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Illegals From Terror-Sponsoring Nations at Large in US 
By Kevin Mooney 
CNSNews.com Staff Writer 
August 08, 2006 
 
(CNSNews.com) - Almost half of the illegal aliens arriving in the U.S. 
from terrorist-sponsoring or "special interest" nations in the past few 
years have been released into the American population following their 
apprehension. This key finding is published in an internal audit of the 
Department of Homeland Security (DHS) obtained by Cybercast News 
Service .  
 
The so-called "catch and release" policies have allowed more than 
45,000 illegal aliens from countries that are well known for their anti-
American views or considered "hotbeds of Islamic fundamentalism" to 
be freed. 
 
U.S. Rep. Ted Poe (R-Texas), in conversations with sheriffs operating 
along the Texas-Mexico border, learned that illegal aliens of Middle 
Eastern descent have been able to blend into the culture south of the U.S. 
border and pass themselves off as Mexicans.  
 
"They learn Spanish and assimilate into the population," Poe said. 
"Coming across the Canadian border they would be more conspicuous."  
 
The U.S. State Department's list of State Sponsors of Terrorism (SSTs), 
currently includes five countries -- Syria, Cuba, Iran, North Korea and 
Sudan. However, the DHS audit lists another category called Special 
Interest Countries (SICs).  
 
At the moment there is no public list of SICs, however, information 
made available through the office of U.S. Rep. Tom Tancredo (R-Colo.) 
indicates that countries with large Islamic fundamentalist populations 
such as the U.S.-liberated Afghanistan, Yemen and Saudi Arabia, are 
included on the State Department's SIC list.  
 
Between the beginning of Fiscal Year 2001 and the mid-way point of 
Fiscal Year 2005, the DHS audit revealed that 605,210 individuals from 
countries "other than Mexico" (OTMs) were apprehended and 309,733 
of that total were eventually released.  
 
A total of 91,516 illegal aliens from SST and SIC countries were 
apprehended over the same time period and 45,008 were released, the 
audit showed. 
 
The audit was produced by the DHS Office of Inspector General and 
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focuses on the Detention and Removal Program, which is operated by 
the Immigration and Customs Enforcement Bureau (ICE). The audit was 
produced in April, but when completed in May, it "was made public on a 
Friday night with no press release," said Connie Hair, a spokeswoman 
for the group of citizen volunteers committed to fighting illegal 
immigration known as the Minuteman Civil Defense Corps.  
 
The audit report, Hair said "was buried in an obscure corner of the DHS 
website," and discovered only as a result of her group's research. 
 
The Detention and Removal Program (DRO) anticipates over 600,000 
foreign-born individuals will be incarcerated in state correctional 
facilities during Fiscal Year 2007. Current estimates show that at least 
half of these criminal aliens - 300,000 - will be released or removed due 
to a lack of resources, according to the DHS audit. 
 
Jamie Zuieback, a spokeswoman for ICE, advised against making 
"radical assumptions" about the individuals involved in the DRO simply 
because they come from a certain country. She also said that as a result 
of new programs, ICE is "making rapid progress" toward ending the 
practice of "catch and release." 
 
During the month of July ICE added 1,500 inmate beds nationwide, 
Zieback said. She also pointed out that over 90 percent of the non-
Mexican illegal aliens being apprehended are being detained. "No aliens 
are being released because of a lack of bed space," she said.  
 
Zuieback cited statistics that show ICE fugitive teams are averaging 
1,000 arrests a week. But agency officials admit that the available data 
only points to illegal aliens who have been detected. The DHS audit does 
not address the influx of illegal aliens who elude apprehension.  
 
"The data is incomplete," cautions T.J. Bonner, president of the National 
Border Patrol Council, the union representing over 10,000 "front line" 
border agents and part of the American Federation of Government 
employees. "We only know of the ones we apprehend. For every person 
caught there are two or three that slip by."  
 
Bonner said he believes front line border control agents apprehend 
roughly 25 percent of the aliens entering the U.S. illegally. He also 
expects that "catch and release" policies will continue as long as there is 
insufficient funding.  
 
Poe pointed to "a lack of will" on the part of the federal government, 
which he said translates into a paucity of "inner heartland enforcement."  
 
The Texas congressman has some specific proposals. He would like to 
see abandoned military bases and Federal Emergency Management 
Agency trailers used for the purposes of detention. Poe is also calling for 
more federal funding for the hiring of immigration judges so the legal 
hearings of illegal aliens can be better managed. 
 
The DHS audit pointed to a number of factors, in addition to funding 
shortages that are responsible for "catch and release."  
 
It cites the "propensity of illegal aliens to disobey court orders to appear 
in immigration court" and "the penchant of released illegal aliens with 
final orders to abscond."  
 
Recent U.S. Supreme Court decisions also mandate the release of 
criminal aliens and even "high risk aliens" 180 days after the issuance of 
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the final removal order. Finally, the report states that some countries 
"block" the repatriation of their citizens. 
 
E-mail a news tip to Kevin Mooney. 
 
Subscribe to the free CNSNews.com daily E-Brief. 
 
Send a Letter to the Editor about this article. 
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THE BOUNDARY:  A US border 
patrol vehicle rolls down the road 
in Douglas, Ariz. Border issues 
will be a central subject during 
Bush's summit Wednesday in 
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MATT YORK/AP/FILE 

US-MEXICAN BORDER AS A 
TERROR RISK 
Recent intelligence gives the most evidence yet of terrorist plans. Lawmakers push for 
tighter security.  

By Faye Bowers | Staff writer of The Christian Science Monitor 
 

WASHINGTON – 
Concern is growing at the top levels of government about the US-Mexican border becoming a back 

door for terrorists entering the United States. While Al Qaeda infiltration across the nation's 

southern border has been a constant concern since 9/11, US officials cite recent intelligence giving 

the most definitive evidence yet that terrorists are planning to use it as an entry point - if they 

haven't already.  

As a result, a number of Republican and Democratic lawmakers - mainly from border 

states - are pushing to tighten checkpoints and other ways of monitoring the porous 

1,400-mile boundary. The subject will also be central to President Bush's summit in Texas 

Wednesday with Mexican President Vicente Fox and Canadian Prime Minister Paul 

Martin. 

 
"I'm worried about our border," Sen. John McCain (R) of Arizona 

said at a March 17 Senate hearing on threats facing the US. 

"We have now hundreds of thousands, if not millions, of people 

who are crossing illegally every year. And we are now seeing a 

larger number of people cross our southern border who are from 

countries of interest as opposed to just Latin American 

[countries]." 

 
The "countries of interest" that Senator McCain refers to are 

those so designated by the US government as known to house 

radical, if not terrorist, groups. 

One of the biggest concerns is that terrorists may exploit the 

current crossing procedures to make their way into the US. One 

way they might do this - and members of Congress say evidence is mounting that 

terrorists are trying this - is by paying smuggling networks, especially organized gangs. 
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The other is through a loophole in the system to separate the large number of illegal 

Mexican migrants, who are automatically turned back at the borders, from citizens of 

other countries who are allowed in, pending immigration hearings. These others are 

referred to as "other than Mexicans," or OTMs, by the Department of Homeland Security 

(DHS). They come from other Latin American countries as well as other parts of the 

world, many of them designated by the government as countries of "special interest." In 

2004, some 44,000 OTMs were allowed into the US. 

It's not clear how many terrorists or people having connections to terror groups may have 

entered the US as OTMs. But FBI Director Robert Mueller, in a House Appropriations 

Committee hearing March 9, said he was aware that individuals from countries with 

known Al Qaeda ties had entered the US under false identities. 

Furthermore, in a Feb. 16 Senate hearing, Mr. Mueller cited the case of Mahmoud 

Youssef Kourani, who paid to be smuggled across the US-Mexico border in 2001. He 

pleaded guilty on March 1 to providing material support to Hizbullah and was sentenced 

to no more than five years in prison. 

The most recent sign, though, that terrorists may be thinking of entering the US from the 

south came from the mastermind of many of the terror attacks in Iraq, Abu Musab al-

Zarqawi. Last week, US officials revealed that Mr. Zarqawi may be planning to broaden 

his campaign to include strikes in the US - and suggested it would be easy to infiltrate the 

US through the southern border. 

Of the 44,000 OTMs who entered the US last year, it is not known how many were 

detained and how many remain free. Members of Congress are continuing to lean on 

government officials, asking for clear assessments of numbers as well as policies 

intended to thwart the entry of those who would harm the US. 

Sen. Dianne Feinstein (D) of California asked the DHS's Adm. James Loy at a hearing 

last month about the numbers of OTMs detained and those set free. He replied that he 

didn't have the numbers, and as of the end of last week, the senator's office said the DHS 

still hadn't provided her those numbers. 

But in response to a request from Rep. Solomon Ortiz (D) of Texas, the DHS supplied 

numbers of OTMs registered, by country of origin, who had been released on their own 

recognizance for fiscal years 2002, 2003, and 2004. The totals were 5,775, 9,139, and 

30,756 respectively. 

Some countries, such as those known to export gang members, showed dramatic 

increases in numbers entering the US. The DHS document, for instance, shows 1,463 

OTMs entering the US from El Salvador in 2002. That number increased to 7,963 in 2004. 

Some 2,539 OTMs entered the US from Honduras in 2002, and that number increased to 

12,549 in 2004. 

Representative Ortiz, though, disputes many of the DHS numbers. He says he regularly 

hears reports of much higher figures from border patrol officials from his district in Texas, 

which includes the border-crossing area of Brownsville. 

"In the Brownsville sector alone, border patrol officials reported they caught 23,178 OTMs 

crossing through August 2004," Mr. Ortiz says. "Of those, 16,616 were released." 

Ortiz also points out that another loophole is entering Mexico through Brazil, where a visa 

is not required to travel to Mexico. 
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"We believe there is an international Salafist jihadi movement with a goal to attack the 

near enemy and far enemy - the US," says Richard Shultz, an international security 

expert at Tufts University's Fletcher School in Medford, Mass. "These terrorists are smart. 

They study these issues and learn from one other. And one way in is right through the 

southern security perimeter." 
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REGION: Edison 
initiative adds 
twist to power-line 
debate  
By DAVE 
DOWNEY - Staff 
Writer  

SAN DIEGO ---- 
When Southern 
California's 
largest utility said 
it was going to 
generate 250 megawatts of electricity from solar panels on warehouse rooftops, it injected a new 
element into the debate over a proposed power line in San Diego County. 
 
Southern California Edison's recent announcement has implications for San Diego Gas & Electric Co.'s 
proposed $1.5 billion Sunrise Powerlink transmission line.  

A power line opponent has proposed a similar project in place of wires to power the county's future: solar panels on the 
roofs of large commercial buildings and over sprawling parking lots. 
 
That opponent, engineer and activist Bill Powers of San Diego, took the stand briefly Tuesday during the courtlike 
proceeding examining the merits and environmental impacts of the power line. 
 
Powers may be questioned again Wednesday afternoon. 
 
The California Public Utilities Commission says it intends to rely on mountains of reports, as well as testimony from hearings 
this week in San Diego and next week in San Francisco, to decide whether to license the project. 
 
A decision is anticipated by August. 
 
The third day of hearings is scheduled for Wednesday at the California Center for Sustainable Energy. 
 
SDG&E is proposing to string a 150-mile high-voltage line from El Centro to Carmel Valley by 2011, if given the green light 
by either state or regulators. 
 
If denied by the state, the utility could appeal, as early as October, to the Federal Energy Regulatory Commission. 
 
The line would pass through Anza-Borrego Desert Park, Santa Ysabel, Ramona and Rancho Penasquitos. Many residents 
of the communities and environmentalists oppose the project; business leaders and a number of prominent politicians 
support it. 
 
In previously filed testimony, SDG&E dismissed Powers' vision for 920 megawatts of rooftop solar energy as "hypothetical 
and not feasible," saying nowhere near that amount could be developed. 
 

UC San Diego's Russell Thackston sits next to photovoltaic solar panels on the roof of the Powell 
Structure Lab on the La Jolla campus. Thackston, the university's director of facility management, 
says UCSD is planning to install more solar panels atop its buildings, a move solar energy 
supporters say is should be done on large rooftops throughout the county. / HAYNE PALMOUR IV 
Staff Photographer 
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The company expressed strong skepticism of Powers' suggestion that solar panels could be installed at a cost of 
approximately $5 per watt, saying more than $7 was more realistic. 
 
But Powers maintained in a recent interview that Edison's March 27 announcement lends credence to his vision. 
 
"To have the biggest utility in Southern California embrace this changes the dynamic of the discussion," Powers said last 
week in a telephone interview. "What it does is, it shifts the discussion of major photovoltaic deployment into the 
mainstream. Until (March 27), it could be categorized by our local utility as an unworkable pipe dream." 
 
During cross-examination Tuesday, SDG&E attorney Richard Raushenbush, in an exchange that turned testy at times, 
repeatedly asked Powers to state how much it would cost to build solar panels that generate 920 megawatts.  
 
Powers did not provide a figure, saying overall cost was not an issue because it would be borne by entrepreneurs who 
would be entitled to state solar rebates. 
 
In proposing to build its own 250-megawatt network of solar panels, Edison said it was preparing to spend $875 million. And 
company officials said they would expand the system to 500 megawatts if the first phase is successful. 
 
Powers said Edison is showing that rooftop sun power can be used on a large and affordable scale to meet the San Diego 
area's needs. SDG&E is seeking to increase its supply by 1,000 megawatts, about 20 percent of its current supply. 
 
Gil Alexander, a spokesman for Edison in the Los Angeles area, said his company had found a way to install the solar 
panels for $3.50 per watt. 
 
Edison's first solar installment will be on a warehouse in San Bernardino County and it is expected to be operating by 
August, Alexander said. 
 
SDG&E spokeswoman Jennifer Briscoe said the San Diego-based utility was "intrigued" by the project. "It is a new model," 
she said. 
 
However, Briscoe said it would be hard to replicate the Edison example because there are fewer warehouses in San Diego 
County. 
 
Powers dismissed Briscoe's conclusion. 
 
"What's a Wal-Mart? What's a Costco? They are big and flat," Powers said. "And they are ready to go." 
 
Starting with a 600,000-square-foot distribution center owned by ProLogis in Fontana, Edison proposes to pave rooftops 
throughout its service territory, which spans northern Orange, Los Angeles, Riverside, San Bernardino and several other 
counties. 
 
Edison estimates the project will cost $875 million, a figure that includes charges for leasing rooftop space from building 
owners. 
 
When completed in 2013, the rooftop network will negate the need for a new power plant, Alexander said in an interview last 
week. 
 
"What we are doing essentially is building a 2-square-mile solar utility power plant," he said. "And the wires that come off 
these roofs will go right into neighborhood distribution circuits." 
 
Because panels produce the most electricity when the sun is high in the sky, this project will help keep air conditioners 
humming on hot August and September afternoons. 
 
"It's a type of generation that matches almost exactly the peak needs of our customers," Alexander said. 
 
In other testimony Tuesday morning addressing fire threat, Ramona's Joseph Mitchell said San Diego County has had more 
fires sparked by power lines in recent years than other Southern California counties. 
 
He acknowledged, however, that precise causes for the October 2007 fires have not been determined. 
 
Still, Mitchell said he found through his own analysis of SDG&E data that on three occasions between February 2004 and 
November 2007, 230-kilovolt lines caused fires in San Diego County. Between Warner Springs and Carmel Valley, Sunrise 
would be a 230-kilovolt line. 
 
Mitchell surmised there would be a 10 percent chance of Sunrise sparking a fire in its first 40 years of operation, a point 
SDG&E vigorously disputed. 
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Contact staff writer Dave Downey at (760) 745-6611, Ext. 2623, or ddowney@nctimes.com.
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March 28, 2008  

SCE Launches 250-MW Solar Project  
California, United States [RenewableEnergyWorld.com]  

Southern California Edison (SCE) has launched one of the largest solar installations in the U.S. SCE 
plans to install up to 250 megawatts (MW) of advanced solar photovoltaic (PV) generating technology 
on 65 million square feet of roofs on Southern California commercial buildings.  

This project was prompted by recent reductions in the cost of installed PV generation, according to SCE. 
When combined with the size of SCE’s investment, the resulting costs per unit are projected to be half 
that of common photovoltaic installations in California. SCE asked the CPUC for approval to install the 
solar cell technology during the next five years. The request estimates the total project cost will be US 
$875 million. 
 
“This project will turn two square miles of unused commercial rooftops into advanced solar generating 
stations,” said John Bryson, Edison International's CEO. “We hope to have the first solar rooftops in 
service by August. The sunlight power will be available to meet our largest challenge – peak load 
demands on the hottest days.” 

null  

Copyright © 1999-2008 RenewableEnergyWorld.com  
All rights reserved.  
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Wind turbine fire [National Wind Watch] http://www.wind-watch.org/news/2008/03/28/wind-turbine-fire/

5 of 6 4/16/2008 12:02 AM

 
posted:  March 28, 2008 • Minnesota

Wind turbine fire
[ Alternate short URL for linking • HOME ]

Smoke pours from the top and bottom of one of the wind turbines 
at the Ewington Wind Farm near the Heron Lake exit north of 
Interstate 90 Wednesday morning. The Brewster and Okabena Fire 
Departments responded to the scene, but upon the advice of Suzlon 
Wind Energy officials, the fire was allowed to burn itself out. 
(Brian Korthals/Daily Globe)

Worthington Daily Globe

27 March 2008

Save to:                    
Blog it:    

Tags: wind power, wind energy
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COMMON 
WIND TURBINE 
ACCIDENTS 
 
 
 
 

 

Who would ever think those huge towers  
could crinkle and fall? 

B0002



Or catch on fire!   

Do the companies 
provide appropriate 
ladders for local fire 
departments? 

B0002



Or come apart. 
 
 

B0002



Blades twist, 
fold, and  
fall off. 

 

But I bet those cattle 
often pictured in 
industry shots  
under the turbines,  
wouldn’t even notice! 
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And then 
there 
are the 
bigger, 
heavier 
parts that 
hit the 
ground. 

       Bet they’d even  
       heard that thud in     
      town! 
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What about transporting those huge parts… 
 
 

 
 
 
 
 

 
 
 
 

       Guess those  
       homes have to go! 

For actual pictures and more information visit:*                 
http://ventdubocage.net/accident.htm 
http://ventdubocage.net/accident2.htm 
http://ventdubocage.net/accident3.htm 
http://ventdubocage.net/accident5.htm 
http://ventdubocage.net/accident-allemagne1.htm 
http://ventdubocage.net/accident4.htm                                                                                   
Thanks to:                                                                                                    
Mark Duchamp" save-the-eagles@madrid.com                                   
Windfarm/Bird Research Manager                                                                
Proact International    http://www.proact-campaigns.net  

*For translation help, go to --- http://www.google.com/language_tools?hl=en             
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Fig. 1   Closeup of fracture in rock outcrop in the Tierra del Sol watershed. 
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EXECUTIVE SUMMARY  

The impact that the proposed Campo landfill will have on the hydrology of the Tierra del Sol watershed is examined 
using an interdisciplinary perspective. Analysis of precipitation and well data suggests the presence of an effective 
hydraulic connection between surface water and groundwater in the region. Existing fracture maps and other 
geologic evidence reveal the extent to which the underlying aquifer is fractured. The presence of numerous springs 
and photogeologic lineaments indicates that water flows readily from the fractured-rock aquifer to the creeks, 
streams, and wells of the Tierra del Sol watershed.  

Selected vegetative species with an established moisture affinity are documented in the Tierra del Sol watershed. 
Specimens of blue elderberry (Sambucus mexicana) appear to be aligned along fractures, where moisture can be 
sustained for long periods. Thick stands of red shank (Adenostoma sparsifolium) constitute the predominant species 
in several of the lineaments identified in aerial images. Unlike the chamise (Adenostoma fasciculatum), its closely 
related and more widely distributed chaparral species, the red shank is a tall arborescent shrub which thrives on 
moist sites. The spatial distribution of blue elderberry and red shank points to the existence of local moisture 
gradients which could be tied to the rock fractures.  
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• INTRODUCTION •  

The impact that the proposed Campo landfill will have on the hydrology of the Tierra del Sol watershed 
is examined herein. The Campo landfill site is located within the Campo Indian reservation in East San 
Diego County, California, in the headwaters of Lower Campo Creek. The Tierra del Sol watershed is 
located in the community of Boulevard, adjacent to the landfill site and immediately east of it. The 
landfill project has been under planning and engineering since the early 1990s. Construction, however, 
has not occurred due to legal, regulatory, market, and other issues. Currently, a revised landfill project 
on the same site is being developed by the Campo Indian reservation in partnership with commercial 
landfill operators.  

At issue is the impact that leakage through the landfill liner and the resulting groundwater 
contamination will have on the hydrology of the Tierra del Sol watershed. The latter is located "right in 
the landfill's backyard," to use a phrase which is common among environmental professionals.  

Questions about the effect that a leakage plume will have on the surface water and groundwater of the 
vicinity remain without a clear answer. It is noted that the landfill site sits on top of a fractured-rock 
aquifer. Moreover, this aquifer is part of the federally designated Campo-Cottonwood Sole Source 
Aquifer.1 This means that the U.S. Environmental Protection Agency (EPA) has established that this 
aquifer is the main source of drinking water in the area, and that should it become contaminated, there 
are no reasonably available alternative sources.  

Geologic and other physical evidence indicates that a complex system of fractures underlies the landfill 
site. This fact alone would tend to invalidate flow downgradient assumptions based solely on surface 
topography. Under the geologic conditions prevalent at the Campo landfill site, the groundwater flow 
direction may not coincide with the surface-water flow direction. Thus, contaminated leachate plumes 
may flow from one catchment to another based on fracture location, extent and connectivity, rather 
than on the local surface topography.  

The site engineering of the Campo landfill has ensured that at least on the surface, the drainage will 
flow in the northwestern direction and will eventually drain into Lower Campo Creek, and away from 
Tierra del Sol. However, the documented existence of the fractures, including their location, extent, and 
patterns of connectivity, raises a serious "red flag" regarding the technical viability of the project. 

In fractured-rock aquifers, a leachate plume will move preferentially along the fractures. Advection is likely to be the 
predominant physical mechanism, with travel times from capture zone to nearby wells measured in days, rather than 
in years as would be the case in more traditional diffusion-dominated settings. Given the complexity of the fractured-
rock system, the probability that leachate plumes will be missed by the system of monitoring wells is high. Thus, 
placing a major landfill on top of a fractured-rock aquifer such as Tierra del Sol's significantly compromises the health 
and welfare of the local population on both sides of the U.S.-Mexico border. Moreover, Tierra del Sol is part of the 
federally designated Campo-Cottonwood Sole Source Aquifer, i.e., it has been determined that, should this aquifer 
become contaminated, there are no reasonably available alternative sources of drinking water.  
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[Groundwater hydraulics]   [Synthesis]   [Conclusions]   [Summary]   [Endnotes]   [References]   
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Normally, a landfill can be placed on a thick sedimentary geologic formation, where a contaminated 
plume would be slowly diffused on the adjoining porous media. It is more risky to place it on an 
extensively fractured rock formation, where the plume would be advected, through the fractures to 
downgradient locations, while undergoing very little diffusion.  

• SCOPE •  

This study examines the impact that a leakage in the Campo landfill liner will have on the surface and 
groundwater hydrology of the Tierra del Sol watershed. The study, which is interdisciplinary in nature, 
examines the hydrology, hydrogeology, hydroecology, stream morphology, and groundwater hydraulics 
of the proposed landfill site and the watershed immediately east of it.  

The focus is the general direction and velocity of transport of water and contaminants through the 
fractured rock. The specific emphasis is on the difference between the matrix velocity and the fracture 
velocity. The latter may be several orders of magnitude greater that the matrix velocity (Davis and 
DeWiest, 1966).  

At issue is the speed at which contaminants can travel through the individual fractures. Through a 
breach in the liner system and/or leachate collection and removal system, the contaminant plume 
would leave the landfill site and flow readily to offsite locations. High flow speeds will lead to short 
travel times and challenge the argument that failure can be effectively controlled.  

The impact of the landfill extends beyond the Tierra del Sol watershed, to other neighboring areas 
including the Lower Campo Creek watershed. This study focuses on the Tierra del Sol watershed for 
the following reasons: (1) many private wells are located in Tierra del Sol, in relatively close proximity 
to the landfill site, and (2) there is long-term rainfall and well data in Tierra del Sol to support the 
analysis.  

• HYDROLOGY •  

The focus of this study is the Tierra del Sol watershed, located immediately east of the proposed 
Campo landfill site, with a surface area of 1760 acres, or 2.75 square miles (Fig. 2). The watershed 
drains gentle slopes and foothills of California's Peninsular Range, at an average elevation of 3,600 
feet, in a predominantly southern direction. The watershed features numerous rock outcrops and 
springs.  

The main watercourse, hereafter named Tierra del Sol Creek, crosses the U.S.-Mexico border at 
N 32o 35' 57'' and W 116o 20' 49''. Once in Mexico, Tierra del Sol Creek flows past Roca Magisterial, 

[Hydrology]   [Hydrogeology]   [Hydroecology]   [Stream morphology]   [Groundwater hydraulics]   
[Synthesis]   [Conclusions]   [Summary]   [Endnotes]   [References]   [Reviewers]   •   [Top]   [Introduction]   

The focus is the general direction and velocity of transport of water and 
contaminants through the fractured rock. 
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about one kilometer west of the community of Jardines del Rincón. The creek is in the watershed of 
Arroyo Las Palmas, which joins Arroyo Alamar in East Tijuana to form the Tijuana River. In turn, the 
Tijuana River flows past Imperial Beach, in South San Diego County, to enter the Pacific Ocean.  

The Tierra del Sol watershed land use is a mixture of the native chaparral ecosystem, albeit with a 
substantial presence of phreatophytes along well defined moisture paths, a few mesophytes, and 
anthropogenic land uses such as ranch clearings and rural housing.  

 

Precipitation data. Precipitation in the Tierra del Sol watershed has been measured at the Morning 
Star Ranch from 1990 to the present. The raingage is located at N 32o 37' 27'' and W 116o 21' 04''. The 
record of monthly precipitation is shown in Fig. 3. The rainy season is from November to April (winter 
rains), although there are some documented instances of summer rain. February is the wettest month 
of record, with 4.09 inches of average precipitation.  

 

Fig. 2   The Tierra del Sol watershed. 
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The record of annual precipitation, with the water year defined from July to June, is shown in Fig. 4. 
The average precipitation for the 15-year period is 15.84 inches. The record shows two very wet years, 
1992-93 and 1997-98; and three other significantly wet years, 1991-92, 1994-95, and 2004-05. The 
years 1991-92, 1992-93, 1994-95, and 1997-98 were El Niño years. In the year 2004-05, monthly and 
annual precipitation were near record highs.  

The years 1995-96 and 1998-99 were La Niña years, showing substantially below average 
precipitation. A La Niña event is the opposite of an El Niño, leading to cooling, instead of warming, of 
the sea-surface temperatures (SST) in the Pacific Ocean along the equator.  

 

Fig. 3   Monthly precipitation record at the Morning Star Ranch (1990-2005). 
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In summary, the precipitation record shows two very wet years (1992-93 and 1997-98), and one 
significantly wet year (2004-05), the latter following at the end of a persistent six-year drought (1998-99 
to 2003-04).  

• HYDROGEOLOGY •  

Water level data from three wells located in the Tierra del Sol watershed were compiled and analyzed 
for this study. These wells are named: (1) Handdug, (2) Playhouse, and (3) Utz. The well locations are 
shown in Fig. 5.  

 

Fig. 4   Annual precipitation at the Morning Star Ranch, 1990-91 to 2004-05. 
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Well data.  Well data spanning the 12-year period from 1993 to 2005 is shown in Figs. 6 to 8. Fig. 6 
shows the Handdug well, Fig. 7 shows the Playhouse well, and Fig. 8 shows the Utz well. The 
measurements were performed by San Diego County personnel as part of the county's groundwater 
monitoring program. The elevations shown are the water surface in the well, above mean sea level.  

The records shows a clear recovery of the groundwater levels in the years 1995, 1998, and 2005, 
indicating the effect that these three wet years had on aquifer replenishment. Significantly, all three 
wells show water table drawdown during the six-year drought period ranging from 1999 to 2004. 
Furthermore, the two dry years of 1995-96 and 1996-97 also show some degree of water table 
drawdown.  

 

Fig. 5   Location of wells at the Morning Star Ranch, Tierra del Sol. 
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Fig. 6   Water-surface elevation at Handdug well. 

 

Fig. 7   Water-surface elevation at Playhouse well. 
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Relation between precipitation and well data.  Analysis of the precipitation and well data reveals an 
effective hydraulic connection between surface water and groundwater in the Tierra del Sol watershed. 
A fraction of the precipitation percolates into the ground; in turn, a fraction of this percolated water joins 
the groundwater, increasing the water-surface elevation in the wells. The remaining portion (of the 
percolated water) eventually returns to the atmosphere as evaporation and/or evapotranspiration. The 
timing of the groundwater level response is relatively fast, not exceeding a half season (six months). 
The paucity of well data precludes a more precise assessment of the response time; however, the 
existence of an effective connection between surface and groundwater is clearly borne out by the data. 

Geologic characteristics.  The Tierra del Sol region is underlain by the Peninsular Range batholith, 
which straddles the mountains of central Southern California. The region lies within the La Posta 
pluton, a deep-seated igneous intrusion (Walawender et al., 1990). This pluton varies inward from rim 
to core, from a sphene-hornblende-biotite tonalite rim to a muscovite-biotite granodiorite core.2 In the 
early 1990s, the landfill's engineering consultants classified the rocks of the Campo landfill as tonalites. 
However, many of the rocks in Tierra del Sol and vicinity may actually be granodiorites.3  

The rocks are extensively fractured, due either to batholith cooling or tectonic uplift. There is 
substantial tectonic activity east of Tierra del Sol, near El Centro (Fig. 9). In addition, the site is within 
the area of influence of the Elsinore fault system (at a distance of less than 22.5 miles) in San Diego 
County and other faults in Imperial County and neighboring northern Baja California. Thus, the region 
has a potential for earthquake-generated strong ground shaking. Anecdotal evidence suggests that 
ground tremors of varying intensities are not uncommon in the immediate vicinity of Tierra del Sol.4,5,6

Also, well cave-ins have been reported as a direct result of earthquake shaking.7  

 

Fig. 8   Water-surface elevation at Utz well. 

Analysis of the precipitation and well data points to an effective hydraulic 
connection between surface water and groundwater in the Tierra del Sol 

watershed. 

Page 9 of 35Impact of the proposed Campo landfill on the hydrology of the Tierra del Sol watershed

4/15/2008http://ponce.sdsu.edu/tierra_del_sol_study.html

B0002



A striking geological feature of Tierra del Sol, and one possibly related to the fractures, is the significant 
number of white, mostly pegmatitic, seemingly vertical dikes that cut across the study area. These 
dikes are formed by quartz and feldspar-rich magmas left over in the final stages of crystallization of 
the granitic rocks. Since the age of the fractures is not known with certainty, the relation between the 
dikes and the fractures is not readily discernible. One possibility is that the dikes were injected into the 
fractures which formed in the initial stages of crystallization and cooling of the granitic rocks. This 
would place the age of [at least] some of the fractures at about 90-140 million years old (Deméré, 
2006). Another possibility is that the fractures formed as a result of stresses produced during the [later] 
uplift of the Peninsular Ranges. In this case they would be only a few million years old.  

It is not immediately apparent which one of the above two scenarios is more plausible. If the fractures 
preceded the dikes, an east-west preference in dike orientation would suggest that less energy was 
required to shoulder aside the rock in an orthogonal (i.e., north-south) direction. In turn, this would 
imply denser fracture spacing and/or greater fracture lengths and widths in the east-west direction. One 
significantly major dike located on the Turner Ranch in Tierra del Sol, is about 5-ft wide and 1,465-ft 
long (Fig. 10). Notably, this dike trends east-west almost exactly (Fig. 20). A geologic fault crosses this 
dike near its eastern edge, in an approximate NE-SW direction. Significantly, the Turner Ranch's well is 
located at or near this fault.  

 
Source: California Geological Survey.

Fig. 9   Magnitude of earthquakes in Southern California 
(Magnitudes: small 5.5-5.9; medium 6.0-6.4; large 6.5-6.9; 
very large 7+). (Data sets: red 1769-1868; blue 1869-1931; 

green 1932-2000). 

Page 10 of 35Impact of the proposed Campo landfill on the hydrology of the Tierra del Sol watershed

4/15/2008http://ponce.sdsu.edu/tierra_del_sol_study.html

B0002



 

Photogeologic lineaments.  Existing studies have revealed the considerable extent of the fractures in 
the vicinity of the proposed landfill site. Figure 11 shows an excerpt of a geologic map prepared in the 
early 1990s by the landfill project's engineering consultants. The proposed landfill site is shown with a 
light-brown background, immediately west of the Tierra del Sol watershed, the latter with its boundary 
highlighted in red. The photogeologic lineaments, which are highlighted in green, depict alignments of 
resistant rock outcrops and variations in the density of vegetation and subtle tonal texture or color 
variations. Many of these lineaments are known to be the expression of fractures and other 
discontinuities in the weathered and unweathered rocks.  

 

Fig. 10   Major dike in Turner Ranch, Tierra del Sol.8 
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A narrow buffer zone, varying from 212 ft to 688 ft in width, separates the landfill site from the Tierra 
del Sol watershed. The landfill's footprint has been selected to ensure that drainage should proceed in 
the northwestern direction, toward Lower Campo Creek, and not in the eastern direction, toward the 
Tierra del Sol watershed. Limiting the landfill site drainage to the surface drainage assumes that there 
is no connectivity between surface water and groundwater. However, as Fig. 11 shows, this is most 
likely not the case.  

Many of the identified fracture alignments cross the landfill site in a predominantly west-east direction. 
At least fourteen (14) fracture alignments cross the boundary between the Campo Indian reservation 
and privately owned land immediately east of it (Fig. 11).  

Advection vs. diffusion.  In fluid mechanics, as well as in groundwater flow, the difference between 
advection and diffusion is largely one of scale. Advection is a first-order process, governed by the 
advective term in the differential equation of fluid motion; diffusion, on the other hand, is a second-
order process, governed by the diffusive term. The terms consist of constant or variable coefficients 
and partial differential terms; for instance, the advective term [u ∂u/∂x], in which u is the advective 

 

Fig. 11   Geologic fractures identified on the Campo landfill site and vicinity.9 
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velocity; likewise, the diffusive term [ν ∂u2/∂x2], in which ν is the diffusivity coefficient.  

In general, an advection-dominated process is much faster than a diffusion-dominated process. This is 
because the first derivative (the gradient) is much larger than the second derivative (the square of the 
gradient). While diffusion is the governing process in flow through porous media, advection is the 
dominant process for flow in open channels (Ponce, 1989). Therefore, flow in fractured-rock aquifers is 
not typical of groundwater flow. Velocities are higher and travel times shorter than those prevalent in 
more traditional [diffusive] hydrogeological settings.  

Hydraulic conductivity.  In hydrogeology, the hydraulic conductivity expresses the ease with which a 
fluid is transported through a porous medium (Bear, 1979). According to Darcy's law, the hydraulic 
conductivity is a specific discharge (i.e., a flux, or discharge per unit of area) per unit of hydraulic 
gradient, with applicable units L3 L-2 T-1 (Ponce, 1989). It characterizes the bulk, or macroscopic, 
velocity (L T-1 units) and not the microscopic velocity, which may be real but it is much more elusive.  

The hydraulic conductivity is commonly expressed in cm/s, or alternatively, in m/day, where 1 cm/s is 
equivalent to 864 m/day. In practice, the hydraulic conductivity varies within a very wide range, thirteen 
(13) orders of magnitude, from 102 cm/s for the most pervious cases, to 10-11 for the most impervious. 
In gravel, the variability of hydraulic conductivity is three (3) orders of magnitude, from 102 cm/s for 
coarse gravels to 10-1 for fine gravels; in fractured rock, the variability is four (4) orders of magnitude, 
from 10-2 to 10-6 cm/s (Freeze and Cherry, 1979).  

In fractured-rock aquifers, porosity is typically much smaller than that of unconsolidated quaternary 
aquifers. While the porosity of sand and gravel deposits varies in the range 25-50%, that of fractured 
rock is less than 10% (Freeze and Cherry, 1979). The smaller the porosity, the greater the difference 
between the matrix velocity and the fracture velocity. This difference is particularly marked if the 
porosity is less than 2%. In contaminant transport through fractured rock, actual solute velocities, 
dominated by advection, may be at least two orders of magnitude greater than the values of bulk 
hydraulic conductivity (Muldoon, 1994). Thus, at the upper limit, values of solute velocities in fractured 
rock may approach 10-2 + 2 = 10-0 cm/s, i.e., 1 cm/s, which is roughly equivalent to the hydraulic 
conductivity of medium-sized gravel.  

Variability in well yield.  Well yield is a function of hydraulic conductivity. In fractured rock, water-
bearing fractures are responsible for most of the yield, with very little of it originating from matrix flow. 
Thus, well yield is directly related to the number, size, and orientation of existing fractures. To put it 
concisely, where there is a significant presence of fractures, generally there is ample water; 
conversely, where there is ample water, its presence may be attributed to a significant number/size of 
fractures. In general, very little yield could be expected from the rock matrix (Fig. 12).  

Flow in fractured-rock aquifers is not typical of groundwater flow. Velocities 
are higher and travel times shorter than those prevalent in more traditional 

[diffusive] hydrogeological settings. 
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Well yields in fractured-rock aquifers can vary widely. Well drilling experience in the Tierra del Sol 
watershed supports this statement, with the variability explained in terms of whether the wells intersect 
water-bearing fractures or not. Success in well drilling is heavily dependent on the size and orientation 
of the fractures tapped by the well. One experienced well driller reports wells in the vicinity being as 
shallow as 5 to 10 ft, and as deep as 600 ft, both yielding water of excellent quality.10  Another well 
driller reports yields varying from a few gallons per minute to 400 gpm, with well yield varying 
drastically between wells that are only a few feet apart.7   

Several examples attest to the variability in well yield and depth in the Tierra del Sol watershed. In the 
Morning Star Ranch, the Playhouse well, drilled in 1978 at the end of a severe drought, found water at 
4 ft, drilled through rock for 270 ft of its 300-ft depth, and yielded 100 gpm,4  a substantial yield by 
established standards (Davis and DeWiest, 1966; Freeze and Cherry, 1979). This same well 
(Playhouse well) experienced a substantial cave-in and a significant reduction in yield following a 
strong earthquake in the 1980s.4  The Utz well, also in the Morning Star Ranch, yielded 22 gpm at the 
depth of 200 ft.4  The Madsen well yielded 25 gpm at a depth of 480 ft.5  The Jeffries well found water 
at less than 10 ft below the surface, and yielded 30 gpm at a depth of 140 ft.6  The Hucker well found 
water at a depth of 10 ft, and yielded 14 gpm, with a total well depth of 50 ft.11   

• HYDROECOLOGY •  

Hydroecology is a relatively new and evolving interdisciplinary science dealing with the structure and 
function of natural and human-impacted water-dependent habitats and environments. Hydroecology is 
used here to study selected vegetative species present in the Tierra del Sol watershed in terms of their 
affinity for water. The aim is to document a potential dependence of the spatial distribution of 
vegetation on [subsurface] local moisture gradients which may be linked to the rock fractures.  

 

Fig. 12   Closeup of matrix structure in rock outcrop at Tierra del Sol. 
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The chaparral ecosystem.  The ecosystem of the Tierra del Sol watershed consists of mediterranean 
chaparral on gentle slopes and foothills, and is complemented with woody riparian vegetation near 
springs and watercourses, and certain selected mesophytes. The California chaparral has been 
studied extensively (Keeley and Keeley, 1988). It is a community of largely taxonomically unrelated 
shrubs, albeit with similar ecological characteristics. These include a relatively extensive root system, a 
dense canopy, and sclerophyllous (hard) evergreen leaves (Delgadillo, 1992).  

Chamise and red shank.  Two closely related chaparral species, chamise (Adenostoma fasciculatum) 
and red shank (Adenostoma sparsifolium) are significantly represented in the Tierra del Sol watershed. 
Notably, these two shrubs are the only species in their genus. Chamise is widely distributed throughout 
California and Baja California, with a range of nearly 800 miles. In contrast, red shank occurs only in 
four isolated places in Central California, Southern California, and Baja California as a co-dominant 
with chamise, with a range of only 300 miles (Marion, 1943; Sampson, 1944; Hanes, 1965).  

Although chamise and red shank have overlapping geographical distributions, Beatty (1984) has noted 
that they do not grow in close association within a given stand. Red shank is commonly found on all 
aspects of gentle slopes and foothills of inner mountain ranges. Pure stands of red shank can be found 
in only 3% of the area in which red shank is the dominant species (Marion, 1943).  

Chamise and red shank, although congeners, are not at all alike in appearance. Stands of chamise 
chaparral are dull, of dark-green color and uniform in appearance. The mature chamise plant is a 
medium-sized shrub 2 to 8 feet tall, with sparse leaf litter. In contrast, stands of red shank are 
distinctive, spreading above the general level of the chaparral. Red shank is a tall, round-topped 
arborescent plant 6 to 20 feet high, with thick naked stems and considerable leaf litter, 0.5 to 2 inches 
in depth (Hanes, 1965).  

There is a substantial difference in the rooting habits of the two species. Chamise, even though less 
than half the average size of red shank shrubs, has a more agressive root system, possessing stronger 
roots with greater length and vertical penetration. On the other hand, the roots of red shank are 
massive, smaller, weaker, and are more likely to spread laterally rather than vertically. Chamise 
blooms and sets seed best, with low seed viability, following winters of ample rainfall. In contrast, red 
shank blooms well, with low seed set and viability, regardless of the amount of rainfall the previous 
winter (Hanes, 1965). Red shank dominates over chamise on sites with higher moisture content, 
organic matter, and nutrient availability (Beatty, 1984).  

Hanes (1965) noted that though both Adenostoma species resumed growth in early winter, chamise 
displayed a sudden flush of growth in the spring, whereas red shank grew more steadily, with 
continued growth throughout the summer and fall. Chamise flowered in April and May, whereas red 
shank flowered abundantly in August. While chamise has an apparent enforced dormancy in the fall, 
red shank has been known to experience substantial autumnal growth, suggesting a sustained 
moisture source.  

It is noted that red shank violates several definitions of sclerophyllous plants. First, it remains 
physiologically active during summer drought; thus, it is drought tolerant without being drought dormant 
(Hanes, 1965). Secondly, its root morphology is unique among the chaparral. Its shallow root system 
suggests that its moisture for summer growth must come from the top layers of the substrate. Red 
shank seems to be a type of shrub well adapted to drought conditions, but lacking the obvious 
morphological characteristics suggesting such adaptability (Shreve, 1934). Thus, the water affinities of 
red shank appear to lie in between those of the xerophytes, which are well adapted to drought, and 
those of the mesophytes, which habitually require a more sustained moisture source. The spatial 
distribution of red shank and its possible connection to local moisture gradients associated with rock 

Red shank dominates over chamise on sites with higher moisture content, 
organic matter, and nutrient availability. 
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fractures merits further study.  

Blue elderberry.  Under moist conditions, such as near the bottom of ravines or small canyons, the 
chaparral coexists with the small woody winter-deciduous Sambucus species and the flowering ash 
(Fraxinus dipetala) (Keeley and Keeley, 1988). One Sambucus species, the blue elderberry 
(Sambucus mexicana) is present in the flood plains and other mesic locations of the Tierra del Sol 
watershed (Fig. 13).  

 
 

Fig. 13   Specimen of blue elderberry, Morning Star Ranch, Tierra del Sol 
watershed.12 

The water affinities of the blue elderberry and its preeminent role as an indicator of the presence of 
groundwater have been known for almost one hundred years. Early references to the blue elderberry's 
moisture habits are scattered throughout the literature. Ball (1907) has stated that in Southwestern 
Nevada and Eastern California, the elderberry tree is unknown, except in the vicinity of water. 
Spalding (1909) has noted that the blue elderberry, while being structurally a flood-plain mesophyte, it 
is nevertheless very limited in its range, growing where there is an ample supply of moisture, such as 
near irrigation ditches. In the Southwestern United States, particularly in Southern California's inland 
hillslopes, the blue elderberry may be thought of as a meso-hygrophyte, to indicate that while 
structurally a mesophyte (Meinzer, 1927), its water habits resemble those of a hygrophyte, which 
thrives on wet soil and is more or less restricted to wet sites.  

The presence of all the specimens of blue elderberry in a selected portion of the northwestern edge of 
the Tierra del Sol watershed was mapped with the aid of a global positioning system. The location of 
forty-three (43) elderberry trees are shown in Fig. 14.13  At least three alignments are clearly 
distinguished from the data, indicating the potential presence of moisture-laden fractures in the 
underlying rock. The presence of other specimens of blue elderberry elsewhere in the Tierra del Sol 
watershed point to the existence of sustained moisture sources, possibly fractures, throughout the 

In Southern California's inland hillslopes, the water affinities of the blue 
elderberry range between those of mesophytes and hygrophytes. 
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study area.  

 

Remote sensing.  Figures 15 to 17 show color images of the proposed landfill site at three different 
spatial scales, from larger (Fig. 15) to midsize (Fig. 16) to smaller (Fig. 17). These images show the 
presence of darker spots of approximate longitudinal orientation, referred to as lineaments. They 
appear as such or are evident due to contrasts in terrain or ground cover on either side. If they are of 
geological origin, the lineaments are usually traced to faults, joints, or boundaries between 
stratigraphic formations. When they are related to bedrock features, they are most readily observed in 
areas where the surficial material is thin (Moore et al., 2002). This is certainly the case in the Tierra del 
Sol watershed.  

 

Fig. 14   Presence of blue elderberry (S. mexicana) near the  
northwest edge of the Tierra del Sol watershed. 
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Source: GIS, Department of Public Works, San Diego County.

Fig. 15   Larger-scale image of the study site.14 
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Source: GIS, Department of Public Works, San Diego County.

Fig. 16   Medium-scale image of the study site.14 
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A substantial number of major lineaments can be observed at all three image scales. Figure 16, in 
particular, shows a clearly defined lineament located east of Tierra del Sol Creek, close to the bottom 
right-hand corner of the figure, with a predominant northwest to southeast direction. Field inspection 
showed that this lineament is constituted by thick stands of red shank (Adenostoma sparsifolium), in 
association with specimens of scrub oak (Quercus dumosa), some of which are distinctively large. 
This observation confirms that red shank prefers a more mesic (i.e., humid) environment than its 
congener the chamise (Beatty, 1984). Several other red-shank dominated lineaments crossing the 
boundary between the landfill site to the west and the Tierra del Sol watershed to the east have been 
observed.  

Figure 18 is the same as Fig. 16, but with readily identifiable lineaments, from photo inspection and 
field verification, highlighted in red. The interpretation of this image is that it is underlain by an 
extensive system of fractures. There appears to be no other sensible explanation for the presence of 
the lineaments. Field observations and local experience support this statement.  

 
Source: GIS, Department of Public Works, San Diego County. 

Fig. 17   Smaller-scale image of the study site.14 
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Figure 19 shows an infrared image covering the same area as Fig. 18. Many of the lineaments 
highlighted in Fig. 18 can be observed in Fig. 19. Predictably, the major drainage courses (Tierra del 
Sol Creek and tributaries) feature riparian forests, which draw their moisture from the groundwater 
(vadose and phreatic zones). The lineament in the bottom right-hand corner is located upland, i.e., it 
does not follow any clearly defined watercourse. Yet it is seen to consist of large shrubs (red shank) 
and trees (oak species) with a demonstrated water affinity.  

 
Image source: GIS, Department of Public Works, San Diego County.

Fig. 18   Readily identifiable lineaments in the Campo landfill-Tierra del Sol site.14 
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Figure 20 shows a digitally enhanced image of the central portion of the Campo landfill-Tierra del Sol 
site. To obtain this figure, Fig. 19 was processed with the NDVI16 feature of the ERMapper image-
processing software, and cropped to the region of interest. Many of the lineaments depicted in Fig. 18 
are clearly visible in Fig. 20.  

 
Source: Geography Department, San Diego State University.

Fig. 19   Infrared image of the Campo landfill-Tierra del Sol site.15 
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• STREAM MORPHOLOGY •  

The existence of springs in upland areas is a reliable indicator of an effective hydraulic connection 
between groundwater and surface water. The Tierra del Sol watershed is an upland watershed that 
has its highest point at elevation 3,880 ft, borders with the headwaters of Campo Creek immediately to 
the north and northwest, and it is within a few miles of the Tecate Divide to the northeast. Its lowest 
point is at its mouth on the Mexican border, at elevation 3,440 ft. The total watershed relief is 440 ft.  

Figure 21 shows the location of eleven (11) springs in the Tierra del Sol watershed. Most of these 
springs drain northern slopes at elevations above 3,700 ft. The lack of a substantial number of springs 
along the western boundary of the Tierra del Sol watershed appears to indicate that the local drainage 
is primarily through the subsurface, from the fractures, downgradient, west to east, to be intercepted 
by the Tierra del Sol drainage. The latter flows in a predominant north-south direction.  

 
Image processed with ERMapper ©

Fig. 20   Digitally enhanced image of the Campo landfill-Tierra del Sol 
watershed boundary. 15 
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In Fig. 20, note that the southernmost spring is located precisely at the western extremity of the 1,465-
ft dike shown in Fig. 10. This spring sustains a rather large isolated specimen of coast live oak 
(Quercus agrifolia), shown in Fig. 22. This tree appears in Fig. 19, at the western edge of the dike 
(compare Figs. 19 and 20). Although drought tolerant, a coast live oak requires some moisture for its 
normal development. Thus, the presence of an oak specimen near a spring in the Tierra del Sol 
watershed is further evidence of a hydraulic connection between surface water and groundwater.  

 

Fig. 21   Location of springs (S) in the Tierra del Sol watershed,  
with east-west trending major dike shown in red. 
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The springs lead to a network of small streams which collect to form two major tributary drainages. 
Eventually, the latter join to form the main channel of Tierra del Sol Creek, which flows southward to 
the Mexican border. The existing metallic fence along the border acts as an effective impediment to 
the flow, which results in considerable water ponding on the U.S. side during floods.  

On the Mexican side of the border, within the confines of Roca Magisterial, there is physical evidence 
that prior to the late 1990s, before the installation of the metallic border fence, the infrequent floods 
were large enough to carve two gullies. Several springs originate in these gullies, and there is physical 
evidence (a well and a small concrete dam and associated pond) that this water has been or it is 
being utilized for human and animal consumption.18   

• GROUNDWATER HYDRAULICS •  

The siting of a landfill on top of a fractured-rock aquifer poses a serious threat to groundwater quality. 
Typically, fractured-rock aquifers are heterogeneous and anisotropic, i.e., their physical properties 
vary not only with location but also with direction, rendering the aquifer difficult to characterize (Fig. 
23). Among hydrogeologic properties, the hydraulic conductivity and permeability describe the rate of 
groundwater movement. A number of case studies serves to illustrate the wide range of variability in 
hydraulic conductivity.  

Hydraulic conductivity in fractured-rock aquifers.  A comprehensive study of a fractured-rock 
aquifer in the Clare Valley, South Australia, revealed a variability in hydraulic conductivity of ten (10) 

 

Fig. 22   A coast live oak near west end of southernmost spring in the Tierra 
del Sol watershed. Note the presence of substantial moisture on the 

ground.17 
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orders of magnitude, from 102 m/day in aquifer pump tests to 10-8 m/day in tests on the rock cores 
(matrix flow) (Love et al., 2001).  

In Door County, Wisconsin, measurements of bulk hydraulic conductivity of a fractured-rock aquifer, 
using multiwell pumping tests, showed a narrow range of variability, less than two (2) orders of 
magnitude, from 1.7× 10-4 ft/s to 4.9× 10-5 ft/s, with a geometric mean of 7.5× 10-5 ft/s (Muldoon, 1994). 
However, short-interval packer tests conducted over the fracture and matrix portions of the aquifer 
yielded a much wider range, in excess of six (6) orders of magnitude, from 1.4× 10-2 ft/s to 2.3× 10-8

ft/s, with a geometric mean of 9.5× 10-6 ft/s, or 0.82 ft/day. Moreover, tracer tests yielded groundwater 
velocities on the order of 2.0× 10-3 ft/s (173 ft/day), which is 211 times greater than the geometric 
mean of the packer tests. According to Muldoon (1994), the tracer results are consistent with the 
hydraulic conductivities derived from the packer tests and not with those derived from the pumping 
tests. Thus, the measured difference between fracture and matrix velocities in this fractured-rock 
aquifer was in excess of two (2) orders of magnitude.  

 

In Manitoba, Canada, an extensive study of several fracture zones in crystalline rock at the Lac Du 
Bonnet batholith revealed a complex pattern of permeability within the fracture zone at the regional 
scale. Permeabilities ranged over six (6) orders of magnitude, with the higher permeabilities appearing 
to form distinctive large-scale channel-like patterns that were sized up to 1 km in areal extent. At the 
local scale, permeabilities were observed to change by as much as six (6) orders of magnitude over 
distances of a few meters within the fracture zone, and isolated pockets of high permeability were 
shown to reside within larger regions of low permeability. This case study highlights the difficulties that 
may arise in trying to interpret the hydrogeologic characteristics of fracture zones in situations where 
the exploratory boreholes are sparse (Davidson and Kozak, 1988).  

These and other similar studies have shown conclusively that hydraulic conductivities are likely to vary 
over a wider range in fractured-rock aquifers than in comparable sedimentary or unconsolidated 
quaternary aquifers. In addition, anisotropy prevails in fractured rock, resulting in fracture velocities 
that could be two to three orders of magnitude greater than the matrix velocities (Davis and DeWiest, 
1966; Muldoon, 1994).  

 

Fig. 23   Closeup of fracture in rock outcrop at Tierra del Sol. 
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A wide range of variability in hydraulic conductivity is likely to be the case in the Campo landfill-Tierra 
del Sol watershed. Local experience confirms the extreme anisotropy of the Campo-Tierra del Sol 
aquifer. As an example, during the Campo landfill site work in the early 1990s, a local well driller 
reported the following:  

"...When we were washing wells on the northwest side, just north of the road and east of 
the railroad tracks, we dumped about 3,000 gallons of water down the well closest to the 
road. The water never came back and did not show up in the other two wells that were less 
than 20 ft away! We had another well on the West side that did the same thing..." 19   

Solute travel time.  Fractures can cause markedly anisotropic behavior, particularly with regard to 
contaminant transport, which tends to be dominated by advection, with little diffusion of pollutant 
concentration (National Research Council, 2000). In principle, the flow direction in fractured-rock 
aquifers can differ from the direction of the prevailing hydraulic gradient by up to 90o (Love et al., 
2001). Therefore, preferred flow paths in fractured-rock aquifers may cross surficial watershed 
boundaries, defying conventional hydrological characterization.  

Fractured-rock aquifers are particularly sensitive to contamination due to the rapid and somewhat 
unpredictable movement of contaminants through fractures. In sedimentary aquifers, strategies to 
protect water-supply wells usually employ a capture zone, the boundary of which is monitored for 
contamination. The travel time from the boundary of the capture zone to the well is usually taken as a 
constant, for example, 10 years (National Research Council, 1996).  

With estimated fractured-rock solute velocities comparable to the hydraulic conductivity of medium-
sized gravel, estimated at 1 cm/s (864 m/day), advection-dominated travel times from capture zone to 
nearby wells in the Tierra del Sol watershed, a distance of about 600 m (2,000 ft), could be less than 1 
day.  

The potential for such a fast hydraulic connection is supported by accounts from local property 
owners, who describe the effects on their wells from extensive drilling, borehole washing, packer 
testing and other activities conducted on the landfill site in the early 1990s. Within a short time after 
the tests, water pumped from local wells was contaminated with sand and well-drilling debris. 
According to eyewitness accounts, the sand appeared (or disappeared) with concurrent activity (or 
nonactivity) on the landfill wells, suggesting the existence of an effective hydraulic connection between 
the landfill site and private domestic local wells.20  

Risk of groundwater contamination.  Landfill monitoring to control contaminated plumes resulting 
from liner failure is difficult at best. This is due to the practical impossibility of accurately characterizing 
a complex fractured-rock aquifer system. Fracture size, density and orientation may vary spatially, and 
no reasonable monitoring well system may be able to account for the spatial variability.  

Certain design features attempt to mitigate the difficulties inherent in monitoring landfills built on top of 
fractured-rock aquifers. For instance, a double-liner system is considered to be safer than a single-
liner system. However, a double-liner system does not completely eliminate the possibility of 
groundwater contamination. The rationale for the double-liner system assumes that the primary liner, 
i.e., that closest to the landfill, will fail first, and the leachate will be recovered subsequently, before it 
is able to reach the secondary liner. However, there is the possibility that the secondary liner will fail 
first, with the breach remaining inactive until the primary liner fails.  

The probability that the contaminant plumes will be missed by monitoring wells is high, since typically 
these wells are spaced at distances far exceeding the width of the plume (Note that the original design 

Travel times from capture zone to nearby wells in the Tierra del Sol 
watershed, a distance of about 600 m, could be less than 1 day. 
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for the Campo landfill called for monitoring wells at an average distance of 500 ft apart). Haitjema 
(1991) has placed the matter in the proper perspective by observing that the design of monitoring-well 
systems in fractured-rock aquifers "is a nightmare and usually not more than a blind gamble." 
Although it is technically feasible to reduce the distance between monitoring wells to implement a line 
of defense resembling a picket fence, the cost would be prohibitively high. Moreover, such a high well 
density, if implemented, is likely to change the local hydraulics and do more harm than good in the 
long run. This is because a borehole acts as a high-permeability pathway that connects fractures 
which previously were unconnected (Shapiro, 2001).  

By most accounts, the water pumped from wells in Tierra del Sol is of excellent quality.4,10  Thus, the 
landfill's presence will constitute a potential risk to this scarce natural resource. In the event of aquifer 
contamination, the spatial heterogeneity and anisotropy of the fractured-rock aquifer may render 
cleaning and/or remediation efforts impractical. It is noted that the Southwestern United States, and 
particularly the state of California, are poised to face significant water shortages as the 21st century 
sets in.  

Solid-waste dry-tomb landfills lying on top of fractured-rock aquifers represent a significant threat to 
groundwater quality, particularly in areas where these aquifers have been designated as sole source. 
Given enough time, the plastic sheeting used in composite liners may deteriorate. Landfill covers may 
be unable to keep moisture out of the landfill for as long as the wastes represent a threat.  

The crucial issue remains as to whether an effective leakage-monitoring system can be designed and 
implemented for a landfill lying on top of a fractured-rock aquifer such as Tierra del Sol's. A related 
concern is whether it is possible to operate and maintain the landfill facility for an indefinite period. The 
operation of the leakage-monitoring system would have to be guaranteed for a long time, since the 
mere closure of the landfill does not preclude the possibility of an eventual failure of the liner system.  

• SYNTHESIS •  

The surface and groundwater hydrology of the Tierra del Sol watershed are shown to be connected 
through major fractures, springs, streams and wells. Annual pulses in precipitation are linked to annual 
pulses in well data, which confirms the existence of an active connection between surface water and 
groundwater. The underlying fractured-rock aquifer is heterogeneous and anisotropic, thereby defying 
hydrogeological characterization. Flow through fractured rock is dominated by advection, resulting in 
travel times that are typically several orders of magnitude greater than diffusion-dominated matrix 
flows.  

The project seeks to place a major landfill on top of a fractured-rock aquifer. The rock is extensively 
fractured, as confirmed by geologic, photogeologic, ground, and other evidence. Unlike sedimentary 
aquifers, where diffusion is likely to prevail, in fractured-rock aquifers advection is the dominant 
mechanism. Therefore, the transport of flow and contaminants in the event of liner failure will be 
relatively fast, downgradient, through the fractures, and directly into adjacent surface-water and 
groundwater bodies. Solute travel times from capture zone to nearby wells could be less than one (1) 
day, counteracting the argument that leakage can be effectively controlled.  

The probability that the contaminant plumes will be missed by monitoring 
wells is high, since typically these wells are spaced at distances far exceeding 

the width of the plume. 
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Landfill monitoring to prevent and control leachate leaks and groundwater contamination is difficult at 
best. Since liner failure can occur randomly at any place and at any time, a reasonable monitoring well 
density cannot completely eliminate the possibility of a leak gone undetected for a sufficiently long 
time. It is noted that in a properly sited landfill, the transport of water and contaminants occurs 
primarily by diffusion, rather than by advection. Diffusion serves to attenuate and mitigate the negative 
effects of contaminant plumes on nearby water supplies.  

• CONCLUSIONS •  

The following conclusions are derived from this study:  

1. Hydrology.  Based on the available evidence, it appears that the groundwater and surface water 
of the Tierra del Sol watershed are hydraulically connected. The presence of several springs and 
numerous rock fractures indicates that water flows readily from the fractured-rock aquifer to the 
wells, springs, creeks, and streams of Tierra del Sol watershed. The record of fifteen (15) years 
of precipitation and well data supports this statement.  

2. Hydrogeology.  Existing fracture maps reveal the extent to which the underlying aquifer is 
fractured. At least fourteen (14) major fractures cross the boundary between the Campo Indian 
reservation and adjacent private property in the Tierra del Sol watershed. Local well-drilling 
experience confirms the well yield and depth variability typical of fractured-rock aquifer systems. 
Eyewitness accounts provide anecdotal evidence of an effective and fast hydraulic connection 
between landfill capture zone and nearby wells.  

3. Hydroecology.  Specimens of blue elderberry (Sambucus mexicana) seem to align themselves 
along major fractures, where moisture can be potentially sustained for long periods. Thick stands 
of red shank (Adenostoma sparsifolium) constitute the predominant species in several of the 
lineaments identified in aerial images and confirmed by field inspection. Unlike the chamise 
(Adenostoma fasciculatum), its closely related and more widely distributed chaparral species, 
red shank is a tall arborescent shrub which thrives on more humid and fertile sites such as those 
that most likely prevail in the vicinity of the fractures. The spatial distribution of blue elderberry 
and red shank points to the existence of local subsurface moisture gradients which could be tied 
to the rock fractures.  

4. Stream morphology.  Springs in the Tierra del Sol watershed drain primarily slopes along its 
northern boundary. The lack of a substantial number of springs along the western boundary 
appears to indicate that the local drainage is primarily through the subsurface, from the fractures, 
downgradient to the Tierra del Sol drainage. The existence of a spring at the downstream end of 
a major geologic dike points to an effective hydraulic connection between surface water and 
groundwater.  

5. Groundwater hydraulics. With estimated fractured-rock solute velocities comparable to the 
hydraulic conductivity of medium-sized gravel (1 cm/s, or 864 m/day), travel times from the 
landfill's capture zone to private domestic wells nearby in Tierra del Sol, which is a distance of 

In a properly sited landfill, the transport of water and contaminants occurs 
primarily by diffusion, rather than by advection. 
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approximately 600 m, could be less than 1 day. Anecdotal evidence indicates that the actual 
travel time may not be too far from this value.20  

• SUMMARY •  

The impact that the proposed Campo landfill will have on the surface water and groundwater of the 
Tierra del Sol watershed is examined from an interdisciplinary perspective. The proposed Campo 
landfill is located within the Campo Indian reservation, in East San Diego County, California, in the 
headwaters of Lower Campo Creek. The Tierra del Sol watershed is adjacent to the landfill site, 
immediately east of it. This study has examined the hydrology, hydrogeology, hydroecology, stream 
morphology, and groundwater hydraulics of the site and its vicinity.  

The effectiveness of the connectivity between surface water and groundwater is assessed by 
documenting the timing response of the water-table elevation to precipitation. It is shown that annual 
upward pulses in precipitation produce corresponding annual upward pulses in groundwater level, 
confirming the existence of an active connection between surface water and groundwater in the 
vicinity of Tierra del Sol.  

Existing fracture maps show the extent to which the underlying aquifer contains fractured rock that 
would render the aquifer difficult to characterize (Fig. 24). Fractured-rock aquifers of the type found in 
the Campo-Tierra del Sol site are heterogeneous and anisotropic. Hydraulic conductivities in 
fractured-rock aquifers can vary greatly, typically six (6) orders of magnitude, but could be vary up to 
ten (10) orders of magnitude in some instances.  
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Fig. 24   Fracture in rock outcrop in Tierra del Sol watershed.21 
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Flow velocities and contaminant-transport rates in fractured rock can be high, resulting in early 
contaminant appearance at neighboring wells, springs, and streams. The flow direction in fractured-
rock aquifers can differ from the direction of the prevailing hydraulic gradient by up to 90o. Thus, 
preferred flow paths in fractured-rock aquifers may cross surficial watershed boundaries.  

Field inspections show that certain types of woody vegetation, especially those with documented 
moisture affinities, such as the blue elderberry tree (Sambucus mexicana), align themselves along 
seemingly longitudinal paths. In particular, the blue elderberry has a peculiar ecology; while 
structurally resembling a mesophyte, its water habits are similar to those of a hygrophyte. This fact 
strongly implies the existence of local moisture gradients, and, in the present context, fracture zones, 
which sustain the blue elderberries.  

Observation of aerial images show that the Campo-Tierra del Sol site is transversed by several major 
lineaments. Ground-truth inspections have confirmed that many of these longitudinal vegetative 
associations are constituted by dense stands of red shank (Adenostoma sparsifolium). This is a 
chaparral-type arborescent tall shrub which thrives on more humid and mesic locations than its more 
common congener, the chamise (Adenostoma fasciculatum). The apparent connection between red 
shank and a sustained moisture source merits further study.  

Springs in the Tierra del Sol watershed primarily drain its northern slopes (Fig. 25). The absence of 
major spring presence on the western slopes would seem to indicate that drainage across the Campo-
Tierra del Sol watershed boundary is primarily through the subsurface, from the fractures to the 
streams. The presence of a large coast live oak (Quercus agrifolia) in the immediate vicinity of a 
spring (Fig. 21) is live evidence of an effective hydraulic connection between surface water and 
groundwater.  

 

Siting a major landfill project on top of a fractured-rock aquifer such as Tierra del Sol's constitutes a 
veritable risk to the local population, on both sides of the U.S.-Mexico border. Moreover, it is a public-
health hazard, since the Tierra del Sol aquifer is part of the federally designated Campo-Cottonwood 

 

Fig. 25   Spring in rock outcrop in northern slope of Tierra del Sol watershed at 
N 32o 37' 21.6" and W 116o 20' 39". 21 
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Creek Sole Source Aquifer.1  No reasonable mitigation program can substitute for the degradation of 
water quality in the event of liner failure.  

ENDNOTES  

 

[References]   [Reviewers]   •   [Top]   [Introduction]   [Scope]   [Hydrology]   [Hydrogeology]   
[Hydroecology]   [Stream morphology]   [Groundwater hydraulics]   [Synthesis]   [Conclusions]   [Summary]   

  1 The Campo-Cottonwood Sole Source Aquifer was designated as such on May 5, 1993, under the authority of Section 
1424(e) of the Safe Drinking Water Act (Federal Register Citation-49 FR 2948, January 24, 1984). An aquifer can be 
named a Sole Source Aquifer by the Administrator of the Environmental Protection Agency if the aquifer supplies 50% 
or more of the drinking water for an area and there are no reasonably available alternative sources should the aquifer 
become contaminated. 

  2  Tonalites and granodiorites are similar in mineral composition. A tonalite is a plutonic (intrusive) rock where the 
percentage of plagioclase feldspar, relative to the combined content of alkali and plagioclase feldspars, is greater than 
90; in a granodiorite, the percentage varies between 65 and 90 (American Geological Institute, 1997). 

  3  A geologic map of the La Posta pluton classifies the rocks of Tierra del Sol and vicinity as sphene-biotite granodiorites 
with both large- and small-biotite facies. The large-biotite facies is characterized by an abundance of large (up to 1 cm) 
pseudohexagonal books of biotite, which impart a distinct "salt and pepper" appearance to the outcrops (Walawender 
et al., 1990). 

  4  Interview with Ed Tisdale, Tierra del Sol, February 9, 2006. 
  5  Interview with Sharon Madsen, Tierra del Sol, March 24, 2006. 
  6  Interview with Lorna Jeffries, Tierra del Sol, April 8, 2006. 
  7  As written by James W. McGuffie (General Engineering "A", Water Well Development C-57, License #312853) in a 

letter to Mr. Harry Seraydarian, Director, Water Management Division, Environmental Protection Agency, San 
Francisco, California, dated February 26, 1992. 

  8  Photo date:  April 25, 2006. 
  9  The lineaments shown in this figure are based on a preliminary fracture map prepared by Dames and Moore, Inc., the 

landfill's engineering consultant. This fracture map was released by Kent Atkins, Mid-American Waste Systems 
hydrogeologist, in a letter to Donna Tisdale dated March 11, 1991. It is noted that the fracture map included in the 
Final Environmental Impact Statement (FEIS), dated November 1992 (Fig. 3.1-10), shows only the longer or major 
lineaments. After inquiring about the difference between the two maps, Donna Tisdale was told that the preliminary 
facture map had been "edited" by the Bureau of Indian Affairs for the FEIS release. 

10  As written by Frank A. Murphy, of Murphy's Well Drilling (California Waterwell Drilling License #505834), in a letter to 
Mr. Harry Seraydarian, Director, Water Management Division, Environmental Protection Agency, San Francisco, 
California, dated March 4, 1992. 

11  Interview with JoEllen Hucker, Tierra del Sol, April 5, 2006. 
12  Photo date:  May 11, 2006. 
13  The position accuracy of the GPS Garmin model 76S used here is less than 3 m when receiving WASS corrections, 

i.e., in open land or marine applications. Accuracy can be reduced when trees and mountains obstruct the view of the 
horizon. 

14  Image date:  November 2004. 
15  Image date:  April 2000. 
16  The Normalized Difference Vegetation Index (NDVI) enhances the contrast between vegetation and soil/rock. It is 

defined as NDVI = (r4 - r3) / (r4 + r3), in which r3 is the reflectance in the red (630 to 690 nanometers) and r4 is the 
reflectance in the near visible infrared (760 to 900 nanometers). 

17  Photo date:  March 3, 2006. 
18  On April 13, 2006, a field inspection revealed that there are two gullies just south of the border fence, a larger one 

averaging 4 ft deep and 16 ft wide, and a smaller one, about 3 ft deep and 6 ft wide. Each gully has at least one spring. 
At a short distance downstream, the gullies join to form a small stream. On the day of the inspection, the flow of this 
stream was estimated at 3-5 gpm. 

19  As written by Ken Alquire, well drilling worker, in a letter to Mr. Harry Seraydarian, Director, Water Management 
Division, Environmental Protection Agency, San Francisco, California, dated March 30, 1992. 
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Fig. 26   Fractured rock outcrop, Tierra del Sol watershed. 
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Minister demands explanation for windmill 
collapse 
The climate minister will begin an investigation into two separate cases of Vestas wind turbines collapsing within 
the past week  

The climate minister, Connie Hedegaard, is calling for an investigation to determine the cause of two violent wind 
turbine collapses in Denmark in the past week. 

Both of the windmills were produced by Vestas, and Hedegaard's request to the Energy Board comes after other 
breakdowns both here and abroad have been reported in the past two months.  

'The problems with the turbines abroad have had to do with poor maintenance, and if that's the case here, then I 
expect a clear report on how we can ensure this problem is rectified,' Hedegaard told Berlingske Tidende 
newspaper. 

Her comments come on the heels of the government's new energy agreement ratified by parliament last week, 
which calls for the country to have 20 percent of its energy produced by sustainable sources by 2011. 

In first of the two collapses, near the city of Århus, a 10-year-old windmill began spinning out of control during high 
winds. A recording of the explosion-like collapse shows one of the wing blades breaking off, casting debris into 
the three other wings and shearing the 60- metre tower nearly in half. 

Vestas itself will also now conduct an internal investigation to determine why the wind turbines have been 
breaking down. 

'We've still got about 35,000 wind turbines across the globe that are operating fine,' said Peter Wenzel Kruse, 
Vestas's spokesperson. 'But they're not infallible. We're doing what we can and learning from our mistakes.'  

Farmer Keld Boye, who lives in Vig where the latest incident occurred on Sunday, was clearly shaken by the wind 
turbine's implosion. 

'I drive my tractor and my wife rides horses out there,' he said. 'Just think if we'd been out there when it 
happened.' 

A recording of the collapse can be seen on YouTube. 

By The Copenhagen Post  
Offentliggjort 25.02.08 kl. 00:00  
http://jp.dk/uknews/article1277616.ece 
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