.   

CONCLUSIONS

Following are my principal conclusions and opinions resulting from this study: 

 Because the amount of annual groundwater recharge, or infiltration of precipitation, in 
the Anaverde Creek Watershed, is significantly greater than Mr. Lambie’s assumed 
“working estimate,” his conclusion that the Anaverde Creek Groundwater Basin is a 
separate and distinct groundwater basin from the Antelope Valley Groundwater Basin is 
not correct.  This area is not a separate and distinct groundwater basin from the 
Antelope Valley Groundwater Basin. 

 Similarly, Mr. Lambie’s conclusion that the Anaverde Creek Groundwater Basin is not 
hydraulically connected to the Antelope Valley Groundwater Basin is incorrect.  The 
Anaverde Creek Watershed is hydraulically connected to the rest of the Antelope Valley 
Adjudication Area or Antelope Valley Groundwater Basin. 

 Also, the contribution from the Anaverde Creek Watershed of at least an average annual 
natural recharge of about 2,472 acre-feet per year is a meaningful and significant 
amount of potential groundwater recharge to the Antelope Valley Groundwater Basin 
and the Antelope Valley Adjudication Area. 

 Finally, pumping within the Anaverde Creek Watershed would have a direct and 
detrimental impact on the remainder of the Antelope Valley Groundwater Basin.  
Because of this, the Anaverde Creek Watershed is obviously hydraulically connected to 
the rest of the Antelope Valley Adjudication Area and the Antelope Valley Groundwater 
Basin.
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In summary, it is my opinion that the Anaverde Creek Watershed, or the Anaverde Creek 
Groundwater Basin, is not a separate and distinct groundwater basin from the Antelope Valley 
Groundwater Basin or the Antelope Valley Adjudication Area, but instead is hydraulically 
connected to the Antelope Valley Groundwater Basin.  The Anaverde Creek Watershed 
contributes at least an average annual natural recharge of about 2,400 acre-feet per year to the 
Antelope Valley Groundwater Basin and the Antelope Valley Adjudication Area, which is a 
meaningful and significant amount of potential groundwater recharge to the Antelope Valley 
Adjudication Area. 

Respectfully submitted, 
AMEC Geomatrix Inc. 

N. Thomas Sheahan, PG, PGP, CEG, CHG 
Senior Consultant Hydrogeologist 
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in Anaverde Creek Groundwater Basin.” 
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Anaverde Creek Valley, from Lambie Deposition Exhibit 203, annotated. 
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Domenico and Schwartz, pp. 86-87, including Figure 3.18. 
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Mountain-Front Recharge 
Runoff and Bedrock Infiltration in the 

Antelope Valley, California 

Prepared by
N. Thomas Sheahan, Geomatrix Consultants, Inc.i

Submitted to the
Antelope Valley Groundwater Adjudication Technical Committee 

for Incorporation into the Problem Statement Report 
March 9, 2008 

Executive Summary 

The Antelope Valley Groundwater Basin (Basin) consists of the alluvial deposits in the 
lower-elevation areas of the Antelope Valley Watershed (Watershed).  Analysis of 
published, available precipitation, runoff, and evapotranspiration data for the Antelope 
Valley Watershed, using a methodology developed by the U.S. Geological Survey 
(USGS), provides reasonable values for the contribution of Mountain-Front Recharge to 
the total Natural Recharge of the Antelope Valley Groundwater Basin.

The area of the total Watershed is about 1,575,000 acres.  The area of the surface of the 
Groundwater Basin portion of the Watershed is about 900,000 acres.  The area of the 
Mountain Front portion of the Watershed is about 287,000 acres.  The remaining 
388,000-acre portion of the Watershed consists of bedrock outcrops in areas of the 
Watershed other than in the Mountain Front area.

Average annual precipitation in the Watershed is about 958,000 acre feet per year (AFY), 
of which about 279,000 AFY occurs in the Mountain-Front area, the area between the 
Watershed boundary along the San Gabriel and Tehachapi Mountains and the 
Groundwater Basin boundary.  Average annual Mountain Front runoff is about 45,700 
AFY and average annual Mountain Front evapotranspiration is about 172,400 AFY.
Bedrock infiltration in the Mountain-Front area is about 61,700 AFY, which recharges 
the Groundwater Basin directly as underflow inflow to the alluvial Basin.

Total Mountain-Front Recharge available to the Groundwater Basin is about 107,400 
AFY, of which about 1,100 AFY is consumed by playa evaporation.  The average annual 
Natural Recharge to the Antelope Valley Groundwater Basin, therefore, is about 106,300 
AFY.
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1.0 Introduction 

The Antelope Valley Groundwater Basin (Groundwater Basin or Basin) consists of the 
alluvial deposits in the lower-elevation areas of the Antelope Valley Watershed 
(Watershed).  Figure 1 shows the Watershed boundary and the Groundwater Basin 
boundary as defined for the Antelope Valley Groundwater Adjudication matter.  The area 
of the Watershed is about 1,575,000 acres; the area of the Groundwater Basin is about 
900,000 acres.  The Mountain Front area comprises about 287,000 acres, and the 
remaining 388,000 acres of the Watershed consists of bedrock in areas other than the 
Mountain Front area, mostly in the northern and eastern portions of the Watershed.

The Watershed is topographically-closed with dry lakes or playas in the central portion of 
the Basin.  The Groundwater Basin is bounded along the west-northwest and south-
southwest by the Mountain-Front areas of the Tehachapi Mountains and the San Gabriel 
Mountains, respectively.  The Mountain Front area is the area between the Watershed 
boundary along the San Gabriel and Tehachapi Mountains and the Groundwater Basin 
boundary, and has been limited to the areas of average annual precipitation greater than 6 
inches.  Figure 2 is a map showing topographic contours for the Antelope Valley area.

The Antelope Valley Watershed has an arid to semiarid climate, with an average annual 
precipitation of less than 4 inches on the valley floor (Blodgett, 1995).  In arid and 
semiarid watersheds, such as the Antelope Valley Watershed, recharge to groundwater 
basins typically occurs by infiltration along stream channels and underflow inflow from 
fractured bedrock and other permeable materials in adjacent groundwater source areas 
such as the Mountain-Front areas (Wilson and Guan, 2004).  The term "Natural 
Recharge" is the natural replenishment of an aquifer or a Groundwater Basin from 
infiltration of precipitation, snowmelt, and runoff through seepage from the surface and 
underflow inflow from adjacent aquifers or groundwater source areas (Sheahan, 2008).  
The contribution of water from surrounding mountainous regions to the Natural Recharge 
of aquifers in the adjacent groundwater basins is termed "Mountain-Front Recharge" 
(MFR).  In many cases, MFR is the dominant source of recharge available to these types 
of Groundwater Basins (Wilson and Guan, 2004).  

Although the area of the Groundwater Basin portion of the Watershed is significantly 
greater than the area of the Mountain-Front surrounding the Basin, the average 
precipitation over the Groundwater Basin area is generally lower than in the Mountain 
Front area.  Direct infiltration of the precipitation that falls on the surface of the 
Groundwater Basin is limited, and may be negligible due to evaporation from the soil and 
evapotranspiration from the sparse vegetation occurring in this area.  Higher air 
temperatures and higher wind velocities on the valley floor contribute to increased 
evaporation in that area, further limiting direct infiltration on the floor of the valley.  
Precipitation from storm events that are higher than normal may cause ponding in the 
lower portions of the Watershed, the dry lakes or playas, but finer-grained soils in these 
areas and direct evaporation may prevent significant direct infiltration of these higher 
precipitation events into the Groundwater Basin.  For these reasons, it is conservatively 
assumed that there is no direct infiltration of the precipitation falling on the surface of the 
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Antelope Valley Groundwater Basin. 

Orographic effects in the Mountain-Front area result in greater precipitation in this area 
than in the central portions of the Watershed overlying the Groundwater Basin.  The 
average temperature in the higher-elevation Mountain-Front area is generally lower than 
on the valley floor, and sometimes a significant portion of the Mountain-Front 
precipitation occurs in the form of snow (Blodgett, 1995).  Melting snow has a greater 
potential for infiltration into the soil to provide recharge to the Groundwater Basin. 

The soil cover is generally thinner in Mountain-Front areas, minimizing the potential for 
soil storage of precipitation, and permeable fractured bedrock underlying the soils can be 
a ready receptor for infiltration of precipitation, both direct rainfall and snowmelt.  When 
considering average annual conditions and the thinness of the soil layer in the Mountain-
Front area, it is reasonable to assume that there is no change in the amount of water 
stored in the thin soil cover or in the fractured bedrock.

Several combined factors -- lower temperatures, higher surface albedo due to snow cover, 
lower wind velocities, and faster flow along bedrock fractures that underlie the soil -- 
tend to enhance the potential for infiltration and reduce the potential for 
evapotranspiration in the Mountain Front areas, generally resulting in lower average 
annual evapotranspiration in the Mountain-Front areas (Wilson and Guan, 2004). 

2.0 Recharge from Mountain-Front areas 

Recharge to the Groundwater Basin from precipitation falling in Mountain-Front areas 
comes from two principal sources: (1) direct infiltration of runoff from streams that carry 
surface water from the Mountain-Front areas out onto the surface of the Groundwater 
Basin; and (2) underflow inflow to the alluvial Groundwater Basin from the saturated 
fractured bedrock and other permeable materials in the adjacent Mountain-Front areas.  A 
third form of recharge to the Groundwater Basin from the Mountain-Front areas may be 
recharge due to direct overland flow of water originating from precipitation in the 
Mountain-Front areas, but which is not captured as stream flow.  Overland flow that is 
not captured by the streams leaving the Mountain Front area may flow downhill to the 
more permeable alluvial aquifers in the Basin and infiltrate to the Groundwater Basin at 
or near the contact between the Groundwater Basin and the Mountain Front.  In 
Mountain-Front areas where the bedrock is significantly faulted and fractured, such as the 
Mountain Front areas of the Antelope Valley, bedrock infiltration is greater and the 
potential for overland flow tends to be reduced.  Water that would otherwise contribute to 
the Groundwater Basin as overland flow infiltrates directly into the fractured bedrock and 
becomes part of the underflow inflow from the saturated bedrock to the alluvial aquifers 
of the Basin. 

3.0 Bedrock Fracturing and Potential Bedrock Infiltration 

The average hydraulic conductivity, or permeability, of the bedrock underlying 
Mountain-Front areas is directly related to the intensity of faulting along these areas.
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Where there is limited faulting, the bedrock fractures may be relatively sparse, and 
bedrock infiltration of precipitation may be reduced.  In areas of intense faulting, 
however, the bedrock is commonly intensely fractured and the intense fracturing results 
in significantly increased average hydraulic conductivity or permeability of the bedrock 
underlying the Mountain-Front areas.  Intensely fractured bedrock greatly increases the 
potential for direct infiltration of precipitation in Mountain-Front areas. 

The two Mountain-Front areas bordering the Antelope Valley Groundwater Basin have 
experienced intensive faulting.  The Garlock Fault zone, a major fault zone related to the 
uplifting of the Tehachapi Mountains, occurs along and in the Tehachapi Mountains 
along the northwest Mountain-Front area bordering the Groundwater Basin.  The San 
Andreas Fault zone, the largest fault zone in California, occurs in the San Gabriel 
Mountains along the southwest Mountain-Front area bordering the Basin.  Figure 3 
shows the generalized locations of these two fault zones.

The San Gabriel Fault zone and the Garlock Fault zone are two of the most intensely 
faulted areas of Southern California.  Bedrock along these fault zones is intensely 
fractured, and this fractured bedrock exhibits a significantly increased hydraulic 
conductivity or permeability to the flow of water.  The increased average hydraulic 
conductivity resulting from the intense fracturing of bedrock in these Mountain-Front 
areas results in significant direct infiltration of precipitation from rainfall and snowmelt.   

The saturated portions of the fractured bedrock in the Mountain-Front areas are at 
considerably higher elevations than the surface of the Groundwater Basin.  There is even 
a greater elevation difference between the water table in the Mountain Front area and the 
groundwater table in the Basin.  Figure 4 is a diagram that shows the differential head 
between these two zones.  The difference in elevation produces a large hydraulic gradient 
between the saturated fractured bedrock and the saturated alluvial aquifers of the Basin, 
which is the driving force causing underflow inflow of water from the fractured bedrock 
into the Basin aquifers.  This underflow occurs along the full range of the Mountain Front 
area, from the northwestern corner of the Basin, all along the Tehachapi and San Gabriel 
Mountains, to the southeastern corner of the Basin.  As a result, there is significant 
underflow inflow from the saturated bedrock into the alluvial aquifers of the 
Groundwater Basin. 

4.0 Mountain-Front Recharge Factors 

The average annual precipitation (P) in Mountain-Front areas adds water to the 
Watershed, and this water either

(1) leaves the mountain front as runoff (RO) onto the surface of the Basin by 
mountain streams where it infiltrates and recharges directly into the Basin,
(2) infiltrates into the ground through the thin soil and the fractures in the 
Mountain Front area as bedrock infiltration (BI) and recharges the Basin as 
underflow inflow, or
(3) is consumed by evapotranspiration (ET) in the Mountain-Front area.

As noted above, when considering average annual conditions, it is reasonable to assume 
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that there is no change in the amount of water stored in the thin soil cover or in the 
fractured bedrock of the Mountain Front area.  Figure 4 is a diagram showing the relative 
interaction of these Mountain-Front Recharge factors and the manner in which Mountain-
Front Recharge in the Antelope Valley contributes recharge to the Groundwater Basin 
aquifers.  Stated as an equation in consistent units, this becomes: 

 P = (RO) + (BI) + (ET)        (Eq.1) 

Average annual Mountain-Front Recharge (MFR) that is available to the Basin is the total 
of the average annual runoff (RO), which becomes available for infiltration into the 
Basin, plus the average annual bedrock infiltration (BI), which flows directly to the Basin 
aquifers as underflow inflow. Stated as an equation in consistent units, this becomes: 

 MFR = (RO) + (BI)        (Eq. 2) 

To apply equations 1 and 2 to the Mountain-Front area of the Antelope Valley Watershed 
requires at least three of the four factors to be known to a sufficient degree of reliability.
There are data available in published documents for the Antelope Valley Watershed that 
are sufficient to allow this application. 

5.0 Precipitation 

Detailed studies of the precipitation, depth-duration, and frequency characteristics for the 
Antelope Valley have been published by the U. S. Geological Survey (USGS) in a USGS 
Water Resources Investigation (Blodgett, 1995).  Precipitation in the Antelope Valley 
Watershed varies seasonally due to the types of storms that occur in the Watershed.  
Storms that produce more than 1 inch of precipitation in a day are most prevalent during 
December, January, and February.  Precipitation amounts during the months of March 
through November are considerably reduced, and some months may have no precipitation 
at all.

From the USGS studies, contours of annual average precipitation were prepared for the 
Antelope Valley Watershed.  Figure 5 shows the contours of average annual precipitation 
for the Antelope Valley area plotted with the Watershed boundary and the Groundwater 
Basin boundary (Blodgett, 1995).  The total average annual precipitation within the 
Watershed is 958,000 acre-feet per year (AFY), which results in an average annual 
precipitation of 7.3 inches per year (in/yr) for the entire Watershed area.  Average annual 
precipitation on the valley floor is less than 4 in/yr in some areas, while average annual 
precipitation in the Mountain-Front areas is in excess of 20 in/yr in the higher-elevation 
portions (Blodgett, 1995).

The average annual precipitation data from the USGS studies were digitized into a nodal 
system.  The size of each nodal area was selected as 2000 feet by 2000 feet, and standard 
kriging techniques were applied using the computer program Surfer for WindowsTM.
Digitizing these data allowed determination of average annual precipitation values for:  

(1) the area within the Groundwater Basin boundary,
(2) the Mountain Front area contributing recharge to the Basin, and
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(3) the other areas within the Watershed.   
The average annual precipitation within the Groundwater Basin boundary is 532,000 
AFY, or about 7.1 in/yr.  As noted above, the Mountain-Front area is that portion of the 
Watershed outside of the Groundwater Basin with an average annual precipitation greater 
than 6 inches.  Figure 6 shows the average annual precipitation contours for the 
Mountain-Front area.  The area of the Mountain Front, as depicted on Figure 6, is 
287,000 acres and the average annual precipitation in the Mountain-Front area is 279,000 
AFY, or about 11.7 in/yr.

6.0 Runoff 

That portion of the precipitation falling on the Mountain Front area that is not consumed 
by evapotranspiration and does not infiltrate into the fractured bedrock runs off from the 
mountain front onto the Basin area as stream flow where it infiltrates into the coarser 
alluvial soils and recharges the Groundwater Basin.  As would be expected, the greater 
portion of the stream flow entering the Antelope Valley generally comes from the 
streams with the larger drainage areas: Little Rock Creek, Cottonwood Creek, Big Rock 
Creek, and Oak Creek (Bloyd, 1967; Durbin, 2007a).  Big Rock Creek and Little Rock 
Creek flow from the portion of the Mountain Front along the San Gabriel Mountains in 
the southeastern section of the Watershed.  Oak Creek and Cottonwood Creek flow from 
the Tehachapi Mountains, the portion of the Mountain Front in the northwestern section 
of the Watershed.   

Little Rock Creek has a drainage area of about 49 square miles upstream of the gauge 
(Bloyd, 1967; Durbin, 2007a).  Cottonwood Creek has a drainage area of about 41 square 
miles (Durbin, 2007a).  The upper drainage area of Big Rock Creek upstream of the gage 
has an area of about 23 square miles (Bloyd, 1967; Durbin, 2007a).  Oak Creek’s 
drainage area upstream of the gauge is about 16 square miles (Bloyd, 1967; Durbin, 
2007a).

Stream flows have been measured and recorded for many of these streams over several 
decades. Records are available since the 1930s for Big Rock Creek and Little Rock 
Creek, and since the 1950s for Oak Creek (Bloyd, 1967).  Similarly, precipitation has 
been measured and reported and annual precipitation data have been recorded for the 
drainage areas of these streams.  These data can be used to quantify the Mountain-Front 
Recharge available to the Antelope Valley Groundwater Basin. 

In a published USGS Open-File Report, Bloyd (1967) applied a methodology for 
determining the precipitation-runoff characteristics of the Mountain Front drainage areas 
using recorded precipitation-runoff values.  His methodology involved applying straight-
line interpolation to data for Big Rock Creek precipitation and runoff, using “high-low” 
data, or data for times when precipitation and runoff were high and for times when 
precipitation and runoff were low (Bloyd, 1967).  From this analysis, Bloyd demonstrated 
that annual runoff is a function of annual precipitation, that this function can be 
quantified, and that this quantified function can be used to estimate annual runoff from 
other streams and to estimate other various values of annual precipitation, including 
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average annual precipitation.

Figure 7 shows a graph of Bloyd's analysis using the high-low data for Big Rock Creek 
(Bloyd, 1967).  This analysis demonstrates that annual runoff is a function of annual 
precipitation for values of annual precipitation greater than some minimum value.  If 
annual precipitation is less than that minimum value, the annual runoff is zero.  For the 
analysis by Bloyd, shown in Figure 7, this minimum annual precipitation is about 8.7 
in/yr.  From equation 1 it is clear that, if the annual precipitation is less than about 8.7 
in/yr, all of the annual precipitation either infiltrates into the bedrock or is consumed by 
evapotranspiration, and there is no runoff.

Because Big Rock Creek has the second largest drainage area of any of the streams 
emanating from the Mountain-Front area of the San Gabriel Mountains adjacent to 
Antelope Valley, the results of Bloyd's analysis of Big Rock Creek high-low data, alone, 
may be typical of the Mountain-Front areas in the Antelope Valley Watershed.  The 
representativeness of this precipitation-runoff relationship can be further assessed, 
however, by comparing data for Big Rock Creek with data for Little Rock Creek, the 
stream with the largest drainage area of any of the Mountain Front streams in the 
Antelope Valley.  Bloyd presented additional data from 1958 and 1961 for both of these 
streams (Bloyd, 1967).  Table 1 presents these six sets of annual precipitation and annual 
runoff values published by Bloyd (1967), and Figure 8 shows the values plotted.

Inspection of Figure 8 suggests that there are two separate trends to these plotted values.
Runoff values plotted for annual precipitation less than or equal to about 8.7 in/yr tend to 
be approximately zero (values tend to plot along the runoff = zero axis).  Runoff values 
for annual precipitation greater than about 8.7 in/yr tend to increase linearly with 
increasing annual precipitation.  These trends, using all six data sets, are consistent with 
the analysis by Bloyd using the high-low values for Big Rock Creek (Bloyd, 1967).  The 
results of the analysis by Bloyd, therefore, can be considered reasonably representative of 
the Mountain-Front area.  These relationships are presented as the following equation for 
Mountain Front runoff, in units of in/yr: 

 RO = (0.6429) * (P) - (5.61)       (Eq. 3) 

The results of the Bloyd analysis, provided in equation 3, together with the total area of 
the Mountain Front, 287,000 acres, and the average annual precipitation in the Mountain-
Front area, 11.7 in/yr, can be used to calculate a value for average annual runoff from the 
Mountain-Front area onto the Groundwater Basin, both in units of in/yr and in acre feet 
per year (AFY).  Applying equation 3 yields: 

 RO = (0.6429) * (11.7 in/yr) - (5.61 in/yr) = 1.91 in/yr 

 Average Annual Mountain Front Runoff = (287,000 acres) * (1.91 in/yr) / (12 in/ft)   

 Average Annual Mountain Front Runoff = 45,700 AFY. 

This calculated value for average annual Mountain Front runoff, 45,700 AFY, is 
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consistent with the value of 52,000 AFY estimated by Bloyd as the runoff for that portion 
of the Watershed above elevation 3500 feet above mean sea level (approximately the 
same area as the Mountain Front area, based on other methods of analysis presented in 
that published Open File Report and using a slightly different watershed boundary 
(Bloyd, 1967).  The 45,700 AFY value for average annual Mountain Front runoff 
calculated using the Bloyd method is also consistent with the estimated value of 50,000 
AFY for Mountain Front runoff recently calculated by another member of the Technical 
Committee for the Antelope Valley Groundwater Adjudication matter (Durbin, 2007b).
These similarities lend support to the results of the methodology provided by Bloyd, and 
tend to confirm that the precipitation-runoff relationship resulting from the Bloyd 
analysis yields a reasonable value, 45,700 AFY, for the average annual runoff from the 
Mountain-Front area of the Antelope Valley Watershed.  

Although all of the Mountain Front runoff is available as potential recharge to the 
Groundwater Basin, a small portion of the runoff may be consumed by direct evaporation 
from intermittent ponding on the surface of the Basin.  It has been estimated that a small 
portion (about 2.5%) of the runoff that leaves the Mountain-Front area and flows onto the 
surface of the Groundwater Basin continues through drainage channels to the dry lakes or 
playas near the center of the Antelope Valley; this water is thought to be consumed by 
evaporation before it can infiltrate into the Basin (Durbin, 2007b).  This small reduction 
in recharge to the Groundwater Basin is accounted for later in this paper. 

7.0 Evapotranspiration 

Evapotranspiration (ET) is the loss of water from a vegetated surface through the 
combined processes of soil evaporation and plant transpiration (Brown, 2000). The rate 
of ET for any given vegetated area is a function of several factors including: plant type; 
stage of plant development; soil moisture; depth to groundwater; wind speed; humidity; 
and temperature (Brown, 2000; Shah et al., 2007).  It is conservatively assumed that the 
average annual actual ET in the central portion of the Antelope Valley, overlying the 
Groundwater Basin, is equal to the average annual precipitation in this area, or about 7.1 
in/yr.  To assess the average annual evapotranspiration of the native vegetation (ETnv) of 
the Mountain-Front area, where the average annual precipitation is considerably higher, 
11.7 in/yr, each of the factors listed above must be considered. 

Grasses and many non-native plants require considerable water when grown in arid or 
semiarid environments (Brown, 2000). Many native plants, however, are adapted to the 
desert and require much less water (Brown, 2000).  Vegetation in the Mountain-Front 
areas of the Antelope Valley consists of native plants that have developed naturally in 
this arid or semiarid environment.  Consequently, the ETnv for this type of vegetation is 
relatively low. 

Dormant plants need very little water, and therefore use very little water.  During the dry 
season in the Antelope Valley there is little or no precipitation, and many of the plants 
comprising the native vegetation in the Mountain-Front area are dormant for a 
considerable portion of the year (Brown, 2000).  As a result, the average annual 
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consumption of water by these plants tends to be low, resulting in a lower average annual 
value for ETnv. 

Soil moisture is a critical factor in assessing the ETnv rate (Brown, 2000).  If the soil 
cover is thin, the amount of available soil moisture is reduced, which in turn reduces the 
water available to the vegetation.  In the Mountain-Front areas of the Antelope Valley, 
the topography is generally steep and the ground surface is underlain by permeable, 
fractured bedrock, which outcrops in many areas.  These conditions produce relatively 
thin soil cover over the fractured bedrock.  Precipitation easily drains from the thin soil 
cover into the fractured bedrock, below.  Because of this, there is little water in the soil 
available for vegetative use, also contributing to or resulting in a low value for ETnv. 

In landscapes where the depth to the groundwater table is so shallow that it is within or 
slightly below the root zone of the vegetation, the vegetation can uptake water from both 
the thin, unsaturated soil zone and the saturated zone below the water table (Shah, 2007).
Under these conditions, ETnv may be relatively high.  As the depth to the groundwater 
table increases, a decoupling of the water table and the vegetation occurs (Shah, 2007).
Once the water table becomes deeper than the decoupling depth, the evapotranspiration 
of the vegetation decreases rapidly (Shah, 2007).  Due to the steep terrain, the nature of 
the fractured bedrock, and the thin soil cover in the Mountain-Front area of the Antelope 
Valley, the groundwater table is generally much deeper than the decoupling depth for this 
vegetation.  Thus, the ETnv for the Mountain-Front area is low. 

Wind transports heat from hotter areas to adjacent areas with vegetation.  Wind-
transportation of heat that builds up on surfaces like dry desert or asphalt results in 
accelerated evapotranspiration from adjacent vegetation (Brown, 2000).  Wind enhances 
turbulent transfer of water vapor from vegetation to the dry atmosphere, which also 
serves to accelerate evapotranspiration (Brown, 2000).  On the floor of the Antelope 
Valley, wind speeds can be relatively high due to the flat terrain and the absence of taller 
vegetation.  Higher wind speed on the valley floor, therefore, results in higher rates of 
evapotranspiration in the lower portions of the valley.

On the other hand, if the wind speed is reduced, the rate of evapotranspiration will also be 
reduced.  In the rugged terrain of the Mountain-Front area, wind speed is considerably 
lower than in the flatter areas of the valley due to the variations in topography.  Wind 
speed in the Mountain Front is further reduced by the presence of trees and taller 
vegetation in this area.  The lower wind speed means that the ETnv for the Mountain-
Front area is also low. 

Humidity and temperature work in concert with each other to affect the 
evapotranspiration rate (Brown, 2000).  The drying power of an atmosphere, which 
results in evapotranspiration, is considerably higher for warmer air temperatures than for 
cooler air temperatures, even with the same humidity (Brown, 2000).  For example, the 
drying power of an atmosphere with a 30% relative humidity and a temperature of 86°F 
is twice that of an atmosphere with the same 30% relative humidity and a 68°F 
temperature (Brown, 2000).  Due to the higher elevations in the Mountain-Front area, by 
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comparison with the floor of the Antelope Valley, the ambient air temperature is 
considerably lower in the Mountain-Front area.  This lower temperature results in a lower 
value for ETnv in the Mountain-Front area than in the lower-elevation, warmer portions 
of the Antelope Valley. 

Evapotranspiration of the native vegetation in the Mountain-Front area of the Antelope 
Valley (ETnv) can be calculated using an appropriate reference evapotranspiration (ETo)
for this area and an appropriate crop factor for the native vegetation (Knv) in the 
Mountain-Front area (Brown and Kopec, 2000).  The equation for this calculation is: 

 ETnv = (Knv) * (ETo)        (Eq. 4) 

Reference evapotranspiration (ETo) is the average annual evapotranspiration from tall, 
cool-season grass that completely covers the ground and is supplied with adequate water 
(Brown, 2000).  The published reference evapotranspiration (ETo) data that have been 
deemed representative of the Mountain-Front area in the Antelope Valley are from 
Stations #192 and #199 at Lake Arrowhead and Big Bear Lake, respectively (Fastenau, 
2007b).  The value for ETo for Station #192, for the period October 2005 through 
September 2006, is 48.80 in/yr, and the value for ETo for Station #199 for the same 
period is 54.15 in/yr (Fastenau, 2007b).  The average of these two values is about 51.5 
in/yr, which is a reasonable value of ETo to use in determining the value of ETnv for the 
Mountain-Front area of the Antelope Valley. 

The crop coefficient for native vegetation (Knv) for the Mountain-Front area has also 
been calculated (Fastenau, 2007a).  The value for the crop coefficient of native vegetation 
in the Mountain-Front area (Knv) has been reported to be 0.14 (Fastenau, 2007a).
Applying this crop coefficient to the average value for ETo for the Mountain-Front area, 
in accordance with equation 4, yields a value for the average annual evapotranspiration of 
the native vegetation (ETnv) for the Mountain-Front area, as follows: 

 ETnv = (Knv) * (ETo) 

 ETnv = (0.14) * (51.5 in/yr) = 7.21 in/yr 

 Mountain Front Evapotranspiration = (287,000 acres) * (7.21 in/yr) / (12 in/ft)   

 Mountain Front Evapotranspiration = 172,400 AFY. 

This value for average annual evapotranspiration in the Mountain Front area is 
reasonable, considering the several factors discussed above -- plant type; stage of plant 
development; soil moisture; depth to groundwater; wind speed; humidity; and 
temperature – and their tendency to lower the average annual evaporation in the 
Mountain Front area (Brown, 2000; Shah et al., 2007).  In years with higher annual 
precipitation, the annual evapotranspiration may be higher, responding to the greater 
availability of water.  Conversely, in years with lower annual precipitation, the annual 
evapotranspiration would be lower.  For the average annual precipitation of 11.7 in/yr, 
the value of 7.21 in/yr for average annual ETnv is appropriate for the Mountain Front 
area.  This value also compares well with the value of 7.3 in/yr recently submitted by 
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Robert G. Fastenau, Associate Land and Water Use Scientist, California Department of 
Water Resources (Fastenau, 2007c).

With values in hand for average annual precipitation, average annual runoff, and average 
annual evapotranspiration for the Mountain-Front area of the Antelope Valley, the next 
step is to quantify the average annual amount of bedrock infiltration in the Mountain 
Front.

8.0 Bedrock Infiltration 

As noted above, equation 1 provides the relationship among average annual values for 
precipitation (P), runoff (RO), evapotranspiration (ET or ETnv), and bedrock infiltration 
(BI) for the Mountain-Front area of the Antelope Valley. With values known for three of 
these factors, the equation can be restated to solve for average annual bedrock infiltration, 
as follows: 

 BI = (P) - (RO) - (ETnv)        (Eq.5) 

Substituting the values derived above into equation 5 yields: 

 BI = (11.7 in/yr) - (1.91 in/yr) - (7.21 in/yr) = 2.58 in/yr 

 Mountain Front Bedrock Infiltration = (287,000 acres) * (2.58 in/yr) / (12 in/ft)   

 Mountain Front Bedrock Infiltration = 61,700 AFY. 

Mountain Front Bedrock Infiltration is the portion of the average annual precipitation that 
infiltrates into the ground in the Mountain Front area and flows as underflow inflow into 
the alluvial aquifers of the Groundwater Basin.  A portion of the average annual bedrock 
infiltration may flow to the Groundwater Basin as underflow through the alluvial deposits 
in the stream channels.  This portion will likely be relatively small due to the minimum 
amount of alluvial materials in the stream channels and the limitation on the available 
hydraulic head to the general slope of the stream channel.  The remaining portion will 
recharge the Groundwater Basin alluvial aquifers by flowing directly from the saturated 
fractured bedrock into the alluvial aquifers of the Basin. This Bedrock Infiltration will 
likely be relatively large due to the higher hydraulic head acting as the driving force and 
the fact that fractured bedrock underlies a large portion of the 900,000-acre Groundwater 
Basin.  Even if the effective area of contact allowing underflow from the bedrock into the 
alluvium were only about one third of the Basin area, 200,000 acres (less than the area of 
the Mountain Front) the average infiltration rate would need to be no more than about 
0.001 feet per day (a very-small value for this factor) to result in 61,700 AFY of 
recharge.  Both sources of underflow contribute recharge to the Groundwater Basin 
directly, without loss of water.  As a result, it is not necessary to distinguish the actual 
proportions of groundwater recharge entering the Basin from these two zones of 
underflow, and they can be considered combined into the term Bedrock Infiltration 
recharge.
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9.0 Mountain-Front Recharge 

Average annual Mountain-Front Recharge (MFR) available to the Antelope Valley 
Groundwater Basin is the total of the average annual runoff (RO) that flows onto the 
surface of the Basin plus the average annual Bedrock Infiltration (BI) that directly 
recharges the Basin as underflow inflow, as stated in equation 2, above.  Applying the 
values for RO and BI, as shown above, with equation 2, the average annual Mountain-
Front Recharge for the Antelope Valley becomes 

 MFR = (RO) + (BI) 

 MFR = (1.91 in/yr) + (2.58 in/yr) = 4.49 in/yr 

 Total Mountain-Front Recharge = (287,000 acres) * (4.49 In/yr) / (12 in/ft)   

 Total Mountain-Front Recharge = 107,400 AFY. 

10.0 Playa Evaporation 

As noted above, it has been estimated that about 2.5 % of the runoff that leaves the 
Mountain-Front area flows across the Basin surface onto the dry lakes or playas near the 
center of the Antelope Valley (Durbin, 2007b). Due to the fine-grained nature of the 
playa deposits, it is thought that this portion of the runoff is lost to evaporation and does 
not contribute to recharge of the Groundwater Basin.  Applying this percentage to the 
calculated value for average annual runoff yields: 

 Playa Evaporation = (2.5 %) * (45,700 AFY) = 1,100 AFY. 

Thus, the average annual water lost due to playa evaporation is about 1,100 AFY.  This 
value is sufficiently large to effectively include any evapotranspiration that occurs along 
the stream channels flowing onto the surface of the Basin.  The amount of water lost to 
average annual playa evaporation must be deducted from the average annual runoff 
coming onto the surface of the Basin to determine the amount of Mountain Front runoff 
that infiltrates into the Groundwater Basin.   

11.0 Natural Recharge 

Subtracting the amount of average annual playa evaporation from the Total Mountain-
Front Recharge value, above, yields a value for the average annual Natural Recharge to 
the Antelope Valley Groundwater Basin, as follows: 

 Average Annual Natural Recharge = (107,400 AFY) - (1,100 AFY) 

 Average Annual Natural Recharge = 106,300 AFY. 
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12.0 Summary and Conclusion 

Using precipitation, runoff, and evapotranspiration data for the Antelope Valley 
Watershed, and applying a methodology developed by the USGS, reasonable values for 
the contribution of Mountain-Front Recharge to the total Natural Recharge of the 
Antelope Valley Groundwater Basin have been calculated.

Average annual precipitation in the Watershed is about 958,000 acre feet per year 
(AFY), of which about 279,000 AFY occurs in the Mountain-Front area.
Average annual Mountain Front runoff is about 45,700 AFY.
Average annual Mountain Front evapotranspiration is about 172,400 AFY.
Bedrock infiltration in the Mountain-Front area is about 61,700 AFY, which 
recharges the Groundwater Basin directly as underflow inflow.
Total average annual Mountain-Front Recharge available to the Groundwater 
Basin is about 107,400 AFY, of which about 1,100 AFY is consumed by playa 
evaporation.
Average annual Natural Recharge to the Antelope Valley Groundwater Basin, 
therefore, is about 106,300 AFY. 

In conclusion, therefore, the average annual Natural Recharge to the Antelope Valley 
Groundwater Basin is about 106,300 AFY. This is the value that is recommended to the 
Technical Committee for incorporation into the Committee's Problem Statement Report 
and for use in the water balance being prepared by the Committee for that report. 

13.0 References 

Blodgett, J. C., 1995. Precipitation Depth-Duration and frequency characteristics for 
Antelope Valley, Mojave Desert, California, U. S. Geological Survey Water-Resources 
Investigations Report 95-4056, 

Bloyd, R. M., Jr., 1967. Water Resources of the Antelope Valley-East Kern Water 
Agency Area, California. A report prepared in cooperation with the Antelope Valley-East 
Kern Water Agency, U. S. Geological Survey, Water Resources Division, Open-File 
Report 67-21, Menlo Park, California, August 28. 

Brown, P., 2000. Basics of Evaporation and Evapotranspiration, Turf Irrigation 
Management Series: I, AZ1194, the University of Arizona College of Agriculture, 
Tucson, Arizona 85721, December. 

Brown, p., and Kopec, D., 2000. Converting Reference Evapotranspiration into Turf 
Water Use. Turf Irrigation Management Series: II, AZ1195, the University of Arizona 
College of Agriculture, Tucson, Arizona 85721, December 

Durbin, T. J., 2007a. Summary of Stream Flow Data and Figures. Stapled document with 
pages numbered 1 through 21, presented to the Antelope Valley Adjudication Technical 
Committee, July 17. 



Tom Sheahan, Geomatrix Consultants, Inc. 

Mountain Front Recharge - 3-9-08 
 Page 14 of 14

Durbin, T. J., 2007b. Table XX. Annual Recharge from Runoff and Underflow. A table 
of data for total estimated runoff from the Mountain-Front areas of the Antelope Valley, 
California, for 1963 through 2005, presented to the Antelope Valley Adjudication 
Technical Committee, August 7. 

Fastenau, R. G., 2007a. Estimating Native Vegetation Water Use. Personal 
communication email from Robert G. Fastenau, Associate Land and Water Use Scientist, 
State of California, Department of Water Resources, Southern District, to Eugene 
Nebeker, June 1. 

Fastenau, R. G., 2007b. Mountain ETo's. personal communication email from Robert G. 
Fastenau, Associate Land and Water Use Scientist, State of California, Department of 
Water Resources, Southern District, to Eugene Nebeker, July 17. 

Fastenau, R. G., 2007c. Native Vegetation Estimated Water Need. Personal 
communication email from Robert G. Fastenau, Associate Land and Water Use Scientist, 
State of California, Department of Water Resources, Southern District, to Eugene 
Nebeker, cc: Robert Pierotti, David Inouye, and others at the Department of Water 
Resources, August 22. 

Shah, N., Nachabe, M., and Ross, M., 2007. Extinction Depth and Evapotranspiration 
from Groundwater under Selected Land Covers. Groundwater, Journal of the Technical 
Division, National Groundwater Association, Vol. 45, No. 3, May-June. 

Sheahan, N. T., 2008. Glossary of Terms, Antelope Valley Groundwater Basin, Problem 
Statement Report.  A document submitted to the Antelope Valley Adjudication Technical 
Committee for incorporation into the final report of the Committee March 9, 2008. 

Wilson, J. L., and Guan, H., 2004. Mountain-Block Hydrology and Mountain-Front 
Recharge, in Groundwater Recharge in A Desert Environment: The Southwestern United 
States, edited by Fred M. Phillips, James Hogan, and Bridget Scanlon, AGU, Washington 
DC.

14.0 Endnotes 

i N. Thomas Sheahan is Senior Consultant Hydrogeologist for Geomatrix Consultants, Inc., and an active 
member of the Antelope Valley Groundwater Basin Adjudication Technical Committee.  Mr. Sheahan 
holds a Bachelor of Science degree in Geology and Geography (University of Missouri 1960) and a Juris 
Doctorate degree in Law (University of La Verne 1978).  He is licensed in California as a Professional 
Geologist, a Professional Geophysicist, a Certified Engineering Geologist, a Certified Hydrogeologist, and 
as an inactive member of the California State Bar. 



Fi
gu

re
 1

. A
nt

el
op

e 
Va

lle
y 

W
at

er
sh

ed
 a

nd
 G

ro
un

dw
at

er
 B

as
in

 B
ou

nd
ar

ie
s 



Fi
gu

re
 2

. A
nt

el
op

e 
Va

lle
y 

To
po

gr
ap

hy
 



Fi
gu

re
 3

. F
au

lt 
Zo

ne
s 

B
or

de
rin

g 
A

nt
el

op
e 

Va
lle

y 



Fi
gu

re
 4

. D
ia

gr
am

 o
f M

ou
nt

ai
n 

Fr
on

t R
ec

ha
rg

e 
Fa

ct
or

s 
(fr

om
 W

ils
on

 a
nd

 G
ua

n,
 2

00
4,

 F
ig

. 2
) 



Fi
gu

re
 5

. A
ve

ra
ge

 A
nn

ua
l P

re
ci

pi
ta

tio
n,

 in
 In

ch
es

 
A

nt
el

op
e 

Va
lle

y 
W

at
er

sh
ed

 



Fi
gu

re
 6

. A
ve

ra
ge

 A
nn

ua
l P

re
ci

pi
ta

tio
n,

 in
 In

ch
es

, i
n 

M
ou

nt
ai

n 
Fr

on
t A

re
a 

A
nt

el
op

e 
Va

lle
y 

W
at

er
sh

ed
 



Fi
gu

re
 7

. B
lo

yd
 A

na
ly

si
s 

of
 H

ig
h-

Lo
w

 A
nn

ua
l P

re
ci

pi
ta

tio
n-

R
un

of
f V

al
ue

s 
fo

r 
B

ig
 R

oc
k 

C
re

ek
 (B

lo
yd

, 1
96

7 



Fi
gu

re
 8

. C
om

pa
ris

on
 o

f A
nn

ua
l P

re
ci

pi
ta

tio
n-

R
un

of
f V

al
ue

s 
fo

r 
B

ig
 R

oc
k 

C
re

ek
 a

nd
 L

itt
le

 R
oc

k 
C

re
ek

 w
ith

 B
lo

yd
 A

na
ly

si
s 

R
es

ul
ts

 
(B

lo
yd

, 1
96

7)
 





Anaverde Report 10-21-08.doc

Exhibit No. 2 

Table 1, “Antelope Valley Mountain Front Natural Recharge Contribution to the Antelope Valley 
Area of Adjudication (Antelope Valley Adjudication Area)” 



Antelope Valley Data Amounts Units
Total Antelope Valley Watershed Area 1,575,000 Acres

Antelope Valley Groundwater Basin Area 900,000 Acres
Antelope Valley Mountain Front Area 287,000 Acres
Antelope Valley Other Bedrock Outcrop Area 388,000 Acres

Total Antelope Valley Watershed Precipitation 9,580,000 Acre-feet per year

Total Antelope Valley Mountain-Front Area Precipitation 279,400 Acre-feet per year
Antelope Valley Mountain-Front Runoff to AVAA 45,700 Acre-feet per year
Antelope Valley Mountain-Front Bedrock Infiltration 61,700 Acre-feet per year
Antelope Valley Mountain-Front Evapotranspiration 172,000 Acre-feet per year

Antelope Valley Mountain Front Recharge Amounts Units
Antelope Valley Mountain-Front Runoff to AVAA 45,700 Acre-feet per year
Antelope Valley Mountain-Front Bedrock Infiltration 61,700 Acre-feet per year

Total Antelope Valley Mountain-Front Contribution to the AVAA 107,400 Acre-feet per year

Table 1
Antelope Valley Mountain Front Natural Recharge Contribution 

to the Antelope Valley Area of Adjudication (AVAA)
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Figure from Lambie, 2008, entitled “Exhibit 2 Anaverde Ranch Location” 
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Exhibit No. 4

Table 2, “Anaverde Mountain Front Area Natural Recharge Contribution to the Antelope Valley 
Area of Adjudication (Antelope Valley Adjudication Area)” 



Anaverde Valley Data Amounts Units
Total Anaverde Watershed Area 10,260 Acres

Anaverde Alluvial Area 3,796 Acres
Anaverde Mountain Front Area 6,464 Acres

Total Anaverde Watershed Precipitation 12,090 Acre-feet per year
Anaverde Alluvial Area Precipitation 2,784 Acre-feet per year
Anaverde Mountain-Front Area Precipitation 9,306 Acre-feet per year

Total Anaverde Mountain-Front Area Precipitation 9,306 Acre-feet per year
Anaverde Mountian-Front Surface Water Runoff 1,522 Acre-feet per year
Anaverde Mountain-Front Bedrock Infiltration 2,055 Acre-feet per year
Anaverde Mountain-Front Evapotranspiration 5,729 Acre-feet per year

Anaverde Mountain-Front Area Recharge Amounts Units
Anaverde Mountian-Front Surface Water Runoff 1,522 Acre-feet per year
Anaverde Mountian-Front Bedrock Infiltration 2,055 Acre-feet per year

Total Anaverde Mountain-Front Recharge Contribution 3,577 Acre-feet per year

Table 2
Anaverde Mountain Front Area Natural Recharge Contribution 

to the Antelope Valley Area of Adjudication (AVAA)
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Exhibit No. 5

Figure from Lambie, 2008, entitled “Exhibit 13 Estimated Verdant Area in Anaverde Creek 
Groundwater Basin.” 
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Exhibit No. 6

Portion of Ritter Ridge Quadrangle Map Showing 1,000-Foot-Wide Anaverde Creek Valley, from 
Lambie Deposition Exhibit 203, annotated. 
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Exhibit No. 7

Excerpt from the textbook “Physical and Chemical hydrogeology, by Domenico and Schwartz, 
pp. 86-87, including Figure 3.18. 
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Attachment No. 2 

Plate 6 from a report entitled “Calibration of a Mathematical Model of the Antelope Valley 
Groundwater Basin, California,” by Timothy J. Durbin, U. S. Geological Survey Water-Supply 
Paper 2046, 1978. 
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Attachment No. 3

Figure 10 from a report entitled “Water Resources of the Antelope Valley-East Kern Water 
Agency Area, California,” by R. M. Bloyd, Jr., U. S. Geological Survey Open File Report 67-21, 
1967.
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Attachment No. 4

Figure 16 (revised) from a report entitled “Groundwater Sub-Basins in the Antelope Valley,”
prepared for Kuhs and Parker on behalf of Tejon Ranchcorp by Mr. E. John List, Flow Science 
Incorporated, June 24, 2008. 
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Attachment No. 5

Figure 17 (revised) from a report entitled “Groundwater Sub-Basins in the Antelope Valley,”
prepared for Kuhs and Parker on behalf of Tejon Ranchcorp by Mr. E. John List, Flow Science 
Incorporated, June 24, 2008. 
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Attachment No. 6

Figure 18 (revised) from a report entitled “Groundwater Sub-Basins in the Antelope Valley,”
prepared for Kuhs and Parker on behalf of Tejon Ranchcorp by Mr. E. John List, Flow Science 
Incorporated, June 24, 2008. 




