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Geohydrologic Characteristics and Artificial Recharge
Potential of the Sand Canyon Area

City of Blg Bear Lake - Department of Water and Power

1 EXECUTIVE SUMMARY

A geohydrologic investigation was undertaken of the Sand Canyon area southeast of Big Bear
Lake in San Bernardino County, California. Specifically, the area investigated covered
portions of Sand Canyon, Bow Canyon, and Rathbone Canyon, a total area of approximately
1.3 square miles.

The purpose of the investigation was to determine geohydrologic characteristics of the
Sand Canyon area and the feasibility of developing a program to artificially recharge and
recover reclaimed wastewater. Specifically, it was necessary to determine whether 758
acre-ft could be stored underground using aquifers in the upper Sand Canyon area and
recover the stored water throngh an extraction well system located downstream. To comply
with the California Department of Health Services (DOHS) guidelines for ground water
recharge with reclaimed municipal wastewater, specific requirements also needed to be met.
These requirements included determination of native ground water quality, movement,
retention time underground, and distance between recharge basins and extraction wells.

Eight exploratory/test wells were drilled in conjunction with this study. A total of
2,305 ft were drilled during the month of October 1990 with individual well depths ranging
from 200 to 500 ft. During drilling, formation and water samples were collected and
analyzed for aquifer parameters and water quality properties.

Ground water flow is southeast to northwest with an average seepage velocity ranging from
3 to 13 fi/day. Storage potential in the channel and surrounding area is estimated at
approximately 1,500 acre-fi.

Data from the geohydrologic investigation and test drilling were incorporated into a

ground water model of the area. Through use of the model, the feasibility of recharging

and recovering water stored during MWD’s 7-month Seasonal Storage Period was investigated,
The area for recharge would be located in the Sand Canyon channel above Teton Road.
Extraction well sites would be downstream near Moonridge Road.

Results of the investigation show that 758 acre-ft of reclaimed wastewater can be
recharged into aquifers in the upper Sand Canyon area. Recovery of stored water is
feasible through a system of three extraction wells located near the intersection of Sand
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Canyon drainage and Moonridge road. Here, test drilling results showed excellent aquifer
potential with well yields expected to average 200 gpm.

This report also addresses the required items in the October 1, 1990 letter from Black and
Veatch regarding compliance with DOHS proposed guidelines for recharge of reclaimed
municipal wastewater. In discussion of these items, appropriate sections of the report

are referred to.

2 INTRODUCTION
2.1 Purpose And Scope

The purpose of the investigation was to determine geohydrologic characteristics of the
Sand Canyon area and the potential for artificial recharge and recovery of ground water.

The scope of the work included a review of background reports, analyses of related
geologic and hydrologic data, field investigations, areal photo interpretation, drilling

of eight small diameter exploratory/test wells, and construction of a ground water model
of the Sand Canyon area.

2.2 Project Location

Sand Canyon is a relatively small canyon draining a portion of the San Bernardino
Mountains southeast of Big Bear Lake. The iotal drainage area is 711 acres with an
average precipitation of 22.5 inches (Black and Veaich, 1990). The Canyon drains in a
southeast to northwest direction and is characterized by steep slopes on both sides. The

area is accessible from Moonridge road which intersects Highway 18, the main thoroughfare
through the communities of Big Bear Lake and Big Bear City (see Figure 1).

The total area investigated covers approximately 1.3 square miles (827 acres) which
includes portions of Sand Canyon, Bow Canyon, and Rathbone Canyon. Although the current
investigation focuses on Sand Canyon, it was necessary to include a much wider area to
understand regional geologic and hydrologic characteristics. The area of interest
encompasses approximately 50-200 acres of Sand Canyon and vicinity drainage from the Cady
well (upper end) to Moonridge Road on the lower end (see Figure 2). The total length
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between these two points is approximately one mile. Elevations in the Sand Canyon area
range from 7,040 ft at the bottom of the study area (near Moonridge Road), to
approximately 7,200 ft in the upper Sand Canyon area (near the Cady well). The ridges on
either side attain elevations of 7,300 to 7,400 ft amsl.

In the upper portion of Sand Canyon (between the Cady well and Teton Road), the siream
channel is relatively unimproved ranging in width from 20 to 50 ft. The widest portion is

in the vicinity of Teton Road. At a distance of approximately 1,000 fi below Teton Road,

the channel appears to have been improved with a fairly constant width of 20 to 30 ft.

Near Moonridge Road, Sand Canyon merges with Bow Canyon drainage and together join the
Rathbone drainage flowing northerly towards Big Bear Lake.

3 GEOHYDROLOGY OF THE SAND CANYON AREA

3.1 General Geology

The project area is located in the San Bernardino Mountains of Southern California which
is an uplifted and faulted region of Pliocene to recent sedimentary strata. These sirata
unconformably overlie Plutonic and metamorphic basement rocks (Dibblee 1964). The
sedimentary strata in the Sand Canyon area contain Pleistocene Fanglomerates and
Pleistocene to Recent surficial alluvial deposits which unconformably overlie the
Fanglomerates. Hydrologically, Sand Canyon is a sub-basin of the Rathbone drainage basin.

3.2 Aquifer Systems

The following section describes aquifer systems in the area with consideration to geologic
and potential hydrologic properties. When describing a polential aquifer system,
consideration is given to the artificial recharge program proposed for the area. Geologic
formations presently unsaturated are technically not considered aquifers. However, when
the artificial recharge program is implemented, these formations will become saturated and
store and transmit ground water {i.c. become aquifers). With this in mind, the following
descriptions and discussions are made. The geologic formation designations are after
Dibblee (1964) and shown on the geologic map and appropriate cross sections (see Plate 1
and Figures 2 and 4).
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This report however sub-divides zones within Dibblee’s Fanglomerate. This was necessary
due to the special interest of this report on upper permeable formations suitable for
ground water recharge.

3.2.1 Recent Alluvium (Qal) -

The most recent materials found in the area consist of alluvial material, slopewash and
landslide debris. The alluvium is unconsolidated and composed of interlayered sand,
gravel, silt and clay. The maximum thickness of the alluvium in Sand Canyon is
approximately 40 ft and is presently unsaturated. The Recent alluvium overlies older
Fanglomerates.

3.2.2 Fanglomerate (Qof) -

The Fanglomerate in the Sand Canyon area was deposited as alluvial fans and fluvial plains
composed of unsorted boulders, cobbles, pebbles, and sand derived mostly from gneiss,
quartzite and quartz monzonite. These deposits reach depths of approximately 700 feet and
constitute the perched, unconfined and semi-confined aquifers. The Fanglomerate overlies
the crystalline basement complex.

3.2.2.1 Subdivision Of Aquifers Within The Fanglomerate -

During the exploratory drilling, a detailed understanding was gained as to the nature of
the upper unconsolidated materials in the Sand Canyon area. Recharge and recovery of
stored water will take place in the upper 200-500 ft of unconsolidated alluvial material.
Since the primary purpose of the investigation was to determine artificial recharge and
recovery potential, an investigation of deeper strata or low permeability zones at depth
was not done.




Geohydrologic Characteristics of the Sand Canyon Area

3.2.2.1.1 A-Zone -

For purposes of this report, the upper approximately 150 ft to 500 fi of the Fanglomerate
is defined as the A-Zone (Qof-A). This zone contains medium to high permeability material
including silty sand and gravel.

3221.2 B-Zone -

Interbedded within the A-Zone is a deposit of very high permeability material comprised
mostly of medium to coarse sand and gravel. This is defined as the B-Zone (Qof-B). The
thickness of the B-Zone ranges from approximately 50 ftin the upper Sand Canyon area
(near TH-1) to over 300 ft in the lower portion near the proposed extraction well
locations (i.e. near TH-5).

3.2.2.1.3 C-Zone - Low Permeability Zone -

Beneath the A and B Zones at depths of approximately 200 to 550 fi, a thick low
permeability zone is found composed predominantly of clay, silty clay and sandy silt.

This low permeability zone is referred to as the C-Zone (Qof-C) and provides a lower limit
on downward percolating recharge water. Underlying the C-Zone is the basement complex
(i.e. bedrock--primarily diorite). The only control for depth to basement complex was
from the Cady well log. Other bedrock depths seen on the cross sections were inferred.

Plate 1 (map pocket) and Figure 4 show geologic cross sections through the area. Figure 3
shows the location of the cross sections.

3.3 Ground Water Movement And Storage

Ground waler-level elevations and flow directions were determined from depth to water
measurements made in the eight exploratory/test wells. Also for control, depths to water
were obtained for the two existing wells (Cady and Sand Canyon). The following table
summarizes current depth 1o water and ground water elevations.
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Table 1 - Summary of Ground Water Elevations in the Sand Canyon Area

Land Depth Ground Water
Surface Elev. to Water Level Elev.
Well (ft] [£t] [ft}]

T™H - 1 7,215 55 7,160 |
TH - 2 7,190 50 7,140 ;
TH ~ 3 7,155 138 7,017 |
TH - 4 7,075 164 6,911
TH - § 7,070 106 6,964
TH - 6 1,210 58 7,152
TH - 7 7,210 65 7,145
TH - 8 7,145 200 6,945
Sand Canyon 7,050 110 6,940
Cady Well 7,275 106 7,168
Surface elevations were estimated using a standard USGS 7 1/2 minute topographic
quadrangle map (1:24,000 scale).

The depth to ground water was somewhat dependent on whether or not the coarse gravel layer
of the B-Zone was present. When the B-Zone gravels were encountered, the depth to water
seemed to be near the top of these gravels. When no B-Zone was found, depth to water was
deeper ranging from approximately 138 to 200 ft below ground surface. This suggests that
the B-Zone gravels (when present) act as a permeable drain within the A-zone. However,
the B-Zone gravels do not scem to be distributed uniformly throughout the area and are
probably associated with an ancestral drainage channel within Sand Canyon.

The direction of ground water flow is from the southeast to the northwest. The direction
parallels the Sand Canyon surface drainage for the most part. However, halfway between
Teton and Moonridge roads, the surface drainage turns westerly while ground water flow
continues in the northwest direction. Figure 5 is a contour map of ground water
elevations showing flow directions.
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NOTE

Depth to water obtained from field measurements during drilling were made
within the inner tube of the drill pipe. This method represents a point
sample of water level depth which may differ from the average depth
measured in a fully screened piezometer.

3.3.1 Hydraulic Conductivity And Seepage Velocity Estimate -

The hydraulic conductivity was estimated from correlating grain size distribudon (from
samples collected during drilling) with Masch-Denny prediction curves relating grain size
and hydraulic conductivity (Masch-Denny, 1986). The resulting hydraulic conductivities
ranged from approximately 90 to 350 gpd/fi2 (see Table 3). Mechanical grading analyses of
material sampled during drilling is shown in Appendix B.

Ground water seepage velocities were calculated using hydraulic gradients measured from
the ground water contour map of Figure 5 and the hydraulic conductivities as estimated in
Table 3. The effective porosity was estimated using relationships between grain size and
effective porosity {Morris and Johnson, 1967) and ranged between 0.15 and 0.20.

Hydraulic gradients in the reach between TH-1 (upper end of recharge ponds) and TH-5
(extraction well area) averaged 0.05. The ground water seepage velocity was calculated
from:

Y = Ground Water Seepage Velocity [ft/day]
K = Hydraulic Conductivity [gpd/ft2)

© = Effective Porosity {fraction]

dh/dx = Hydraulic Gradient [ft/ft]
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The negative sign in the above equation is for convention only and indicates that ground
water is flowing in the direction of decreasing head.

With effective porosities ranging between (.15 10 0.20 and hydraulic conductivities from
100 to 300 gpd/ft2, the resulting seepage velocities ranged from a low of 3.3 ft/day to a
high of 13.4 fi/day (see Table 3).

3.3.2 Ground Water Storage Potential -

Ground water storage potential can be calculated by multiplying the saturated thickness by
the effective porosity. Effective porosities were estimated from grain size relationships
measured from aquifer samples collected during the test drilling (see Appendix B).

Assuming an average area of 200 acres within the Sand Canyon channel and vicinity, an
average saturated thickness of 50 ft and an effective porosity of 0.15, the available
storage potential is calculated as:

S=Axbx8
where:

S = ground water storage potential [1,500 acre-ft]
A = area [200 acres]

b = available thickness [50 fi]

© = average effective porosity [0.15]

4 EXPLORATORY DRILLING AND TESTING
4.1 Dual-Tube Drilling Method

During the course of the investigation, eight exploratory/iest wells were drilled within
and near the channel of Sand Canyon. The location of the wells were chosen to gain an
understanding of the nature of the subsurface geologic materials; the depth to water; and
artificial recharge and recovery potential. The depths of the wells ranged from a minimum
of 200 ft to a maximum of 500 ft with a total of 2,305 ft drilled. Drilling began on
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October 10, 1990 and was completed on October 20, 1990.

The wells were drilled by Layne Environmental of Fontana, California using a Duai-Tube
rotary drilling rig. The dual-tube method of drilling consists of using reverse
circulation and a five-inch diameter drill pipe. The drill pipe contains a smaller inner
pipe of approximately two inches in diameter.

In this method of drilling, high pressure air is forced down through the annular space
between the inner and outer drill pipe and returns (with formation cuttings) through the
inner pipe. The drill cuttings are diverted from the main circulating air stream into a
Cyclone, (a funnel-shaped trap designed to reduce air velocity and control the
discharge material).

Dual-tube drilling is especially suited for exploratory drilling as it uses air as the
drilling fluid eliminating the need for drilling mud. One advantage is that material
dropping out of the Cyclone is a point sample of the formation being drilled. An
observation can also be made of the material’s moisture content (dry, moist, or
saturated). If saturated, the amount of water can be measured and discharge rate
estimated from a particular aquifer zone.

The following table summarizes basic information on the exploratoryftest wells. The
following section discusses each well in detail.
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Table 2 - Summary of Sand Canyon Exploratory and Production Wells

Exploratory/Test Wells
Land Total Depth to Depth to Water level
Surface Depth Clay (C-Zone) Water Elev.
Well [ft amsl] {Et] [ft} [ft] [ft amsl]
TH - 1 7,215 200 200 55 7,160
TH - 2 7,190 200 180 50 7,140
TH ~ 3 7,155 260 200 138 7,017
TH - 4 7,075 220 190 164 6,911
TH - 5 7,070 500 >500 106 6,964
TH - 6 7,210 280 240 58 7,152
TH - 7 7,210 300 >300 65 7,145
TH - 8 7,145 345 310 200 6,945
Total 2,305 ft
Existing Production Wells
Land Total Depth to Depth to Water Level
Surface Depth Clay (C-Zone) Water Elev,
Well [ft amsl] [ft) [£t] (ft] {ft amsl]
Sand 7,050 350 325 110 6,940
Canyon Well
*
Cady Well 7,275 735 200 106 7,168

* Not in service at the present time as development is not complete.

10
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4.2 Exploratory Well Logging And Testing Procedure

Samples of drilling material were collected every five feet. As the material came out of
the Cyclone, it was collected in a five-gallon bucket and bagged in one-gallon plastic
Ziplock bags. The cutiings were analyzed both in the field (at the time of collection by
the project geohydrologist) as well as under a microscope in GEOSCIENCE's laboratory.

Mechanical grading analyses were performed on selected formation samples collected during
drilling and are shown in Appendix B. Appendix A contains a detailed description of the
lithologic log of each of the exploratory wells.

Water samples were also collected from selected zones during drilling when saturated
material was encountered. The water sample collection procedure consisted of air-lift
pumping a particular zone and collecting a water sample in a five-galion bucket. The five
gallon sample was then sub-sampled and sent to a certified laboratory for general mineral
analysis (i.e. Clinical Laboratory of San Bernardino). The five water samples analyzed
are considered representative of ground water conditions in the Sand Canyon area. Results
are summarized in Table 5 and laboratory results in Appendix C.

Production tests (i.e. drill-stem tests) were also conducted when possible and yield
estimated from a particular zone. Two wells in particular showed excellent yield
potential: (1) TH-1 approximately 20 gpm; and (2) TH-5 approximately 50 gpm. It should
be noted that the yields obtained from the drill-stem tests are only estimates of the

total yield potential. A large capacity production well drilled at these locations would

be expected to yield at least five times more than the point sample obtained from the
drill-stem test.

43 Test Hole 1 (TH-1)

Test hole 1 was started on October 11, 1990 and completed to a depth of 200 ft on October
11, 1990. TH-1 encountered surficial alluvial sediments mainly the A-Zone and B-Zone of
the Qof Fanglomerate. From ground surface to a depth of 20 ft, material consisted of
recent stream channel deposits. Drilling continued from 20 to 80 ft through silty sands

of the A-Zone. Atadepth of 80to 155 fi, material changed to the coarser B-Zone
reflecting & stream channel within the older alluvial fans. The lower section of this

zone (145-155 ft) contained small clay layers ranging from I-2 ft in thickness.

11
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Water was first found at 80 ft and ﬁnal'ly stabilized at 55 ft. A discharge test from the
end of the drill stem yielded approximately 20 gpm. A water sample was collected during
this test and sent to the laboratory for analysis.

Drilling continued to a total depth of 200 ft. From 155 to 200 ft the material consisted
of mostly silts and clay with a few thin sand and gravel layers.

4.4 Test Hole 2 (TH-2)

Test Hole 2 commenced drilling on October 10, 1990 and was completed to a depth of 200 fi
on October 11, 1990. ‘

NOTE

TH-2 was drilled before TH-1 as access to TH-1 was not immediately
available.

As with TH-1, TH-2 encountered surficial alluvial sediments The surficial alluvium was
found at the surface to adepth of 15 ft and consisted of unconsolidated, unsaturated
sands and gravel. This zone is typical of recent streamn channel deposits in the arca.
Drilling continued 10 a depth of 60 ft through moist silty sands characteristic of the
upper A-Zone. At 60 ft drilling stopped for the night. Drilling continued on October 11,

to 70 fi through similar silty sands of the A-Zone. At 70 fi, the material became coarser
typical of B-Zone sands and gravels. Drilling continued to a depth of about 125 fi. At
102 ft a considerable amount of water was encountered which continued to a depth of 125
ft. From 125 ftto 180 ft, the material changed back to the finer A-Zone consisting
predominately of silty sand with some gravel and sandy clay.

At 180 ft the low permeability C-Zone was encountered composed of brown and grey clay with

some sand and silt. This zone represents the lower limit available for artificially
recharged water. Depth to water was measured at 50 ft below land surface.

12
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4.5 Test Hole No. 3 (TH-3)

Test Hole No. 3 began on October 13, 1990 and was completed to a depth of 260 ft on
October 13, 1990. The upper formations consisted of a 40 ft bed of recent surficial
stream channel deposits overlying a 200 ft sequence of sediments characteristic of the
A-Zone. Unlike TH-1 and TH-2, surficial sediments in TH-3 directly overly sediments
typical of the C-Zone. The B-Zone was not encountered in TH-3.

During drilling, water was first encountered at about 140 ft in thin gravel beds. The
depth 10 water stabilized at at 138 ft.

4.6 Test Hole No.4 (TH-4)

Drilling of Test Hole 4 began on October 14, 1990 and was completed to a total depth of
220 ft on October 14,1990.

The lithologic sequences encountered in TH-4 were similar to the sequences encountered in
TH-3. From ground surface to a depth of 20 ft, formations were predominantly recent
surficial stream channel deposits. At 20 ft, the material changed (as in TH-3) to
sedimentary sequences characteristic of the A-Zone (silty sand with some clay and gravel).
These sediments were encountered up to a depth of about 180 ft. At 180 ft sediments
typical of the low permeability C-Zone were encountered and continued to the total well
depth of 220 ft. The material was similar to TH-3, predominately brownish clay with some
silt and sand. Drilling rates in the C-Zone were relatively slow due to clay plugging.

The first saturated zone was encountered at 178 ft in a sandy clay layer, however this
zone yielded very little water. The hole was left overnight with the bit suspended at 200
ft to allow the piezometric surface to equilibrate. A static water level (SWL) of 164 ft
was measured the next morning.

13
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4.7 Test Hole No.5 (TH-5)

Test Hole 5 began on October 15, 1990 and was completed to a depth of 500 ft on October
16, 1990. Lithologic sequences encountered in TH-5 were similar to test holes TH-1 and
TH-2. Drilling proceeded through a surficial bed, about 25 ft thick composed of recent
streamn channel deposits. The underlying lithologic sequences of the A-Zone were
encountered to a depth of 175 ft. Coarse sand and gravel, characteristic of the B-Zone

was first found at 175 ft and continued to the final depth of 500 ft.

For economical reasons, drilling was terminated at 500 ft. Saturated zones were first
encountered at approximately 150 ft with water stabilizing at 106 ft. Formations were
fairly consistent to the total depth of 500 ft. A drill-stem production test resulted in

a discharge rate of 50 gpm indicating excellent yield potential at this site.

NOTE

A production well completed near TH-5 would be expected to yield over 200

4.8 Test Hole No. 6 (TH-6)

Test Hole 6 began on October 16, 1990 and was completed to a depth of 280 ft on Ociober
17, 1990. The upper 10 ft of material encountered was composed of recent surficial stream
channel deposits, primarily sands and gravel. At 10 fi, the material changed to sediments
characteristic of the A-Zone continuing to a depth of 95 ft. From 95 fi to 120 ft, the
material changed to B-Zone coarse sands and gravels. At 120 fi the material changed back
to A-Zone. Drilling continued in the A-Zone to a depth of 240 ft where material changed
to low permeability clays of the C-Zone. The C-Zone continued to the total well depth of
280 ft.

Saturated zones were first encountered at 87 ft in the upper gravels. Drilling stopped on
October 16, at a depth of 100 ft. The bit was pulled up to 80 ft and the well left to
equilibrate ovemnight. A static water level of 58 ft was measured the next morning,

14




Geohydrologic Characteristics of the Sand Canyon Area

Formations underlying the lower A-Zone yielded relatively small quantities of water and
represent the lower boundary of the permeable deposits suitable for recharge.

4.9 Test Hole No.7 (TH-7)

Test hole 7 began on October 18, 1990 and was completed to a total depth of 300 ft on
October 19, 1990. Formations encountered were similar to TH-6. Drilling proceeded
through the surface alluvial sediment, A-Zone, B-Zone and back into the A-Zone. However,
TH-7 did not penetrate the underlying the C-Zone. Recent alluvial sediments in TH-6
consisted of a 10 ft surficial layer. The upper A-Zone consisted of silty sand and gravel
encountered from 10 ft to 120 ft. At 120 ft, the lithology changed to a coarse sand and
gravel characteristic of the B-Zone. Drilling in the B-Zone continued to a depth of 185

ft where the lower A-Zone was encountered again continuing to the total well depth of 300
ft.

Saturated zones were encountered at 115 ft. Samples in these zones were moist and yielded
small to moderate quantities to water, However, as in TH-6, materials below 185 fi
yielded litile to no water. Depth to water in TH-7 was measured at 65 ft.

4.10 Test Hole No.8 (TH-8)

Test Hole 8 began on October 20, 1990 and was completed to a total depth of 345 ft on
October 20, 1990. Lithologic sequences in TH-8 were similar to those found in TH-3.
Drilling proceeded through thin (20 ft) surficial alluvial sediments consisting of sand

and gravel. A thick sequence (220 ft) of the A-Zone composed predominantly of silty sand
and clay directly underlies the alluvium. Lithologies comprising the C-Zone were
encountered from 240 ft to the total depth of 345 fi.

A static water level measurement was made several hours after reaching total depth. The

bit was suspended at a depth of 240 ft and the depth of water measured at 200 fi below
land surface.

15
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5 GROUND WATER QUALITY IN THE SAND CANYON AREA

Ground water was sampled from five of the eight test wells and sent to the Clinical
Laboratory of San Bemardino, Inc for analysis. A general mineral analysis was run on all
five samples with results summarized in Table 5 and Appendix C.

In general, water quality was very good in all samples with total dissolved solids (TDS)
ranging from 226 to 288 mg/l. However Manganese exceeded the maximum contaminant level
(MCL) in welis TH-2 and TH-3 and iron exceeded the MCL in TH-2.

6 POTENTIAL CHANNEL INFILTRATION RATES

Theoretical infiltration rates were determined using a combination of the Green-Ampt

equation (Green and Ampt, 1911), Philip equation (Philip, 1969), Todd’s equation (Todd,
1980) and experience with artificial recharge rates in Southern California.

The resulting values estimated for long-term vertical infiltration rates in the Sand
Canyon area ranged between 1.5 and 4.5 fi/day. These values were calculated using the
Philip equation and dividing the results by 3. This approach was felt to be conservative
as the values obtained are similar to long-term percolation rates observed in other
similar Southern California areas (Roscoe Moss Co., 1990).

Actual field infiltration rates should be measured using field infiltration tests and
would be a part of the final design phase of the project. However, for purposes of this
investigation, the values calculated above are considered realistic (see Table 4).

7 ARTIFICIAL RECHARGE AND RECOVERY POTENTIAL IN SAND CANYON

To properly evaluate the antificial recharge and recovery potential in the Sand Canyon
area, it was necessary to construct a ground water simulation model of the area. Using
the model, recharge of reclaimed wastewater was simulated during the 7-month Seasonal
Storage Period.
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NOTE

Metropolitan Water District's Seasonal Storage Program allows purchase
of water at a discounted rate during the months of October through April.

Recovery of water stored during the 7-month seasonal storage period was extracted through
a system of three wells. The following section discusses the Sand Canyon ground water
model.

7.1 Ground Water Model Of The Sand Canyon Recharge/Extraction System
7.1.1 General -

The model used to simulate ground water flow in the Sand Canyon area utilizes an algorithm
solution technique based on a finite difference approximation of the differential equation

of ground water flow. The model programs interact with various hydrogeologic and
operational data files which provide a data base for the model. Additional support
programs allow for missing data interpolation and model data array generation. The model
and associaied data bases graphically display output in a layered form whereby
geohydrologic data are superimposed on a standard base map.

7.1.2 Model Size And Grid Geometry -

The ground water model covers approximately 1.3 square miles of surface area with a
variable-grid network consisting of 53 nodes in the east-west direction (j-direction) and
54 nodes in the north-south direction (i-direction) totalling 2,862 nodes (see Figure 6).

NOTE

A model node is the center of a model grid block and is denoted by an
"i,j" value. In the Sand Canyon Model, the j-direction increases in a
west to east direction and the model i-direction increases in a north to

south direction.
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The smallest grid in the model measures approximately 66 ft x 92 ft and is compatible with
the detail necessary to evaluate pumping and recharge in the area. The following table
lists model nodes:

Model j-direction node widths, ft

1: 554,794 369.863 184.932 184.932 92.4658

6: 92,4658 92.4658 92,4658 92.4658 92.4658
11: 92,4658 92.4658 92,4658 92.4658 92.4658
16: 92.4658 92,4658 92.4658 92.4658 92.4658
21: 92.4658 92.4658 92.4658 92.4658 92.4658
26: 92.4658 92.4658 92.4658 92.4658 92,4658
31: 92.4658 92.4658 92.4658 92.4658 92.4658
36: 92,4658 92.4658 92.4658 92,4658 92,4658
41: 92.4658 92.4658 92.4658 92.4658 92.4658
46: 92.4658 92.4658 92.4658 92,4658 184,932
51: 184.932 369.863 554,794

Tetal j-direction = 6750.0 ft
Model i-direction node widths, ft

1: 393,750 262.500 131.250 131.250 131.25¢
6: 131.250 131.250 65.6250 65.6250 65.6250
11: 65.6250 65.6250 65.6250 65.6250 65.6250
16: 65.6250 65.6250 65.6250 65.6250 65.6250
21: 65.6250 65.6250 65.6250 65.6250 65.6250
26: 65.6250 65.6250 65.6250 65.6250 65.6250
31: 65.6250 65.6250 65.6250 65.6250 65.6250
36: 65,6250 65.6250 65.6250 65.6250 65.6250
41: 65.6250 65.6250 65.6250 65.6250 65.6250
46: 65.6250 65.6250 131.250 131.250 131.250
51: 131.250 131.250 262.500 393.750

Total i-direction =

5250.0 ft

18
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Vertically, the model is single-layered with all interbedded aquifers (A and B-Zones)
combined together as a single unit,

7.1.3 Boundary Conditions. -

Within the modeled area, no geologic or hydrologic boundaries exist as the Fanglomerate
underlies the entire Sand Canyon area. The boundaries are considered epen and
interference is prevented from reaching these boundaries by the pad effect of
increasingly larger nodes near model edges.

7.1.4 Model Data Parameters -

Various hydrogeologic and operational parameters were necessary to simulate ground water
flow. These parameters include initial water-levels, transmissivity, storativity, pumping

and recharge. Water-level elevations were constructed from data obtained from
measurements in the exploratory/test wells and are shown on the contour map of Figure 5.

Ground water-level data were entered into the model using a digitizer and a series of
control-point gridding programs. Contour refinement by hand contouring was necessary 1o
adequately reflect hydrodynamic conditions in areas where control point data (i.e. wells)
were lacking.

A uniform transmissivity of 30,000 gpd/ft was used throughout the model. This value was
estimated based on average hydraulic conductivities and saturated thickness of the A and B
Zones. A Storativity value of 0.15 was assumed throughout the model Tepresenting the
average value for the upper aquifer system.
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For the average vertical infiltration rate in the recharge area, the minimum value of 1.5
ft/day was used (see Table 4). To accomplish the recharge of 758 acre-ft during the
7-month period, 18 mode! nodes totaling approximately 2.5 acres were necessary. The area
of recharge was determined considering the infiltration rate and required volume of water
to be recharged during the Seasonal Storage Period. The area proposed for artificial
recharge is within the Sand Canyon stream channel extending from Teton Road to the
vicinity of TH-1 (see Figure 6).

The three proposed extraction wells are located in the vicinity of TH-5. Test drilling
results in this area showed excellent aquifer yield potential with over 300 fi of
saturated sands and gravels. Table 6 summarizes pumping and recharge nodes used in the
model.

The model predictive run consisted of turning on the artificial recharge nodes for the
period October through April (MWD’s Seasonal Storage Period) and the three extraction well
nodes for the entire 12-month period. The effect of the recharge and recovery program was
evaluated by analyzing changes in water levels at the end of the 7-month recharge cycle
and again at the end of 12 months. These changes are plotied as regional drawdown
contours on figures 6 and 7. The 7-month regional drawdown (Figure 6), is the difference
between the initial water-level elevation (i.e. October) and the water level elevation at

the end of April. The 12-month regional drawdown (Figure 7), is the difference between
the initial water level and the end of December water level.

As can be seen on Figure 6, the impact of the recharge on the extraction wells is clearly
shown. Ground water mounds develop in the vicinity of the recharge basins attaining a
maximum height of approximately 10 fi. This height is well below ground surface as
initial depths to water in this area are 50-55 ft. By comparing Figures 6 and 7, it can

be seen that drawdowns are less than at the end of 7 months than at 12 months verifying
that the antificial recharge was contributing to a portion of the extraction well
discharge.

Stabilization of the pumping wells was rapid attaining equilibrium within approximately
one month. Prior to the start of the recharge cycle, drawdowns still exist in the
vicinity of the extraction well field. These drawdowns are the result of continuously
pumping the three extraction wells at an average rate of 200 gpm each. During the
recharge period, the drawdowns in the vicinity of the well field would be less as a
portion of the recharge supplying flow to the wells would be supplied from artificial
recharge in upper Sand Canyon.
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Appendix D contains selected hydrographs of various model nodes from the upper recharge
area to the extraction well sites. These hydrographs show ground water level changes
during the 12-month model simulation period.

8 TRAVEL TIME AND DISTANCE BETWEEN RECHARGE AND EXTRACTION

The travel time from the lowermost recharge pond (near Teton Road) to the site of the
extraction wells (near TH-5) was calculated using the following equation:

dt=dx/V

where:
dt = travel time [days]
dx = distance between recharge and extraction areas, {ft]
V = Horizontal Ground Water Seepage Velocity, [ft/day]

According to the DOHS guidelines (see Table Il Black and Veatch, 1990), the proposed Sand
Canyon recharge project is a Category I project. As the depth to ground water exceeds

20 ft, the required retention time underground is six months. In addition, the minimum
distance between recharge and recovery must be greater than 500 fi.

To calculate the minimum recharge/extraction distance considering a retention time of six
months, the minimum and maximum horizontal seepage velocities as summarized in Table 3
were used. In considering underground retention time, the worst case (greatest distance)
scenario was used. Also, no time was allowed for vertical percolation from the pond to

the water table even though calculations range from 11 to 33 days (-see Table 7).

The following equation was used to calculate the minimum distance between the recharge and
extraction areas.
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dx = Vxdt
where:

dx = minimum distance between recharge and extraction {ft]
V = ground water seepage velocity [ft/day]
dt = underground retention time (DOHS requirement) [180 days}

Results are plotted as Residence Time Isopleths on Figure 8. Assuming no retention

time for vertical percolation, the minimum distance between the extraction wells and the
lowermost recharge pond (near Teton Road) ranges from 594 to 2,412 ft (see shaded line on
Table 7). The dashed isopleths on Figure 8§ denote the slower velocity (3.3 fi/day) while
the solid lines represent a seepage velocity of 13.4 fi/day. Tables

9 COMPLIANCE WITH DOHS REQUIREMENTS FOR GROUND WATER RECHARGE

The following section discusses compliance with the proposed DOHS requirements for ground
water recharge using reclaimed municipal wastewater. The format for this section is in
accordance with the October 1, 1990 letter from Black and Veatch to DWP City of Big Bear
Lake. The items discussed are those items preceded by an asterisk in the section
Information Needed to Complete Documents.

9.1 Discussion Of ltems
ltem (3) Characterize ground water quality in basin

Five samples of ground water were taken during the exploratory test drilling program and
analyzed by a centified laboratory. Laboratory results may be seen in Appendix C, Table 5
and Section 5.
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Item (4) Determine travel time from recharge site by plotting residence time
isopleths.
This is discussed in detail in section 8 and shown on Figure 8.
Item (8) Soil types.
See section 3 and Appendix A.
ltem (9) Percolation rates.
See section 6 and Table 4.
ltem (10) Rates and direction of ground water movement.
See section 3.3 and Table 3.
ltem (12) Thickness of recharge aquifer.
See section 3, Plate 1, Figures 2, 4 and Appendix A.
item (13) Location and properiies of low permeability layers.
See section 3, Plate 1, Figures 2, 4 and Appendix A
Item (16) Number of aquifers in area, depth, extent and thickness.
See section 3, Plate 1, Figures 2, 4, and Appendix A.
Item (17) Head difference between aquifers.

See section 3, Figure 5 and Table 1.
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ltem (18) Leakage between aquifers.

See Section 3.

ltem (19) Water level contour maps for each aquifer.

See Figure 5.

Item (20) Hydrological nature of site, including recharge and discharge areas

See Section 3.3 and Figure 5

Item (21) /mpact of recharge waters on basin including: description of recharge water
types recharge water quantities and qualities recharges water points of application and
movements

See Sections 5, 7 and 8.

item (35) Well logs and site borings showing subsurface materials and properties.

See Appendix A

ltem (36) Percolation data; number and location of tests.

See section 5.

Item (37) Infiltration rates (K) of vadose zone.

See section 5.
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APPENDIX A

Lithologic Logs of Test Wells




S+3+2q Silty Sand & Gravel

: Med-Coarse Sand&Gravel

0- 5 Medium to Coarse Sand and Gravel--Grey to Brown. Medium
to coarse sand and gravel, angular to sub-angular made mostly of
quartz, feldspar and mafic rock fragments, .5-10mm with a few
grains up to 40mm in size, with a slight amount of silty fine

sand.

5-15 Silty Sand and Gravel--Brownish. 40% silty fine to med.
sand less than 1mm. 60% med. to coarse sand and gravel, angular
made mostly of quartz, feldspar and mafic rock fragments, 1-10mm
in size.

15-20 Silty Sand and Gravel--Same as above except gravel
increases to 15mm,

20-25 Silty Sand and Gravel--Tannish. 60%-70% medium to
coarse sand and gravel, angular, made mostly of quartz, feldspar
and mafic rock fragments, 1-15mm in size. 30%-40% silty fine to
med. sand less than 1mm in size.

25-30 Silty Sand and Gravel--Tannish. 40%-60% medium 1o
coarse sand and gravel, angular to sub-angular,made mostly of
quartz, feldspar and mafic rock fragments, 1-20mm. 40%-60% silty
fine sand less than 1mm, of which 80% is less than .5mm in size.

30-60 Silty sand and Gravel--Light Brown. 50%-70% silty fine

to medium sand less than lmm. 30%-50% coarse sand and gravel,
sub-angular to angular made mostly of quartz, feldspar and mafic
rock fragments,1-15mm in size.

60-70 Silty Sand with some Gravel--Light grey. 80% silty

fine to med. sand less than 1mm; The majority is silt and very
fine sand. 20% medium to coarse sand with some gravel,
sub-angular made mostly of quartz, feldspar and mafic rock
fragments, mostly 1-2mm with some grains up to 10mm in size.

70-80 Silty Sand and Gravel--Light grey to grey-brown.
50%-60% silty fine to medium sand less than 1mm in size, more
sand than silt. 40%-50% coarse sand and gravel, angular to
sub-angular made mostly of quartz, feldspar and mafic rock
fragments, 1-10mm in size.

Sand Canyon TH-1 Lithologic Log
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80-85 Medium to Coarse Sand--Medium to coarse sand,
sub-angular, made mostly of quartz, feldspar and mafic rock
fragments, 1/2 -2mm in size.

85-145 Coarse Sand and Gravel--95% coarse sand and gravel,
sub-angular made mostly of quartz, feldspar and mafic rock
fragments, .5-10mm in size, at 115ft to 130ft gravel increases to
20mm in size. 5% fine to medium sand 1/16-1mm in size, at 140ft
to 145ft fine to medium sand increases to 20%.

145-150 Silty Fine to Coarse Sand and Gravel--60% to 70%

silty fine to medium sand less than Imm in size. 30% 10 40%

coarse sand and gravel sub- angular to angular, made mostly of
quariz, feldspar and mafic rock fragments, 1-Smm in size. Alsoa
slight amount of clay.

150-155 Medium to Coarse Sand and Gravel with some
Clay--80%-85% medium to coarse sand and gravel, sub-angular
to angular made mostly of quartz, feldspar and mafic rock
fragments, .5-10mm in size. 10%-15% clay. 5% silt and fine
sand.

155-160 Fine to Coarse Sand and Gravel with some
Clay--Tannish. 70% silty fine to medium sand less than 1mm
in size. 25% coarse sand and gravel, angular made mostly of
quartz, feldspar and mafic rock fragments, 1-10mm in size. 5%
tannish sandy clay.

160-190 Silty Sand and Clay--Grey to off-white. 40%-60%
off-white, light grey and light brown clay. At 170ft-180ft clay
is grey and increases 1o 80%. 40%-60% silty fine 10 coarse sand
less than 2mm in size, sub-angular made mostly of quartz,
feldspar and mafic rock fragments.

190-200 Silty Sand and gravel with Clay--Grey. 40%-60% silty
fine to coarse sand and gravel,decreases to 40% at 200ft,
angular, made mostly of quartz, feldspar and mafic rock
fragments, .03-5mm in size increasing to 10mm at 200ft. 40%-60%

grey sandy clay.

Total Depth 200ft

Sand Canyon TH-1 Lithologic Log
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Sitty Sand and Clay

=] Sand,Grave! with Clay

Sand Canyon TH-2 Lithologic Log

:'f Med-Coarse Sand&Gravel 0-10 Medium to Coarse Sand and Gravel--Light grey. 60%

medium sand less than 1mm in size. 40% coarse sand and gravel,
angular to sub-angular made mostly of quartz, feldspar and mafic
rock fragments, 1-30mm in size.

10-15 Medium to Coarse Sand and Gravel--Light grey. ’
Same as above except that 40% is less than 1mm and 60% 1-30mm in
size.

15-20 Silt and Fine Sand--Light grey to off-white. 99%
silt and fine sand less than lmm in size (mostly silt). A few
coarse grains 1-5mm in size made mostly of quartz, feldspar and
mafic rock fragments. Also a trace of clay.

20-25 Silt and Fine to Medium Sand--Light grey to off
white. 95% less than 1mm in size. Mostly light grey silt with
some clay and fine to medium sand. 5% coarse sand and gravel,
angular to sub-angular made mostly of quartz, feldspar and mafic
rock fragments, 1-10mm in size.

25-30 Sandy Silty Clay--Tannish 1o light brown. 60%
sandy tannish clay. 15%-20% tannish silt. 15%-20% fine to
medium sand.

30-60 Silty fine Sand with Clay--Brown and light grey
layers. 65%-85% silt and fine to medium sand (mostly silt),
15%-35% silty sandy tan clay, some very dense pieces of clay
1-20mm in size.

60-70 Clay and sandy silt--Brown. 60%-70% Brown silty
clay. 30%-40% fine to medium sandy silt. At 66-68 fi there is a
stlty fine to coarse sand layer made mostly of quartz, feldspar
and mafic rock fragments with abundant mica grains.

70-75 Sand with Clay--Brownish. 60%-80% fine 10 coarse
sand, angular made mostly of quartz, feldspar and mafic rock
fragments, .125-2mm with some grains up to 20mm in size. 20%-40%
brown silty clay.

75-80 Sand and Gravel--80% fine 1o coarse sand, .125-2mm
in size, 20% fine to medium gravel, angular made mostly of
quartz, feldspar and mafic rock fragments, 2-30mm in size.

GEOSCIENCE Support Services Inc.




125

195

80-120 Medium to Coarse Sand and Gravel with some
Clay--Light Brown. 70%-90% medium to coarse sand and gravel,
angular to sub-angular made mostly of quartz, feldspar and mafic
rock fragments, .5-10mm in size, at 105ft-110ft gravel increases
to 20mm in size. Some thin sandy brown and rust-colored clay
layers found at 83ft, 87ft, 97ft, and 117ft below ground surface.

3 Sand,Grave! with Clay

EATA SRS TAAD

120-125 Fine to Coarse Sand and Gravel with some
Clay--Tannish. 50%-60% silt to medium sand less than .5mm in
size. 40%-50% medium to coarse sand and gravel, angular made
Sand,Gravel-some Clay Mostly of quartz, feldspar and mafic rock fragments 1-Smm in
size.

RS AL

Db AN NDL N
Vit h

Vv
..l.,.

125-130 Fine to Coarse Sand and Clay-- Tan. 40% fine 1o
coarse sand, angular made mostly of quartz, feldspar and mafic
rock fragments, .125-2mm in size. 60% light grey to tan clay.

RIS

L

130-140 Clay with some Fine to Coare Sand--Tan. 75%-80%
tannish sandy clay, 20%-25% fine to coarse sand, angular to
sub-angular made mostly of quartz, feldspar and mafic rock
fragments .125-2mm in size.

140-145 Clay, Sand and Gravel--Tannish. 50% sandy
tannish clay. 50% fine to coarse sand and gravel, angular to
sub-angular made mostly of quartz, feldspar and mafic rock
fragments, .125-5mm in size.

145-185 Clay with Sand and Gravel--Tannish to light
brown. 70%-75% tannish sandy clay. 25%-30% sand and gravel
layers angular to sub-angular made mostly of quartz, feldspar and
Clay with Sand&Gravel mafic rock fragments, .125-5mm in size.

185-195 Clay and Silt with some Sand and Gravel--Tan.
95% 1an silt and clay. 5% medium to coarse sand and gravel,
angular to sub-angular made mostly of quartz, feldspar and mafic
rock fragments, .125-5mm in size.

195-200 Sandy Clay--Tannish. 95% tan sandy clay with
some interbedded silt. 5% coarse sand, sub-angular made mostly
of quartz, feldspar and mafic rock fragments, 1-2mm in size.

200 Feet Total Depth
Sandy Clay

Sand Canyon TH-2 Lithologic Log
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0-5 Coarse Sand and Gravel--Brown. 80%-90% coarse sand
and gravel, sub-angular to angular made mostly of quartz,
feldspar and mafic rock fragments, 1-40mm in size. 10%-20% fine
to medium sand less than lmm in size.

5-30 Fine to Coarse Sand and Gravel--Brown to light
. brown. 70% fine to medium sand less than 1mm in size. 30%
+] Sand and Grave! coarse sand and gravel, angular made mostly of quartz, feldspar
o and mafic rock fragments, 1-20mm in size. At 25ft to 30ft gravel
increases to 40mm in size.

30-35 Medium to Coarse Sand and Gravel--Brown. Medium
to coarse sand and gravel, angular made mostly of quariz,
feldspar and mafic rock fragments, 1/2-30mm in size.

35-40 Fine to Coarse Sand and Gravel--Light brown. 60%
fine to medium sand less than Imm in size. 40% coarse sand and
gravel, angular made mostly of quartz, feldspar and mafic rock
AT fragments, 1-15mm in size.
=221 Silty Sand and Gravel

S 40-50 Silty Fine to Coarse Sand with Gravel--Light brown
rning to grey at 45ft. 70% to 80% silty fine 10 medium sand
.03-1mm in size, overall finer at 45ft to 50ft. 20%-30% coarse
sand and gravel, sub-angular to angular made mostly of quartz,
: feldspar and mafic rock fragments, also some very hard silt
1 Silty Sand grains, 1-15mm in size at 40ft-45ft and 1-2mm in size at
45ft-50ft.

50-65 Silty Fine to Coarse Sand--Light grey to grey.
Silty fine to coarse sand .03-2mm in size, overall very fine
sand, sub-rounded to sub-angular. The coarser grains are more
sub-angular, made mostly of quartz, feldspar and mafic rock
fragments with some hard silty sandstone grains. At 55ft-65t
there is a trace of grey clay.

ATIDY 65-95 Silty Very Fine to Coarse Sand with some Fine

224 Silty Sand,some Gravel Gravel--Grey. 80% to 85% silty very fine to medium sand
: 01-1mm in size, mostly very fine sand. 15% to 20% medium to
coarse sand and gravel, sub-angular to sub-rounded made mostly of
quartz, feldspar and mafic rock fragments with some hard silty

sandstone grains, 1-3mm in size, at 80ft-85ft grave! increases to
10mm in size. At 85f1-95ft there is a trace of clay. T

Sand Canyon TH-3 Lithologic Log
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Fine to Coarse Sand

~={ Silty Sand

Silty Sand Slight Clay

Sitty Sandy Clay

Silty Sand slight Ciay

g0 E

Siity Sand,some Gravel

95-100 Silty Fine to Coarse Sand with some Clay--Grey.
85% siity fine to medium sand less than 1mm in size. 10% medium
to coarse sand, sub-angular made mostly of quartz, feldspar and
mafic rock fragments with some hard silty sandstone grains, 1-2mm
in size. 5% grey sandy clay.

100-115 Fine to Coarse Sand--Rusty-brown to light brown.

fine to coarse sand, sub-angular made mostly of rock fragments,
quartz and feldspar, .03-2mm in size.

115-135 Silty Fine to Coarse Sand--Brown to rusty-brown,
80% silty fine sand less than 1/4mm in size, 20% fine to coarse
sand .25-2mm, mostly fine to medium in size, at 125ft-135f1
coarse sand up to lmmin size. Very fine material, grains are

sub-rounded to sub-angular. The coarser grains are more
sub-angular.

135-140 Sandy Silt--Brown. 90% fine sandy silt. 5%
medium to coarse sand 0.25-2mm in size, sub-rounded made mostly
of quartz, feldspar and mafic rock fragments. 5% sandy clay.

140-145 Sandy Silty Clay--Brownish. Sandy silty
brownish clay.

145-155 Silty Sand with some ¢lay--Brownish. 90% silty
fine t0 medium sand .02-1/2mm in size.5%-10% medium to coarse
sand, sub-rounded made mostly of solid siity sandstone grains

with very few quariz grains, 0.5-2mm in size. 0%-5% light brown
clay.

155-165 Silty Sandy Clay--Brownish. 80% silty sandy
brownish clay. 20% silt, sand and gravel, .03-4mm in size,
sub-rounded to sub-angular made mostly of quartz, feldspar, mafic
rock fragments and silty sandstone grains.

165-180 Sandy Silt with some Clay--Light brown. 80%
sandy silt less than .125 mm in size. 20% Sandy grey clay. Some

sand grains up to 2mm in size made mostly of quartz. At
I'771-180ft there is a solid sandy clay layer.

Sand Canyon TH-3 Lithologic Log
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Depth, Ft

180

260

Sandy Clay, Sandy Sit  .03-.5mm in size, sub-rounded.

180-185 Silty Sand with some Clay--Brownish, 80% silty
fine sand less than .125 mm in size, 10% fine to coarse sand, in
size made mostly of quartz, feldspar, mafic rock fragments and

silty sandstone ins, .25-2mm in size.
Sitty Sand siight Clay > &

185-200 Silty Sand with Slight Clay--Brownish. 95%
silty fine to medium sand .025-.5mm in size. 1-5% sandy brwnish
clay. 1%-5% medium to coarse sand, sub-angular made mostly of
qQuartz, feldspar and silty sandstone grains, .5-2mm in size.

200-215 Silty Sand and Sandy Clay--Brownish. 60% sandy
brownish clay. 40% silty fine to mediu

m sand .025-.5mm in size,
at 205ft-210ft sandy silt increases to 70% and clay decreases to
30%.

215-220 Sitt and Sandy Clay--Brownish, 75% sandy brown
clay. 20% silt. 5% fine to medium sand made mostly of quartz,
feldspar, mafic rock fragments and silty sandstone grains,

220-225 Silty Clay--Brown. Silty clay.

225-330 Sandy Silt--

Brownish. Fine sandy silt with a
trace of clay.

230-335 Sandy Silty Clay--Brownish, Silty sandy clay.

325-345 Clay--Brownish. Clay.

245-260 Silty Clay and Sandy Silt--Brownish. 60%
brownish sandy clay. 40% fine sandy silt,

Total Depth 260ft

Sand Canyon TH-3 Lithologic Log
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Depth, Ft

: Med-Coarse Sand&Gravel
‘, . 0-5 Medium to Coarse Sand and Gravel--Brownish, Medium to
20 '_E-_-'-' coarse sand and gravel, angular to sub-angular made mostly of
B quartz, feldspar and mafic rock fragments, .5-25mm in size.
==d Silty Sand and Gravel
5-20 Medium to Coarse Sand--Brown. Medium 1o coarse sand,
2 sub-angular made mostly of quartz, feldspar and mafic rock
S8 clay and Silty Sand fragmcnts,. .3-2mm 1n size. {Xt I‘Sft-20ft there is an increase in
45 1 sitty Sand,some Gravel fine material down to .1mm in size.
50 = Silty Sand,some Cla ; :
] oty ' y 20-40 Silty Fine to Coarse Sand and Gravel--Brown. 30%-40%
b Sy silty fine to medium sand less than 1mm in size. 60%-70% coarse
AT AT sand and gravel, sub-angular made mostly of quartz, feldspar and
RN mafic rock fragments with some mica, .03-4mm in size.
SE 4045 Silty Sand and Clay--Brown. 80% sandy brown clay. 20%
ot silt to coarse sand, sub-angular made mostly of quartz, feldspar
Ef,,_" 3 and mafic rock fragments, .03-2mm in size.
'E*_';::f 45-50 Silty Sand with some Gravel--Light brown. 80% silty
=35 fine to medium sand less than 1mm in size. 20% coarse sand and
.:f_..-f* ; gravel, angular made mostly of quartz, feldspar and mafic rock
it ara fragments, 1-5mm in size.
BT
Sy 50-55 Silty Sand with some Clay--Light brown. 80% silty fine
%-; % to medium sand less than .5 mm in size. 10% coarse sand, angular
=tz Sity Sand Some Gravel  made mostly of quartz, feldspar and mafic rock fragments, .5-2mm
St in size. 10% brown sandy clay.
’:_E“‘E“" 55-178 Silty Sand with saome Gravel--light brownish-tan to
B3y brown. 80% silty fine to medium sand less than .5mm in size, 20%
S coarse sand and gravel, angular to sub-angular made mostly of
Fatetay quartz, feldspar and mafic rock fragments with mica, .5- 10mm in
By size. At 55f1-65ft the silty sand is slightly coarser than the
S22 material below.
%‘E"E 178-185 Sandy Clay with Silty Sand and Gravel--Brown. 60%
SR brown sandy clay 40% silty sand and gravel, angular made mostly
e of quartz and feldspar, .02-10mm in size.
s Eeais
Sandy Clay,Sand&Gravel

185

Sand Canyon TH-4 Lithologic Log
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Silty Sand some Gravel

Sandy Clay

185-190 Silty Sand with some Gravel--Brown. 85% silty fine
to medium sand less than .Smm in size. 15% coarse sand and
gravel, sub-angular to angular made mostly of quartz, feldspar
and mafic rock fragments, 1-5mm in size.

190-195 Sandy Clay and Silty Fine to Coarse Sand--Brown.
80%-85% brown sandy clay. 15%-20% silty fine to coarse sand,
angular made mostly of quartz and feldspar, .02-2mm in size.

195-220 Sandy Gravely Clay--Brownish. Sand and gravel mixed
with brown clay. Sand and gravel is angular to sub-angular made
of mostly quartz and feldspar, .125-4mm in size.

Total Depth 220ft

Sand Canyon TH-4 Lithologic Log
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0-20 Coarse Silty Sand and Gravel--Light brown to brown.
60% coarse silt to medium sand less than 1mm in size. 40% Coarse
sand and gravel, sub-angular made mostly of quartz, feldspar and
rock fragments, 1-20mm in size.
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20-110 Coarse Silty Sand with some Gravel--Light brown
to tannish. 50%-60% coarse silt to medium sand less than 1mm in
size. 40%-50% coarse sand and gravel, sub-angular to angular
made mostly of quartz, feldspar and rock fragments, 1-15mm in
size. At 20ft-30ft gravel is Smm and less. At 45ft-70ft gravel

Silty Sand and Grave!l is Smm and less. At 70ft-90ft gravel is 10mm and less and at
90ft-110ft gravel is 5mm and less in size.
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110-120 Coarse Silty Sand with some Gravel and
Clay--Brown. same as above except with 10%-20% of brown clay
and the gravel increases to 30mm in size.
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120-125 Sandy Gravelly Clay--Brown. 25% sand and gravel
mixed with brown clay.
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125-135 Coarse Silty Sand and Gravel--Light brown. 60%
coarse silt to medium sand less than 1mm in size. 40% coarse
sand and gravel, angular to sub-angular made mostly of quartz,
feldspar and rock fragments. At 125ft-130ft gravel is Smm and
less and at 130ft-135ft gravel is 15mm and less in size.
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135-160 Coarse Silty Sand with some Gravel and
some clay Clay--Brown to Light brown. 50%-60% coarse silt to medium
sand less than Imm in size. 10%-50% coarse sand and gravel,
sub-angular to sub-rounded made mostly of quartz, feldspar, rock
fragments and densly cemented sandstone grains, 1-10mm in size.
5%-40% sandy brown clay, at 140ft-145ft clay is up to 40%.
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160-170 Coarse Silty Sand and Gravel with some
Clay--Light brown. 30%-50% coarse sand and gravel,
sub-angular to angular made mostly of quartz, feldspar, rock
fragments and densely cemented sandstone grains, 1-10mm in size.
20%-40% coarse silt to medium sand less than Imm in size. 50%
brown sand clay at 160ft-165ft Clay decreases to 10%.

b
f&}i !
by

T
i
ybuh

o
.b::jb::j. :

less Gravel some Clay

3

p;k.'?;.b.};.b.' MY
PRSI
Fybybybubud

[

160

ok
e
by

increase in Gravel

d

Yy
$

[P
!
b

y
X

170

Sand Canyon TH-5 Lithologic Log

GEOSCIENCE Support Scrylces Inc.




170
175

465

500

vow.rz
) 7
[
A

vOVOV
0
Q¥ 0OV 0%

N
)
t:Qu

O
s
0.

»
AAtLYy

LJ

r

CON

W0V 0
[ ‘. . 0

vy

-

0

BT S
Ot
.‘9[5'."
.
1)
[l

0
R

ek eaal Nguf

3

b'(}
00ROV

-

0
V0

A
% i

el gl Sl

Y
0

&
)

Q

v
[]

t.: Y
V0 D, .,t.(.}j
8.8

O

- s e o
et At
et At Al

b

13
3

;0% 0
VO

0

Pl el

L

A 0.
(xS 0
VOOV OVD O

L}
v
|}

V0
0

TR/

Ly
L]

4
)

[J

Q
M D..'
3 O'nj.q,‘ ;

Qv

0

)
1)

0,
x0

-oh

.by' d,lﬁ‘
0
¥0

0
% 0u 0
Qv0vD

-

L)

AL
Al
L)

\
i)

0« 0L0

L/
I

‘,
G400

 a
-
-
2

[ 38
[J

BORGT

-

0

%0
)
v

-

Al

VO
(0050
L OV Ol

L Sppal Sl

>

)
v 0

0 0
Ou

OD-."o
1) -“;
L0k0)

L il

.b' lj.’: 0:‘ ':
e
4OR0

VO
w0

-

0

0
0

L il
Lt

Pt

L
A
]
[}

0
0

)
b

O 0

L
L)
A3
’

0
040

0]
.: d

Oy

el Sl Yl

5:0:.
5:0 0]

0,
'u:(i'a' 0

[N
[ )
w0

()

0 0%

1)

Q!
WO

100040

‘0'.7
VO

RO
«0
v0

L ek el

V
b
L]
Y
L]
'

V0
0
0

e
ey}
AR

1 0v 0
!

Ot

04040
0800
(o0

; [}
[
.® -.b .
L

OO

[
t.O.t )

VO

00
[

3
vOv D

.
&
[ )
o
tﬂO

[

Sandy Gravelly Clay

- ——

170-175 Sandy Gravelly Clay--Light brown. 70% brown
sandy clay. 30% coarse sand and gravel stringers, sub-angular
made mostly of quartz, feldspar and rock fragments, 1-15mm in
size.

175-465 Coarse Sand and Gravel--Tannish. 80% coarse

Coarse Sand and Gravel sand and gravel, angular to sub-angular made mostly of quartz,

some Clay

feldspar, rock fragments and densely cemented sandstone grains
with some mica, 1-20mm in size, 20% medium to coarse sand less

than 1mm in size.

465-500 Coarse Sand and Gravel with some Clay--Tannish
turning to dark grey at 495ft to 500ft. 75% coarse sand and
gravel, sub-angular to angular made mostly of quartz, feldspar,
rock fragments and densely cemented sanstone grains, 1-20mm in
size. 20% fine to coarse sand less than lmm in size. 1-10%
brown to dark grey clay. At 495ft-500ft clay increases to 10%

and turns dark grey.

Total Depth 500ft
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GEOSCIENCE Support Scrvices Inc.




=
&
-]
g
=

0-20 Coarse Silty Sand and Gravel--Brownish to dark
grey. 50% coarse silt to medium sand less than 1mm in size. 50%
coarse sand and gravel, sub-angular to sub-rounded made mostly of
quartz, feldspar and rock fragments, 1-15mm in size.
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20-25 Silty Sand with some Gravel and Clay--Tan. 80%
silty fine sand. 15% medium sand and gravel, sub-angular made
mostly of quartz and feldspar, 0.5-5mmin size.

W
fuhy

3
{:g ;
oy

Y
+

3
iyl
y by

Yy
.§h+

) 25-35 Silty Fine to Coarse Sand and Gravel--Rusty-tan to
Sty Sand and Gravel ., 40%-50% coarse silt to medium sand less than Imm in size.
50%-60% coarse sand and gravel, sub-angular made mostly of
quartz, feldspar and rock fragments, 1-20mm in size. Alsoa
trace of tannish clay.
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35-55 Silty Sand with some Gravel--Tan to rusty-tan,
80%-90% silty fine to medium sand less than Imm in size. 10%-20%
coarse sand and gravel, sub-angular made mostly of quartz,
feldspar and rock fragments, 1-15mm in size. Also a trace of

rusty-tan clay.
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55
55-65 Silty Sand--Tan. 90% silty fine sand less than

Sitty Sand .25mm in size. 5% medium to coarse sand, sub-rounded made mostly
of sandstone grains with some quartz and feldspar, 0.5-2mm in
size. 5% tannish clay. :
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85
65-80 Sandy Silt--Rusty-tan. 90% fine sandy silt less

Sandy Silt than 0.25mm in size. 5% medium to coarse sand, made mostly of
dense sandstone grains 0.5-2mm in size. 5% tannish clay.

80 IS 80-95 Coarse Silty Sand and Gravel--Brown to tannish.
S 40%-60% coarse silt to medium sand less than lmm in size.
e ae o 40%-60% coarse sand and gravel, sub-angular made mostly of
F=+22y Silty Sand and Grave! quartz, feldspar and rock fragments, 1-40mm in size. At
Ef:—f:g 80f1-85ft gravel is 20mm and less in size.

95 FIiziid 95-120 Coarse Sand and Gravel--Tannish changing to
[ 358 grey-white at 110ft- 115ft. 85%-99% coarse sand and gravel,
(55,5 angular to sub-angular made mostly of quartz, feldspar and mafic
g‘g‘?‘ rock fragments, 1-25mm in size. At 110ft-120ft material
_§_§_§ GCoarse Sand and Grave] increases to 99%. 1%-15% fine to medium sand less than 1mm in
Pt e size. At 106ft-110ft there is a grey-white clay layer.

X
[ooioy
| OO
(oo e
top Leite

Sand Canyon TH-6 Lithologic Log

GEOSCIENCE Support Services Inc.




120 Fﬂi“"" 5

180 K07

225 *53;,5:
-

pag -3 -

P :J Sand,Gravel and Clay

Ciay,some Sand&Grave!

Silty Sand Gravel&Clay

some Clay

clay increases

120-160 Sand, Gravel and Clay--Grey changing to tan at
155ft.  30%-70% greyish to tan sandy clay. At 120f1-130ft there
is 30%-50% greyish clay increasing to 70% at 130ft-135ft, then
decreasing again to 30%-50% at 135ft- 145ft with some rusty-tan
streaks and at 145ft-160ft increasing up to 70% and changing to
tan in color. 15%-50% coarse sand and gravel, sub-angular to
angular made mostly of quartz, feldspar and mafic rock fragments,
I-5mm in size, at 120ft-125ft gravel is up to 25mm in size,
decreasing to 5mm at 125ft and 3mm at 150ft. 10%-30% coarse silt
to medium sand less than 1mm in size.

160-170 Clay with some sand and gravel--Tan. 90% tan
sandy clay. 10% fine to coarse sand and gravel, sub-angular made
mostly of quartz and feldspar, 0.125-3mm in size.

170-175 Sand Gravel and Clay--Tan. 40% tan sandy clay.
30% coarse silt to medium sand. 30% coarse sand and gravel
sub-angular made mostly of quartz, feldspar and mafic rock
fragments with some limestone, 1-5mm in size.

175-180 Coarse Silty Sand and Gravel with sonte Clay--50%
coarse sand and gravel, sub-angular made mostly of quartz,
feldspar and mafic rock fragments with some limestone, 1-3mm in
size. 45% coarse silt to medium sand less than 1mm in size. $%
tannish clay.

180-225 Coarse Silty Sand and Gravel--Tan. 30%-60%
coarse silt to medium sand less than 1mm in size. At 180ft-185ft
material is at 30% then increases to 50%-60% at 185{t-225ft,
40%-70% coarse sand and gravel, sub-angular made mostly of
quartz, feldspar and mafic rock fragments with limestone. At
190ft-225ft there is abundant sandstone grains, 1-3mm in size.
1%-3% tan clay.

225-235 Sandy Clay with Coarse Silty Sand and
Gravel--Brown. 40%-65% brown sandy clay. 25%-40% coarse
silt to medium sand less than Imm in size. 10%-20% coarse sand
and gravel, sub-angular made mostly of quartz, feldspar, mafic
rock fragments, limestone and dense sandstone grains.

Sand Canyon TH-6 Lithologic Log
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260

280

some Sand and Gravel

235-240 Coarse Silty Sand and Gravel--Brown. 50% coarse
silt to medium sand less than Imm in size. 50% coarse sand and
Silty Sand Gravel&Clay  grayel sub-angular made mostly of dense sandstone, quartz,
feldspar, mafic rock fragments and some limestone, 1-5mm in size.

Sandy Clay

240-260 Sandy Clay--Brown. 90% brown sandy clay. 10%
fine sand and gravel, sub-angular made mostly of quartz and
feldspar, 1-5mm in size.

260-280 Sandy Clay with Coarse Silty Sand and
Gravel--Brown. 30%-85% brown sandy clay, 85% at 270ft-275ft.
25%-40% coarse silt to medium sand less than Imm in size.
10%-40% coarse sand and gravel, sub-angular made mostly of
quartz, feldspar and mafic rock fragments, 1-5mm in size.

Total Depth 280/t
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ifﬂ-%*-f Silty Sand and Gravel 0-5 Coarse Silty Fine fo Coarse Sand and Gravel--Grey.

i 60% coarse silt to medium sand less than 1mm in size. 40% coarse
B0 sand and gravel, angular made mostly of quartz, feldspar and
SR mafic rock fragments, 1-20mm in size.

'?b'_'.‘“ﬂ“'“fc‘;_l‘-_' 5-80 Coarse Silty Sand and gravel with some

%‘;"“?—'é:- Clay--Tannish changing to grey at 45ft-80ft. 60%-80% coarse

"’_7 ":"‘3-‘- silt to medium sand less than 1mm in size. 10%-30% coarse sand
A and gravel, angular to sub-angular made mostly of quartz,

‘": :nq.”: feldspar and mafic rock fragments. At 35ft-80ft there is some
SR limestone and at 50ft-80ft there are grey dense sandstone grains.
T At 5ft-20ft size is 1-30mm. At 20ft-35ft size is 1-5Smm. At
B Clay 35ft-65ft size is 1-10mm and from 65ft-80ft size is 1-5mm.
et 0%-20% brown and grey sandy clay. At 5ft-15ft there is 10%-20%
R3S brown sandy clay. At 30ft-35ft there is 10% brown sandy clay.
%‘If-»“‘-’*fq At 45ft-50ft there is 10% grey sandy clay. At 20ft-25fta trace
B0y of brown sandy clay and at 65ft-70ft a trace of grey sandy clay.

Setuchck 80-90 Silty Sand and some Clay--Rusty-brown to light
L:‘_: ' brown. 85% coarse silty sand less than 1mm in size. 10%-15%
S o] sandy tannish clay. 1%-5% gravel sized grains of dense brown
Tt sandstone.

2] 90-100 Sandy Silt with some Clay--Light brown, 85% fine

o0 L2 to medium sandy silt. 15% brown sandy clay.

Silty Sand some Clay 100-115 Sandy Silt with some Clay and Gravel--Brown.
90% brown fine to medium sandy silt less than 1mm in size. 10%
coarse sand and gravel with clay. The sand and gravel is

Sandy Silt some Clay sub-angular made mostly of quartz, feldspar with white rock
fragments, 1-5mm in size.

100

some Gravel 115-120 Coarse Silty Sand, Gravel and Clay--40% sandy

brown clay. 40% coarse sand and gravel, sub-angular made mostly
of quartz, feldspar and white rock fragments, 1-5mm in size. 20%
coarse silt to medium sand less than 1mm in size.
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120-145 Coarse Silty Sand and Gravel--Brown. 15%-40%
coarse silt to medium sand less than 1mm in size. 60%-85% coarse
Silty Sand,Gravel&Clay  sand and gravel, sub-angular made mostly of brown and grey dense
sandstone with lesser amounts quartz, feldspar and mafic rock
fragments, 1-20mm in size at 120ft-130ft and 1-5mm from
130ft-145f1.
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sandstone, quartz and feldspar with some limestone, 1-10mm in
size. 15%-20% coarse silt to medium sand less than 1mm in size.
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::§:§: 145-185 Sand and Gravel--Brown changing to tannish at
s-g-g- 160ft. 10%-20% fine to medium sand less than Imm in size.
By 80%-90% coarse sand and gravel, sub-angular to sub-rounded made
[3:838] mostly of quartz, feldspar and mafic rock fragments with grey and
oSS Coarse Sand and Gravel Prown dense sandstone, abundant with abundant brown dense
:3:2:2‘; sandstone at 180ft-185ft, 1-15mm in size. At 155ft-160ft size
»::C:’:‘f:’: decreases to Smm and increases to 25mm at 165ft-170ft.

2558

s 185-195 Coarse Silty Fine to Coarse Sand and Gravel with
S:5E] Clay--Tannish. 40%-50% sandy tannish clay. 35%-40% coarse
5,55, sand and gravel, sub-rounded made mostly grey and brown dense
&858,
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195-200 Coarse Silty Sand and Gravel--Tannish. 75%
coarse sand and gravel, sub-angular made mostly of quartz,
feldspar and grey dense sandstone with some brown dense sandstone
and mafic rock fragments,20% coarse silt to medium sand less than
Imm in size. 5% brownish sandy clay.
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200-225 Coarse Silty Sand, Gravel and Clay--Tannish.
20%-50% coarse silt to medium sand less than lmm in size.
30%-50% coarse sand and gravel, sub-angular made mostly of
quartz, feldspar and grey dense sandstone with some brown dense
sandstone and mafic rock fragments,1-15mm in size, mostly 1-4mm.
10%-40% tannish sandy clay.
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225-270 Sandy Clay with Coarse Silty Sand and
Gravel--Tannish. 50%-80% tannish sandy clay. At 250ft-255ft
clay decreases to 20%. 10%-25% coarse silt to medium sand less
than 1mm in size, increases to 60% at 250f1-255ft. 10%-25%
coarse sand and gravel, sub-angular made mostly of quartz,
feldspar and mafic rock fragments with some brown and grey dense
sandstone, 1-10mm in size, at 225ft-250ft mostly 1-4mm.
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270-275 Coarse Silty Sand and Gravel with some Clay--
Tannish. 40% coarse silt to medium sand less than 1mm in size.
40% coarse sand and gravel, sub-angular made mostly of quartz,
feldspar and mafic rock fragments, 1-10mm in size. 20% tannish

sandy clay.
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275-280 Coarse Silty Fine to Coarse Sand and
Gravel--Tannish., 60% coarse silt to medium sand less than
Imm in size, 35% coarse sand and gravel, sub-angular made mostly
of quartz, feldspar and mafic rock fragments, 1-8mm in size. 5%
tannish sandy clay.

280-290 Sandy Clay with Coarse Silty Sand and
Gravel--Tannish. 50%-70% Sandy Tannish Clay. 10%-30% coarse
Sitty Sand,Gravel&Clay it to medium sand less than 1mm in size. 15%-20% coarse sand
and gravel, sub-angular made mostly of quartz, feldspar and mafic
rock fragments, 1-5mm in size.

290-300 Sand, Gravel with some Clay--20%-30% fine to
medium sand less than Imm in size. 65%-70% coarse sand and
gravel, sub-angular made mostly of quartz, feldspar and mafic
rock fragments, 1-5mm in size. 5%-10% brownish sandy clay.

Total Depth 300ft
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180

225
230

245

= Silty Sand and Gravel

o e ;:- some Clay

Sandy Clay
Silty Sand Gravel&Clay

Sany Clay, Silty Sand

0-20 Coarse Silty Sand and Gravel--Tannish. 50%-80%
coarse silt to medium sand less than 1mm in size, 20%-50% coarse
sand and gravel,sub-angular to sub-rounded made mostly of quartz,
feldspar and mafic rock fragments, 1-20mm in size.

20-180 Coarse Silty Sand and Gravel--Greyish changing
into greyish-tan at 125ft, 70%-90% coarse silt to medium sand
less than 1mm in size, from 20ft-25ft and 35f1-40ft there is 20%
silt to medium sand. 10%-30% coarse sand and gravel, sub-angular
to sub-rounded made mostly of quartz, feldspar, mafic rock
fragments with lesser amounts of brown and grey sandstone up to
90ft where the composition changes to mostly brown and grey dense
sandstone, 1-10mm in size.

180-205 Coarse Silty Sand with Gravel and Clay--Tannish.
75%-85% coarse silt to medium sand less than Imm in size.
10%-25% coarse sand and gravel, sub-angular to sub-rounded made
mostly of brown dense sandstone with lesser amounts of quartz and
feldspar, 1-5mm in size. 10%-15% tannish sandy clay.

205-225 Coarse Silty Sand, Gravel and Clay--Tannish.
50%, increasing to 80% at 215ft, coarse silt to medium sand less
than 1mm in size. 10%-30% tannish to brown sandy clay. 10%-20%
coarse sand and gravel, sub-angular to sub-rounded made mostly of
brown dense sandstone with lesser amounts of quartz and feldspar,
1-5mm in size.

225-230 Clay with Sand and Gravel--Tannish. 70% brown
sandy clay. 30% fine to coarse sand and gravel sub-angular to
sub-rounded made mostly of brown dense sandstone with lesser
amounts of quartz and feldspar, 1-Smm in size.

230-245 Coarse Silty Sand and Gra vel--Tannish. 40%-60%
coarse silt to medium sand less than Imm in size. 35%-60% coarse
sand and gravel sub-angular to sub-rounded made mostly of brown
dense sandstone with lesser amounts of quartz and feldspar with
mica,1-5mm in size.

245-300 Sandy Clay with Coarse Silty Sand--Tannish. 80%
tannish sandy gravelly clay. 20% coarse silt to medium sand less
than 1mm in size.

Sand Canyon TH-8 Lithologic Log
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345

Depth, Ft

Coarse Silty Sand

Sandy Clay

Sand Canyon TH-8 Lithologic Log

300-310 Coarse Silty Sand--Dark grey. 95% coarse silt
to medium sand less than lmm in size. 5% coarse sand made mostly

of quartz, feldspar and grey to brown dense sandstone with mica,
1-2mm in size.

310-345 Sandy Clay--Tan. Tannish sandy clay,

Total Depth 345ft
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Mechanical Grading Analyses




WW NI ON{NI40 3JAIIS

N O ___ LT 1T __ﬁ_ I _Hw_ !

T I
mm\_

(674

8°C= 01P/709P IN3IOI144300 LLIWHOSINN

WWORBE 0 = INISSVa %06

1

0z

1

00% "ON Q15 sn ~ 00!

0005 00" Ca Q1
Pl
CE-ADN-G .
‘Ul sasjaueg juoddng JINI1I5039
378800 | 378634 30 318834 "ws
'esE

13AVYO

189y G-

354v00

"ou [l18m uokup) puog

STISATIVNY ONIQVY9D IV¥IINVHIIW

_uEu.>_

g "Zud/0d49 M

LIS

INISSVYd IN3DU3d



WW NI ININ3I&0 3IAIIS

SISATIVNY SNIQJVY9 TYIINYHIIW

"00% o0 og 0002 ‘01 00§ 0oz “y 0G0 020 a1 0 00 20°0 i0-0
FET T F'TTTT _ FT T i T T __ LT TT T T FTTT _ P T T [ET T T T T 17T IT 10 I'TT7
~ 0
0B6-AON-G , "N ._.:_ f_\n _ a_: mn_xn a_ﬁ: mn.)

i B/ 2% —

— - P - O
UCH w00a>Lﬁm d._n.n-aw._w wozw_UmeO
T
— of
- oy
-1 0%
-« 09
— oz
0 F= 01P/09P EN3IIDI143303 ALIWNO4INA

[S243ul Ci0°0) ww G2L°0 = ANISSYe %0G 00

_
— 06
"ON Q15 sn =004

m __. ﬁ._“ o__ m__ f_, u__ o_m o_n o_,. o_m on_: o,_um 2_:
379803 | 3188934 390 378834 "uWS | 3INNvEs _mmm<ou.> Iswvon | a3u I 3Nt T anga A _
189¢ 290 [ 111N oLl &6 9 2 +2lA7Q00 M
IIAVHES dNVS 1718
1884 0/-G9 - | "ou [l@m uoduoy pubg

INAOMA

ONTGSEY



WW NI 9NIN340D 3A3IS

ol 00°g 0o ‘1 060

20°0

I T U O I I FETT
| ___ ﬁ

|
. TNE Y/ Qie ! a1 NL\n uu\_

eLre 26s%
"Aul seaiaaag juoddng 3IONI]ASGID

RRRN AR
ahe

0e og 8} 09

¢ 14 QEZ21 #1 91
S R v A o D A

i FET

67F= OIP/0GP INIIZI44300 LLiWHO4INN

{seyaut

Ow_

9c0 " 0}

owm

ww Qe

= ONISSVa X0G

‘ON d1S SN

3788070 | 378834 321

1gac

Isuvon |
¥01 1

I 39nnvue
FeOLL

178834 ‘WS
9299

13AVED

a3u
562

ANVYS

_umx<ou.>

Tou

1884 0P 1 -GT | piem

SISATIVNY ONIAVY9 YIINYHIIM

[ 3anta [ 3NLd A _
9

vodAung puog

2 ‘2147040 N

1" 0

Ol

02

QL

O

0g

09

0L

og

06

0014

ONISSYd IN33¥3d



‘01

WW NI

00'g

oo-2

ININ3I40 3A31S

050 oy o S0°'0

TIu] ﬂOUa).uOm dLD.uQDW uovﬁwuumﬁumw

TP T _ T

Q6-ADN-§ "N§

¥

i _ ETTTT
LR I T |

/e ds

eeri

2ese
2%/8

€ ¢+ 9
| ]

PTT
|

sl

0121 ¥l g}
F1f

P T

T T T
21

£78= Q1P/GIP INITD1I4300 ALIWYOJINA

(S840UT 62D°0) ww 40/ 0 = IN[SSVg 108

e

02 g of "ON QLS sn

A S A

ow_ me

378803 | 378834 391

1e9¢c

378834
9299

REIN 2R

‘ug ERRTIT
#2011

_umz<oo.>

a3 I Tanng
[+ 7] 1a

aNvYs

3suvoa |

EET IR _
¥}

a 2447042 W

1884 01-G - 2 "ou [[8m uokupnq puog

SISATYNY INIQVYD TYIINVHOIW

0t

oz

0g

OF

05

c9

0L

08

06

001

INISSYd IN3DH3d



‘001

!

Q005 0002

ot 00

WKW ONT ONIN3QO 3ATIS

G o0z ! oG 0 020 ot 0 {0 ¢] 20°0 i0°0

PITTT T __ P17

CE-~AON-G

T

FTTT _ FET T FTT T 7TTTT _ FT T TT T TTT T [TTTT1 T
Folo !

s

Sedtavag juoddng 3oN3IIOS03I9

i

!
NL Y/ gl u\. 2/t m.¢_ mL\~

2¢/%

— 02

2%« OLP/09P INIID144300 ALIWNOLINA

(s8u3ur 210700 ww 9oL 0 = ONISSYd %OS

I ] [ 11 | { I

_ b _

7 378803 |

378834 397
199¢

37883d WS
9299

13AVYI

. —{ oot
v 9 OL2V vt QL | 02 0OF OF ow 001 002 00¥ ON d1Ss sn
|

I 3nnvua | 358v00 A | 3suvod 1 a9w
QL L1 TN 62

INES | 3NLa A _
1] 2 ~2ld/0d9 M

dNvYSs 17118

1884 G2-02 - 2 "ou [[am uohuoq pung

SISATIVNY ONIQV¥9 TVIINVHOIW

INISSVd IN3JY3d



01

MWW NI SNINIgO IA3IS

00°'G 002 ) 050 02'0 01 o g0°0 200 1o'o
P TTT T T 177 ﬁ___ i FTTT ___ T [ 7T 1 i T ___ T T T 'TTT [T7 ___ T T T 17
06 ~AON-G widndale U ! d 7 °
- LA TV g/ 20/C 9isi E{val

2 2L/c 2sG .

— F - 01
TSUl S331avag ju06dng 3IONITI5039
~| o2
- Of
- O
- 08
— og
- O
'€= OIP/GYP IN31J144300 ALIWHOJINA

[S24auT Gi0°0) Ww vEE 0 = INISSVa KOG 08
— 06

.
"ON a1 sn —j 90t

m M w o_, m_, v_, @_# o_m owm o_f o_m. ow_ oﬁ_wm oﬁ_:
318802 | 178834 391 378834 WS | 31NNVED _wwx<8.> ISdv0D | Q3w " 3NI3 | 3N14 A _
199¢ 9299 [ 1 +0L0 562 i9 2 * 2447040 o
13AYYY INVS 1718
1984 0G-Gy - 2 "ou [[8m uokupjg puog

SISATIYNY ONIQYY9 VI INVYHO3IW

ONISSVd IN3O¥3d



. T WW NI ONIN3JO 3AFIS

‘001 006°05 0Q 02 0l 00" g 00 ¢e ._ 05°0 Q2o Qi o s0'c

PTT T TTT T ‘m__ I T __H P __ LT 71T TT _*__ [ LR T A D U A I FTT
I _

| - 0
0E-AON-G ] TR T st mm_\n 9l71 m»_\_ ©

= 2L/ L -]

"3u] saoiavag 140dong 3IINI1DS039

8°€= 01P/09P IN31J144300 LLIWYOSINA

(584Ul £00°0) ww 9gH"0 = 9NISSYL %Z0S

fL Lt i 1 i i | [
3796090 | 378834 3N 378834 WS | 3INNYE9 _umx<oo.> 3/uv0Y | QI INTG | OINES A *
1g9g 9299 FrOt: +0hi S62 (1] -4 ‘2237069 ¥

AIAVHD GNVS 1718

] 00i
m b w or2tvi g1 | 02 o0¢ O ow 001 002 o0y ON Q1§ 50 ™
[

1884 GC-0¢ -~ ¢ "ou [[s8m uvcAuony puog

STISATIVYNY ONIAYY9 TYIINVHOIW

ONISSVd IN30Y3d



‘Qay

oo og

01

WWONT

ININILO JATIS

Qo g 002 " 0g°0 020 orn L0°0Q 20°0 10
I TTT ITT T _ [T T b1 4, TP 1T 7 P T P T T __ P T T Tt T T T TTTOITTTT 1 TT 177
Q6 -AON-G ) "Nl .__2_ o__\n | n,\. mn_\n E_\_ NL\_ N
B 2ere 2/ ]
"Bup sesiaueg 1ueddng 3JON3I15S03D N
L'E= OLP/0GP LINI1D144303 ALIWHOIINN
[seusul Z|0°0) ww 20¢°0 = INISSVe X0S
4 ¥ w 0121kl 91 | 02 o0Of oOf 09 001 owm 00v ‘ON gLs SN T
I [ | | | { |
318809 | 378834 3T 3789934 WS b 31nNvys _mmx<ou.> Isuvod | azu ENEELE IR _
1Q9% 8299 FPDLL LU TS qb2 Y] 2 2137049 W
3IAVHD aNVS 1718
188} G6-06 - ¢ "0u [lam uoAup] puog

SISATIYNY INIQYHI TIVOINYHI3MW

01

Qe

of

O¥

0g

09

074

oe

6

001

ONISSYd IN30OH3d



WW NI

"0l 00°g ooz

ININI40 3A31S

050 Qe o (S GC0°Q

U I O FTTT
P __ _

ML 7O F R TV _

m 20/4 2

§3314A43G juoddng JONT108039

Q6 -AON-G &. NFn n&_

T2l

M .._~ % o__ N__ t__ m~_.

Pl T _ T T I A O I 0 B

NL\_

.ggl

1y 05[

S§°c= 0IP/09P IN310134300 ALIWMOSINN

(58u2ui B10°0) ww §Gp 0 = DNISSY4 X005

02 0f O 002 "ON ars sn —] 90!

_ I ! | _ L _

378803 | 378834 3

098

ERTTE
*¥Qu i

378834 "WS
9299

TIAVYHY

_umx<au.>

1894 0B61-GRL - ¢

"ou

3Iswvod | asu I 3Ni3 T aNis A _
#0010 £62 3]

aNVS

2 ~2id/040 W

[ 19w uoAuog pupg

SISATIYNY ONIQVY9D YD INVHI3ZW

INISSVd IN3DY3d



WW NI 9ONIN3J40 3A31S

001 G0 0g 0c oz o oerg oo-2 Tl 0580 og o 0L o Q00 ¢0°o t0°Q

P T T ___ PUTT T ____ I T O O P11

-~ Q
06 -AON-G ‘Nt .w\__ E_\n w o_\_ NL\n E_: Nn_\_
2trs  agsg

0°G= QLP/09P EINIIDIAI302 LLIWHOSINA

(3843u1 /20700 ww 690 = IN[SSYg 208

. ~{ 00}
m q % oﬂ ﬂ,vﬂ mn om ow ow ow ow_ owm 00+ ON Q15 sn

3788070 | 378834 397 37883d "ws | 3 nvya | 3suvod A I 3savos 1 gay I 3ntd T 3NE4 _
regg 9299 PO sl 362 19

2 *2id/Q49 M

13AVYI aNvs 111s

+9984 02-G1 - ¢ "ou [[em uokuojy puong

SISATIYNY INIQVYD IVIINVHIIW

ONISSYd IN32¥3d



WW Ni ONINJIg0 3A3E8
Q0L oo 0g OO.DM 0l [s]epge] ooz ._. 04" 0 g2 n (LA
FTTT FTT 177 __~_ t FET] ___ [ 177 ____ _ FT T ___ [T 1 FTT T 7 1T P T T ___ T
06 -AON-G . ) N .._\L E_\n _ o”: mn._\n E_: wm: 7 °

& 2L/L BRsg

"9ul saviawag jueddng 3ONI1OS039

INISSYd IN3JY3d

— 09

P E= 01P/09P IN3101d4300 ALIWNO4IND

(8443ul G20"0) ww 669'0Q = INISSYae X0G

. -~ 001

m 4 m On J#¢ﬂ aﬂ om ow Oﬁ ow o%, owm ow1 ON QLS SN

3InE80a | 318834 397 378834 ‘s I 3nnvea _umm<ou.> Isyvonr | g3u I 3NTd T 3nTd A _
199 3299 QL 0L &62 9 2 "2.dr0a9 W

A3AVYI aNVS LIS

1983 GG-0G - ¥ "ou [[8m uvokup] puog

SISATIYNY SNIQVY9 VI INVHIIW



01

Q0" &

CWW NI ONIN3G0 3A31S

o002 i oG Q 02 o gL g0

06 -AON-G

F

R ]

S@31A43g taoddng 30N3 105039

i

P _ FTTTT
[ IR

TNi kAL

2Lse

t
!

g

FTT

! |
e

T T T

FTTT _ P T _ T FTT T

s

LT
2L/

d

I"¢= OIP/09? IN31D144300 LLIWHOFINA

(ROU2UY 5i0"Q) 4w GGL'0 = ON1SSYy X0S

ae Qg Ov ‘ON JLS SN

% oﬂ 2! ¥i 91

Gl

o2

oL

Or

05

09

(174

o8

as]]

318605 |

378834 390

3786834 "W§

T 3nNvyg

(31

9299

Q3w

| | i i | i | I
35uv0d | !

3NIL4

I anNis

INISSYd IN3D¥3d

_mmm<ou.>

0Ly *OLl S6&

ANVS

%] 4 ‘Sad/Qad M

13AVYHO

1984 G21-021 - v "ou [[em uvoAkuo] puog

SISATIVNY ONIQVY9 TTVIINVHIIW




ot

Q05

W NI

oo'e

ONIN3J0 3A3IS

T 05°0 02'0

oo

S0°0

CB-ADN-G

T

F#ainaag jdodong JgN310S03Y

BT T4 - TV

.

2L

2L/G

/1

9
|

ml ___u T_ " __, I

2ere

[
J !

sl

o1t ar vl 9y

| |

[T

[T T _ FiT T T

NL\_

(Sayouy

02 og G#

00!
J ! |

P

S20°M

¢ %= 0IP/0GP INIIZ144300 ALIWNOSINA

ww giz°0

= INISSYa %05

"ON QLS SN

378800 | 378834 399

leog

378634 WS

9299

TIAVHD

1884 Gg1-008|

[ 3NV

FrOL

—wmm<oo.>

?
Iguvon | |

Ol

a3n
§52

aNVS

ELT
i9

SISATIVNY ONIGYY9 TI¥IINVHOIW

- G "0u (8w uoAkup) puog

-3 ~2h47Q49 N

04

o

oL

O¥

Cs

09

0L

08

06

o0

ONISSVYd IN3I3¥3d



WW NI ONINIQO 3A3]1S

ol 00°g9 oe g 1 Qg0 02 0 ot e SC°0 ge o t0°'0
FTTT __ FTT PIT T TTT7 __ ET T T TrT T TIT T 1] Pl
— 0
L .__\_. m,_\.n _ n_\_ mn_\n m:_\_ mn_\_ &
H s 2ss -]

. i Jo
Ul 2802iAgag jsoddng IBNIIOS039

— 02

-1 0g

— 02
Qb= QIP/0QP LNI[D143300 ALILNOSINA
{SEudu) GEG Q) Wi »BR°0 = IN[SSVQ X0G o8
—{ 08
. — 001
4 ﬂ w ow w_¢= mn om om ow ow o%_ owm ow1 ON dls sn
378800 | 3854 397 379834 ‘WS [ 3nnvus _umx(ou.> I 3guvon | Q3w ' ant4 T anig -a _
189g 9299 POl L 0 ¥ 19 2 ‘2814/Qd9 W
RENN 2R aNVS 1718
198 0B2-G8C - G "ou [[em uoAuDy pung
SISATIYNY ONIAYHI YOI INVHIIW

ONISSY¥d IN30¥3d



MWW ONT ONINIGO JAT1S

001 0009 Q002 ‘0 [pLal: a vy N [RICY] (LRI, a0 0 200 100

oo
iJ_ _hﬁ____ _____ TT1 1 _,____ T T T 7TT 717
T I

I — Q
06 -AON-G NI WAL leg Qs g/t E_: NL\_
YT

},

T9u] sesiavag ysaddng ER L EIEGED) d i

l_oo

9 c= 0127089 INJITid4300 L11WNOJINA

fE8uaUT »10°0) ww ygp-Q - INISSYg %0g

& A

&

s . — oot
g 012wt Q1 [ 02 OF O om 001 002 0% ON als sn

—t &

m _ [t 1 | { |

378600 | 378834 397 378834 WS | 3nNvyg _mmx<oo.> Isavod | g3l TR =TT R _
169 9299 LAY Y01 562 9 p-4 "243/0a9 %

13AYHI ONV S 171s

1994 G9-09 - g "ou [lem uokuon pung

SISATIVNY ONIQYY9 VI INYHIIW

INISSYd {N3O¥3d



WW NI

ININ3dO 3A31S

00°0g o]l 00'g o0’z 050 020 oL o SC0 20°'0 10
[ [T T 177 [ P17 P __ T _ T TT T _ TETTT __ T [T 171 1T 77 TT 1]
CB-AON-G NI vhl_ m,_\n _ o_: mm_\n m__\_ \\W_W\O\\\\@ll\ll.b ]
EY 2esL 2L/ i
"IU] Saslagag lvoadng FONI 105039 \\ 7
Y
~ —
o -
R
@°C= 01P/09P IN3ID144309 LL1WMHO41NN
LS342VE £02°0)  ww £G1°G = 9NISSYg X0G
w _M w Oﬂ w_vﬂ oﬂ om om ow ow ow. owm ow‘ "ON Q1S 51t
3718609 | 37g33¢ 331 3M83Id WS b 3 nNvus _wwm<ou.> I 3swvon T a3 ' SNi3 T anis ‘A _
tegg 94299 PeOL #04 562 19 2 2.4/ 0dD M
A3AVYHY aNVS 1718

1884 Gl11-011 - 9 "ou [[8# uokuo] puog

SISATIYNY ONIQVY9 VYD INYHIIW

Ot

ac

g

O+

as

og

0L

og8

06

oo

LN39M3d

ONTSSsYd



“WW NI IONIN3JO ATl

oo Do NG o0 ol O 00" g [V]0 4 " G0 02 0 JOE I S0°'0 20°0 10°
FTTd :,_______ :_m___:_______ ______:__.____ FTH T T7T 71T FT T
CE-AON-G ) "N .w\__ o._\n ! o_: mn_\n n__\. mn_.: ]
& 2L/ 20s/9 .
T3l 8834Au3g juoddng JIN3IT1I5039 B
\ 2vs 0127097 INIIQ{44300 LLIWMOJINN
(S8UUi P20°Q) Ww G1.°0 = INISGVe KOS
i o g v 9 0z ot o g o1 002 00 "ON 415 SN 7
378800 [ 378834 397 378834 WS | 3ANVED _mm%ous ISHV00 | a3W I 3Nts T 5NTs A _
189¢ 29 FeQLl LI S62 I3 2 -2iA/0aD o
13AYY9 ANVS 1718
19835 GQ1-081 - 9 "ou [[em uohuoq puog

SISATIVNY ONIQYY9 TYIINYHIIM

O

o2

o

or

0g

09

[#F4

ce

06

00!

INTSSVd INIDY3d



T001

600G

Q0-02

Wi N

0G 0

ININ34O 3JATIS

Q0

%00

[ TT

]

06 -AON-G

T T T &d LT

ME KL Qusg
2842

“oug

§397Audg jHoddng JONIID5039

Q\\\

¥
i

e

I

4

9
!

L\_ NL\n

002
! _* T

u_w_

e

Of 21 v1 gy
11t

P __ FTT

2

Dm OW

0¥

!

cg

(Sayau

Q01

I

G20 01w

O%m

P T T

¢k= DIP/097 INII1D133303 LLIHEO4INN

woa2egto

00w

= ONISSvg %09

“ON dLS SN

376805 |

318934 397
169¢

378834 "Wg
9299

13AvYYY

IES T

(2 I

_mmm<ou.>

38dvY0D
voLl

a3u !
S62

dINVYS

3NLd
9

ETTIRE _

1984 012-802 - g "ou [1am uoAuog puog

SISATIVNY ONIQVHI YOI INYHOIW

1118

“2ad/de3 M

01

o2

og

OF

0s

09

474

g

o6

001

INISSVd INIM3d



001

-WW NI ONIN3G0 3A31S

00" 0% 0002 01 00'g ooz 0 0G0 020 010 S00 20°0 0
FT 1T PT T T 7 _ TT T T __ FF T [T T FET __ ] I T T P FT T T 717

Ce-AON-G . Ml .._}_ E_\n _ o_\. mn_\n E_\_ NL\. ]
2 2L/t 2¢s% .
‘7Yl sediavag jaoddng 3ONII3SH39 ! ]

17€= 01P/09P INIIDI4430D LLIMNOS4INN

fSEUUT 110°0) ww §92°0 = INISSVa %Z0G
m q w o= J_vt aﬂ om ow ow ow ow_ owm ow. "ON d1s 30 T

378800 | 379834 3T 378834 ‘WS | 37nnvaa _mwm<ou.> I "3suvod T asw [ 3aNts T amis oA _
L= 11 L2 1N 011 S62 19 2 2147000 %
TIAVYHD ONVS 17118

7884 09-GS - 4/ "ou [lanm uohuogy puog

SISATIVNY ONIQY Y9 VI INVHOIW

]}

02

og

(03 4

0

09

0z

o8

06

001

INISSYd IN303Y3d



‘001

00 0g 0002 01

oo'g

WW NI ONIN3I40 3A3IS

oc-z2 “

V1]

[FA W 200

PP

N R I e ___ b

T T

__ P

T |
__r

06-AON-G

NI FAL

/e

Cra

Nn.u\n . O—M\p

mL\_

[y

Taug

-

$82irvag j20ddng 39N3I}0S039

¢
_

¥

[ W

g
!

0t2l#1 Q1 | 02 of
I _ _

OF

DT _ T T

09

(Seuduf

001

I

il

Y S= 0420097 IN3I10144300 4LI1WHOSINA

W

i1 Q)

owm

16@° 2

= INISSYa X0G

"ON QLS sn

o2

ot

Or

0g

09

074

[o°]

— 001

37186090 !

378634 397
i99g

38834 WS
9299

T3IAV Y

RN
0oL L

1984 G2i-02|

_umm<ou.> 35uv0D

*aL

"ou

- £

a3
562

ANV S

NI 4
9

[Tem uodhuog

SISATIYNY INTAVHO IVIINVHOIW

NI _

ouUoD S

“Zodr0ad N

INISSVYd IN32¥34



Wi N |

Q0708 GG o “o 00’5 Qo'

ONINgdU dA gt

" 05°0

[T 71T

FTT T

T T ___ Pl P T [

) 1
06-A0N-G i-L:_a&n_ 9s1 m%n Er
2L uss

(VL saotauag ju0ddng 3oNT1O8039

£ 4 9
[ { |

DL 2t #1 9I

T

0z of o
[ | [ _ _

T
sy

c9

§79= 0LP/09P IN3IOIE44302 ALIWEOLINN

[Seudut Q3 0] W G20°1 = JNISSYa X0C

0o 002 "ON Q1S 50

{ | |

3788030 | 378834 397

199E

318834 ‘WS | 3INNVY9
@299 [F 1IN

T3IAVYD

Y884 00¢-G62 -

_mmx<oo.>q

V4

339v¥00 |

¥OLL

g3u

&b

dNVS

Tou

INLS

_mEu_>_
19

[ T2L47049 M

[1em uohuog pucg

SISATIVNY ONIQVYY9 VO INVHOIW

0l

0e

oL

(8] 4

0s

09

174

o8

06

ool

ONISSVYd IN3J¥4d



ale ]}

000§ 00° 02

ry

P

Wil NI ONINIgU 3A3I

‘01 co'g oc-2 "1 0s°0

ge'e

ot-

[T

JTT T T __q Fl

I

LT T ___ [

Li T ___ 1

T
NI v_\_d o__\n _
egsL 2Lsg

CBE-AON-G 5_ w&n fr_ w%.

Trul

Saofavsag 1204dng JINIIDS03I9

¢ + 9 a1 2l vl 9y
(I J L L1

£°G= 012/03P IN31Qi34300 ALTWYOILINN

(Seyoui

ow ow ow

om owﬂ

0e0 0}

Dwm

ww o 19s°0

= ONISSYa 405

"ON QLS SN

0l

o2

oL

51

0g

09

0L

08

Q6

— 001

3713809 |

378834 391
-1

378434 “WS
9299

T3IAYYO

b 3 nNvyg _umm<ou.>
¥¥Q1 L

1881 Gl-0| g

ou

ISUvaD |
Y011

a3k i
LT

aNVS

INGS | INLs

19

{18 wodAudn puong

SISATIVNY ONIQVHI VO INVHIIW

B

2 ‘S1drGdd N

ONISSYd IN3OY3d



SISATYNY ONIQVYH9 IVOINYHOIW

01

og

oL

Or

Qs

09

[e74

og

05

001

CWWOND ONINIGD 3A31S
001 2009 a0 -0z el ot g oo 2 "l g 'O 0z n oy Q00 20°0 19’
[ TTT TTTT77 _ [T 1] IR __ [T 177 Pl T 10 ___ T FTTT I'T T P T T P T
0B -ADN-G . NI v_l_ o__\n | n_: mn“\n E_: mn_\_ N
i e 2se —
Touy s3otavag 1Jo0ddng 3oN3108039 &v ]
0°€= 0LP/OGP INIIJ124300 LLIWEO4INA
(SBUdUL y1Q°0) ww £GE'0 = ONISSYe X0S
% y M_ CLetvi 9 | 02 of o ¢9 001 002 00v ‘0N QLS 50 T
i [ 411 | _ ! | | | |
318609 | 378834 397 37983d ‘Wg I 39Ny _wwx(ous I%uveD b a3u boantd T anig 4 _
199¢ 9299 +¥0LL LT Q62 19 2 1214/0dD W
BENY AR GNYS 1718
1884 Gl 1-0l]l - g "ou [fom uoAuog puog

INISSVYd IN30M3d



SISATIVNY INIQVH9 VI INYHIIW

0i

02

o¢

oy

05

09

0L

08

06

001

W N i aau ang | ’
001 0005 00 ga- -0l 00°g 002 080 020 010 S0°0 2070 o
T T Py T T __q“ ] L ___ P17 __ TP T T ____ I [T 1T FTT FT T T ___ P
06 -AON-G NP v_\._ u._\n i e_\_ mn_\n o__\_ mn_\_ 7
Z 2e4L 2esS o ]
‘UL ssaisvag twoddag IINJIIS0ID I
= |
ma —
"y
Q p—
R
9°2= 019/099 INJ1Di44309 ALINHOJINA
(834Ul £10°0) W 10y'0 = INISEVY %0G
m __. w o__ m_. .._. m__ om o_n o_f ow 2_.: o.wm 2_: "ON Q18 30 T
378507 373934 397 378834 WS | 3NNYES —mmm<ou.> Isdvod | aau FooaNi3d | 3Nt oA _
199¢ 9299 i 01 %] i9 2 -2id/0a0 W
RENY 220 ANVS 11Is
1891 0B1-GQ1 - @ "ou [[8m uokupn puDng

INISSVd IN3JY3d



009z "0t

00°'g

- HW NI

002

"1

050

ININ3G0 3A318

50°0

06-AON-5

‘NI ksL
2grs

},.

"Jul

S8ajavag iveddng

3INF135039

1

! ___% fw

tsg

[ “ LT
[

ees9

mL\n

e/ m:_\p

g G2t wt 9]
_ [

oe

a_ P _ T T T P T
mL\ [

og
f

]

v 2= 0IP/09P INZID| 44300 ALIWHGAINN

f$ayauj

£20°0}

o_v o_.w oﬁ_u_ oﬁ_um

f ]

ww 280 -

IN1SSve %05

“ON 448 sn T

378802 |

378834 290
199¢

A1883d WS
5299

A3AVYYHY

ERTITY)

(24101

Y884 Gv2-0ve - g

_umx(oo.>_

3ISUV0D |

0l

REDY b 3INId | 3Nid -a ‘
$62 g

dNVS

U TT18m uohupy puog

SISATIYNY ONTIQYYS I¥DINVHOIW

‘2i4/0ad N

01

02

oL

[¢] 4

s

09

874

o1}

001

INISSYd {NIDMId



APPENDIX C

Water Quality Analyses




Clinical Laboratory of San Bernardino, Inc.

Post Office Box 329

1585 North * D " Street

San Bernardino, California 92402
Phone (714) 885-3216

TITLE 22 CHEMICAL AMNALYSES

8999

G
Date OFf Report isb Semple 1.0. Kumbar.
12/06/1990 90/C/5482
_sboratory Nume Sigmoturs Lab Direclor 4
Clinical Iaboratory of San Bernardino, Inc. a,
(74 4r 4

i sme of Sampler

| {ICHAEL J MENDEZ

Sampler Employed By

GEOSCIENCE SUPPORT SERVICES INC

Rate/Tims Ssmple Colieciad

Dats / Time Semple Received of Lab.

Wars Holding Timet Observed?

0 11/11/1990 11/30/1990 Yes
yslam Name System Mumbar
" SBOSCIENCE SUPPCRT SERVICES INC
Bescription of Sampling Pelnt
! nme/Number ol Sample Sowrce Statioe Humber )
SAND CANYON #1140 FT T O O I I I
| e sad Time of Sampla Water Type User 1D, Submitted 16 SWOIS By
bpejojajagagag o 14 L ot 1|
Y Y M M D DT TTT G/S
] MCL Reperting Units Constituent ; Storet Code Analyses Results
. Analyzing Agency (Laboratory) 28 L 1.3, 7, 6,1
| mg/L Total Hardness {as CaCO3) 800 f 23 14 74 .4 6
; mg/L Calcium (Ca} 916 1 | 6 B | 2
mg/L Magnesium (mg) 827 q 1y 1y o &
] mg/L Sodium {Na) 829 1 1 1 94 1 8
1 myg/L Potassium (K) 837 i 1 1 1 1«1 4
Total Cations meg/L  Value: 4.8
{ (Cations,Anions) 3.0% Meg Difference.
; mag/L Total Atkalinity {as CaCO3) 410 | 2y 2y 64 ., 0
mg/L Hydroxide (OH) 71830 | L <y 1y ;| O
1\ mg/L Carbonate {CO3) 445 { <3 1 1 O
mg/L Bicarbonate (HCO3) 440 |21 71 54 1 7
ol mg/L Sultate (S04) 945 i ' L B ; O
) * mg/L + Chioride {Cly 940 | 1 1 7 P o« )
: 45 mg/L Nitrate (NO3} 71850 1 1 1L 5 L9
I 14-24 mg/L Fluoride{F) Temp. Depend. 951 | 1. <3 0 ;1
Total Anions meg/L Value: 5.0
|
1 Std UNITS pHiLaboratory) 403 1 1. 7y .1 5,0
**  umho/ecm + Specific Conductance(E.C.) 95 1 L ! | 8, 0
1‘ Total Filterable Residue
| wes mg/L  + at 180°C (TDS) 70300 p 23 8, 8¢ ., 0
UNITS Appatent Color {Unfiltered) 81 ! 1 I 1 |
\ TON Odor Threshold at 60°C 85 1 | j L
| NTU Lab Turbidity 82079 1 1 1 q |
05 mg/L + MBAS 38260 [ €1 0y . 0,2
® 250-500-600 ** 900-1600-2200 *** 500-1000- 1500
835411/86}

CRR ATHER SO




SYSTEM NAME AND NUMBER GEOSCIENCE SUPPORT SERVICES INC

Page 2 of 2

No Entry

®* THE FOLLOWING CONSTITUENTS ARE REPORTED IN UG/L *

80/C/5482

MCL Reporting Units Constituent I Storet Code Analyses Results
50 ug/L Assenic{As) 1002 ¥ i { t )
1000 ug/L Barium(Ba) 1007 ! 1 1 I 1
10 ug /L Cadmium{Cd) 1027 | y | i I
50 ug/L Chremium(Total Cr) 1034 i 1 1 i L
1000 ug/L+ Copper(Cu} 1042 1 1 1. <1 5,0
300 ug/L+ kon(Fe) 1045 | i €3 1,0, 0
50 ug/L Lead{(Pb} 1051 1 y | { .
50 ug/L+ Manganase (Mn) 1055 I i L<}1 3,0
2 ug/L Marcury(Hg) 71900 i 1 i t |
10 ug/L Selenium (Se) 1147 | | i q N
50 ug/L Silver{Ag) 1077 1 | 1 | )
5000 ug/L Zinc(Zn) 1082 I i i <1 550
ORGANIC CHEMICALS
0.2 ug/L Endrin 39390 i 1 | i [
4 ug/L Lindane 38340 | 1 t i 4
100 ug/L Methoxychlor 39480 1 I i g |
5 ug/L Toxaphene 35400 1 I { | i
100 ug/L 2,4D 39730 | : | | :
10 ug/L 24,5 TP Sitvex 39045 1 q | i {
Date ORGANIC Analysis Completed 73672 | | | | i
Y M M D D
ADDITIONAL ANALYSES
NTU Field Turbidity 82078 { 1 t i {
Y Source Temperture 10 I | ] 1 |
Langlier index Source Temp. 71814 | i | 1 i
Langslier Index a1 60°C 71813 ! , i \ |
Std. Units Fieid pH 00400 { | } 1 1
Agoressive index 82383 i | i i L
mg/L Silica 00955 t [ { ! |
mg/L Phosphate 00650 { i | y {
1 ] ! I i
i 1 i | 1
i | ] 1 1
1 1 1 1 1
RADIOLOGICAL
5 pC/L Gross Alpha 1501
pC/L Counting Error §5% 1502
50 pC/L Gross Beta 3501
pC/L Counting Error 95% 3502

f— o e b e b -

SR W N DU SHON A
il ol TH Spy Sipy UV N
- - - = L
b = e = e e

+ indicates Secondary Drinking Water Standards
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Clinical Laboratory of San Bernardino, Inc. **

" Post

Office Box 329

1885 North * D " Street
San Bernardino, California 92402

Phone (714) 885-3216

' TITLE 22 CHEMICAL ANALYSES

G
Jete DI Report Lab Sampia I.D. Number.
| 12/06/1990 90,/C/5480
| shatatery Hama Sigastaro Leb Director '
“linical laboratory of San Bernardino, Inc. C, 001
! ome ol Sampler Sampiar Employsé By “ ¥
! [ICHAEL J MENDEZ GEOSCTENCE SUPFCORT SERVICES INC

Jate/Time Sampla Cotlectad

110/11/1990

Date / Time Sumple Recejved ot lab.

11/30/1990

Wers Holéing Timas Observed?
Yes

| stap Mema

! -BOSCIENCE SUPFORT SERVICES INC

Systam Numbet

lescription of Ssmpling Peint
i

i
| ime/kumber ol Ssmple Sowrce

SAND CANYON #2 60 FT

Station Number

I O T Y I IO O I O

19 sad Time of Somple Watsr Typs

Usar J.D.

Subminsd te SWOIS By

||

IR o B K I 2 O I O I

Y Y M v D D T T T T G/S
i
‘ MCL Reporting Units Constituent }- Storet Code Analyses Results
Anatyzing Agency (Laboratary) 28 1 1 3. 736,21
E mg/L Total Hardness (as CaCO3) 800 1. 1, 5, 064 .4 4
! mg/L Calcium (Ca) 916 g i 41 5 1 3
_ mg/L Magnasium {mg) 9z7 1 3 1 9 1 O
| ma/L Sodium {Na) 829 i i L. 9y . 2
l mg/i. Potassium {K) 937 i { 4 . 4
Total Cations meg/L  Value: 3.5
(Cations,Anions) 4.2 % Meq Difference.
mg/L Total Alkalinity (as CaCO03) 410 . 1, 6 4 ; B
mg/L Hydroxide (OH) 71830 1 L <1 19 . O
mg/L Carbonate {CO3) 445 1 L <11, i O
mg/L Bicarbonate (HCO3) 440 L 27 0,4 1, 1
! = mg/L Sulfate (S04} 945 i | 1 6 1 2
b mg/L 4+ Chloride (Cl) 840 § 1 7 1 6
45 mg/L Nitrate (NO3) 71850 1 { 14 t 0
1.4-24 - mg/L Fluoride{F) Temp, Depend. 951 | | 1 0, . 2
Total Anions meg/L Value: 3.7
i
Std UNITS pH{Laboratory) 403 I 1t 71 .1 4,0
**  umhofern  + Speciic Conductance(E.C.) 95 i 1 ) 31 740
Total Fllterable Residue
il mg/L  + at 180°C (TDS} 70300 L 2y 21 5 .17
UNITS Apparent Coler {Unfiltered) 81 i i i | |
TON Odor Threshold at 60° C 865 i \ i i q
05 mg/L 4+ MBAS 38260 } <y 0y . 0, 2
) * 250-500-600 ** 900-1600-2200 **® 500-1000-1500
. B351(31/86)

CRIF ATHER SIDE




Page 2 of 2

SYSTEM NAME AND NUMBER GEOSCIENCE SUPPORT SERVICES INC No Entry
90/C/5480
* THE FOLLOWING CONSTITUENTS ARE REPORTED IN UG/L *°
MCL Reporting Units Constiluent ; Storet Code Analyses Results
50 ug/L Arsenic(As) 1002 i | i | |
1000 ug/L Barium/{Ba} 1007 L1
10 ug/L Cadmium (Cd) 1027 i | 1 ) i
50 ug/L Chromium{Total Cr) 1034 | [ i | P
1000 ug/L + Copper(Cu} 1042 1 1 1.1 5,0
300 ug/L+ kon(Fe) 1045 { | i 4 4,0
50 ug/L Lead(Pb) 1051 I L1
50 ug/L+ Manganese (Mn} 1055 1 | 1 1, 6,0
2 ug/L Mercury{Hg) 71900 | | i I 1
10 ug/L Selenium(Se} 1147 i | i i \
l 50 ug/L Sitver(Ag) 1077 | | i | ;
| ___ 5000 ug/L Zinc{Zn) 1092 L1+ <3 5,0
ORGANIC CHEMICALS
0.2 ug/L Endrin 39380 i 1 1 ! {
4 ug/L Undane 39340 ! i f i |
100 ug/L Methoxychlor 39480 { 1 ) 1 i
5 ug/L Toxaphene 38400 1 i ) | i
100 ' ug/L 2,40 39730 L A L 3
10 ug/L 2,4,5-TP Silvex 39045 | { ; I \
Date ORGANIC Analysis Completed 73672 | 1 I | |
Y M M D D
ADDITIONAL ANALYSES
NTU Field Turbidity 82078 ] 1 1 I i
c Source Temperture 10 | { 1 | 1
Langlier index Source Temnp. 71814 1 f | N 1
Langelier index at 60°C 71813 g | i y |
Std. Units Field pH 00400 L L g
Agaressive index 82383 i 1 1 I {
; ma/L Silica 00955 1 | | ' |
! mg/L Phosphate 00650 i t I g 1
: 1 i i I3
1 i 1 i |
| | 1 i 1
1 I ! 1 i
. RADIOLOGICAL
‘ 5 pC/L Gross Alpha 1501 | | i \ i
pC/L Counting Error  95% 1502 | } i i |
50 pC/L Gross Beta 3501 q { | i |
pC/L Counting Error  85% 3502 L1 1 1 1
Ei | i ! 1
L P M |
[ I

+ indicates Secondary Drinking Water Standards




date 0f Repon

Clinical Laboratory of San Bernardino, Inc.

Post Ofiice Box 329
1595 North * D " Street
San Bernardino, California 92402

Phone (714) 885-3216

TITLE 22 CHEMICAL ANALYSES

9999

12/06/1990

Lab Sampis LD, Number,

90/C/5478

| .borstory Name

|
|

\
t

clinical Iaboratory of San Bernardino, Inc.

Sigaatere Lab Dirsctor

C.Quttef

me ol Seampler

ICHAEL J MENDEZ

Sampler Employed By

GBEOSCTENCE SUPPORT SERVICES INC.

Jate/Time Sampis Cotfected Gate / Time Sample Aeceived 01 Lok, were Haldlag Times ODbserved?
11/12/1990 11/30/1990 Yes
stam Name System Numbar
' 2BOSCIENCE SUPPORT SERVICES INC
Jescription of Sampiing Polmt
_me/Number of Sampie Scurcs Station Number ,
i e end Time of Ssmple Water Type User LD, Swbmitied to SWGIS By
sjofrjrjrjg2y] | | | 4y L Lt
Y Y M M D DT T T T G/8§
MCL Reporting Uniis Coaslituent ; Siorel Code Analyses Results
, Analyzing Agency (Laboratory) . 28 \ L 3, 746, 1
‘ mg/L Tolal Hardness {as CaCO3) 900 L 1; 8; 4, . 0
mg/L Calcium (Ca) 916 1 154 31 1 5
mg/L Magnesium {mg}) 827 [ L 1y 2 .4 3
mg/L Sodium (Na) 929 ] 13 0 12
i mg/l. Potassium {K) 837 1 1 1 4 R g
Total Cations meg/L  Value: 4.3
(Cations,Anions) 4.1 % Meqg Difference.
l ma/L Tota! Alkalinity (as CaCO3) 410 L 2 D; 1, . 6
mg/L Hydroxide {OH) 71830 I L <3 13 .. 0
| mg/L Carbonate (CO3) 445 1 . <3y 13 .1 0
[ mg/L Bicarbonate (HCO3) 440 i 2, 4, 6, ., 0
- mg/L Sufate (S04) 45 | ! , 6 . 1 7
r * mg/L + Chiloride (Cl) 940 y l 1 84 .1 2
! 45 mg/L Nitrate (NO3) 71850 | \ 1 , ©
P r4-24 mg/L Fluoride (F) Temp. Depend. 851 | i i 0 [ 2
Total Anions meg/L Value; 4.4
!
Std UNMTS pHiLabcratory) 403 1 ) 71 . 43 0
i umhofem  + Specitic Conductance(E.C)) =1 g | { 4, 44140
Total Filterable Residue
el mg/L  + al 180" C (TDS) 70300 L 21 51 5 .y 2
UNITS Apparent Color (Unfiltered) 81 t 1 | 1 I
TON Odor Threshold at 60°C 86 1 b1
NTU Lab Turbidity 82079 | { 1 i i
05 mg/L + MBAS 38260 L <y 0y .1 0,y 2
‘ © 250-500-600 ** 900-1600-2200 **+ 500-1000-1500
835 5{11/26)
SFF 67TIFR S




Page 2 of 2

SYSTEM NAME AND NUMBER GEOSCIENCE SUPPORT SERVICES INC No Entry

90/C/5478
* THE FOLLOWING CONSTITUENTS ARE REPORTED IN UG/L *

MCL Reporting Units Constituent ..'[ Storet Code Analyses Results
50 ug/L Arsenic(As) 1002 ; 1 ) i \
1000 ug/L Bariurn (Ba) 1007 | I 1 ; |
10 ug/L Cadmium{Cd] 107 t 1 n i |
50 ug/L Chromium (Totaf Cr) 1034 | ( i i |
1000 ug/L+ Copper{Cu) 1042 1 1 L<1 5,0
300 ug/L+ Iron{Fe) 1045 I L. <34 1; 0,0
50 ug/L Lsad (Pb) 1051 1 { i | 1
80 ug/L+ Manganese (Mn) 1055 1 i 1 64, 210
2 ug/L Mercury(Hg) 71900 1 1 | | '
10 ug/L Selenium (Se} 1147 | 1 1 I )
50 ug/L Silver(Ag) 1077 i i I ! |
5000 ug/L Znc{Zn) 1092 I i i €1 5; 0
ORGANIC CHEMICALS
0.2 ug/L Endrin 39390 [ 1 1 1 |
4 ug/L Lindane 39340 | ! ) ‘) i
100 ug/L Methoxychlor ' 38480 1 | | | |
, 5 ug/L Toxaphene 35400 1 i i i {
I 100 g/t 24D 39730 L1 11
I 10 ug/L - 2.4,5 TP Silvex 39045 ] I | i 1
Date ORGANIC Analysis Completed 73672 { | | i [

ADDITIONAL ANALYSES

NTU Field Turbidity 82078 1 J | ( i
Cc Source Temperture 10 i 1 | | |
Langlier Index Source Temp. 71814 | | i 1 |
Langelier Index at 60°C 71813 \ | \ | |
Sid. Units Field pH 00400 I n | t {
Aggressive Index 82383 } 1 ] 1 [
mg/L Silica 00955 | 1 | i i
mg/L Phosphate 00650 i | ) 1 |
1 1 I 1 f
I 1 | 1 ]
1 | ! 1 i
H 1 1 ] 1
RADIOLOGICAL
5 pC/L Gross Alpha 1501 1 { 3 i |
pC/L Counting Error  95% 1502 | 1 ! 1 |
50 pC/L Gross Beta 3501 1 | s i 1
pC/L Counting Error 95% 3502 1 i | i y
I § H i 1
1 i 1 1 !
1 1 1 1 1

+ indicates Secondary Drinking Water Standards
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Clinical Laboratory of San Bernardino, Inc.

Post Office Box 329
1585 North " D * Street
San Bernardino, California 92402

Phone (714) 885-3216

TITLE 22 CHEMICAL ANALYSES

‘ G
i~ 18 O Reponl Lab Sample 1.0. Kumber.
ﬁ 12/06/1990 90/C/5481
: Aboratary Neoe Sigmatere Lab Divector 1
Clinical Iaboratory of San Bermardino, Inc. (j,g)@ﬁzf%f%
me of Samphar Sampler Eaployed By v v
i ITCHAEL J MENDEZ GEOSCTENCE SUPPORT SERVICES INC
ste/Time Sample Coliscted Date [ Time Sample Roceivad ot Lob. Wars Holding Times Observad?
;'.1/14/1990 11/30/1290 Yes
? stam Kame System Humbaer
' iROSCIENCE SUPFORT SERVICES INC
n-geription of Sampling Point
" ama/Mumbar sf Sample Sourca Stalioa Numbar
SAND CANYON 44220 FT I O O I B A B T I
i w oxd Time of Sample Water Type User 1.0, Submitiad 10 SWODIS By
I L S N N T A O I A
Y Y M M D DT TTT G/8
|
" MecL Reporting Units Constituent i Storet Code Analyses Resulis
Analyzing Agency (Laboratory) 28 y 1 3¢ 7 6, 1
‘ mg/L Total Hardness {as CaC03) 200 L 25 4, 9, . 2
mg/L Calcium (Ca) 916 1 ] 61 5 | . | 4
mg/L Magnesium {mg) 827 | 1 21 04 .3 9
} mg/L Sodium (Na) 929 ; . 14 14 ., 5
: mg/L Potassium (K) 837 { i r 4, .3 B
Total Cations meg/L  Value: 5.6
i (Cations,Anions) 4.7 % Mey Difference.
mg/L Total Alkalinity (as CaCO3) ' 410 , 24y 54 0, . 4
mg/L Hydroxide (OH) 71830 1 i <y 1 ;1 O
i mg/L Carbonate {CO3) 445 i i <341, .40
! ma/L Bicarbonate (HCO3) 440 " 3, 0y 54 .41 5
i mg/L + Sultate {(SC4) 945 i . 1, 04 . 4
| * mg/L + Chloride (C‘) 840 | 1 1| 3 [ = 1 O
| 45 ma/L Nitrate {NO3) 71850 \ t 1, 7, .3 O
S t4-24 mg/L Fluoride{F) Temp. Depend. 851 f | 1 0 .3 2
. Total Anions meg/L Value; 5.9
' Std UNITS pH(Laboratory) 403 T | 74 .1 4,10
; == umho/em  + Specific Conductance (E.C.) o5 1 q i 5y 7, 0
i Total Filterable Residue
S L N mg/l  + at 180° C (TD$S) 70300 | 2y 2y 6, . 3
UNITS Apparent Color (Unfiltered) . B1 i 1 ) 1 y
TON Odor Threshold at 50° C 865 | i 1 | |
NTU Lab Turbidity 82079 1 1 i { i
* 250-500-600 ** 900-1600-2200 *** 500-1000- 1500

835 I(11/86) SEE CT;:"ER S%EE




]

Page 2 of 2
SYSTEM NAME AND NUMBER GEOSCIENCE SUPPORT SERVICES INC No Entry
80/C/5481
®* THE FOLLOWING CONSTITUENTS ARE REPORTED IN UG/L *
[ MCL Reporiing lnits Constituent I Storet Code Analyses Results
50 up/L Arsenic(As) 1002 1 1 ] ! 1
1000 ug/L Barium (Ba) 1007 I ! I 1 t
1 10 ug/L Cadmium{Cd) 1027 | } | 1 |
50 ug/L Chromium{Total Cr) 1034 L 1 1 L 1
1000 ug/L+ Copper{Cu) 1042 i ] | <1 5,0
) 300 ug/L+ Iron(Fe) 1045 y 1. <1 1,0,0
50 ug/L Lead (Pb) 1051 1 1 1 ] I
50 ug/L+ Manganese(Mn) 1055 i t t 1. 4, 0
2 ug/L Mercury(Hg} 71900 1 i 1 ] i
' 10 ug/L Selenium (Se) 1147 P i L
50 ug/L Silvar{Ag) 1077 ] | I 1 )
5000 ug/L Zinc@n) 1082 L 1 1 <1 5,0
-QRGANIC CHEMICALS
0.2 ug/L Endrin 38380 1 B ) 1 {
4 ug/L Lindane 38340 1 1 1 | i
100 ug/L Methoxychior 39480 N 1 1 1 i
r 5 ug/L Toxaphene 35400 | ) i | i
100 ug/L 24D 39730 | i ] i !
10 Ug/L 2,4.5’TP Silvex 39045 { 1 1 [} 1
] Date ORGANIC Analysis Completed 73672 1 ! 1 | 1 i
Y Y M M D D
ADDITIONAL ANALYSES
NTU Fieid Turbidity 82078 | i i 1 I
C Source Temperture 10 i 1 1 1 1
| Langlier Index Source Temp. 71814 | | I ! )
Langelier index at 80°C 71813 i 1 | i |
Std. Units Fisid pH 00400 i i i { L
Aggressive Index 82383 i 1 | i 1
] ma/L Silica 00955 ] ! 1 i i
mg/L Phosphate 00650 1 1 ] ] i
) I | i i A
1 1 1 3 |
! ] | i |
1 A i 1 !
1 RADIOLOGICAL
‘ 5 pC/L Gross Alpha 1501 { | i 1 f
pC/L Counting Error 95% 1502 1 ] i 1 !
80 pC/L Gross Beta 3501 s t i 1 1
pC/L Counting Error  95% 3502 1 i 1 i 1
{ | i | i |
i ] y] | 1
1 1 1 1 1

+ indicates Secondary Drinking Water Standards




Clinical Laboratory of San Bernardino, Inc. ***°

i Post Office Box 329
1695 North * D " Street
' San Bemardino, Californla 92402

Phone (714) 885-3216

TITLE 22 CHEMICAL ANALYSES

Oate D! Repon tab Sampis 1.D. Number,

| 12/06/1990 90/C/5479
| .aborsiery Kams Sigaaturs Leb Director *
Clinical Iaboratory of San Bernardino, Inc. C:W
%4

Sumpisr Empioyed By

“lame of Sempler

‘E 4{ICHAEL J MENDEZ GEOSCTENCE SUPPORT SERVICES INC
Jate/Time Sampte Coilacted Date / Time Sempls Received w1 Lab. Were Holdiag Times Dbserved?
10/15/1990 11/30/19%0 Yes

; ysiem Noma System Number -

! ZEOSCITENCE SUPFORT SERVICES INC

Jascriglion of Sempling Point

[ ms/Numbar of Sample Sowrce Staticr Nembar

| "te sné Tims of Ssmpis Watsr Type Usar 1.D. Swbaitled 1o SWOIS By
BENCEENENE N LN e
Y Y M M D DT T T T G/S
g MCL Reporting Units Constituent ; Storet Code Analyses Resulis
Analyzing Agency {Laboratory) 28 { { 3¢ 7,61
g mg/L Total Hardness {as CaCO3) 900 p 23 04 4, ;4
i mg/L Calcium {Ca} 916 { 1. 5, 0; ., B
mg/L Magnesium (mg) 927 j L. 1, 8, i 9
mg/L Sodium {Na) g29 1 1 { B y 6
‘ mg/L Potassium (K) 837 1 i [ 1 9
Total Cations meg/L  Value: 4.5
(Cations,Anions) 2.0% Meg Difference.
mg/L Total Alkalinity (as CaCO3) 410 L 23 0, 8, | 8
mg/L Hydroxide (OH) 71830 1 _1.<; 1) ., 0
mg/L Carbonate {CO3) 445 1 b < ; { 3 0
ma/L Bicarbonate {(HCO3) 440 L 2y 5, 4, L 7
- mg/L + Suffate {SO4) 845 i 1 { g s} 1
« mg/L + Chloride {Cl) 840 | t y 7 { 1 O
45 mg/L Nitrate {NO3) 71850 { 1 J 2 1 s 1 2
1.4-24 mg/L Flugride (F) Temp. Depend. 951 i 1 <3 0, .41
Total Anions meg/L Value: 4.6
Std UNITS pH{Laboratory) 403 1 L. 71 .1 5; 0
“*  umho/fcm + Specific Conductance(E.C.) 85 | i ) 4, 7, 0
Total Filterable Residue
LR mg/l  + at 180" G (TDS) 70300 1 2, 8, 2, L 0
UNITS Apparent Color {Unfiltered) 81 I | ( i !
TON Odor Threshold at 60°C - 8 ! 1 \ Y
NTU Lab Turbidity 82079 L4
05 mg/L  + MBAS 38260 1 <1 0, p 0, 2
* 250-500-600 ** 900-1600-2200 *** 500-1000-1500

135 1{11/88)

SEE OTHER SITE




Page 2 of 2

' SYSTEM NAME AND NUMBER GEQOSCIENCE SUPRORT SERVICES INC No Entry
i 90/C/5479
: ® THE FOLLOWING CONSTITUENTS ARE REPORTED IN UG/L °
| MCL Reporting Units Constituent ; Storel Code Anzlyses Results
| 50 ug/L Assenic(As) 1002 1 P 1 1
1000 ug/L Barium(Ba) 1007 1 I i | 1
| 10 ug/t Cadmium{Cd) 1027 1 i \ i |
i 50 ug/L Chromlum({Total Cr) 1034 1 1 i 1 |
' 1000 ug/L + Copper(Cu} 1042 ' 1. €1 5,0
300 ug/L+ lron (Fe) 1045 ] L. <4 1, 0,0
[‘ 50 ug/L Lead(Pb) 1051 ] ! 1 1 |
1 50 ug/L+ Manganess {Mn) 1085 i i 1. €3 340
2 ug/L Mercury({Hg) 71800 1 { 1 ] 1
10 ug/L Selenium(Se) 1147 ! 1 1 { 1
[ 50 ug/L Silver{Ag) 1077 i | ) ) I
5000 ug/L Zine(Zn) 1092 ) 1. <1950
|
ORGANIC CHEMICALS
’ 0.2 ug/L Endrin 39390 | L [ | |
‘ 4 ug/L Lindane 39340 1 1 | 1 ]
100 ug/L Mathoxychlor 39480 1 I | i |
5 . ug/L Toxaphene 35400 I | i | 1
| 100 ug/L 24D 39730 | 1 ! | i
10 ug/t 2,4,5-TP Siivex 39045 L L4
| Date ORGANIC Analysis Completed 73672 i i 1 1 i
[ Y Y M M D D
ADDITIONAL ANALYSES
NTU Fiald Turbidity 82078 1 i i i |
C Sousce Ternperture 10 i 1 { ] {
Langlier index Source Termnp. 71814 | t | I |
Langelier Index at 60°C 71813 | | i i i
Std. Units Field pH 00400 t 1 i i i
Aggressive Index 82383 i L | I 1
mg/L Phosphate 00650 1 i | | |
i i | | t
i ] | ] |
} .l | i |
| ! ] ! |
RADIOLOGICAL
‘ pC/L Counting Error 95% 1502 } | | | i
) pC/L Gross Beta 3501 L1
pC/L Counling Error  95% 3502 I I } | |
| 1 1 ] ]
| 1 1 i |
i 1 | 1 1

+ indicales Secondary Drinking Waler Standards




APPENDIX D

Selected Ground Water Model Hydrographs
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City of Big Bear Lake
Department of Water and Power

Supplemental Report on the Proposed
Sand Canyon Artificial Recharge Project

with Recovery Wells Pumping 1,500 Acre-fi/yr

April 1991

GEOSCIENCE Support Services Inc.

1164 North Padua Avenue, Suite 4

P.O. Box 220, Claremont, CA 91711
(714) 920-0707




G Support Services Incorporated

Ground Water FPlanning, Development and Management

—
rme—

April 5, 1991

Mr. Michael Perry

General Manager

City of Big Bear Lake
Department of Water and Power
41972 Garstin Drive

P.O. Box 1929

Big Bear Lake, CA 92315

re: Sand Canyon Artificial Recharge Project

Dear Michael:

This letter is a supplemental report on the proposed Sand Canyon artificial recharge
project. The report summarizes changes requested by you and Mr. David Argo of Black and
Veatch conceming extraction well recovery rates.

The sand canyon ground water mode! was re-run with a combined total extraction from the
recovery wells of 1,500 acre-ft/yr. This complies with the 50% blend of recharged and
natural waters required by DHS.

Results show that at the end of the seven-month recharge cycle, regional drawdowns in the
vicinity of the well field (e.g. at TH-4) increase from approximately 6 ft (see Figure 6

in the original report) to 10 ft (Figure 6a - this report). In the 1,500 acre-fifyr

pumping scenario, the zero drawdown contour also shifts approximately 250 ft to the
southeast reflecting the higher pumping rates.

At the end of the 12-month pericd, drawdowns increase from approximately 7 ft (see Figure
7 in the original report) to approximately 11 ft (Figure 7a - this report).

1164 North Padua Avenue, Suite 4 Mailing Address: P.O.Box 220 Claremont, CA 91711
Tel: (714) 920-0707 Fax: (714) 920-0403




Sand Canyon Artificial Recharge Project - Revision

Examination of the key node hydrographs (Appendix D - this report) shows that the 1,500
acre-ft/yr pumping scenario is stable and reaches equilibrium conditions. Recharge to the
well field is supplied by both artificial recharge in Sand Canyon and natural recharge
from Sand and Bow canyons.

If you require further information or interpretation of these revisions please call at

your convenience,

Sincerely,

Dennis E. Williams, Ph.D.
President

DEW:mw




Revised Figures

6a and 7a
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