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ABSTRACT 
 

The proposed alignment of the 4th segment of Arizona State Route 303L (SR 303L) between 
Glendale and Peoria Avenues, within the Phoenix metropolitan area is crossed by an existing 
earth fissure.  In addition to the known earth fissure, there are several earth fissures that have 
been mapped by the Arizona Geological Survey, while other unconfirmed earth fissures have 
been identified by Terracon Consultants, Inc. during site reconnaissance of the project area.  The 
known earth fissure and other unconfirmed earth fissures cross the mainline, and several ramps 
and cross roads within the project limits.  A methodical approach consisting of numerous steps 
was agreed upon with the Arizona Department of Transportation to determine which earth 
fissures could be positively identified and which ones could be removed from further 
consideration on the unconfirmed earth fissure list. 
 

The investigative information considered in our analyses included: 
a. literature review, 

i. geology maps showing subsurface stratigraphy 
ii. earth fissure maps 

iii. lineament analyses of historical aerial photographs 
b. historical survey information showing subsidence in the area  
c. site reconnaissance, 
d. seismic p-wave and ReMi field investigation and analyses, 
e. earth fissure trench field investigation, 
f. discussions with the ADOT Geotechnical group to decide upon the level of risk 

the state is willing to accept in design and construction of the highway. 
 
Based on the information obtained from the foregoing efforts, those unconfirmed fissures not 
showing any substantial evidence for their existence were eliminated from the list of 
unconfirmed earth fissures.  For earth fissures for which positive identification or substantial 
evidence for their possible existence was obtained, measures to mitigate their potential effects to 
the roadway were modeled by finite element analyses.  Fortunately, none of the earth fissures 
cross any of the four bridge structures on the project, and therefore, only potential effects to 
roadway embankments and the west drainage channel were considered for design and 
construction and determination of mitigation measures. 
 
The results of the finite element analyses indicated that a high modulus material is needed to 
distribute the strain caused by the potential differential movement that could impact the roadway 
embankments constructed across the location of the earth fissure.  Based on our observations 
obtained from the earth fissure trench field investigation, the strain occurs over about seven feet 
as observed by the filled aperture and highly fractured broken zone on either side of the filled 
aperture.  A five foot high zone of material having a Young’s modulus of at least 10,000 psi 
constructed below the embankments will spread 6-inches of potential differential movement 
occurring over 7 feet beneath the embankment at the fissure, to over 30 feet at the pavement 
surface.  This governed the design of the mitigative measures developed for the project. 
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INTRODUCTION 
 
The Arizona Department of Transportation (ADOT) has identified an approximate 13 mile 
section of new freeway (State Route (SR) 303L) along the western portion of the Phoenix basin 
to be incorporated into the outer-loop system of freeways that encircle the Phoenix metropolitan 
area.  Terracon Consultants, Inc. was on the Michael Baker, Inc. project team which was 
awarded the design contract for a three mile segment of the new freeway which encompasses the 
project limits of one-half mile south of Northern Avenue to one-half mile north of Peoria Avenue 
(see Figure No. 1).  The project is approximately 3.0 miles in length and is generally located 
between Mileposts 109.65 and 112.65 in Maricopa County, Arizona. 
 
Major elements of the project will include: 

 Three new lanes in each direction 
along the mainline of the SR 303L; 

 Four new bridge structures; one at 
each of the three cross roads and one at the traffic-interchange at the proposed 
Northern Avenue Parkway 

 Numerous on- and off-ramps at the 
bridge structures 

 Cross road improvements at: 
o Northern Avenue 
o Olive Avenue 
o Peoria Avenue 

 A new retention basin located at the northwest corner of Northern Avenue and SR 
303L that will be approximately 1,000 feet by 1,400 feet in plan area, with an 
approximate depth of 20 feet; and, 

 A drainage channel that runs the entire length of the project on the west side of the 
mainline roadway. 
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FIGURE NO. 1: SITE LOCATION MAP 
The roadway along the mainline will be supported on embankments varying from one foot to 31 
feet in height.  The entire roadway within this segment of the SR 303L will be raised above 
existing grades including the proposed ramps.  The project will require importation of 
approximately 1.7 million cubic yards of earth to balance the grading plans. 
 
At the beginning of the project there were seven identified or unconfirmed earth fissures mapped 
by Arizona Geological Society (AZGS) on the Earth Fissure Map of the Luke Study Area 
(AZGS, 2008) that either cross proposed roadway alignments or, are located within ¼-mile of 
the project (see Figure No. 2).  Four of the seven earth fissures (Nos. 1, 2, 4, & 5) cross the 
roadway alignments at 11 locations within the project limits.  Earth Fissure Nos. 3 & 6 do not 
cross any of the roadway alignments on the project.  Earth Fissure No. 7 only crosses the west 
drainage channel. 
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FIGURE NO. 2: EARTH FISSURE MAP 
 
GEOLOGY 
 
 
The project area is located within the Basin and Range Physiographic Province of the 
southwestern United States.  More specifically, the SR 303L alignment is located within the 
western portion of the Phoenix basin.  The Basin and Range Province is characterized by 
alternating northwest-southeast trending mountainous terrain of igneous, metamorphic and 
consolidated sedimentary rocks and broad alluvial valleys or basins, most formed by block 
faulting and folding.  The White Tanks form the mountains and hills west of the current segment 
of the SR303L, and are aligned North-South, and are composed, in part, of Tertiary age rocks 
common in the Basin and Range province.  The White Tank range also contains Proterozoic 
metamorphic and igneous rocks closely related to the Arizona Transition Zone between the 
Basin and Range Province and the Colorado Plateau Province.  The western portion of the 
Phoenix basin is underlain by unconsolidated to semi-consolidated basin-fill alluvial sediments 
extending down over 12,000 feet below the ground surface (Eberly and Stanley, 1978). 
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FIGURE NO. 3: GEOOGIC CROSS SECTION THROUGH S.W. ARIZONA INCLUDING THE PHOENIX 
BASIN 

 
GROUNDWATER 
 
 
Groundwater was not observed within the upper 110 feet of any boring drilled for the SR 303L 
project at the time of the field exploration nor when checked immediately upon completion of 
drilling.  Based on information obtained from the Arizona Wells’ database website 
(http://www.sahra.arizona.edu/wells), the depth to groundwater was measured in 2002 to be 
approximately 380 feet to 410 feet below the ground surface (approximate elevation of 760 feet 
to 780 feet above mean sea level) at an United States Geological Survey (USGS) monitored well 
site located less than one mile from the site of the project. 
 
 
EARTH FISSURES 
 
 
The AZGS Earth Fissure Map of the Luke Study Area (AZGS, 2008) shows earth fissures present 
within the project limits categorized as: 1) continuous fissures that are present as some form of 
observable ground deformation; 2) discontinuous fissures that are observed in the field and 
surveyed; and 3) “approximate locations of unconfirmed earth fissures” that are based on historic 
reporting, but were not able to be confirmed in the field by AZGS geologists.  The portion of the 
map encompassing the project is shown in Figure No. 4, and shows four or five echelon fissures 
crossing the project alignment trending in a general southwest to northeast direction.  
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FIGURE NO. 4: AZGS LUKE STUDY AREA MAP OF KNOWN AND UNCONFIRMED 
EARTH FISSURES 

 
Earth fissures in Arizona have resulted from ground subsidence generally associated with 
groundwater withdrawal from aquifers in sediment filled basins.  The withdrawal of groundwater 
causes consolidation by the effective stress of the soils increasing from the buoyant unit weight 
of about 65 pcf, to a moist unit weight of about 130 pcf; an increase of about 100% as 
groundwater declines in elevation in the area.  As an example of this phenomenon, when the 
groundwater is drawn down 100 feet, the subsurface soils beneath the elevation of groundwater 
withdrawal are subjected to an increase in pressure of about 100 feet times 65 pcf, or about 6,500 
psf of additional in-situ pressure.  Since the area being effected is on the order of square miles in 
plan area, the entire depth of subsurface soils down to bedrock, over 12,000 feet, undergoes a 
stress increase of 6,500 psf under this scenario.  This stress increase causes the underlying 
materials to compress causing ground subsidence to occur.  For the subsurface soils comprised of 
clay soils, the time for consolidation to take place may be several years or more depending on the 
length of the drainage path and the permeability of the saturated zone.  
 
Subsidence has occurred in the west valley of the Phoenix Basin as basin sediments have 
compacted or consolidated from groundwater elevation declines.  The decline in groundwater 
elevation is the result of groundwater pumping for agricultural and municipal uses that have 
outpaced the rate of aquifer recharge.  As the groundwater elevation has decreased significantly, 
a reduction in volume of the sand and clay sediments through consolidation-type mechanisms 
has been manifested as subsidence at the ground surface followed by the development of earth 
fissures.  The thought at the present is that there are generally two types of earth fissures.  One 
type of earth fissure is essentially a tension crack caused by differential settlement across a local 
relatively incompressible subsurface high point.  A typical subsurface high in the basin could be 
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a buried mountain with surface geometry similar to what can be seen of the mountains exposed 
at the surface within the Phoenix Valley (see Figure No. 5). 
 
A second type of earth fissure is caused by shear at the boundary of two significantly different 
compressible soils and/or materials with different rates of compression (i.e. the boundary 
between predominantly sand/gravel soils and silt/clay soils).  Because one layer compresses 
significantly more than another, there is a considerable change in the amount of compression.  If 
this change occurs over a short distance, the rate of deformation may be more than the 
subsurface soil can withstand and it undergoes shear.  When this shear plane daylights at the 
ground surface, it is observed as a change in elevation (see Figure No. 6).  This is the type of 
earth fissure observed on the site at the location of Earth Fissure No. 1 on the SR 303L 
alignment.  These types of earth fissures typically have narrow apertures and do not tend to erode 
into large chasms. 
 
As observed in our Earth Fissure Trench diagrams (Figure No. 13), there is a shear zone on both 
sides of the aperture opening in Earth Fissure No. 1.  The shear zone extended for about 4 feet on 
both sides of the aperture opening. 
 

  
FIGURE NO. 5:  SCHEMATIC OF EARTH FISSURE FORMATION DUE TO 

BURIED BEDROCK HIGH 

 
 

FIGURE NO. 6:  SCHEMATIC OF EARTH FISSURE FORMATION DUE TO 
DIFFERENTIAL SETTLEMENT 
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PHOTO LINEAMENT ANALYSES 
 
 
The lineament analyses consisted of reviewing historical aerial photographs for lineations which 
could indicate the presence of an earth fissure.  The second step in the analyses was to determine 
the probable cause of each lineation found during the photo review.  There were several different 
potential causes of the lineations observed on the aerial photographs, and they were as follows: 
 

 Structural features within a geologic formation such as a fault, unconformity 
between two lithologies, or an earth fissure; 

 Drainage features such as washes and streambeds that have a preferred orientation 
due to the underlying geological features or slope geometry; 

 Animal trails, particularly cattle trails to and from water troughs or feed areas; and 
 Man-made lines like roads, dirt paths, irrigation channels and earthen berms. 

 
The lineations may be observed on the photographs as shadows if there is sufficient relief across 
the feature.  Low sun angle photographs are particularly helpful identifying these types of 
lineations.  Lines may also be caused by changes in the vegetative cover, either by a distinct 
change in the vegetation, or by the appearance of vegetation where there generally is none.  
Lastly, lines may be caused by a distinct change in the moisture content from one side of a line to 
the other, such as when an agricultural field is irrigated and the water runs into an earth fissure 
causing one side to be darker due to the irrigated water and the other side appearing to be dry 
because the water has run into the open earth fissure. 
 
When trying to determine if a line is potentially caused by an earth fissure, the first objective is 
to eliminate those lines that have a high probability of being the result of other causes.  There are 
several difficulties with a lineament study when trying to identify unconfirmed earth fissures, 
particularly when the earth fissures cross agricultural fields that are plowed on a regular basis, 
and aerial photographs are not taken on a routine schedule. 
 
Aerial photographs dating as far back as 1967 were obtained during our study, and as recent as 
2010.  The following two aerial photographs (Figure No. 7) are provided to show the process of 
identifying lineations, and then to illustrate how some of the lineations are removed from 
consideration as potential earth fissures, due to other causes. 
 



62nd HGS 2011: Scott D. Neely 11

  
 

FIGURE NO. 7: AERIAL PHOTOGRAPHS OF AREA IMMEDIATELY NORTH OF NORTHERN 
AVENUE ALONG THE SR 303L ALIGNMENT.  UNMARKED PHOTO ON LEFT, LINEATIONS 

MARKED IN PHOTO ON RIGHT 
 
 
The red lines on the right photograph in Figure No. 7 are lineations identified during our study.  
These lineations were then compared against historical mapped earth fissures, likely drainage 
direction of local streams/washes, the overall geometry of the lines and site reconnaissance 
features observed in the field.  As can been seen on the following photograph (Figure No. 8) only 
four lineations remain as location of potential earth fissures after eliminating the other lineations 
from consideration due to probable cause by other means. 
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FIGURE NO. 8: AERIAL PHOTOGRAPH WITH UNCONFIRMED EARTH FISSURES MARKED 
 
 
The following photographs taken in 2008 (Figure No. 9) show the location of Earth Fissure No. 1 
which is the fissure known to exist within the project limits. 
 

 
 

FIGURE NO. 9: UNMARKED AND MARKED AERIAL PHOTOGRAPHS OF EARTH FISSURE NO. 1 
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The advantage of reviewing photographs taken over several different years can be seen by 
comparing the photographs in Figure No. 9 taken in 2008 with those in Figure No. 10 taken in 
2009.  The continuation of Earth Fissure No. 1 to the east side of the SR 303L cannot be seen in 
2008, but is noticeable in 2009 by the slight change in color in the plowed agricultural field just 
south of Olive Avenue. 
 

 
 

FIGURE NO. 10: UNMARKED AND MARKED AERIAL PHOTOGRAPHS ONE YEAR LATER 
SHOWING COLOR CHANGE EAST OF THE SR 303L OF EARTH FISSURE NO. 1 

 
SURVEY INFORMATION 
 
 
Shumann (Shumann, 1995) reported the average rate of subsidence in the west valley of the 
Phoenix Basin was approximately 6 in/yr at the center of the subsidence from 1957 to 1992.  
Over this period of time from 1957 to 1992 the center of the subsidence has settled over 18 feet.  
Based on InSAR data on Arizona Department of Water Resources (ADWR) maps, the 
interpreted rate of west valley ground subsidence at present is approximately 0.4 in/yr.  While 
the present rate of ground subsidence has significantly decreased from the average rate observed 
between 1957 and 1992, the long-term actual rate of subsidence will vary depending on the land 
use and future rate of groundwater withdrawal.  The significant decrease in the rate of 
subsidence, in the opinion of Terracon, should correlate to a significantly reduced probability of 
forming new earth fissures within the project site at the SR 303L.   
 
 
SITE RECONNAISSANCE 
 
 
Field reconnaissance of the site was conducted in December 2010 for visual evidence of the 
presence and/or potential presence of earth fissures and related features.  Several identifiers were 
used as indicators during the mapping of suspect features including: 
 

 Apparent changes in ground surface grade of several feet; 

Olive Avenue 
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 Distress and vertical changes in surface grade of the asphalt concrete pavement on 
roadways along known or suspected fissure traces; 

 Distress, breaks and deflections of concrete lined irrigation channels; 
 Increased concentrations of animal and insect burrows; 
 Ground deflation as evidenced by depressions and concentrations of small surface sinks; 
 Ground surface collapse under foot traffic; and, 
 Alignment of vegetation along suspected lineaments. 

 
Reconnaissance involved site observation for signs of distress at all existing linear features that 
were located within and immediately adjacent to the project alignment.  Additionally, lineaments 
identified as part of the Photo Lineament Analysis were field checked and evaluated for 
conducting geophysical survey and possible trench exploration work.  
 
 
GEOPHYSICAL SURVEYS: SEISMIC P-WAVE AND REMI FIELD INVESTIGATION 
AND ANALYSES 
 
 
Refraction seismic surveys were performed at selected locations on the project using a 
24-channel seismograph and an array of geophones at 10-foot spacings.  The seismic surveys 
were completed to provide subsurface information to identify the absence or presence of 
subsurface anomalies consistent with earth fissures at Earth Fissure No. 1 and at the locations of 
other unconfirmed earth fissures.  For this project 18 seismic lines were performed at 13 
locations.  At five of the 13 locations, two seismic lines performed in series with a slight overlap 
were conducted to increase the area of investigation and subsequently increase our chances to 
encounter the suspected earth fissure being investigated. 
 
A sledgehammer was used as an energy source to collect compression wave (p-wave) data.  
Heavy truck traffic from the existing SR 303L, and other means were used to generate surface 
wave energy for refraction microtremor (ReMi) data for shallow one-dimensional vertical shear 
wave (s-wave) profiles.  The ReMi was performed to assist the p-wave analyses in determining if 
there were any subsurface anomalies at each location. 
 
The maximum depth of investigation for the p-wave analyses ranged from about 20 to 40 feet.  
The depth of investigation for the shear wave (s-wave) analyses was on the order of about 160 to 
greater than 240 feet.  Velocity reversals, where lower-velocity materials underlie higher-
velocity materials, would not be detected using the p-wave seismic refraction technique.  
Significant and relatively large-scale velocity reversals can be detected using shear waves 
obtained from the ReMi technique.   
 
P-wave attenuation anomalies were not observed in any of the 18 seismic lines performed for 
this study with the exception of the line (Line 11) located at the northern extent of Earth Fissure 
No. 1.  Even the p-wave traces performed across Earth Fissure No. 1 (Lines 1, 2 and 3) in the 
barren field near the Northern Avenue Parkway traffic interchange did not show any significant 
attenuation of signal across the fissure.  However, all three lines did show a trough of lower 
velocity material at the location where the lines crossed the earth fissure.  The lower velocities 
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observed in these seismic lines agree well with sheared materials observed at the earth fissure in 
the earth fissure trench described later in this paper.   
 
Geophysical results from Line 11 have provided both limited observable p-wave attenuation and 
the interpreted localized zone of lower p-wave velocity consistent with the interpretations at 
Lines 1, 2 and 3. 
 

 
 

FIGURE NO. 11: AN EXAMPLE OF SIGNAL LOSS ACROSS AN EARTH FISSURE 
 
 

 
 

FIGURE NO. 12: AN EXAMPLE OF A LOW P-WAVE VELOCITY TROUGH 
AT EARTH FISSURE NO. 1 

Note the loss of signal on this side of the 
energy source. 

LOCATION OF LOW P-
WAVE VELOCITY 
TROUGH 
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A lack of anomalous signal attenuation across Earth Fissure No. 1 is consistent with the 
observation of no open aperture at the earth fissure as exposed in the earth fissure trench.  The 
zone of reduced p-wave velocity interpreted in Line 1 is consistent with the shattering / 
fracturing of the cemented soil structure in the immediate vicinity of the earth fissure. 
 
EARTH FISSURE TRENCH FIELD INVESTIGATION 
 
During the initial field reconnaissance, Terracon observed a number of documented and 
suspected earth fissure traces within the project area.  One of the suspected earth fissures and one 
of the known earth fissures were selected for further exploration.  Trench exploration was used to 
characterize and define the earth fissures within the subsurface soils at each site.  The trench 
exploration was designed to define the extent of the earth fissures and obtain visual information 
regarding the type, and the possible mechanism that caused the earth fissure.  Subsurface 
explorations were made along the trends of the known earth fissure (Fissure No. 1), and directly 
across one suspect unconfirmed earth fissure on the project site. 
 
Each trench was excavated for a distance of 90 to 100 feet using either a CAT 345 B or a CAT 
426C excavator equipped with a 48-inch wide smooth bottom bucket.  The test trenches were 
excavated and benched to a width of 6 to 15 feet and a depth of 9 to 11 feet in an attempt to find 
any clear disturbances or anomalies that may be present or visible through the subgrade soils.   
 
Trench logging required the careful cleaning of excess soil and removing smeared soil marks 
from the trench walls and floors that were caused by the excavator bucket.  The cleaning was 
required to clearly expose the soil stratigraphy and discontinuities such as cracks or fissure 
features that might be present.  The initial search was performed using a pick, shovel, brush, 
broom, and an air compressor.  Trench sections that displayed evidence of earth fissuring were 
carefully and completely logged, described and photo-logged by a geologist.  A finished trench 
log for the project is shown in Figure No. 13.   
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FIGURE NO. 13: DRAWING ON PREVIOUS PAGE IS AN EARTH FISSURE TRENCH LOG 

DRAWING ON THIS PAGE IS CLOSE-UP OF APERTURE AND SHEAR ZONE 
 
RESULTS OF THE INVESTIGATIVE INFORMATION 
 
The subsurface exploration program along with the field reconnaissance and aerial photograph 
interpretation defined the extent of Earth Fissure No. 1 located on the project site.  Based on all 
reviews, photo interpretation and site reconnaissance the remaining unconfirmed earth fissures 
have not been considered for mitigation in the design and construction of the project as a result 
of the study.  
 

 
 

FIGURE NO. 14: PHOTOGRAPH OF APERTURE FILLED EARTH FISSURE 
OBSERVED IN EARTH FISSURE TRENCH AT FISSURE NO. 1 
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FINITE ELEMENT ANALYSES 
 
The embankment at STA 52+00 along the Northern Avenue Parkway Ramp WS centerline was 
analyzed for propagation of the fissure within the embankment.  The modeled displacement was 
6-inches occurring over a distance of 7 feet below the embankment.  The embankment backfill 
was assumed to be a medium dense granular soil with an elastic modulus (Es) of 2.0 ksi and 
Poisson’s ratio (ν) of 0.3.  For purposes of modeling and earth fissure mitigation, a very stiff 
material having a relatively high modulus is required to distribute the stresses and strain over a 
broader area such that the differential movement occurring at the earth fissure beneath the 
embankment does not cause a safety hazard at the pavement surface.  Terracon has designed 
relatively stiff earth embankments in the past using a geogrid mechanically stabilized aggregate 
layer (GMSAL).  For this project we modeled a five foot thick zone of ADOT Class 2 aggregate 
base materials reinforced with Tensar Triax TX5 geogrid.  This material was modeled having an 
Es of 10 ksi (relatively 2 times stronger than unreinforced fill) and with a Poisson’s ratio (ν) of 
0.35.  SIGMA/W was used to conduct the modeling of the embankment and earth fissure 
mitigation measures.  The input and output cross sections from the analyses are shown in Figure 
No. 15. 
 
 

 
 

 
 

FIGURE NO. 15: TOP FIGURE IS INPUT CROSS SECTION OF ROADWAY AT EARTH FISSURE 
BOTTOM FIGURE IS CLOSE-UP OF OUTPUT AT OFFSET LOCATION SHOWING DEFORMED 

MESH AND STRESS CONTOURS WITHIN THE EMBANKMENT 



62nd HGS 2011: Scott D. Neely 19

MITIGATIVE MEASURES USED ON THE ROADWAY EMBANKMENT AND THE 
WEST DRAINAGE CHANNEL 
 
 
At this time, there is no standard of practice for addressing the risk of existing fissures becoming 
active during the life of a proposed structure.  In our opinion, it is prudent to assume there is an 
elevated risk that the existing fissure (Earth Fissure No. 1) could become active again for the 
SR 303L project.  There are many factors that have been considered that impact the development 
of mitigation measures, many political and some geophysical, that are too numerous and outside 
the intent of this paper.  In the writer’s opinion, there are very real and substantial concerns that 
could lead to the future draw-down of groundwater in the area and impact to the new roadway. 
 
For the roadway embankments with more than five feet of fill, we have recommended mitigation 
consist of a five foot thick GMSAL.  The geogrid will be on one foot centers with the bottom 
layer at the bottom of the ADOT Class 2 aggregate base material and the top layer one foot 
below the top of the Class 2.  The fill is to be compacted to 100 percent of maximum density 
(tested as per ASTM D698) and at a moisture content within ±2 percent of optimum.  The 
embankment backfill placed above the reinforced Class 2 region is to consist of granular 
materials compacted to 95 percent of ASTM D698. 
 
At the Northern Parkway ramp locations just west of the mainline, the embankment fill height is 
less than 5 feet, and therefore, the existing subgrade will be excavated to place the minimum five 
foot thick GMSAL.   
 
The geogrid reinforcement will extent approximately 300 feet in both directions (ahead and 
behind) from the location of the earth fissure crossing.  The 300 foot distance will be staggered 
either side of the centerline depending on the skew of the earth fissure to the roadway.  The 300 
foot length was selected as a conservative approach in consultation with ADOT to deal with 
variations that could exist in the subsurface profile and delineation of the earth fissures. 
 
Where the west drainage channel will cross Earth Fissure No. 1, we have recommended the 
following mitigation measures to reduce the chance of forming fissure gulleys: 
 

 A filtration barrier is to be installed in the subsurface to block sediment transport 
into the fissure.  The filtration barrier is to consist of a two-element geosynthetic 
that will reduce the risk of formation of a fissure gulley by reducing the potential 
for sediment transport into the fissure.  The bottom element of the barrier will be a 
layer of geogrid installed at the base of the excavation.  The upper element of the 
barrier will be a needle-punched, nonwoven geotextile filter fabric with a 
minimum grab tensile strength of 120 lb/ft placed over the geogrid.  

 The barrier will be placed at a minimum depth of ten (10) feet.  The bottom of the 
excavation will extend along the drainage channel 300 feet either side of the earth 
fissure.  The excavation sides will be benched with steps up to four feet in height, 
with a net slope no steeper than 1H:1V (horizontal to vertical).  The barrier will 
extend laterally up the excavation side slopes to within five feet of the surface.  
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The excavations will be backfilled with engineered fill compacted to 95% of 
ASTM D698.  

 In addition to the two-element barrier at the base of the excavation, at least two 
additional layers of the geogrid will be placed in the backfill.  We have 
recommended the layers be placed at two-foot intervals during filling so the 
geogrid will be installed at depths of ten feet, eight feet, and six feet below grade.  
The geogrid at eight and six feet will extend laterally to the limits of the 
excavation, but not up the side-slopes.  A typical cross section of the fissure 
mitigation excavation is presented in Figure No. 16. 

  
FIGURE NO. 16: MITIGATION EXCAVATION (TYPICAL – NTS) 

 
 
Grading of the site will be completed to ensure that areas where water could pond do not extend 
to within fifty feet of the west drainage channel where it crosses the existing earth fissure. 
 



62nd HGS 2011: Scott D. Neely 21

 

REFERENCES: 
 

1. Schumann, H. H.  Land Subsidence and Earth Fissure Hazards near Luke Air Force 
Base, Arizona; K. R. Prince, D. L. Galloway, & S. A. Leake (Eds.), U.S.  Geological 
Survey Subsidence Interest Group Conference, Edwards Air Force Base, Antelope 
Valley, California, November 18-19, 1992-abstracts and summary (pp. 18-21).  
Sacramento, CA:  U.S.  Geological Survey.  (Open-File Report No.  94-432). 1995. 

2. Rucker, M.L. and Fergason, K.C., Characterizing Unsaturated Cemented Soil 
Profiles for Strength, Excavatability and Erodability using Surface Seismic Methods, 
American Society of Civil Engineers, Unsaturated Soils??, Vol. 1, 2006. 

3. Earth Fissure Map of the Luke Study Area, Maricopa County, Arizona, Digital Map 
Series – Earth Fissure Map 8 (DM-EF-8).  Arizona Geological Survey, Tucson, 
Arizona.  2008 

4. Spencer, J.E.  and Rauzi, S.L., Drill Holes in the Luke Salt Body Penetrate 
Underlying Fault, Arizona Geological Society, Vol. 35, No.3, 2005. 

5. Eberly, L. D., Stanley, T. B. Cenozoic stratigraphy and geologic history of 
southwestern Arizona, Geological Society of America Bulletin, v. 89, p. 921-940, 
June 1978. 

 
 
 


