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DRASTIC ANALYSIS OF THE POTENTIAL FOR GROUNDWATER POLLUTION
IN PINAL COUNTY, ARIZONA

Introduction

DRASTIC is a system developed by the U. S. Environmental Protection Agency for
evaluating the potential for groundwater pollution. The name DRASTIC is an acronym for the
seven hydrogeologic parameters that are evaluated:

Depth to water table

Recharge to aquifer

Aquifer media

Soil media

Topography (slope)

Impact of vadose (vadose media)
Conductivity (hydraulic) of aquifer

Separate maps show the ranges of values for each parameter. Polygons enclose areas
where parameter values are within a range specified by the DRASTIC system, and a numerical
rating is assigned to each polygon. The numerical rating represents degree of susceptibility to
groundwater pollution. For example, aquifer vulnerability is presumed to be directly proportional
to aquifer recharge rate, so a region with a high recharge rate is assigned a higher value on the
recharge map than a region with a low rate.

Some hydrogeologic parameters are more important than others in determining aquifer
vulnerability. Each DRASTIC rating is multiplied by a weighting factor ranging from 1 to 5.
There are two sets of weighting factors. One set represents the relative importance of each
hydrogeologic parameter in the transport of a "generic" contaminant. The other set reflects the
somewhat different weighting system for transport of agricultural pesticides.

The Pesticide weighting factors are greater than the General weighting factors for Soil
Media and Topography. The General weighting factors are greater than the Pesticide weighting
factors for Impact of Vadose and Hydraulic Conductivity. The DRASTIC manual (Aller et al.,
1987) does not explain the rationale behind these choices. It only states that "Pesticide
DRASTIC was created to address the important processes that specifically offset the fate and
transport of pesticides in the soil".

The DRASTIC ratings and the General and Pesticide DRASTIC weighting factors are
defined in Appendix A.

After each polygon has been assigned a weighted value, the seven maps are overlaid and
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values for each region are added. This provides the DRASTIC aquifer vulnerability index. While
the DRASTIC system was originally designed for values to be plotted and calculated manually,
in Arizona the maps are made using a Geographic Information System (GIS). Combining the
seven maps and calculating the DRASTIC indices are done by computer. This process is called
unioning. The products are two composite, or unioned maps. One shows the sums of the General
DRASTIC weighted factors, and the other shows the sums of the Pesticide DRASTIC weighted
factors.

The Arizona Department of Environmental Quality (ADEQ) contracted the Arizona
Geological Survey (AZGS) to produce the General DRASTIC and Pesticide DRASTIC maps for
Pinal County. AZGS has subcontracted the Advanced Resource Technology Laboratory
(ART/Lab) of the Department of Renewable Natural Resources at the University of Arizona to
digitize and union the maps using ARC/INFO. ARC/INFO is a software system for managing
and analyzing spatially distributed data.

Pinal County is located in southern Arizona between Phoenix and Tucson. See Figure 1
for location map. There are parts of five Indian Reservations and two National Forests within
the region. The principal land uses are grazing and irrigated farming. Groundwater pumping for
agriculture in the western part of the county has caused water table decline, land subsidence and
earth fissure formation. Farming also occurs in the San Pedro basin, but groundwater levels have
not declined as dramatically there because precipitation in the mountains that bound the basin
recharges the aquifer.

Plate 1 is the 1:250,000 scale DRASTIC base map. It shows major rivers and streams,
highways, towns and mountain ranges.

The remainder of this report describes how the seven DRASTIC parameter maps were
created. Problems encountered in creating the maps are discussed, and suggestions are made for
use in future DRASTIC projects.

Depth to Water
Plate 2 is the Depth to Water Map.

The maximum depth to water recognized by the DRASTIC system is 100 feet (ft). In
southern Arizona, the depth to water is usually much greater than 100 ft, except along streams
and in areas that receive agricultural return flow. According to Truman Bennett (oral
communication, 1991), one of the developers of the DRASTIC system, 100 ft was an arbitrary
maximum, because there is no evidence that aquifer vulnerability is negligible below that depth.
This is one of the problems of applying a system that was developed in the eastern United States
to the arid conditions of southern Arizona.

Previously compiled depth to water maps include the range of 0 feet to 100 ft in one map
contour, so they were of no use in this study. References consulted are Arizona Department of



Natural Resources (1991a and b), Wallace, Wrege and Schumann (1986), Wrege, Schumann and
Wallace (1985), Langer, Mulvihill and Anderson (1984), Hallet and Garrett (1984), Bureau of
Indian Affairs (1981a), Konieczki and English (1979), Laney, Ross and Littin (1978), U. S.
Department of Agriculture (1977) and Ostercamp (1973c and d).

A Groundwater Site Inventory (GWSI), also known as Watertab, was provided by the
Arizona Department of Water Resources (ADWR). The GWSI lists all wells in Pinal County for
which the ADWR has a report of depth to water. The report contains data from as early as the
1940s. In order to produce a map that reflects the water table depth at one particular point in
time, it was necessary to select a time period when a maximum number of wells were measured
for depth to water. It was also desirable to select a time period in the winter, when pumping was
minimal, and water table was relatively stable. Fortunately, the U. S. Geological Survey (USGS)
measured depth to water in many wells between late October 1988 and early January 1989. This
was the time period selected for purposes of making this map.

Using the GWSI, depth to water in more than 300 wells was manually plotted on a
1:250,000 scale base map of Pinal County. For regions near Casa Grande and Picacho Reservoir
and along the Gila River, there were enough data to make depth to water contours. In the San
Pedro Basin in eastern Pinal County, it was necessary to use GWSI measurements from other
years besides 1988 and 1989, but winter measurements were selected whenever possible to
minimize the influence of agricultural pumping. Some San Pedro Basin measurements from
January 1989 were taken from Boner and others (1990).

In the Indian Reservations, the Queen Creek area, and the region between the Tortilla
Mountains and Route 87, data are sparse, and had to be taken from Babcock and Halpenny
(1942) and GWSI dates other than the selected measurement period. For the most part, this had
little effect on the DRASTIC map, because most of these depths were greater than 100 ft.

There appear to be some regions of shallow water depth south of Aravaipa Creek, west
of the Tortilla Mountains and north of the Tortolita and Santa Catalina Mountains. This
condition may be caused by mountain front recharge.

Throughout the County, there are isolated wells with shallow water depth, but they
probably represent perched water. It was not possible to make a contour map from these
anomalous points.

For future DRASTIC studies, it is possible that the ADEQ may take digital data from
the GWSI to produce the Depth to Water maps directly by ARC/INFO, without manual plotting.
This would certainly be more efficient.

Recharge

Plate 3 is the Recharge map.



There are three major sources of groundwater recharge in Pinal County. They are
mountain front recharge, stream bed infiltration and agricultural return flow. In the eastern part
of the county, runoff from the Galiuro and Tortilla Mountains infiltrates through the alluvium
and flows toward the center of the San Pedro Basin. Because there is a clay confining layer in
the center of the basin south of Winkleman, some researchers believe that the mountain front
recharge only reaches to the lower confined aquifer (Freethey, 1982b).

Along Aravaipa Creek, the San Pedro River and portions of the Gila River, water
infiltrates to the aquifer through the stream bed. Upper Aravaipa Creek is the only perennial
stream in the County. Portions of the Santa Cruz, Gila and San Pedro Rivers are intermittent,
flowing only during the summer and winter rainy seasons, if at all. All other stream flow in the
County is ephemeral, that is, stream flow is of short duration in direct response to precipitation.
Rapid stream flow of short duration is characteristic of ephemeral streams, and this type of flow
is not conducive to aquifer recharge (Wilson et al, 1980).

The greatest anthropogenic source of recharge is agricultural return flow. Most of the
water that is applied to fields is taken up by the crops, and some of it runs off and reaches
streambeds. The remainder infiltrates to the aquifer below the irrigated area.

Recharge from precipitation is considered negligible in arid regions such as the study
area, because potential evapotranspiration greatly exceeds precipitation.

Recharge values in the area around Eloy, Stanfield, Maricopa, Casa Grande and Florence
were derived from an ADWR groundwater model of the Pinal Active Management Area
(Corkhill and Hill, 1990). Agricultural return flow and canal seepage are the only recharge
sources considered in the model. Corkhill and Hill state that mountain front recharge in the
model area is negligible. In their report they note that specific yield was used inadvertently as
model input when they should have used hydraulic conductivity. Specific yield is a dimensionless
value representing the volume of water that drains by gravity from a saturated matrix divided
by the total volume of the matrix. Specific yield is expressed as a percent. Hydraulic
conductivity is a measure of the permeability of the matrix, and is expressed in units of length
per units of time. Use of specific yield instead of hydraulic conductivity could cause a significant
error in the recharge calculations. The model was used because no other data on recharge could
be found. If the calculated recharge values are inaccurate, we can at least compare relative
values for different areas.

The Corkhill and Hill model used a grid that roughly approximated the township-range-
section system of the Bureau of Land Management. Each grid cell is approximately the size of
a section, or 27,878,400 ft?>. Frank Corkhill provided the author with the exact dimensions of
the grid cells. Model output gives a value of recharge for each grid cell in units of acre-feet per
four years. Appendix B shows how to convert these units to inches per year as required by
DRASTIC. These values were assigned DRASTIC ratings and were plotted manually on the
1:250,000 scale base map.



Hardt and Cattany (1966) state that in the Eloy-Stanfield-Maricopa area, depth to water
was great even before pumping occured, and "it is improbable that any significant amount of
recharge from water that has been applied to the land surface for irrigation has yet reached the
water table". In contrast, they note that the historical water levels were relatively high in the
Casa Grande-Florence area. Because surface water is utilized in that region, water table decline
is minimal and "a substantial amount of water seeps downward and recharges the groundwater
reservoir”.

The Corkhill and Hill model supports Hardt and Cattany’s conclusion that there is
significant recharge in the Casa Grande-Florence region. In contrast to the assumption of Hardt
and Cattany, the model indicates that significant recharge also occurs in the Eloy-Stanfield-
Maricopa area, although it is a smaller quantity than in the Casa Grande-Florence area.

Ostercamp (1973a) calculated recharge values using Anderson’s (1972) electrical analog
model. Ostercamp’s map shows recharge of 400 to 600 acre-feet per year per mile along the
Santa Cruz River. Based on the Corkhill and Hill model, this region has a DRASTIC rating of
6. Other areas for which recharge was reported by Ostercamp were given relative DRASTIC
values based on this relation.

Drainage Acre-Feet/ Year/Mile DRASTIC rating
Santa Cruz 400 - 600 6
Las Robles (Tributary to 50 - 100 1
Green Wash)

Falcon Valley (Big Wash) 50 - 100 1
Mountain Front West of 100 - 200 1
Tortolitas

Mountain Front East of 200 - 400 3
Tortolitas

Mountain Front West of 400 - 600 6
Coronado National Forest

Mountain Front North of 100 - 200 1
Falcon Valley

Travers and Mock (1984) prepared a groundwater model of the Upper Santa Cruz River
and Avra Valley. The modelled areas in Pinal County are Township 10, Ranges 9 through 14.
Conversion of their recharge values to DRASTIC ratings is shown in Appendix C. Their
recharge values were similar to Corkhill and Hill’s along the Santa Cruz River. Their value of
mountain front recharge west of the Tortolita Mountains corresponds to the value extrapolated



from Ostercamp’s work. Travers and Mock calculated recharge values equivalent to DRASTIC
ratings of 8 and 9 for the mountain front west of Coronado National Forest, while the value
extrapolated from Ostercamp was 6.

Irrigated areas along the Gila River between the Sacaton and Santan Mountains, as well
as along Queen Creek at the Maricopa County border were mapped in 1973 by the USGS. These
areas were transferred to the Recharge map and given a DRASTIC rating of 6 because the depth
to water in this region was similar to that of the Eloy-Stanfield-Maricopa area, where 6 was the
average DRASTIC recharge rating.

The USGS (1979a to d) created land use maps that delineate irrigated acreage. The
acreage corresponded reasonably well with the areas of recharge shown in the Corkhill and Hill
model and the Travers and Mock model. Along the Gila River and Queen Creek, irrigated areas
were similar to those delineated by the 1973 USGS study cited above.

The only other region in Pinal County where the USGS land use maps show significant
irrigation is the San Pedro Basin. These areas were traced onto the Recharge map. Air photos
taken in 1987 by the ADWR show that three of the irrigated areas are no longer cultivated, so
they were removed from the map. This revised map was compared to the Hydrographic Survey
Report (ADWR, 1991c), and eight irrigated areas were added to the map.

Roeske and Werrell (1973) state that substantial aquifer recharge occurs from the San
Pedro River. This is possible, but because the river is ephemeral, the quantity is probably small
compared to agricultural return flow and mountain front recharge. Freethey (1982b) assumed
no recharge from the river in the transient simulation of his model, but does not state why.

A relative value of recharge from irrigation in the San Pedro Basin was determined as
follows. The depth to water is much less here than it is in the western part of the county, so
more of the return flow reaches the water table. The average air temperature is lower in the San
Pedro Basin than in the western part of the county, so evaporative loss is probably less. More
precipitation falls in the San Pedro Basin, so the soil has a higher moisture content, which is
more conducive to recharge. Assuming similar irrigation rates and irrigating efficiency, the
recharge from agricultural return flow is probably greater here than it is in the western part of
the county, where a DRASTIC rating of 6 was used. For these reasons, irrigated areas along
the San Pedro were assigned a rating of 8.

Jones (1979) estimated that 15% of irrigation water applied in the Lower San Pedro Basin
reaches the aquifer as recharge. Assuming an average annual application rate of 40 inches,
agricultural return flow would produce approximately 6 inches of recharge per year. This
corresponds to a DRASTIC rating of 6. Therefore, a DRASTIC rating of 8 as determined above
seems reasonable.

Attempts were made to calculate the mountain front recharge in the Lower San Pedro
Basin, which is generally regarded as extending from The Narrows in Cochise County to



Winkleman. Anderson (1985) developed a formula for estimating mountain front recharge as a
function of precipitation. This formula yielded 0.2 inches of recharge, which seems very low.
Halpenny (1952) estimated the mountain front recharge in the Lower San Pedro Basin as 25,000
acre-feet per year. The Freethey model (1982b) used a mountain front recharge rate of 0.25 ft
per second per mile. Freethey did not state the extent of the recharge area, so it was impossible
to convert this to an annual recharge rate in inches as required by the DRASTIC system. The
author intends to update the Freethey model in order to estimate recharge in the Lower San
Pedro Basin from mountain runoff, irrigation return flow and stream infiltration.

The DRASTIC manual (Aller et al, 1987) states that the polygons on the parameter maps
should represent areas greater than 100 acres. While some local recharge probably occurs from
stock watering ponds, these sources were not considered because they are smaller than 100
acres.

The southwestern part of the county was observed by the author from the air in October
1991. Extensive irrigation was noted, but because maps depicting farmland could not be found,
it was not included in the present study. Some of the irrigated areas are shown in the
Documentation of Field Checks section of this report. Many of these areas are above very deep
water tables, so recharge may be minimal. Further study would be helpful.

The USGS land use map (USGS, 1979d) was examined for mine tailings ponds. One
large tailings pond was apparently located near Winkleman, but a field check showed that it is
gone. The only other location where the land use map indicates tailings ponds of greater than
100 acres was in Township 9 South, Range 17 East. It was assumed that like most tailings ponds
in Arizona, these are unlined. Because they are located on highly permeable alluvial deposits,
they were given a DRASTIC rating of 8.

Arizona Sierra Utilities is artificially recharging the aquifer near Florence, but because
the area being recharged is less than 100 acres, it was not considered in the present study. The
ADEQ has also conducted artificial recharge in Pinal County since 1989, but as of 1991, no
significant change in the water table had been observed (Jim Dubois, oral communication).

One problem with applying the DRASTIC system to the Basin and Range physiographic
province is that DRASTIC assumes that a contaminant applied at the ground surface will
infiltrate vertically to the aquifer. In a region such as Pinal County, much of the recharge is
from precipitation runoff from the mountains. The runoff enters the alluvium at the mountain-
pediment junction, and may travel laterally for miles before reaching the aquifer. In the south
part of the Lower San Pedro Basin, the aquifer that is recharged by mountain front runoff is
confined. The assumption that recharge flows vertically is invalid in such a case.

The ADWR Management Information Services Division has data in digital format on
irrigated areas. In future DRASTIC studies, it is recommended that these data be utilized in
creating the Recharge map.



Aquifer Media

Plate 4 is the Aquifer Media map.

A 1:500,000 scale map of the aquifer media (Freethey and others, 1986) was enlarged
to 1:250,000 scale using a zoom transfer scope. The map delineates hardrock boundaries, and
defines aquifer media by percent fines. This approach gives only a relative ranking of the aquifer
permeability, so it was necessary to use drillers’ logs to identify aquifer media more precisely.
Sources of drillers’ logs are Babcock and Halpenny (1942), Hardt and others (1964), Heindel
and Cosner (1961), Roeske and Werrell (1973) and files in the AZGS and USGS offices in
Tucson.

Whenever possible, the depth of water at a particular well was read from the Depth to
Water map created for the present study. In some places where the depth exceeded 100’, it was
possible to determine the depth to water from the drillers’ log. When this was not possible, the
GWSI was used. The geologic stratum immediately below the water table was regarded as the
aquifer medium, and was assigned a DRASTIC rating. Where specific capacity data are
available, they were used to help determine which rating to select from the permitted range of
DRASTIC ratings. These DRASTIC ratings were then plotted on the 1:250,000 scale map that
was made from the Aquifer Media map by Freethey and others (1986). Ratings derived from
more than 130 drillers’ logs were plotted.

Hardrock areas as identified by Freethey and others (1986) and Reynolds (1988) were
assigned a DRASTIC rating of 2 to correspond to metamorphic/igneous "aquifer media",
although the water yield of the mountains is minimal or nonexistant. The coarse materials in the
alluvial fans around the mountain bases are presumed to have somewhat higher DRASTIC
ratings than the fine sediments of the inter-mountain basins. The extent of the fans was
arbitrarily delineated as the area around the hardrock boundaries where the slope is 2% to 6%
(DRASTIC rating 9 on the Topography map). When the rating of the basin was 4, the fans were
assigned a rating of 5.

Problems arise when assigning a rating to an aquifer medium, because most sites have
more than one medium, and many wells penetrate more than one aquifer.

The "range" of aquifer media used in the DRASTIC system does not include clay. In
Pinal County, virtually every driller’s log reports the presence of some clay or clay with sand
and/or gravel. The DRASTIC system was adapted for use in Arizona. Where clay appeared to
be the aquifer medium, it was assigned a DRASTIC rating of 3. Where clay was combined with
sand, the aquifer was given a rating of 4. A rating of 5 or 6 was assigned to gravelly clays and
clayey gravels.



Soil Media

Plate 5 is the Soil Media map.

type is rated.

The polygons on the Soil Media map are taken directly from the Soil Conservation
Service (SCS) map of Pinal County (Adams, 1972). A new rating scheme was created for this
study. The DRASTIC values in this scheme reflect the relative permeability and pollution-
attenuating properties of the soils in Pinal County. The following table shows how each SCS soil

fine-textured soil over bedrock

SCS SCS DRASTIC
Soil Soil Rating
Type | Description
SOILS OF THE FLOOD PLAINS
Al Gilman-Antho-Pimer association. Deep, medium, moderately 5
coarse, and moderately fine-textured soils
A2 Torrifluvents association. Mixed alluvial land 9
SOILS OF THE VALLEY SLOPES
Bl Mohall-Casa Grande association. Deep, moderately fine and 3
medium-textured reddish soils
B2 Mohall-Pinamt association. Deep, moderately fine and very 5
gravelly moderately fine-textured reddish soils
B3 Casa Grande-LaPalma association. Deep and moderately deep, 3
medium and moderately fine-textured, saline-alkali, reddish soils
B4 Mohall-Vecont association. Deep, moderately fine and fine- 3
textured reddish soils
B5 White House-Caralampi association. Deep, fine and gravelly 3
moderately fine-textured reddish soils
B6 Caralampi-White House association. Deep, gravelly moderately 4
fine and fine-textured reddish soils
B7 Caralampi association. Deep, gravelly moderately fine-textured 5
reddish soil
SHALLOW SOILS OVER BEDROCK
Cl Chiricahua association. Shallow, gravelly or cobbly moderately 8




LIMY SOILS ON VALLEY SLOPES AND HIGH FANS

D1 Gunsight-Cavelt-Rillito association. Deep gravelly and shallow 4
gravelly medium-textured limy soils over cemented pans
D2 Laveen-Rillito association. Deep medium-textured and gravelly 5
medium-textured, limy soils
ROCK LAND
El Granite and schist rock outcrop and shallow, cobbly soils in arid 10
and semiarid mountains
E2 Andesite and basalt volcanic rock outcrop and shallow, cobbly 10
soils in arid and semiarid mountains
E3 Andesite and basalt volcanic rock outcrop and shallow, cobbly 10
soils in subhumid mountains
E4 Granite and schist rock outcrop and shallow, cobbly soils in 9
subhumid mountains
MISCELLANEOUS
F1 Rough broken land 7

In the following table, the DRASTIC descriptions of the Soil Media ratings are compared
to the Soil Media descriptions used in the present study.

DRASTIC DRASTIC Soil Soil Description

Rating Description in the Present Study

3 Clay Loam Fine to medium-textured reddish soil

4 Silty Loam Gravelly limy soil over cemented pan or gravelly
reddish soil

5 Loam Fine to medium-textured gravelly reddish or limy
soils

7 Shrinking and/or Rough broken land

Aggregated Clay

8 Peat Gravelly or cobbly fine textured soils over bedrock

9 Sand Active fans

10 Thin/Absent Thin/Absent

10



Designating "Thin/Absent" soil as DRASTIC rating 10 seems inappropriate in the present
study. Rating thin/absent soil as 10 is intended to reflect the fact that such soil will provide no
pollution attenuation. In Pinal County, areas where soil is thin or absent are rock outcrops in
the mountains. Pollution attenuation is irrelevant in these areas because the rainfall runs off.
Runoff is considered on the Topography map, but the ratings on that map are weighted by a
factor of 1 for the General DRASTIC map and by a factor of 3 for the Pesticide DRASTIC map.
Ratings on the Soil Media map are weighted by a factor of 2 for the General DRASTIC map and
by a factor of 5 for the Pesticide DRASTIC map. This weighting system causes the mountains
to appear much more vulnerable to aquifer contamination than they actually are. In fact, most
mountains have no aquifer under them and are in little danger of aquifer contamination. This is
another case where the assumption that groundwater infiltrates vertically from the surface is
invalid.

Earth Fissures
Plate 6 is the Earth Fissures map.

This map is not part of the DRASTIC system. It is included because hundreds of earth
fissures exist in Pinal County and fissures can substantially increase the potential for
groundwater pollution. Fissure areas are shown as polygons on the map. They are assigned a
value of 2, and added into the DRASTIC index.

Earth fissures are surficial tension cracks in unconsolidated and semiconsolidated
sediments. Some show vertical displacement, that is, the ground on one side of the crack is
higher than on the other. Earth fissures range from approximately 100 ft to several miles long,
and from less than one inch to 35 ft wide. They are caused indirectly by lowering of the water
table. Water table decline decreases neutral stress and increases effective stress on aquifer
sediments. Sufficiently high effective stress causes compaction of the sediments and subsidence
of the ground surface. Fine-grained sediments compact more than coarse-grained deposits, and
differential compaction produces horizontal stresses. Earth fissures form where horizontal stress
exceeds sediment tensile strength.

Ground cracks can be caused by several other processes, but such features are not
commonly called earth fissures. Excessive withdrawal of groundwater has lowered the water
table by hundreds of feet in parts of Pinal County, and has caused hundreds of fissures to form
during this century.

Earth fissures dramatically increase an aquifer’s vulnerability to contamination. They also
increase recharge potential locally. Many fissures are very deep, and may extend from the
ground surface to the original depth of the water table before it was lowered (Holzer and Davis,
1976). Depth can be calculated if width, length, and the volume of sediment and water required
to fill a fissure are known. Davis and others (1983) used this technique to estimate depths
ranging from 364 ft to 505 ft for some Pinal County fissures.
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Many fissures capture the entire discharges of ephemeral streams that they cross. Runoff
that enters a fissure may flow directly to the groundwater without percolating slowly through
sediments. Pollutants in the runoff (such as pesticides, chemical fertilizers, animal wastes,
petroleum products, and solvents) will enter the aquifer at full strength. Even worse groundwater
pollution could result if formation of an earth fissure causes loss of support of a sewer or
petroleum pipeline and results in rupture of the line. Some Pinal County fissures have been used
as dumps for household refuse, vehicles, drums of hazardous waste, and other material.

The Earth Fissures map (Plate 6) was compiled from the following sources: Laney et al.
(1978), Schumann and Genualdi (1986a and 1986b), Anderson (1988), Slaff et al. (1989), Slaff
(1990) and Winikka (1991). The mapping was accomplished by interpretation of aerial
photographs, aerial visual reconnaissance and field checking. The investigators worked at
different times and mapped at different scales. Fissures are shown as polygons rather than
discrete lines because Plate 6 is for general planning, not site-specific assessment.

The Fissures map was compiled in 1991 but may be incomplete because: 1) farmers
quickly fill in fissures that form in their fields; 2) some fissures (especially those in remote
locations) may not have been discovered; 3) more may have formed since data used in the
compilation were published; and, 4) some fissures extend farther laterally beneath the ground
surface than shows at the surface.

Topography
Plate 7 is the Topography map.

USGS quadrangle maps of Pinal County use a variety of contour intervals. Templates
were made representing 2%, 6%, 12% and 18% slopes for each contour interval. The templates
were compared to the quadrangle maps, and polygons were drawn around areas that correspond
to the ranges of slope specified by the DRASTIC system. Whenever possible, 15 minute
(1:62,500 scale) quadrangles were used. Unfortunately, in many areas it was necessary to use
7.5 minute (1:24,000 scale) quadrangles. This greatly increased the labor involved.

The quads were then xerographically reduced to 1:250,000 scale and the polygons were
traced onto the DRASTIC base map.

There are two problems with this approach. The biggest problem is the enormous amount
of extremely tedious work involved. The other problem is the distortion caused by the reduction
process. The author has been advised that ART Lab has the capability of using digital elevation
data to produce these maps. This procedure is highly recommended for future DRASTIC studies.

Impact of Vadose

Plate 8 is the Impact of Vadose map.
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A map of the surficial geology of Arizona (Reynolds, 1988) was used to delineate the
hardrock boundaries. The vadose medium was identified by examining more than 130 drillers’
logs. The water level was determined by the same procedure described in the section on Aquifer
Media. The vadose medium is then regarded as the geological stratum above the water table that
probably has the greatest impact on vertical flow of groundwater.

The DRASTIC manual states that "caliche is not permitted by the DRASTIC system"
(Aller et al, 1987, p. 56). Caliche is fairly common in the study area, and can significantly
retard vertical groundwater flow, so it was necessary to assign a DRASTIC rating to it. Some
unfractured caliche is impermeable, but it is not possible to determine from drillers’ logs
whether the caliche is fractured. Where the caliche is greater than 5 ft thick, it is given the same
rating as a confining layer, which is 1.

"Conglomerate" is another rock type found in drillers’ logs, but is not given a rating by
the DRASTIC system. Sandstone has a DRASTIC rating range of 4 to 8, and a typical rating
of 6. Some conglomerate has larger pore spaces than sandstone, giving it greater permeability,
but because conglomerate is poorly sorted, its average permeability is probably not significantly
greater than that of sandstone. Degree of induration will also affect the conglomerate’s
permeability, but this usually could not be determined from the drillers’ log. Conglomerate was
assigned a DRASTIC rating of 7.

A map of the surficial geology of Arizona (Reynolds, 1988) was used for areas where
drillers’ logs were unavailable. Quaternary alluvial deposits were given higher DRASTIC ratings
than Tertiary sedimentary deposits, and young deposits were given higher ratings than old
deposits. In the following table, Ts indicates Tertiary sedimentary deposits, Q indicates
Quaternary alluvial deposits and y, m and o indicate young, medium age and old deposits.

Geologic Medium DRASTIC Rating
Tsm 6
Tsy 7
Qo 7
Q 8
Qy 9

As described in the section on Aquifer Media, the alluvial fans were given higher
DRASTIC ratings than the adjacent basins. Where the basin rating is 6, the fan is rated 8.
Where the basin rating is 8, the fan is rated 9.
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Hydraulic Conductivity of Aquifer Media
Plate 9 is the Hydraulic Conductivity of Aquifer Media Map.

The polygons used on the Aquifer Media map were the foundation of this map. They
were modified somewhat in the region of the Corkhill and Hill (1990) model to reflect the values
of hydraulic conductivity (K) calculated by the model. The Corkhill and Hill model found a K
of 5,000 gallons per day per ft? (gpd/ft?) along the Gila River, so a DRASTIC rating of 10 was
used for the whole length of the river. The Freethey (1982b) model found a K of 239 gpd/ft
for the Lower San Pedro Basin, so a DRASTIC rating of 2 was used there. Other values were
calculated from transmissivity values calculated by Hardt and Cattany (1965). Appendix D shows
how to convert from transmissivity to DRASTIC ratings. The author estimated saturated
thickness for these calculations from drillers’ logs. In areas for which there are no published data
on hydraulic conductivity, transmissivity or specific capacity, K was estimated from the aquifer
medium, using estimates made by Freeze and Cherry (1979).

The DRASTIC manual does not specify whether the parameter "hydraulic conductivity"
means vertical or horizontal hydraulic conductivity. It is an important distinction because in the
clay soils that are common in the study area, the ratio of horizontal to vertical hydraulic
conductivity can be more than 100 to 1. This study shows horizontal hydraulic conductivity
values, because those are the values derived from pump tests that are the basis of specific
capacity calculations and groundwater model input data.

General DRASTIC Map

Each of the polygons on each of the parameter maps was multiplied by a general
weighting factor as shown in Appendix A. The seven parameter maps with weighted polygons
were then digitally unioned. The resulting map was then unioned with the unweighted Fissures
map. All polygons representing less than 100 acres were removed. The General DRASTIC map
shows the weighted sums of the seven parameters with a value of 2 added where fissures occur.

The unioned General DRASTIC map indicates that the lowest pollution potential is in the
rangeland in the center of the county and in the mountains. This is to be expected because of
the deep or nonexistant water table.

The Lower San Pedro River Valley shows the greatest pollution potential. The depth to
water is shallow, and a relatively large amount of natural and agricultural recharge is being
applied. The Gila River area shows somewhat lower aquifer vulnerability. The perched water
zone created by irrigation near Casa Grande also has moderately high DRASTIC indices.
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Pesticide DRASTIC Map

The polygons of the parameter maps were weighted by the Pesticide weighting factors
shown in Appendix A, and unioned as described above.

The regions of aquifer vulnerability on the Pesticide DRASTIC map are similar to those
described in the General DRASTIC map. In general, the Pesticide weighting system causes an
overall increase in the DRASTIC indices.

Hydrogeologic Settings

The original intention of the DRASTIC process was to create a map of hydrogeologic
settings. A hydrogeologic setting is a region where all the DRASTIC parameters are the same,
and the region has one DRASTIC index. The hydrogeologic settings can be created manually
by overlaying the seven parameter maps and selecting average values for the parameters.
Polygons can be drawn around areas that do not have exactly the same combination of parameter
values. The unioned maps would show a small number of large polygons. There would be only
five or six possible combinations of parameters.

When the maps are unioned by computer, this simplification is not possible. The result
of unioning by computer is a large number of small polygons. There could be over 100
combinations of parameters in the unioned maps produced for this study. Labeling 100 slightly
different hydrogeologic settings would be meaningless.

This problem is illustrated in the Lower San Pedro Basin. This basin fits the DRASTIC
hydrogeologic setting of "River Alluvium with Overbank Deposits”. The DRASTIC manual
gives this setting a DRASTIC index of 161. The unioned maps created for this study show
DRASTIC indexes of 100 to 219 in the Lower San Pedro Basin. This is because the DRASTIC
parameters vary widely in this region. Agricultural return flow and confined aquifers are two
of the most significant features that affect the DRASTIC index in this region.

Generalizing the highly detailed unioned map by drawing polygons around a small
number of hydrogeologic settings seems to be a waste. For this reason, regions of hydrogeologic
settings are represented by codes in the general area of the hydrogeologic setting. The DRASTIC
tables that describe the hydrogeologic settings have been modified to reflect the actual conditions
in the study area.

Four major hydrogeologic settings are used in this study. They are Mountain Slopes,

Alluvial Fans, Alluvial Basins and River Alluvium with Overbank Deposits. These major settings
have been subdivided into minor settings as follows:
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Setting Major Minor General Pesticide
Code Setting Setting DRASTIC | DRASTIC
Index Index
2A1 Mountain Slope Metamorphic/Igneous 49 78
2A2 Mountain Slope Sedimentary 78 100
2C1 Alluvial Fan Low Permeability 95 116
2C2 Alluvial Fan Moderate Permeability 103 131
2D1 Alluvial Basin Sandy Vadose 77 104
2D2 Alluvial Basin Gravelly Vadose 87 112
2H1 River Alluvium San Pedro River 165 202
with Overbank (Irrigated)
Deposits
2H2 River Alluvium San Pedro River 137 174
with Overbank (Not Irrigated)
Deposits
2H3 River Alluvium Gila River 155 173
with Overbank (Irrigated)
Deposits
2H4 River Alluvium Santa Cruz River 115 140
with Overbank (Irrigated)
Deposits
2HS River Alluvium Santa Cruz River 95 120
with Overbank (Not Irrigated)
Deposits

Tables showing how these indices were calculated are shown in Appendix E. These tables
also appear on the back of the General DRASTIC Map and the Pesticide DRASTIC Map. With
the tables are descriptions of the hydrogeologic settings. These descriptions are modifications

of the hydrogeologic setting descriptions in the DRASTIC manual (Aller and others, 1987).

The DRASTIC process indicates that groundwater pollution potential is greatest along
streambeds and in irrigated areas. It is minimal in mountainous regions, as well as where the
depth to water is great. Modifications to the DRASTIC process were made to adapt it to desert
conditions. These modifications seem to have produced maps that accurately reflect assumptions

Conclusions

about the transport of groundwater contamination.
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Figure 1. Index Map of Arizona Showing the Location of Pinal County
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FIGURE 2. Location of field check photographs. Tail of arrow is location of camera. Arrows point in direction of camera.
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APPENDIX A
DRASTIC RATINGS AND WEIGHTING FACTORS
(From Aller, et al, 1987)

* Denotes a Range Introduced in the Pinal County DRASTIC Study

DEPTH TO WATER (FEET)

Range Rating

100+ 1
75 - 100 2

50 -75 3

30 -50 5

15 -30 7

5-15 9

0-5 10

General Weight = 5 Pesticide Weight = 5

NET RECHARGE (INCHES)

Range Rating
0-2 1
2-4 3
4 -7 6
7-10 8
10+ 9
General Weight = 4 Pesticide Weight = 4




AQUIFER MEDIA

Range Rating Typical Rating
Massive Shale 1-3 2
Metamorphic/Igneous 2-5 3
Clay* 3 3
Weathered Metamorphic/Igneous 3-5 4
Clay and Sand* 4 4
Glacial Till 4-6 5
Bedded Sandstone, Limestone and Shale 5-9 6
Sequences

Clay and Gravel* 5-6 6
Massive Sandstone 4-9 6
Massive Limestone 4-9 6
Sand and Gravel 4-9 8
Basalt 2-10 9
Karst Limestone 9-10 10

General Weight = 3

Pesticide Weight = 3




SOIL MEDIA

Range Rating

Nonshrinking and Nonaggregated Clay 1
Muck 2
Clay Loam 3
Fine to Medium-Textured Reddish Soil* 3
Silty Loam 4
Gravelly Limy Soil over Cemented Pan or 4
Gravelly Reddish Soil*

Loam 5
Fine to Medium-Textured Gravelly Reddish 5
or Limy Soils*

Sandy Loam 6
Shrinking and/or Aggregated Clay 7
Rough Broken Land* 7
Peat 8
Gravelly or Cobbly Fine-Textured Soils 8
over Bedrock*

Sand 9
Active Fans* 9
Gravel 10
Thin or Absent 10

General Weight = 2

Pesticide Weight = 5




TOPOGRAPHY (PERCENT SLOPE)

Range Rating
18+ 1
12 - 18 3
6-12 =
2-6 9
0-2 10

General Weight = 1

Pesticide Weight = 3

IMPACT OF THE VADOSE ZONE MEDIA

Range Rating Typical Rating

Confining Layer 1 1
Caliche Greater Than 5’ Thick* 1 1
Silt/Clay 2-6 3
Shale 2-5 3
Limestone 2-17 6
Sandstone 4 -8 6
Bedded Limestone, Sandstone, Shale 4 -8 6
Sand and Gravel with significant Silt and 4 -8 6
Clay

Metamorphic/Igneous 2-8 4
Sand and Gravel 6-9 8
Basalt 2-10 9
Karst Limestone 8-10 10

General Weight = 5

Pesticide Weight = 4




HYDRAULIC CONDUCTIVITY (GPD/FT?)

Range Rating
1-100 1

100 - 300 2

300 - 700 4

700 - 1000 6

1000 - 2000 8
2000+ 10

General Weight = 3 Pesticide Weight = 2




APPENDIX.B

Al B [ c]|[ b E F G H I
1 |Calculations of Recharge from Corkhill/Hill Model
2 | Corkhill/Hill Pinal AMA Groundwater Model , 1990. Calculations of grid dimensions in feet ,
3 |Conversion of Recharge units, and assignment of DRASTIC rating. |
4 |A = assumed cadastral location; differs from Appendix | in Corkhill/Hill.
5
6 |Row |Row |[Col. |Col. |Row * Col.|Recharge |Recharge DRASTIC Cadastral
7 |# width |# width |(sq. ft.) ac-ft/4 yr |in/yr = Rating
8 (feet) (feet) (130,680*F)/E
9
10 3| 5453 2|110594| 57769082 413 0.93 1 4-02-15,16
11 3| 5532| 30165996 2606 11.29 9 4-02-14
12 4| 5431| 29615243 2874 12.68 9 4-02-13
13 5| 5227| 28502831 1092 5.01 6 4-03-18
14 6| 4858| 26490674 1058 5.22 6 4-03-17
15 7| 5604| 30558612 1458 6.23 6 4-03-16
16 8| 5515| 30073295 2337 10.16 9 4-03-15
17 9| 4881| 26616093 1790 8.79 8 4-03-14
18 10| 5429| 29604337 2548 11.25 9 4-03-13
19 11| 5272| 28748216 2724 12.38 9 A 4-4-18
20 12| 5229| 28513737 1643 7.53 8 4-04-17
21 13| 5165| 28164745 2347 10.89 9 4-04-16
22 14| 5247| 28611891 380 1.74 1 4-04-15
23 41| 5257| 28666421 58 0.26 1 A4-9-18
24 42| 5088| 27744864 581 2.74 3 A4-9-17
25 43| 5240| 28573720 311 1.42 1 A4-9-16
26 47|10781| 58788793 5623 12.50 9 A4-10-17,16
27 4| 5280 2|110594| 55936320 511 1.19 1 4-2-21,22
28 3| 5532| 29208960 3224 14.42 9 4-02-23
29 4| 5431| 28675680 1060 4.83 6 4-02-24
30 5| 5227| 27598560 29 0.14 1 4-03-19
31 6| 4858| 25650240 1121 5.71 6 4-03-20
32 7| 5604| 29589120 1290 5.70 6 4-03-21
33 8| 5515| 29119200 3494 15.68 9 4-03-22
34 9| 4881| 25771680 1795 9.10 8 4-03-23
35 10| 5429| 28665120 3345 15.25 9 4-03-24
36 11| 5272| 27836160 3246 15.24 9 4-04-19
37 12| 5229| 27609120 2285 10.82 9 4-04-20
38 13| 5165| 27271200 1386 6.64 6 4-04-21
39 14| 5247| 27704160 862 4.07 6 4-04-22
40 15| 5363| 28316640 115 0.53 1 4-04-23
41 32| 5342| 28205760 3186 14.76 9 4-07-22
42 33| 5109| 26975520 4748 23.00 9 A4-7-33
43 34| 5364| 28321920 2939 13.56 9 A4-7-24
44 41| 5257| 27756960 239 1.13 1 A4-9-19
45 42| 5088| 26864640 494 2.40 3 A4-9-20
46 43| 5240| 27667200 148 0.70 1 A4-9-21
47 46| 7708| 40698240 5798 18.62 9 A4-10-19
48 47(10781| 56923680 20852 47.87 9 A4-10-20,21
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B Cc D E F [

49 5316 3| 5532| 29408112 2372 10.54 9 4-02-26
50 4| 5431| 28871196 185 0.84 1 4-02-25
51 6| 4858| 25825128 1739 8.80 8 4-03-29
52 7| 5604| 29790864 1685 7.39 8 4-03-28
53 8| 5515| 29317740 2587 11.53 9 4-03-27
54 9| 4881]| 25947396 2730 13.75 9 4-03-26
55 10| 5429| 28860564 2375 10.75 9 4-03-25
56 11| 5272| 28025952 2589 12.07 9 4-04-30
57 12| 5229| 27797364 3664 17.23 9 4-04-29
58 13| 5165| 27457140 2760 13.14 9 4-04-28
59 14| 5247| 27893052 2847 13.34 9 4-04-27
60 15| 5363| 28509708 364 1.67 1 4-04-26
61 32| 5342| 28398072 1657 7.63 8 4-07-27
62 33| 5109| 27159444 1857 8.94 8 A4-7-26
63 34| 5364| 28515024 3120 14.30 9 A4-7-25
64 35| 5213| 27712308 4997 23.56 9 A4-8-30
65 36| 5581| 29668596 2067 9.10 8 A4-8-29
66 41| 5257| 27946212 1171 5.48 6 A4-9-30
67 42| 5088| 27047808 1526 7.37 8 A4-9-29
68 43| 5240| 27855840 1596 7.49 8 A4-9-28
69 44| 7530| 40029480 2520 8.23 8 A4-9-27
70 45| 7642| 40624872 6360 20.46 9 A4-9-26,25
71 46| 7708| 40975728 9170 29.25 9 A4-10-3-
72 47(10781| 57311796 15062 34.34 9 A4-10-29,28
73 5224 2110594 | 5656343056 473 1.12 1

74 3| 5532| 28899168 125 0.57 1 4-02-35
75 7| 5604| 29275296 1120 5.00 6 4-03-33
76 8| 5515| 28810360 2023 9.18 8 4-03-34
77 9| 4881| 25498344 2736 14.02 9 4-03-35
78 10| 5429| 28361096 2552 11.76 9 4-03-36
79 11| 5272| 27540928 2647 12.56 9 4-04-31
80 12| 5229| 27316296 2064 9.87 8 4-04-32
81 13| 5165| 26981960 2545 12.33 9 4-04-33
82 14| 5247| 27410328 2480 11.82 9 4-04-34
83 15| 5363| 28016312 338 1.58 1 4-04-35
84 35| 5213| 27232712 1857 8.91 8 A4-8-31
85 36| 5581| 29155144 4710 21.11 9 A4-8-32
86 37| 5239| 27368536 3219 15.37 9 A4-8-33
87 39| 5180| 27060320 424 2.05 3 A4-8-35
88 40| 5395| 28183480 2128 9.87 8 A4-8-36
89 41| 5257| 27462568 2252 10.72 9 A4-9-31
90 42| 5088| 26579712 2338 11.49 9 A4-9-32
91 43| 5240| 27373760 4930 23.54 9 A4-9-33
92 44| 7530| 39336720 7436 24.70 9 A4-9-34
93 45| 7642| 39921808 7293 23.87 9 A4-9-35,36
94 46| 7708| 40266592 6699 21.74 9 A4-10-31
95 47|10781]| 56319944 9350 21.69 9 A4-10-32,33
96 5057 2110594 | 53573858 516 1.26 1 5-02-03,04
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B C D E F 1
97 3| 5532| 27975324 1335 6.24 6 5-02-02
98 4| 5431| 27464567 91 0.43 1 5-02-01
99 8| 5515| 27889355 2599 12.18 9 5-03-03
100 9| 4881| 24683217 1927 10.20 9 5-03-02
101 10| 5429| 27454453 1515 7.21 8 5-03-01
102 11| 5272| 26660504 1469 7.20 8 5-04-06
103 12| 5229| 26443053 911 4.50 6 5-04-05
104 13| 5165| 26119405 1438 7.19 8 5-04-04
105 14| 5247| 26534079 1914 9.43 8 5-04-03
106 15| 5363| 27120691 69 0.33 1 5-04-02
107 34| 5364| 27125748 416 2.00 1 A5-7-1
108 35| 5213| 26362141 1857 9.21 8 A5-8-6
109 36| 5581| 28223117 2584 11.96 9 A5-8-5
110 37| 5239| 26493623 6959 34.33 9 Ab5-8-4
111 38| 5330| 26953810 4064 19.70 9 A5-8-3
112 39| 5180| 26195260 1090 5.44 6 Ab-8-2
113 40| 5395| 27282515 1791 8.58 8 A5-8-1
114 41| 5257| 26584649 5059 24.87 9 Ab5-9-6
115 42| 5088| 25730016 5818 29.55 9 A5-9-5
116 43| 5240| 26498680 4307 21.24 9 A5-9-4
117 44| 7530| 38079210 6246 21.43 9 A5-9-3
118 45| 7642| 38645594 3655 12.36 9 A5-9-2,1
119 46| 7708| 38979356 12795 42.90 9 A5-10-6
120 3957 2|110594| 41920458 812 2.53 3 5-2-3,4
121 3| 5532| 21890124 2107 12.58 9 5-02-02
122 4| 5431]| 21490467 137 0.83 1 5-02-01
123 8| 5515| 21822855 665 3.98 3 5-03-03
124 9| 4881| 19314117 1180 7.98 8 5-03-02
125 10| 5429| 21482553 1453 8.84 8 5-03-01
126 11| 5272| 20861304 1036 6.49 6 5-04-07
127 12| 5229| 20691153 480 3.03 3 5-04-08
128 13| 5165| 20437905 496 3.17 3 5-04-09
129 14| 5247| 20762379 939 5.91 6 5-04-10
130 15| 5363| 21221391 250 1.54 1 5-04-11
131 35| 5213| 20627841 2862 18.13 9 A5-8-7
132 36| 5581| 22084017 3883 22.98 9 A5-8-8
133 37| 5239| 20730723 3131 19.74 9 A5-8-9
134 38| 5330| 21090810 2855 17.69 9 A5-8-10
135 39| 5180| 20497260 5842 37.25 9 A5-8-11
136 40| 5395| 21348015 5040 30.85 9 Ab-8-12
137 41| 5257| 20801949 924 5.80 6 Ab-9-7
138 42| 5088| 20133216 825 5.35 6 A5-9-8
139 43| 5240| 20734680 4975 31.35 9 A5-9-9
140 44| 7530| 29796210 2852 12.51 9 A5-9-10
141 45| 7642| 30239394 11582 50.05 9 A5-9-11,12
142 46| 7708| 30500556 24 0.10 1 A5-10-7
143 3750 2110594| 39727500 4 0.01 1 5-2-9,10
144 3| 5532| 20745000 1121 7.06 8 5-02-11
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A B C D E F I

145 4| 5431| 20366250 292 1.87 1 5-02-12
146 6| 4858| 18217500 450 3.23 3 5-03-08
147 7| 5604| 21015000 930 5.78 6 5-03-09
148 8| 5515| 20681250 89 0.56 1 5-03-10
149 9| 4881| 18303750 2185 15.60 9 5-03-11
150 10| 5429| 20358750 992 6.37 6 5-03-12
151 11| 5272| 19770000 1097 7.25 8 A5-4-18
152 12| 5229| 19608750 404 2.69 3 Ab5-4-17
153 13| 5165| 19368750 65 0.44 1 Ab-4-16
154 14| 5247| 19676250 545 3.62 3 A5-4-15
155 15| 5363| 20111250 300 1.95 1 Ab-4-14
156 34| 5364| 20115000 974 6.33 6 A5-7-12
157 35| 5213| 19548750 9217 61.61 9 Ab5-8-18
158 36| 5581| 20928750 8742 54.59 9 Ab-8-17
159 37| 5239| 19646250 2910 19.36 9 Ab5-8-16
160 38| 5330| 19987500 2995 19.58 9 A5-8-15
161 39| 5180| 19425000 1523 10.25 g A5-8-14
162 40| 5395| 20231250 1485 9.59 8 A5-8-13
163 41| 5257| 19713750 3159 20.94 9 A5-9-18
164 42| 5088| 19080000 13 0.09 1 Ab-9-17
165 43| 5240| 19650000 5923 39.39 9 A5-9-16
166 44| 7530| 28237500 6088 28.17 9 Ab-9-15
167 45| 7642| 28657500 9570 43.64 9 A5-9-14,13
168| 10| 5259 1/10559| 565529781 26 0.06 1

169 2|10594| 55713846 68 0.16 1

170 3| 5532| 29092788 16 0.07 1

171 4| 5431| 28561629 111 0.51 1 5-02-13
172 5| 5227| 27488793 1425 6.77 6 5-03-18
173 6| 4858| 25548222 2145 10.97 9 5-03-17
174 7| 5604| 29471436 3827 16.97 9 5-03-16
175 8| 5515| 29003385 3562 1.59 1 5-03-15
176 9| 4881| 25669179 2108 10.73 9 5-03-14
177 10| 5429| 28551111 1170 5.36 6 5-03-13
178 11| 5272| 27725448 758 3.57 3 A5-4-19
179 12| 5229| 27499311 752 3.57 3 A5-4-20
180 13| 5165| 27162735 744 3.58 3 Ab5-4-21
181 14| 5247 27593973 757 3.59 3 A5-4-22
182 15| 5363| 28204017 3 0.01 1 A5-4-23
183 33| 5109| 26868231 2124 10.33 9 A5-7-14
184 34| 5364| 28209276 2144 9.93 8 Ab5-7-13
185 35| 5213| 27415167 2641 12.58 9 Ab5-8-19
186 36| 5581| 29350479 7861 35.00 9 A5-8-20
187 37| 5239| 27551901 7861 37.29 9 A5-8-21
188 38| 5330| 28030470 7157 33.37 9 A5-8-22
189 39| 5180| 27241620 8579 41.15 9 A5-8-23
190 40| 5395| 28372305 8919 41.08 9 Ab-8-24
191 41| 5257| 27646563 4330 20.47 9 A5-9-19
192 42| 5088| 26757792 3580 17.48 9 A5-9-20
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193 43| 5240| 27557160 4276 20.28 9 A5-9-21
194 44| 7530| 39600270 15778 52.07 9 A5-9-32
195 45| 7642| 40189278 112 0.36 1 A5-9-23,24
196] 11| 5248 2|10594| 5656597312 199 0.47 1

197 3| 5532| 29031936 447 2.01 3 5-02-23
198 4| 5431| 28501888 440 2.02 3 5-02-24
199 5| 5227| 27431296 1221 5.82 6 5-03-19
200 6| 4858| 25494784 2327 11.93 9 5-03-20
201 7| 5604| 29409792 2911 12.93 9 5-03-21
202 8| 5515| 28942720 255 1.15 1 5-03-22
203 9| 4881| 25615488 2104 10.73 9 5-03-23
204 10| 5429| 28491392 2339 10.73 9 5-03-24
205 11| 5272)| 27667456 2272 10.73 9 Ab-4-30
206 12| 5229| 27441792 2255 10.74 9 A5-4-29
207 13| 5165| 27105920 2227 10.74 9 Ab-4-28
208 14| 5247)| 27536256 2862 13.58 9 Ab-4-27
209 15| 5363| 28145024 353 1.64 1 Ab-4-26
210 16| 5265| 27630720 419 1.98 1 Ab-4-25
211 33| 5109| 26812032 1942 9.47 8 Ab-7-23
212 34| 5364| 28150272 2121 9.85 8 A5-7-24
213 35| 5213| 27357824 2450 11.70 9 A5-8-30
214| 36| 5581| 29289088 2517 11.23 9 Ab-8-29
215 37| 5239| 27494272 1146 5.45 6 A5-8-28
216 38| 5330| 27971840 287 1.34 1 Ab-8-27
217 39| 5180| 27184640 3860 18.56 9 Ab5-8-26
218 40| 5395| 28312960 4431 20.45 9 Ab-8-25
219 41| 5257| 27588736 4448 21.07 9 A5-9-30
220 42| 5088| 26701824 4338 21.23 9 Ab-9-29
221 43| 5240| 27499520 3938 18.71 9 A5-9-28
222 44| 7530| 39517440 10085 33.35 9 Ab-9-27
223 45| 7642| 40105216 46 0.15 1 Ab-9-26,25
224 12| 5215 2110594 | 565247710 4 0.01 1

225 3| 5532| 28849380 448 2.03 3 5-02-26
226 4| 5431| 28322665 1206 5.56 6 5-02-25
227 5| 5227| 27258805 2317 11.11 9 5-03-30
228 6| 4858| 25334470 2355 12.15 9 5-03-29
229 7| 5604| 29224860 2267 10.14 9 5-03-28
230 8| b5515| 28760725 950 4.32 6 5-03-27
231 9| 4881| 25454415 3026 15.54 9 5-03-26
232 10| 5429| 28312235 3185 14.70 9 5-03-25
233 11| 5272| 27493480 2716 12.91 9 Ab-4-31
234 12| 5229| 27269235 3052 14.63 9 Ab-4-32
235 13| 5165| 26935475 3311 16.06 9 Ab-4-33
236 14| 5247| 27363105 4822 23.03 9 Ab-4-34
237 15| 5363| 27968045 2440 11.40 9 Ab5-4-35
238 26| 5331| 27801165 636 2.99 3 5-06-27
239 27| 5280| 27535200 84 0.40 1 5-06-26
240 31| 5339| 27842885 811 3.81 3 5-07-28
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241 32| 5342| 27858530 2678 12.56 g 5-07-27
242 33| 5109| 26643435 2271 11.14 9 Ab-7-26
243 34| 5364| 27973260 2280 10.65 9 Ab-7-25
244 35| 5213| 27185795 2453 11.79 9 Ab5-8-31
245 36| 5581| 29104915 1597 7.17 8 Ab5-8-32
246 37| 5239| 27321385 3158 15.10 9 A5-8-33
247 38| 5330| 27795950 1201 5.65 6 Ab5-8-34
248 39| 5180| 27013700 4400 21.29 9 Ab-8-35
249 40| 5395| 28134925 4442 20.63 9 A5-8-36
250 41| 5257| 27415255 4511 21.50 9 Ab5-9-31
251 42| 5088| 26533920 4528 22.30 9 Ab-9-32
252 43| 5240| 27326600 11870 56.76 9 Ab-9-33
253 44| 7530| 39268950 5 0.02 1 Ab-9-34
254 13| 5416 4| 5431| 29414296 1056 4.69 6 5-02-36
255 5| 5227| 28309432 2492 11.50 9 5-03-31
256 6| 4858| 26310928 1681 8.35 8 5-03-32
257 7| 5604| 30351264 1068 4.60 6 5-03-33
258 8| 5515| 29869240 1185 5.18 6 5-03-34
259 9| 4881]| 26435496 1840 9.10 8 5-03-35
260 10| 5429| 29403464 1903 8.46 8 5-03-36
261 11| 5272| 28553152 1286 5.89 6
262 12| 5229| 28320264 534 2.46 3
263 13| 5165| 27973640 2480 11.59 9
264 14| 5247| 28417752 2130 9.79 8
265 15| 5363| 29046008 2542 11.44 9
266 16| 5265| 28515240 69 0.32 1
267 17| 5163| 27962808 195 0.91 1 5-05-31
268 26| 5331| 28872696 33 0.15 1 5-06-34
269 27| 5280| 28596480 4 0.02 1 5-06-35
270 31| 5339| 28916024 298 1.35 1 5-07-33
271 32| 5342| 28932272 2606 11.77 9 5-07-34
272 33| 5109| 27670344 602 2.84 3
273 34| 5364| 29051424 1262 5.68 6
274 35| 5213| 28233608 3500 16.20 9
275 36| 5581| 30226696 2154 9.31 8
276 37| 5239| 28374424 1731 7.97 8
277 38| 5330| 28867280 1588 7.19 8
278 39| 5180| 28054880 5402 25.16 9
279 40| 5395| 29219320 5480 24.51 9
280 41| 5257| 28471912 6283 28.84 9
281 42| 5088| 27556608 5719 27.12 9
282 43| 5240| 28379840 8801 40.53 9
283 44| 7530| 40782480 64 0.21 1
284| 14| 5575 2110594 | 59061550 27 0.06 1 6-2-3,4
285 4| 5431| 30277825 971 4.19 6 6-02-01
286 5| 5227| 29140525 1289 5.78 6 6-3-0?
287 6| 4858| 27083350 1416 6.83 6 6-03-06
288 7| 5604| 31242300 1656 6.93 6 6-03-05
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289 8| 5515| 30746125 1027 4.37 6 6-03-04
290 9| 4881| 27211575 1152 5.53 6 6-03-03
291 10| 5429| 30266675 1258 5.43 6 6-03-02
292 11| 5272| 29391400 449 2.00 1 6-03-01
293 12| 5229| 29151675 1364 6.11 6 6-04-06
294 13| 5165| 28794875 1541 6.99 6 6-04-05
295 14| 5247| 29252025 794 3.55 3 6-04-04
296 15| 5363| 29898725 1475 6.45 6 6-04-03
297 16| 5265| 29352375 89 0.40 1 6-04-02
298 17| 5163| 28783725 179 0.81 1 A 6-04-01
299 25| 5221| 29107075 687 3.08 3 6-06-05
300 26| 5331| 29720325 474 2.08 3 6-06-04
301 27| 5280| 29436000 50 0.22 1 6-06-03
302 30| 5297| 29530775 281 1.24 1 6-07-06
303 31| 5339| 29764925 76 0.33 1 6-07-05
304 32| 5342| 29781650 1303 5.72 6 6-07-04
305 33| 5109| 28482675 285 1.31 1 6-07-03
306 34| 5364| 29904300 1246 5.44 6 6-07-02
307 35| 5213| 29062475 1522 6.84 6 A 6-07-01
308 36| 5581| 31114075 1410 5.92 6 6-08-06
309 37| 5239| 29207425 1399 6.26 6 6-08-05
310 38| 5330| 29714750 2064 9.08 8 6-08-04
311 39| 5180| 28878500 2423 10.96 9 6-08-03
312 40| 5395| 30077125 1803 7.83 8 6-08-02
313 41| 5257| 29307775 5701 25.42 9 A 6-08-01
314 42| 5088| 28365600 13427 61.86 9 6-09-06
315 44| 7530| 41979750 337 1.05 1 6-09-04
316] 15| 5266 4| 5431| 28599646 707 3.23 3 6-02-12
317 5| 5227| 27525382 1405 6.67 6 6-3-00?
318 6| 4858| 25582228 1541 7.87 8 6-03-07
319 7| 5604| 29510664 1324 5.86 6 6-03-08
320 8| 5515| 29041990 972 4.37 6 6-03-09
321 9| 4881| 25703346 1092 5.55 6 6-03-10
322 10| 5429| 28589114 1277 5.84 6 6-03-11
323 11| 5272| 27762352 1894 8.92 8 6-03-12
324 12| 5229| 27535914 1904 9.04 8 6-04-07
325 13| 5165| 27198890 1486 7.14 8 6-04-08
326 14| 5247| 27630702 1441 6.82 6 6-04-09
327 15| 5363| 28241558 1302 6.02 6 6-04-10
328 16| 5265| 27725490 1303 6.14 6 6-04-11
329 17| 5163| 27188358 9 0.44 1 6-05-12
330 20| 5288| 27846608 26 0.12 1 6-05-09
331 21| 5288| 27846608 1143 5.36 6 6-05-10
332 22| 5272| 27762352 636 2.99 3 6-05-11
333 23| 5290| 27857140 401 1.88 1 A 6-04-12
334 24| 5172| 27235752 288 1.38 1 6-06-07
335 25| 5221| 27493786 643 3.06 3 6-06-08
336 26| 5331| 28073046 392 1.82 1 6-06-09
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337 27| 5280| 27804480 27 0.13 1 6-06-10
338 28| 5322| 28025652 767 3.58 3 6-06-11
339 29| 5330| 28067780 837 3.90 3 6-06-12
340 30| 5297| 27894002 973 4.56 6 6-07-07
341 31| 5339| 28115174 1267 5.89 6 6-07-08
342 32| 5342| 28130972 586 2.72 3 6-07-09
343 33| 5109]| 26903994 3191 15.50 9 6-07-10
344 34| 5364| 28246824 1333 6.17 6 6-07-11
345 35| 5213| 27451658 1813 8.63 8 6-07-12
346 36| 5581| 29389546 5325 23.68 9 6-08-07
347 37| 5239| 27588574 673 3.19 3 6-08-08
348 38| 5330| 28067780 2279 10.61 9 6-08-09
349 39| 5180| 27277880 1316 6.30 6 6-08-10
350 40| 5395| 28410070 1556 7.16 6 6-08-11
351 41| 5257| 27683362 5227 24.67 9 6-08-12
352 42| 5088| 26793408 12048 58.76 9 6-09-07
353| 16| 5318 4| 5431| 28882058 152 0.69 1 6-02-13
354 5| 5227| 27797186 306 1.44 1 6-2-00?
355 6| 4858| 25834844 1548 7.83 8 6-03-18
356 7| 5604| 29802072 1291 5.66 6 6-03-17
357 8| 5515| 29328770 916 4.08 6 6-03-16
358 9| 4881| 25957158 1100 5.54 6 6-03-15
359 10| 5429| 28871422 603 2.73 3 6-03-14
360 11| 5272| 28036496 1810 8.44 8 6-03-13
361 12| 5229| 27807822 1583 7.44 8 6-04-18
362 13| 5165| 27467470 1434 6.82 6 6-04-17
363 14| 5247| 27903546 1475 6.91 6 6-04-16
364 15| 5363| 28520434 1360 6.23 6 6-04-15
365 16| 5265| 27999270 1352 6.31 6 6-04-14
366 20| 5288| 28121584 23 0.11 1 6-05-16
367 21| 5288| 28121584 2170 10.08 9 6-05-15
368 22| 5272| 28036496 1550 7.22 8 6-05-14
369 23| 5290| 28132220 3753 17.43 9 6-05-13
370 24| 5172| 27504696 3021 14.35 9 6-06-18
371 25| 5221| 27765278 92 0.43 1 6-06-17
372 26| 5331| 28350258 2595 11.96 9 6-06-16
373 27| 5280| 28079040 1586 1,38 8 6-06-15
374 28| 5322| 28302396 2004 9.25 8 6-06-14
375 29| 5330| 28344940 1812 8.35 8 A 6-06-13
376 30| 5297| 28169446 1936 8.98 8 6-07-18
377 31| 5339| 28392802 1046 4.81 6 6-07-17
378 32| 5342| 28408756 1971 9.07 8 6-07-16
379 33| 5109| 27169662 6395 30.76 9 6-07-15
380 34| 5364| 28525752 1473 6.75 6 6-07-14
381 35| 5213| 27722734 1540 7.26 8 6-07-13
382 36| 5581| 29679758 6394 28.15 9 6-08-18
383 37| 5239| 27861002 1073 5.03 6 6-08-17
384 38| 5330| 28344940 1295 5.97 6 6-08-16
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385 39| 5180| 27547240 463 2.20 3 6-08-15
386 40| 5395| 28690610 513 2.34 3 6-08-14
387 41| 5257| 27956726 4941 23.10 9 6-08-13
388 42| 5088| 27057984 8984 43.39 9 6-09-18
389 17| 5322 5| 5227| 27818094 4 0.02 1 6-2-00?
390 6| 4858| 25854276 553 2.80 3 6-03-19
391 7| 5604| 29824488 935 4.10 6 6-03-20
392 8| 5515| 29350830 100 0.45 1 6-03-21
393 9| 4881]| 25976682 1102 5.54 6 6-03-22
394 10| 5429| 28893138 1140 5.16 6 6-03-23
395 11| 5272| 28057584 1548 7.21 8 6-03-24
396 12| 5229| 27828738 1746 8.20 8 6-04-19
397 13| 5165| 27488130 961 4.57 6 6-04-20
398 14| 5247| 27924534 1393 6.52 6 6-04-21
399 15| 5363| 28541886 885 4.05 6 6-04-22
400 16| 5265| 28020330 314 1.46 1 6-04-23
401 20| 5288| 28142736 12 0.06 1 6-05-21
402 21| 5288| 28142736 1897 8.81 8 6-05-22
403 22| 5272| 28057584 4565 21.26 9 6-05-23
404 23| 5290| 28153380 3444 15.99 9 6-05-24
405 24| 5172| 27525384 3455 16.40 9 6-06-19
406 26| 5331| 28371582 25 0.12 1 6-06-21
407 27| 5280| 28100160 978 4.55 6 6-06-22
408 28| 5322| 28323684 1993 9.20 8 6-06-23
409 29| 5330| 28366260 3236 14.91 9 6-06-24
410 30| 5297| 28190634 3152 14.61 9 6-07-19
411 31| 5339| 28414158 4096 18.84 9 6-07-20
412 32| 5342| 28430124 3974 18.27 8 6-07-21
413 33| 5109| 27190098 5846 28.10 9 6-07-22
414 34| 5364| 28547208 5812 26.61 9 6-07-23
415 35| 5213| 27743586 823 3.88 3 6-07-24
416 36| 5581| 29702082 5370 23.63 9 6-08-19
417 37| 5239| 27881958 669 3.14 3 6-08-20
418 38| 5330| 28366260 1918 8.84 8 6-08-21
419 39| 5180| 27567960 5117 24.26 9 6-08-22
420 40| 5395| 28712190 1774 8.07 8 6-08-23
421 41| 5257| 27977754 3620 16.91 g 6-08-24
422 42| 5088| 27078336 8552 41.27 9 6-09-19
423| 18| 5273 8| 5515| 29080595 49 0.22 1 6-03-28
424 9| 4881| 25737513 730 3:.71 3 6-03-27
425 10| 5429| 28627117 1198 5.47 6 6-03-26
426 11| 5272)| 27799256 1710 8.04 8 6-03-25
427 12| 5229| 27572517 1570 7.44 8 6-04-30
428 13| 5165| 27235045 960 4.61 6 6-04-29
429 14| 5247| 27667431 1428 6.74 6 6-04-28
430 15| 5363| 28279099 830 3.84 3 6-04-27
431 16| 5265| 27762345 575 2.71 3 6-04-26
432 17| 5163| 27224499 523 2.51 3 A 6-04-25
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433 18| 5280| 27841440 1129 5.30 6 6-05-30
434 21| 5288| 27883624 1067 5.00 6 6-05-27
435 22| 5272| 27799256 1896 8.91 8 6-05-26
436 23| 5290| 27894170 4569 21.41 9 6-05-25
437 24| 5172| 27271956 4415 21.16 9 6-06-30
438 25| 5221| 27530333 3349 15.90 9 6-06-29
439 26| 5331| 28110363 3984 18.52 9 6-06-28
440 27| 5280| 27841440 4426 20.77 9 6-06-27
441 28| 5322| 28062906 2380 11.08 9 6-06-26
442 29| 5330| 28105090 4893 22.75 9 6-06-25
443 30| 5297| 27931081 5102 23.87 9 6-07-30
444 31| 5339]| 28152547 5743 26.66 9 6-07-29
445 32| 5342| 28168366 5697 26.43 9 6-07-28
446 33| 5109]| 26939757 5663 27.47 9 6-07-27
447 34| 5364| 28284372 6469 29.89 9 6-07-26
448 35| 5213| 27488149 4963 23.59 9 6-07-25
449 36| 5581| 29428613 4960 22.03 9 6-08-30
450 37| 5239]| 27625247 5847 27.66 9 6-08-29
451 38| 5330| 28105090 5205 24.20 9 6-08-28
452 39| 5180| 27314140 4965 23.75 9 6-08-27
453 40| 5395| 28447835 12071 55.45 9 6-08-26
454 41| 5257| 27720161 13381 63.08 9 6-08-25
455 42| 5088| 26829024 3585 17.46 9 6-09-30
456 46| 7708| 40644284 351 1.13 1 6-09-29
457 19| 5243 8| b515| 28915145 22 0.10 1 6-03-33
458 9| 4881 25591083 392 2.00 1 6-03-34
459 10| 5429| 28464247 901 4.14 6 6-03-35
460 11| 5272| 27641096 830 3.92 3 6-03-36
461 12| 5229| 27415647 1993 9.50 8 6-04-31
462 13| 5165| 27080095 2485 11.99 9 6-04-32
463 14| 5247| 27510021 1539 7.31 8 6-04-33
464 15| 5363| 28118209 1776 8.25 8 6-04-34
465 16| 5265| 27604395 561 2.66 3 6-04-35
466 17| 5163| 27069609 57 0.28 1 6-04-36
467 18| 5280| 27683040 2612 12.33 9 6-05-31
468 21| 5288| 27724984 57 0.27 1 6-05-34
469 22| 5272| 27641096 488 2.31 3 6-05-35
470 23| 5290| 27735470 4965 23.39 9 6-05-36
471 24| 5172| 27116796 4817 23.21 9 6-06-31
472 25| 5221| 27373703 5108 24.39 9 6-06-32
473 26| 5331| 27950433 4989 23.33 9 6-06-33
474 27| 5280| 27683040 3866 18.25 9 6-06-34
475 28| 5322| 27903246 4872 22.82 9 6-06-35
476 29| 5330| 27945190 4775 22.33 9 6-06-36
477 30| 5297| 27772171 5285 24.87 9 6-07-31
478 31| 5339| 27992377 4700 21.94 9 6-07-32
479 32| 5342| 28008106 5374 25.07 9 6-07-33
480 33| 5109| 26786487 6010 29.32 9 6-07-34
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481 34| 5364| 28123452 6440 29.92 9 6-07-35
482 35| 5213| 27331759 3443 16.46 9 6-07-36
483 36| 5581| 29261183 3658 16.34 9 6-08-31
484 37| 5239| 27468077 4853 23.09 9 6-08-32
485 38| 5330| 27945190 5413 25.31 9 6-08-33
486 39| 5180| 27158740 4422 21.28 9 6-08-34
487 40| 5395| 28285985 11910 55.02 9 6-08-35
488 41| 5257| 27562451 11436 54.22 9 6-08-36
489 42| 5088| 26676384 3561 17.44 9 6-09-31
490 20| 5348 9| 4881 26103588 10 0.05 1 7-03-02
491 10| 5429| 29034292 40 0.18 1 7-03-01
492 11| 5272| 28194656 785 3.64 3 7-04-06
493 12| 5229| 27964692 998 4.66 6 7-04-05
494 13| 5165| 27622420 1238 5.86 6 7-04-04
495 14| 5247| 28060956 1436 6.69 6 7-04-03
496 15| 5363| 28681324 2029 9.24 8 7-04-02
497 16| 5265| 28157220 1370 6.36 6 7-04-01
498 17| 5163| 27611724 51 0.24 1 7-4-00?
499 18| 5280| 28237440 102 0.47 1 7-05-06
500 23| 5290| 28290920 3841 17.74 9 A 7-05-01
501 24| 5172| 27659856 4791 22.64 9 7-06-06
502 25| 5221| 27921908 5179 24.24 9 7-06-05
503 26| 5331| 28510188 4906 22.49 9 7-06-04
504 27| 5280| 28237440 4480 20.73 9 7-06-03
505 28| 5322| 28462056 4470 20.52 9 7-06-02
506 29| 5330| 28504840 4405 20.19 9 A 7-06-01
507 30| 5297| 28328356 3885 17.92 9 7-07-06
508 31| 5339| 28552972 3808 17.43 9 7-07-05
509 32| 5342| 28569016 56 0.26 1 7-07-04
510 33| 5109| 27322932 58 0.28 1 7-07-03
511 34| 5364| 28686672 65 0.30 1 7-07-02
512 36| 5213| 27879124 869 4.07 6 7-07-01
513 36| 5581| 29847188 653 2.86 3 7-08-06
514 37| 5239| 28018172 983 4.58 6 7-08-05
515 38| 5330| 28504840 1316 6.03 6 7-08-04
516 39| 5180| 27702640 1609 7.59 8 7-08-03
517 40| 5395| 28852460 3598 16.30 9 7-08-02
518 41| 5257| 28114436 14997 69.71 9 7-08-01
519 42| 5088| 27210624 3561 17.10 9 7-09-06
520 21| 5329| 11| 5272| 28094488 19 0.09 1 7-04-07
521 12| 5229| 27865341 372 1.74 1 7-04-08
522 13| 5165| 27524285 75 0.36 1 7-04-09
523 14| 5247| 27961263 843 3.94 3 7-04-10
524 15| 5363| 28579427 1384 6.33 6 7-04-11
525 16| 5265| 28057185 1094 5.10 6 7-04-12
526 17| 5163| 27513627 662 3.14 3 7-4-00?
527 20| 5288| 28179752 209 0.97 1 7-05-09
528 21| 5288| 28179752 156 0.72 1 7-05-10
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529 23| 5272| 28094488 26 0.12 1 7-05-12
530 24| 5290| 28190410 19 0.09 1 7-06-07
531 25| 5172| 27561588 52 0.25 1 7-06-08
532 26| 5221| 27822709 42 0.20 1 7-06-09
533 27| 5331| 28408899 62 0.29 1 A 7-06-10
534 28| 5280| 28137120 120 0.56 1 A7-06-11
535 29| 5322| 28360938 401 1.85 1 7-06-12
536 30| 5330| 28403570 265 1.22 1 7-07-07
537 34| 5297| 28227713 557 2.58 3 7-07-11
538 35| 5339| 28451531 358 1.64 1 7-07-12
539 36| 5342| 28467518 27 0.12 1 7-08-07
540 37| 5109| 27225861 905 4.34 6 7-08-08
541 38| 5364| 28584756 925 4.23 6 7-08-09
542 39| 5213| 27780077 1356 6.38 6 7-08-10
543 40| 5581| 29741149 30 0.13 1 7-08-11
544| 22| 5378| 11| 5272| 28352816 31 0.14 1 7-04-18
545 12| 5229| 28121562 636 2.96 3 7-04-17
546 13| 5165| 27777370 180 0.85 1 7-04-16
547 14| 5247| 28218366 226 1.05 1 7-04-15
548 15| 5363| 28842214 1463 6.63 6 7-04-14
549 16| 5265| 28315170 401 1.85 1 7-04-13
550 17| 5163| 27766614 560 2.64 3 7-4-007?
551 18| 5280| 28395840 37 0.17 1 7-05-18
552 19| 5322| 28621716 121 0.55 1 7-05-17
553 20| 5288| 28438864 456 2.10 3 7-05-16
554 21| 5288| 28438864 176 0.81 1 7-05-15
555 34| 5364| 28847592 644 2.92 3 7-07-14
556 35| 5213| 28035514 1162 5.42 6 7-07-13
557 36| 5581| 30014618 2185 9.51 8 7-08-18
558 37| 5239| 28175342 512 2.37 3 7-08-17
559 38| 5330| 28664740 938 4.28 6 7-08-16
560 39| 5180| 27858040 325 1.52 1 7-08-15
561 40| 5395| 29014310 225 1.01 1 7-08-14
562| 23| 5317| 14| 5247| 27898299 28 0.13 1 7-04-22
563 15| 5363| 28515071 1541 7.06 8 7-04-23
564 16| 5265| 27994005 62 0.29 1 7-04-24
565 17| 5163| 27451671 156 0.74 1 7-4-00?
566 19| 5322| 28297074 4 0.02 1 7-05-20
567 20| 5288| 28116296 344 1.60 1 7-05-21
568 21| 5288| 28116296 3 0.01 1 7-05-22
569 26| 5331| 28344927 735 3.39 3 7-06-21
570 27| 5280| 28073760 803 3.74 3 A 7-06-22
571 34| 5364| 28520388 1043 4.78 6 7-07-23
572 35| 5213| 27717521 98 0.46 1 A 7-07-24
573 36| 5581| 29674177 2328 10.25 9 7-08-19
574 38| 5330| 28339610 945 4.36 6 7-08-21
575 39| 5180| 27542060 306 1.45 1 7-08-22
576 40| 5395| 28685215 100 0.46 1 7-08-23
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577| 24| 5256| 14| 5247| 27578232 1 0.00 1 7-04-27
578 15| 5363| 28187928 41 0.19 1 7-04-26
579 16| 5265| 27672840 129 0.61 1 7-04-25
580 17| 5163| 27136728 301 1.45 1 7-4-00?
581 20| 5288| 27793728 1 0.00 1 7-05-28
582 25| 5221| 27441576 1925 9.17 8 7-06-29
583 26| 5331| 28019736 2762 12.88 9 7-06-28
584 27| 5280| 27751680 2255 10.62 9 7-06-27
585 28| 5322| 27972432 413 1.93 1 A7-06-26
586 35| 5213| 27399528 195 0.93 1 7-07-25
587 36| 5581| 29333736 1474 6.57 6 7-08-30
588 37| 5239| 27536184 21 0.10 1 7-08-29
589 38| 5330| 28014480 909 4.24 6 7-08-28
590 39| 5180| 27226080 385 1.85 1 7-08-27
591 40| 5395| 28356120 658 3.03 3 7-08-26
592 25| 5159 25| 5221| 26935139 5 0.02 1 7-06-32
593 26| 5331| 27502629 1958 9.30 8 7-06-33
594 27| 5280| 27239520 2830 13.58 9 7-06-34
595 28| 5322| 27456198 1553 7.39 8 7-06-35
596 29| 5330| 27497470 1766 8.39 8 7-06-36
597 30| 5297| 27327223 3205 15.33 9 7-07-31
598 31| 5339| 27543901 1568 7.44 8 7-07-32
599 34| 5364| 27672876 407 1.92 1 7-07-35
600 36| 5581| 28792379 893 4.05 6 7-08-31
601 37| 5239| 27028001 764 3.69 3 7-08-32
602 38| 5330| 27497470 2290 10.88 9 7-08-33
603 39| 5180| 26723620 1859 9.09 8 7-08-34
604 40| 5395| 27832805 1009 4.74 6 7-08-35
605 41| 5257| 27120863 1633 7.87 8 7-08-36
606/ 26| 5106 26| 5331| 27220086 30 0.14 1 8-06-04
607 27| 5280| 26959680 2707 13.12 9 8-06-03
608 28| 5322| 27174132 20 0.10 1 8-06-02
609 29| 5330| 27214980 44 0.21 1 8-06-01
610 30| 5297| 27046482 64 0.31 1 8-07-06
611 31| 5339| 27260934 69 0.33 1 8-07-05
612 34| 5364| 27388584 10 0.05 1 8-07-02
613 35| 5213| 26617578 79 0.39 1 8-07-01
614 36| 5581| 28496586 12 0.06 1 8-08-06
615 37| 5239| 26750334 1025 5.01 6 8-08-05
616 38| 5330| 27214980 1945 9.34 8 8-08-04
617 39| 5180| 26449080 1980 9.78 8 8-08-03
618 40| 5395| 27546870 57 0.27 1 8-08-02
619 41| 5257| 26842242 2340 11.39 9 8-08-01
620| 27| 5440| 26| 5331| 29000640 1741 7.85 8 8-06-09
621 27| 5280| 28723200 1645 7.48 8 8-06-10
622 28| 5322| 28951680 2492 11.25 9 8-06-11
623 33| 5109| 27792960 198 0.93 1 8-07-10
624 34| 5364| 29180160 734 3.29 3 8-07-11
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625 35| 5213| 28358720 9 0.04 1 8-07-12
626 36| 5581| 30360640 244 1.056 1 8-08-07
627 37| 5239| 28500160 1665 7.63 8 8-08-08
628 38| 5330| 28995200 1610 7.26 8 8-08-09
629 39| 5180| 28179200 1346 6.24 6 8-08-10
630 40| 5395| 29348800 2142 9.54 8 8-08-11
631 41| 5257| 28598080 3330 15.22 9 8-08-12
632 42| 5088| 27678720 2974 14.04 9 8-09-07
633| 28| 5177| 26| 5331| 27598587 201 0.95 1 8-06-16
634 27| 5280| 27334560 36 0.17 1 8-06-15
635 28| 5322| 27551994 189 0.90 1 8-06-14
636 30| 5297| 27422569 17 0.08 1 8-07-18
637 31| 5339| 27640003 111 0.562 1 8-07-17
638 33| 5109| 26449293 17 0.08 1 8-07-15
639 34| 5364| 27769428 147 0.69 1 8-07-14
640 35| 5213| 26987701 920 4.45 6 8-07-13
641 36| 5581| 28892837 1950 8.82 8 8-08-18
642 37| 5239| 27122303 928 4.47 6 8-08-17
643 38| 5330| 27593410 2930 13.88 9 8-08-16
644 39| 5180| 26816860 481 2.34 3 8-08-15
645 40| 5395| 27929915 1570 7.35 8 8-08-14
646 41| 5257| 27215489 1602 7.69 8 8-08-13
647 42| 5088| 26340576 2284 11.33 9 8-09-18
648 29| 5348| 26| 5331| 28510188 36 0.17 1 8-06-21
649 27| 5280| 28237440 75 0.35 1 8-06-22
650 30| 5297| 28328356 1 0.00 1 8-07-19
651 31| 5339| 28552972 65 0.30 1 8-07-20
652 32| 5342| 28569016 877 4.01 6 8-07-21
653 33| 5109| 27322932 784 3.75 3 8-07-22
654 34| 5364| 28686672 595 2.71 3 8-07-23
655 35| 5213| 27879124 1851 8.68 8 8-07-24
656 36| 5581| 29847188 648 2.84 3 8-08-19
657 37| 5239| 28018172 1803 8.41 8 8-08-20
658 38| 5330| 28504840 227 1.04 1 8-08-21
659 39| 5180| 27702640 1875 8.84 8 8-08-22
660 40| 5395| 28852460 297 1.35 1 8-08-23
661 41| 5257| 28114436 980 4.56 6 A8-08-24
662 42| 5088| 27210624 1 0.00 1 8-09-19
663 30| 5174| 26| 5331| 27582594 12 0.06 1 8-06-28
664 27| 5280| 27318720 1554 7.43 8 8-06-27
665 28| 5322| 27536028 1711 8.12 8 8-06-26
666 29| 5330| 27577420 32 0.15 1 8-06-25
667 30| 5297| 27406678 25 0.12 1 8-07-30
668 31| 5339| 27623986 643 3.04 3 8-07-29
669 32| 5342| 27639508 491 2.32 3 8-07-28
670 33| 5109| 26433966 892 4.41 6 8-07-27
671 34| 5364| 27753336 990 4.66 6 8-07-26
672 35| 5213| 26972062 944 4.57 6 8-07-25
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A B C D E F 1

673 36| 5581| 28876094 1773 8.02 8 8-08-30
674 37| 5239| 27106586 1571 7.57 8 8-08-29
675 38| 5330| 27577420 1613 7.64 8 8-08-28
676 39| 5180| 26801320 1714 8.36 8 8-08-27
677 41| 5257| 27199718 819 3.93 3 8-08-25
678)| 31| 5181 27| 5280| 27355680 859 4.10 6 8-06-34
679 28| 5322| 27573282 1587 7.52 8 8-06-35
680 29| 5330| 27614730 3 0.01 1 8-06-36
681 30| 5297| 27443757 9 0.04 1 8-07-31
682 31| 5339| 27661359 179 0.85 1 8-07-32
683 32| 5342| 27676902 569 2.69 3 8-07-33
684 33| 5109| 26469729 1161 5.73 6 8-07-34
685 34| 5364| 27790884 1194 5.61 6 8-07-35
686 35| 5213| 27008553 865 4.19 6 8-07-36
687 36| 5581| 28915161 549 2.48 3 8-08-31
688 37| 5239| 27143259 967 4.66 6 8-08-32
689 38| 5330| 27614730 2130 10.08 9 8-08-33
690 39| 5180| 26837580 27 0.13 1 8-08-34
691| 32| 5517 27| 5280| 29129760 116 0.52 1 9-06-02
692 28| 5322| 29361474 215 0.96 1 9-06-01
693 30| 5297| 29223549 11 0.05 1 9-07-06
694 31| 5339| 29455263 190 0.84 1 9-07-05
695 32| 5342| 29471814 208 0.92 1 9-07-04
696 33| 5109| 28186353 1284 5.95 6 9-07-03
697 34| 5364| 29593188 888 3.92 3 9-07-02
698 35| 5213] 28760121 1332 6.05 6 9-07-01
699 36| 5581| 30790377 980 4.16 6 9-08-06
700 37| 5239| 28903563 1436 6.49 6 9-08-05
701 38| 5330| 29405610 1544 6.86 6 9-08-04
702 33| 6179 28| 5322| 32884638 61 0.24 1 9-6-12,13
703 29| 5330| 32934070 851 3.38 3 9-6-00,007?
704 30| 5297| 32730163 696 2.78 3 9-07-07
705 31| 5339| 32989681 1400 5.55 6 9-07-08
706 32| 5342| 33008218 870 3.44 3 9-07-09
707 33| 5109| 31568511 82 0.34 1 9-07-10
708 34| 5364| 33144156 1194 4.71 6 9-07-11
709 35| 5213| 32211127 1194 4.84 6 9-07-12
710 36| 5581| 34484999 2277 8.63 8 9-08-07
711 37| 5239| 32371781 1246 5.03 6 9-08-08
712 38| 5330| 32934070 2353 9.34 8 9-08-09
713 39| 5180| 32007220 470 1.92 1 9-08-10
714 34| 8343| 28| 5322| 44401446 66 0.19 1

715 29| 5330| 44468190 1509 4.43 6 9-6-007?
716 30| 5297| 44192871 1926 5.70 6 9-7-19,18
717 31| 5339| 44543277 2410 7.07 8 9-7-17,20
718 32| 5342| 44568306 2103 6.17 6 9-7-16,21
719 33| 5109| 42624387 1784 5.47 6 9-7-15,22
720 34| 5364| 44751852 2040 5.96 6 9-7-14,23
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721 35| 5213| 43492059 2263 6.80 6 9-7-13,24
722 36| 5581| 46562283 2688 7.54 8 9-8-18,19
723 37| 5239| 43708977 1505 4.50 6 9-8-17,20
724 38| 5330| 44468190 718 2.11 3 9-8-16,21
725 39| 5180| 43216740 1403 4.24 6 9-8-15,22
726 40| 5395| 45010485 705 2.05 3 9-8-14,23
727 46| 7708| 64307844 1219 2.48 3 A9-9-14,23
728| 35| 8124| 28| 5322| 43235928 386 1:17 1 A 9-6-25
729 29| 5330| 43300920 2091 6.31 6 9-6-00,00?
730 30| 5297| 43032828 1340 4.07 6 9-07-30
731 31| 5339| 43374036 2767 8.34 8 9-07-29
732 32| 5342| 43398408 2601 7.83 8 9-07-28
733 33| 5109| 41505516 2481 7.81 8 9-07-27
734 34| 5364| 43577136 1432 4.29 6 9-07-26
735 35| 5213| 42350412 1247 3.85 3 9-07-25
736 36| 5581| 45340044 2397 6.91 6 9-08-30
737 37| 5239| 42561636 1182 3.63 3 9-08-29
738 38| 5330| 43300920 254 0.77 1 9-08-28
739 39| 5180| 42082320 593 1.84 1 9-08-27
740 40| 5395| 43828980 2816 8.40 8 9-08-26
741 41| 5257| 42707868 3240 9.91 8 9-08-25
742 42| 5088| 41334912 763 2.41 3 9-09-30
743 46| 7708| 62619792 315 0.66 1

744| 36| 8383 27| 5280| 44262240 81 0.24 1 10-06-02
745 28| 5322| 44614326 1562 4.58 6 10-06-01
746 29| 5330| 44681390 1367 4.00 3 10-07-06
747 33| 5109| 42828747 163 0.50 1| 10-7-2, A9-7-34
748 34| 5364| 44966412 1689 4.91 6| 10-7-1, A9-7-35
749 35| 5213| 43700579 1683 5.03 6| A10-7-1, 9-7-36
750 36| 5581| 46785523 209 0.58 1| 10-8-6, A9-8-31
751 37| 5239| 43918537 706 2.10 3| 10-8-5, A9-8-32
752 38| 5330| 44681390 155 0.45 1/ 10-8-4, A9-8-33
753 39| 5180| 43423940 139 0.42 1| 10-8-3, A9-8-34
754 40| 5395| 45226285 291 0.84 1| 10-8-2, A9-8-35
755 41| 5257| 44069431 1947 5.77 6| A10-8-1, 9-9-36
756 42| 5088| 42652704 1665 5.10 6| 10-9-6, A9-9-31
757 43| 5240| 43926920 2 0.01 1/ 10-9-5, A9-9-32
758 44| 7530| 63123990 773 1.60 1/ 10-9-4, A9-9-33
759 45| 7642| 64062886 811 1.65 1] 10-9-2, A9-9-35
760] 37| 8347 27| 5280| 44072160 25 0.07 1 10-6-11,14
761 28| 5322| 44422734 374 1.10 1 10-6-12,13
762 29| 5330| 44489510 1619 4.76 6 10-7-7,18
763 30| 5297| 44214059 1883 5.57 6 10-7-8,17
764 40| 5395| 45032065 37 0.11 1 A10-8-11
765 41| 5257| 43880179 240 0.71 1 A10-8-12
766 42| 5088| 42469536 297 0.91 1 A10-9-7
767 43| 5240| 43738280 2717 8.12 8 A10-9-8
768 44| 7530| 62852910 4053 8.43 8 10-09-09
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769 45| 7642| 63787774 1713 3.51 3 10-09-10
770 46| 7708| 64338676 1208 2.45 3 A10-9-11
771 38| 8432 42| 5088| 42902016 116 0.35 1 10-09-19
772 43| 5240| 44183680 847 2.51 3 10-09-20
773 44| 7530| 63492960 1393 2.87 3 10-9-21,22
774 45| 7642| 64437344 3443 6.98 6 10-09-23
775 46| 7708| 64993856 4793 9.64 8 10-09-24
776] 39| 8316 22| 5272| 43841952 10 0.03 1

777 23| 5290| 43991640 95 0.28 1

778 45| 7642| 63550872 73 0.15 1 A10-9-26
779 46| 7708| 64099728 859 1.75 1 A10-9-25
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APPENDIX.C

A

| c

| D

Calculations of Recharge from Travers/Mock Model

Travers/Mock USC/AVR Groundwater Model , 1984.

Conversion of Recharge units and assignment of DRASTIC rating.

All grid cell areas assumed to be 1 square mile (27,878,4

00 square feet).

1

2

3

4

5 |Cadastral |Recharge |[Recharge DRASTIC

6 ac-ft/yr in/fyr =B*0.01875 |Rating

7

8 10-11-01 100 1.88 1
9 10-14-06 322 6.04 6
10| 10-09-06 333 6.24 6
11| 10-09-05 416 7.80 8
12| 10-11-12 100 1.88 1
13| 10-14-07 85 1.59 1
14| 10-14-12 400 7.50 8
15| 10-09-07 105 1.97 1
16 | 10-09-08 333 6.24 6
17| 10-09-09 166 3.11 3
18| 10-11-13 100 1.88 1
19| 10-13-13 50 0.94 1
20| 10-14-18 85 1.59 1
21| 10-14-13 472 8.85 8
22| 10-09-17 105 1.97 1
23| 10-09-16 416 7.80 8
24| 10-09-15 333 6.24 6
25| 10-11-24 100 1.88 1
26| 10-13-24 100 1.88 1
27| 10-14-19 85 1.59 1
28| 10-14-24 540 10.13 9
29 | 10-09-27 440 8.25 8
30| 10-09-23 500 9.38 8
31| 10-09-24 125 2.34 3
32| 10-11-25 100 1.88 1
33| 10-13-25 100 1.88 1
34| 10-14-30 85 1.59 1
35| 10-14-25 600 11.25 9
36| 10-09-26 107 2.01 3
37| 10-09-25 500 9.38 8
38| 10-11-36 100 1.88 1
39| 10-13-36 50 0.94 1
40| 10-14-31 85 1.59 1
41| 10-14-35 320 6.00 6
42| 10-10-31 55 1.03 1

Page 1




APPENDIX.D

A [ B | ¢ | D E

1 |Calculation of Hydraulic Conductivity after Hardt/Cattany
2 |Calculation of Hydraulic Conductivity (K)

3 |Converting Transmissivity (T) Values Calculated by Hardt and Cattany (1965)
4 |By Dividing T by Estimated Saturated Thickness (b)
5

6 |Twp-Range |T (gpd/ft) |Est. b (ft) |T/b = K (gpd/ft~2) |DRASTIC Rating
7 05-07 148000 200 740 6
8 05-08 128000 125 1024 8
9 05-09 119000 165 721 6
10 06-06 52000 300 173 2
11 06-07 57000 230 248 2
12 06-08 67000 560 120 2
13 06-09 59000 266 222 2
14 07-06 52000 260 200 2
15 07-07 35000 250 140 2
16 07-08 76000 250 304 4
17 08-06 89000 220 405 4
18 08-07 27000 250 108 2
19 08-08 79000 250 316 4
20 09-06 52000 250 208 2
21 09-07 107000 300 357 4
22 09-08 193000 200 965 6
23 09-09 211000 200 1055 8
24 09-10 12000 710 17 1
25 10-08 70000 470 149 2
26 10-09 201000 185 1086 8
27 04-02 46000 300 153 2
28 04-03 72000 300 240 2
29 04-04 32000 350 91 1
30 05-02 198000 300 660 4
31 05-03 117000 400 293 2
32 05-04 67000 400 168 2
33 05-05 49000 200 245 2
34 06-02 218000 300 727 6
35 06-03 57000 400 143 2
36 06-04 71000 400 178 2
37 06-05 80000 300 267 2
38 07-04 82000 300 273 2
39 07-05 63000 300 210 2
40 03-04 167000
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APPENDIX E

CALCULATION OF HYDROGEOLOGIC SETTINGS

MOUNTAIN SLOPE: METAMORPHIC/IGNEOUS. This hydrogeologic setting is characterized by steep
slopes, a thin soil cover and igneous or metamorphic bedrock. Where the bedrock is fractured, it may
provide a localized source of groundwater. Well yields are low. Due to steep slopes, thin soil cover and
small storage capacity of the fractures, runoff is significant and groundwater recharge is minimal.

Groundwater levels are extremely variable, but are typically deep.

2A1 MOUNTAIN SLOPE: Metamorphic/Igneous GENERAL
Feature Range Weight | Rating | Number
Depth to Water 100+ 5 1 5
Net Recharge 0-2 4 1 4
Aquifer Media Metamorphic/Igneous 3 p. 6
Soil Media Thin or Absent . 10 20
Topography 18% + 1 1 1
Impact Vadose Zone Metamorphic/Igneous 5 2 10
Hydraulic Conduct. 1-100 3 1 3
DRASTIC INDEX 49
2A1 MOUNTAIN SLOPE: Metamorphic/Igneous PESTICIDE
Feature Range Weight | Rating | Number
Depth to Water 100+ ) 1 5
Net Recharge Net Recharge 4 1 4
Aquifer Media Metamorphic/Igneous 3 2 6
Soil Media Thin or Absent S 10 50
Topography 18% + 3 1 3
Impact Vadose Zone Metamorphic/Igneous 4 2 8
Hydraulic Conduct. 1 -100 2 1 2
DRASTIC INDEX 78




MOUNTAIN SLOPE: SEDIMENTARY. This hydrogeologic setting is simlar to the hydrogeologic
setting "Mountain Slope: Metamorphic/Igneous”, but it has a higher hydraulic conductivity because
the vadose medium is sedimentary rocks, so its DRASTIC rating is higher.

2A2 MOUNTAIN SLOPE: Sedimentary GENERAL
Feature Range Weight | Rating | Number
Depth to Water 100+ 5 1 3
Net Recharge 0-2 4 1 4
Aquifer Media Weathered Metamorphic 3 4 12
Soil Media Thin or Absent 2 10 20
Topography 18% + 1 1 1
Impact Vadose Zone Limestone/Sandstone/Shale 5 6 30
Hydraulic Conduct. 100 - 300 3 2 6
DRASTIC INDEX 78
2A2 MOUNTAIN SLOPE: Sedimentary PESTICIDE
Feature Range Weight | Rating | Number
Depth to Water 100+ 5 1 5
Net Recharge 0-2 4 1 4
Aquifer Media Weathered Metamorphic 3 4 12
Soil Media Thin or Absent 5 10 50
Topography 18% + 3 1 3
Impact Vadose Zone Limestone/Sandstone/Shale -+ 6 24
Hydraulic Conduct. 100 - 300 2 2 4
DRASTIC INDEX 92




ALLUVIAL FAN: LOW PERMEABILITY. This hydrogeologic setting is characterized by gently
sloping alluvial deposits which are coarser near the apex in the mountains and grade toward finer
deposits in the basins. The alluvial fans serve as local sources of water and also as the recharge area
for the deposits in the adjacent basin. Groundwater levels are extremely variable, and the quantity of

water available is limited because of the low precipitation and low net recharge.

2C1 ALLUVIAL FAN: Low Permeability GENERAL
Feature Range Weight | Rating | Number
Depth to Water 100+ 5 1 5
Net Recharge 0-2 4 1 4
Aquifer Media Sand and Gravel 3 5 15
Soil Media Fine to Med. Gravel 2 5 10
Topography 2% - 6% 1 9 9
Impact Vadose Zone Sand and Gravel 5 8 40
Hydraulic Conduct. 300 - 700 3 4 12
DRASTIC INDEX 95
2C1 ALLUVIAL FAN: Low Permeability PESTICIDE
Feature Range Weight | Rating | Number
Depth to Water 100+ 5 1 S
Net Recharge 0-2 4 1 4
Aquifer Media Sand and Gravel 3 5 15
Soil Media Fine to Med. Gravel 3 5 25
Topography 2% - 6% 3 9 27
Impact Vadose Zone Sand and Gravel 4 8 32
Hydraulic Conduct. 300 - 700 2 4 8
DRASTIC INDEX 116




ALLUVIAL FAN: MODERATE PERMEABILITY. This hydrogeological setting is similar to
"Alluvial Fans: Low Permeability”. Fans in the Moderate Permeability setting are given higher
parameter values because the fans are adjacent to basins which have a higher permeability than the
basins adjacent to the fans in the Low Permeability setting.

2C2 ALLUVIAL FAN: Moderate Permeability GENERAL
Feature Range Weight | Rating | Number
Depth to Water 100+ 5 1 5
Net Recharge 0-2 4 1 4
Aquifer Media Sand and Gravel 3 8 24
Soil Media Sand and Gravel 2 7 14
Topography 2% - 6% 1 9 9
Impact Vadose Zone Sand and Gravel 5 7 35
Hydraulic Conduct. 300 - 700 3 4 12
DRASTIC INDEX 103
2C2 ALLUVIAL FAN: Moderate Permeability PESTICIDE
Feature Range Weight | Rating | Number
Depth to Water 100+ S 1 5
Net Recharge 0-2 4 1 4
Aquifer Media Sand and Gravel 3 8 24
Soil Media Sand and Gravel 5 7 35
Topography 2% - 6% 3 9 27
Impact Vadose Zone Sand and Gravel E 7 28
Hydraulic Conduct. 300 - 700 2 4 8
DRASTIC INDEX 131




ALLUVIAL BASIN: SANDY VADOSE. This hydrogeologic setting is characterized by low
topographic relief and thick deposits of unconsolidated alluvial material formed by coalescing alluvial
fans. The sand and gravel deposits within the alluvium are the major source of water in the region.
The sand and gravel is interbedded with finer-grained layers of saturated clay and silt, especially
toward the middle of the basin. These finer-grained layer can be aquitards, and may cause local
perched aquifers. This is especially true where the groundwater level has been lowered by pumping,
and the perched aquifer is being recharge by agricultural return flow.

2D1 ALLUVIAL BASIN: Sandy Vadose GENERAL
Feature Range Weight | Rating | Number
Depth to Water 100+ 5 1 5
Net Recharge 0-2 4 1 4
Aquifer Media Clay and Sand 3 4 12
Soil Media Fine to Med. Gravel 2 5 10
Topography 0% -2% 1 10 10
Impact Vadose Zone S & G w/ signif. Silt & Clay 5 6 30
Hydraulic Conduct. 300 - 700 3 2 6
DRASTIC INDEX 77
2D1 ALLUVIAL BASIN: Sandy Vadose PESTICIDE
Feature Range Weight | Rating | Number
Depth to Water 100+ 5 1 5
Net Recharge 0-2 4 1 4
Aquifer Media Clay and Sand 3 B 12
Soil Media Fine to Med. Gravel 5 5 25
Topography 0%- 2% 3 10 30
Impact Vadose Zone S & G w/ signif. silt & clay kS 6 24
Hydraulic Conduct. 300 - 700 2 2 +
DRASTIC INDEX 104




ALLUVIAL BASIN: GRAVELLY VADOSE. This hydrogeologic setting is similar to "Alluvial
Basin: Sandy Vadose", but because the vadose is more permeable in this setting, the DRASTIC index

is slightly higher.

2D2 ALLUVIAL BASIN: Gravelly Vadose GENERAL
Feature Range Weight | Rating | Number
Depth to Water 100+ 5 1 5
Net Recharge 0-2 4 | 4
Aquifer Media Clay and Sand 3 4 12
Soil Media Fine to Med. Gravel 2 5 10
Topography 0% -2% 1 10 10
Impact Vadose Zone Sand and Gravel 5 8 40
Hydraulic Conduct. 300 - 700 3 2 6
DRASTIC INDEX 87
2D2 ALLUVIAL BASIN: Gravelly Vadose PESTICIDE
Feature Range Weight | Rating | Number
Depth to Water 100+ 5 1 5
Net Recharge 0-2 4 1 4
Aquifer Media Clay and Sand 3 4 12
Soil Media Fine to Med. Gravel 5 5 25
Topography 0%- 2% 3 10 30
Impact Vadose Zone Sand and Gravel 4 8 32
Hydraulic Conduct. 300 - 700 2 2 4
DRASTIC INDEX 112




RIVER ALLUVIUM WITH OVERBANK DEPOSITS: SAN PEDRO RIVER (IRRIGATED). This
hydrogeologic setting is characterized by low topography and thin to moderately thick deposits of
flood-deposited alluvium along portions of the river valley. Water is obtained from the sand and
gravel layers which are interbedded with finer-grained alluvial deposits. The floodplain is covered by
varying thicknesses of fine-grained silt and clay called overbank deposits. These deposits tend to
reduce recharge. The overbank thickness is usually greater along major streams and thinner along
minor streams. Precipitation in the region varies, and water levels are moderately shallow. Aravaipa
Creek is the only place in the study area where the groundwater is in direct hydraulic contact with the
surface stream. All other streams are ephemeral.

2H1 RIVER ALLUVIUM WITH OVERBANK DEPOSITS: GENERAL
San Pedro River (Irrigated)
Feature Range Weight | Rating | Number
Depth to Water 15-30 S 7 35
Net Recharge 7-10 4 8 32
Aquifer Media Sand and Gravel 3 8 24
Soil Media Active Fans 2 9 18
Topography 0% -2% 1 10 10
Impact Vadose Zone S & G w/ Signif. Silt & Clay 5 8 40
Hydraulic Conduct. 100 - 300 3 2 6
DRASTIC INDEX 165
2H1 RIVER ALLUVIUM WITH OVERBANK DEPOSITS: PESTICIDE
San Pedro River (Irrigated)
Feature Range Weight | Rating | Number
Depth to Water 15 - 30 5 7 35
Net Recharge 7-10 4 8 32
Aquifer Media Sand and Gravel 3 8 24
Soil Media Active Fans 5 2 45
Topography 0% -2% 3 10 30
Impact Vadose Zone S & G w/ Signif. Silt & Clay 4 8 32
Hydraulic Conduct. 100 - 300 2 2 4
DRASTIC INDEX 202




RIVER ALLUVIUM WITH OVERBANK DEPOSITS: SAN PEDRO RIVER (NOT IRRIGATED).
This hydrogeologic setting is similar to "River Alluvium with Overbank Deposits: San Pedro River
(Irrigated)". In this setting, there is no recharge from agricultural return flow, so the DRASTIC index

is lower.
2H2 RIVER ALLUVIUM WITH OVERBANK DEPOSITS: GENERAL
San Pedro River (Not Irrigated)

Feature Range Weight | Rating | Number

Depth to Water 15-30 5 7 35

Net Recharge 0-2 4 1 4

Aquifer Media Sand and Gravel 3 8 24

Soil Media Active Fans 2 9 18

Topography 0% -2% 1 10 10

Impact Vadose Zone S & G w/Signif. Silt & Clay 5 8 40

Hydraulic Conduct. 100 - 300 3 2 6
DRASTIC INDEX 137

2H2 RIVER ALLUVIUM WITH OVERBANK DEPOSITS: PESTICIDE

San Pedro River (Not Irrigated)

Feature Range Weight | Rating | Number

Depth to Water 15 - 30 5 7 35

Net Recharge 0-2 4 1 4

Aquifer Media Sand and Gravel 3 8 24

Soil Media Active Fans 5 9 45

Topography 0% -2% 3 10 30

Impact Vadose Zone S & G w/ Signif. Silt & Clay + 8 32

Hydraulic Conduct. 100 - 300 2 2 4
DRASTIC INDEX 174




RIVER ALLUVIUM WITH OVERBANK DEPOSITS: GILA RIVER (IRRIGATED). This
hydrogeologic setting is similar to "River Alluvium with Overbank Deposits: San Pedro River
(Irrigated). In this setting, the recharge and hydraulic conductivity are much greater, but the depth to
water is also much greater, so the DRASTIC index is slightly less. (There is no hydrogeologic setting
for "Gila River (Not Irrigated)" because in the study area, the Gila River is irrigated along most of its
length until its confluence with the Santa Cruz River.)

2H3 RIVER ALLUVIUM WITH OVERBANK DEPOSITS: GENERAL
Gila River (Irrigated)
Feature Range ' Weight | Rating | Number
Depth to Water 75 - 100 5 2 10
Net Recharge 10+ 4 9 36
Aquifer Media Sand and Gravel 3 8 24
Soil Media Fine to Med. Gravel 2 5 10
Topography 0% -2% 1 10 10
Impact Vadose Zone S & G w/ Signif. Silt & Clay 5 7 35
Hydraulic Conduct. 2000+ 3 10 30
DRASTIC INDEX 155
2H3 RIVER ALLUVIUM WITH OVERBANK DEPOSITS: PESTICIDE
Gila River (Irrigated)
Feature Range Weight | Rating | Number
Depth to Water 75 - 100 5 2 10
Net Recharge 10+ 4 9 36
Aquifer Media Sand and Gravel 3 8 24
Soil Media Fine to Med. Gravel 5 5 25
Topography 0% -2% 3 10 30
Impact Vadose Zone S & G w/ Signif. Silt & Clay 4 7 28
Hydraulic Conduct. 2000+ 2 10 20
DRASTIC INDEX 173




RIVER ALLUVIUM WITH OVERBANK DEPOSITS: SANTA CRUZ RIVER (IRRIGATED). This
hydrogeologic setting is similar to "River Alluvium with Overbank Deposits: Gila River (Irrigated)".
In this setting, the hydraulic conductivity is lower and the depth to water is greater, so the DRASTIC

index is lower.

2H4 RIVER ALLUVIUM WITH OVERBANK DEPOSITS: GENERAL
Santa Cruz River (Irrigated)
Feature Range Weight | Rating | Number
Depth to Water 100+ 5 1 5
Net Recharge 4-17 4 6 24
Aquifer Media Sand and Gravel 3 8 24
Soil Media Fine to Med. Gravel 2 5 10
Topography 0% -2% 1 10 10
Impact Vadose Zone S & G w/ Signif. Silt & Clay 5 6 30
Hydraulic Conduct. 300 - 700 3 4 12
DRASTIC INDEX 115
2H4 RIVER ALLUVIUM WITH OVERBANK DEPOSITS: PESTICIDE
Santa Cruz River (Irrigated)
Feature Range Weight | Rating | Number
Depth to Water 100+ 5 1 5
Net Recharge 4 -7 4 6 24
Aquifer Media Sand and Gravel 3 8 24
Soil Media Fine to Med. Gravel 5 5 25
Topography 0% -2% 3 10 30
Impact Vadose Zone S & G w/ Signif. Silt & Clay 4 6 24
Hydraulic Conduct. 300 - 700 2 + 8
DRASTIC INDEX 140
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RIVER ALLUVIUM WITH OVERBANK DEPOSITS: SANTA CRUZ RIVER (NOT IRRIGATED).
This hydrogeologic setting is similar to "River Alluvium with Overbank Deposits: Santa Cruz River
(Irrigated)". In this setting, agricultural return flow is not recharging the aquifer, so the DRASTIC

index is somewhat less.

2H5 RIVER ALLUVIUM WITH OVERBANK DEPOSITS: GENERAL
Santa Cruz River (Not Irrigated)
Feature Range Weight | Rating | Number
Depth to Water 100+ 5 1 3
Net Recharge 0-2 4 1 4
Aquifer Media Sand and Gravel 3 8 24
Soil Media Fine to Med. Gravel 2 ] 10
Topography 0% -2% 1 10 10
Impact Vadose Zone S & G w/ Signif. Silt & Clay 5 6 30
Hydraulic Conduct. 300 - 700 3 & 12
DRASTIC INDEX 95
2HS RIVER ALLUVIUM WITH OVERBANK DEPOSITS: PESTICIDE
Santa Cruz River (Not Irrigated)
Feature Range Weight | Rating | Number
Depth to Water 100+ 5 1 5
Net Recharge 0-2 4 1 B
Aquifer Media Sand and Gravel 3 8 24
Soil Media Fine to Med. Gravel 5 5 25
Topography 0% -2% 3 10 30
Impact Vadose Zone S & G w/ Signif. Silt & Clay 4 6 24
Hydraulic Conduct. 300 - 700 2 4 8
DRASTIC INDEX 120
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