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Gentlemen:

Converse Consultants West (Converse) is pleased to present this final report of
the results of our percolation tests and geotechnical feasibility study for
installation of water spreading/percolation facilities at the east parking lot for
JPL, owned by the City of Pasadena. This lot is located adjacent to the existing
Arroyo Seco spreading grounds upstream from the Devil's Gate Dam. Our
services were performed in accordance with JPL Contract No. 9538002,
authorized under Work Order Nos. 69 and 69-1.

Our scope of work for this study was limited to meetings with the City of
Pasadena and JPL representatives, research of available subsurface information
for the Devil's Gate Spreading Ground area, percolation tests at two locations
in the parking lot, geotechnical/geologic analyses and calculations, and
preparation of this report. This study does not include any subsurface
exploration other than the percolation tests. Percolation test procedures and
results are documented in Appendix A, "Field Exploration.”

PROJECT DESCRIPTION
This feasibility study was based on the following assumptions. The City of

Pasadena, who currently owns the east parking lot, is interested in redeveloping
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the parking lot into additional spreading facilities. The City's intent is to receive
credits from the Metropolitan Water District for operation of the proposed
spreading grounds. It is the City's tentative plan to percolate storm water from
the Arroyo Seco that exceeds the capacity of the existing adjacent John L.
‘Behner Water Treatment Plant. The City has a goal of infilirating 5 cubic feet
per second (cfs) [0.14 cubic meters per second (cms)] of water. JPL does not
wish to lose use of the east parking lot, and is interested in evaluating alternate
spreading options that will meet the City's goal while retaining use of the east
lot for parking.

Water for the spreading facility will be provided through the City of Pasadena's
existing water system. This system collects runoff from the Arroyo Seco,
upstream from the parking lot. The City currently has settling and desilting
facilities in operation. Therefore, water proposed for spreading in the system will
be relatively sediment free. The parking lot has an average southerly
descending grade of about 2.5 percent, based on an elevation of 1126 feet
(343.2 m) above Mean Sea Level (MSL) at the north end of the lot, and 1090
feet (332.2 m) above MSL at the southern gate.

PERCOLATION CAPACITY ANALYSES

Hydraulic conductivity (or soil permeability), commonly abbreviated as k, is
defined as the rate that water will move through a unit cross-sectional area of
earth under a given hydraulic gradient at standard temperature and pressure.
In this report, hydraulic conductivity is listed in units of gallons per day per
square foot (gpd/ft®) and centimeters per second (cm/sec).

Research Results

Data available from operation of the adjacent Arroyo Seco spreading grounds
was reviewed to attempt to define the hydraulic conductivity at the site. Several
sources were revieweg, including:

o A spreading summary detailing and comparing calculations derived by
both the City of Pasadena and JPL was reviewed, as documented in
Appendix B, "Summary of Data and Calculations." Using data from the
spreading summary, Converse calculated a hydraulic conductivity of 14.8
gpd/ft® (0.7x10° cm/sec) for the Arroyo Seco spreading grounds.
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® A Technical Assessment of the Devil's Gate Multi-Use Project prepared
by CH2M Hill in 1890 and 1992 was reviewed. CH2M Hill provided data
from a 1986 report by Los Angeles County Department of Public Works
(LACDPW) on the long-term percolation rate of the Arroyo Seco
spreading grounds. To calculate the hydraulic conductivity, the
estimated square footage of the spreading grounds taken from the
spreading summary by the City of Pasadena and JPL was used, as
documented in Appendix B. Hydraulic conductivities of 23.2 gpd/ft®
(1.1x10° cm/sec) and 33.7 gpd/ft? (1.6x10° cm/sec) were calculated,
respectively.

o The Los Angeles County Department of Public Works Hydrologic Report
1991-92, provided information on a short-term (5-day) percolation rate,
area of wetted land, and storage capacity of the spreading grounds.
Using this data, Converse calculated a hydraulic conductivity of 17.7
gpd/ft? (8.3x10™ cm/sec). However, it should be noted that using the
data provided by the LACDPW, the depth of the spreading basins was
calculated by Converse to be about 2 feet (0.6 m) deep, which does not
correspond to data provided by the City of Pasadena and JPL, indicating
that the basins are 5 feet (1.5 m) deep, or visual observations of the
ponds which shows them to be greater than 2 feet (0.6 m) deep.

Using these calculated hydraulic conductivity values, Converse calculated costs
for installation of a trench system and a borehole system for percolation. These
conceptual designs are described in further detail in the "Design Alternatives”
section which follows. . Cost estimates range from roughly $0.5 million to $1.5
million for the trench system based upon the range of hydraulic conductivities
discussed above (0.7 to 1.6 x 107 cm/sec). Similarly, cost estimates based
upon a conceptual design for the borehole system range from roughly $1 million
to $3 million. These significant variations in estimated costs were based solely
on the variation of the hydraulic conductivity (soil permeability). Therefore, it
was considered prudent to perform percolation tests at the site, to develop a
more accurate estimate of the site percolation capacity.

Current Percolation Test Results

‘Two percolation tests were performed in the east parking lot as doCumented in
Appendix A. Test pit TP-1 was located in the southern portion of the parking
lot and test pit TP-2 was located in the northern portion of the lot as depicted
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on Figure 1, "Location of Test Pits." Logs for each test pit are provided in
Appendix A.

Based on the test results, hydraulic conductivities were calculated for each test
pit, ranging from 170.9 to 188.6 gpd/f® (8.1x10° to 8.9x10°° cm/sec) for TP-1,
and 348.3 to 377.7 gpd/f® (1.6x102 to 1.8 x 102 cm/sec) for TP-2. The
hydraulic conductivities were averaged together, resulting in an average
hydraulic conductivity of 256.1 gpd/f* (1.2x102 cm/sec).

It has been our experience that actual system efficiency is usually approximately
60 to 80 percent of the pilot test results. Therefore, a range of 153.7 to 204.8
gpd/ft? (7.3x10® to 9.7x10°° cm/sec) more closely approximates the hydraulic
conductivities that will likely be appropriate for percolation system design.

Data Variations

Actual hydraulic conductivities measured from the two percolation tests vary
greatly from the hydraulic conductivities previously calculated based on
information for the adjacent settling ponds. The discrepancy is most likely
attributed to one or more of the following reasons:

® The existing settling ponds have been in operation for several years, and
have most likely accumulated a large amount of sediment (siltation) at
and below the base of the ponds. The water spread for settling in the
existing ponds originates from storm water runoff from the arroyo, and
most likely has a much larger amount of sediment than the water
planned for spreading in the proposed JPL system. Therefore, it is likely
that siltation rates for the proposed JPL system will be lower.

° Algae and other plant growth in the open basins (exposed to the sun)
may be reducing soil permeability at and near the existing basin surfaces.

DESIGN ALTERNATIVES

The actual water infiltration quantity that will be achievable at the site is
dependent on (1) the amount of area designated for spreading, (2) the
hydraulic gradient (or pressure head), and (3) the hydraulic conductivity
(permeability) of the underlying soil. The amount of area designated for
spreading will depend on the shape and size of the subsurface structure(s)
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developed for spreading. Converse has considered at least three subsurface
spreading structures including:

° Leach Field Trenches: A series of trenches would be excavated 5 feet
(1.5 m) deep and 3 feet (0.9 m) wide, as depicted on Figure 2, "Typical
Trench Detail." A "feeder" trench would be constructed in a north-south
direction through the center of the property. This trench would feed
water from a proposed equalization basin (or similar system) to be
constructed at the north end of the parking lot, to a series of east-west
trending lateral trenches constructed using a south-facing dendritic
pattern. This system is illustrated schematically in plan view on Figure 1.
The trench system would operate under gravity feed facilitated by the
average 2.5 percent southern grade.

Figure 3, "Conceptual Equalization Basin Design," depicts a schematic
cross-section through the equalization basin proposed to be constructed
at the north end of the parking lot as part of the percolation system. It
is likely that this equalization basin system would be used for either the
leach field trenches or for dry wells discussed in the following subsection,
as a hydraulic control system and also to reduce silt in the water to be
percolated. The primary purpose of this equalization basin is to
reduce silt in the water to be percolated.

Should the water from the Pasadena system be relatively free of silt, a
much more economical equalization system could be constructed, rather
than the relatively costly basin depicted on Figure 3. One possible
alternative may include solely a vertical corrugated metal pipe, with an
inlet and outlet pipe as a weir system (configured similar to the
corrugated metal pipe weir system depicted on Figure 3). However, a
secondary advantage of the equalization basin is that additional
percolation would occur at the bottom of the basin. The basin would
also likely extend the life of the system by allowing for additional.
settlement of suspended solids before water enters into the leach field
piping system.

As depicted on Figure 2, leach trenches would be backfilled with gravel,
and contain a six-inch (15.2 cm) diameter, Schedule 20 perforated PVC
pipeline located ‘about one foot (0.3 m) below the surface. Near the
surface, the trench would be covered with a filter fabric, and a
conventional combination of aggregate base and asphalt pavement
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would be restored. Nine square feet (0.8 m?) of surface area -available
for spreading (walls and bottom) has been calculated for each hneal foot
(0.3 m) of trench.

° ‘Dry" Wells: A series of deep, large-diameter boreholes could be
constructed as a second alternative. We considered 4-foot (1.2 m)
diameter boreholes drilled to a depth of about 100 feet (30.5 m). The
boreholes would be connected using a similar trench system as
described above, with a north-south direction feeder trench connected
to a series of east-west trending lateral trenches (in a south facing
dendritic pattern) that would connect the boreholes. Again, water
movement through the pipelines would be by gravity feed using the
average 2.5 percent southern grade.

A six-inch (15.2 cm) diameter, Schedule 20 solid casing PVC piping
would be installed in the trenches about 1.5 feet (0.5 m) below the
surface and connected to each borehole. Boreholes would be spaced
a minimum of 10 feet (3 m) apart for safety (caving) reasons during
drilling. Each borehole would be backfilled with gravel from the base of
the borehole to the surface. Calculated surface areas available for
spreadzng in the 4-foot (1.2 m) diameter borehole is 1,256 square feet
(116.7 m")

o Covered Basins: Some of the possible configurations available for a
covered "basin" include the following:

(1) A cast-in-place reinforced concrete "bridge" structure to support
parking over a percolation basin,

() A pre-cast concrete (such as "Span-Crete") structure,

(3) A series of vertical, pre-cast concrete pipes on the order of 4 feet
(1.2 m) in diameter or larger, with a pre-cast reinforced concrete
cap, which in turn is covered with asphalt pavement,

(4)  Vertical corrugated metal pipe (CMP), galvanized, at a similar

configuration as (2) above, or horizontal corrugated metal arches
(bridges without bottoms) placed side-to-side, or
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(6). A steel and wood frame structure consisting of driven steel piles,
steel beams and wood planking between the beams, as a
somewhat temporary structure.

These five alternatives are presented in anticipated decreasing costs, with
the reinforced concrete structure being the most costly, and the driven
steel and wood frame structure probably being the least costly.
However, the reinforced concrete structure is expected to be the most
durable with the longest design life. Several cost factors should be
considered when evaluating these alternatives, including the design life
of the project.

The approximate number of lineal feet of leach trenches (trenching scenario),
and 100-foot (30.5-meter) deep, 4-foot (1.2 meter) diameter boreholes (borehole
scenario) are summarized on Table 1, "Summary of Trench and Borehole
System Requirements."

TABLE 1.

SUMMARY OF TRENCH AND BOREHOLE SYSTEM REQUIREMENTS

5 cfs 153.7 gpd/f 2,331 ft 6 194 ft 17
(0.74 cms) (7.3x10°° cm/sec) (710 m) (59 m)
204.8 gpd/ft 1,748 ft 3 340 ft 13
(9.7x10° cm/sec) (533 m) (104 m)

~ NOTES:

(1) Trenches based on an approximately 1,360-foot-long (414.5 m) feeder trench running
north/south through the center of the parking lot, feeding east/west trending lateral
trenches that will average approximately 150 feet (45.7 m) long. Trenches will be five
feet (1.5 m) deep and three feet (0.9 m) wide.

2 Borehole calculations based on 4-foot-diameter (1.2 m) borehole installed to a depth of
100 feet (30.5 m).
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COST ESTIMATES

Using the data provided in Table 1, general cost estimates were prepared for
the trenching alternative and the borehole alternative, based on a percolation
rate of 5 cfs (0.14 cms). These cost estimates are presented in Appendix C,
"Cost Estimates." Several assumptions were made for each cost estimate, and
are detailed at the bottom of each table in. Appendix C.

As shown on Tables C-1 and C-2 in Appendix C, the trenching system would
be significantly less costly to install than a dry well system. At a percolation rate
of 5 cfs (0.14 cms),:costs for trenching would range from approximately
$100,000 to $150,000, and costs for installation of the borehole system would
range from $200,000 to $300,000. These cost estimates were based on several
assumptions. One of the assumptions that is likely suspect is the drilling rate
for the dry well system in the dense alluvium with cobbles and boulders.
Drilling rates are expected to be very slow due to the cobble and boulder
content in these materials, and could vary significantly. The estimated upper
bound cost for the dry well system of $300,000 may be low, based upon drilling
experience for other projects at JPL and adjacent the Arroyo Seco.

These cost estimates did not consider the cost of the equalization basin at the
north end of the parking structure. As previously described, the equalization
basin system would likely be required for either alternative. Should an extensive
desilting system be necessary, and a large equalization basin constructed, it is
possible that the equalization basin design could add several hundreds of
thousand dollars to the project cost. However, if a simple equalization system
consisting of a vertical corrugated metal pipe is sufficient as the upstream
equalization system, then a nominal increase in the cost on the order of $5,000
to $10,000 would be appropriate for initial estimates.

In addition, it should be noted that higher costs would be associated with higher
percolation quantities. If the City is interested in a percolation rate higher than
5 cfs (0.14 cms), the cost would be higher. Likewise, if the City would like to
reduce the installation cost, they would have to install a system designed for a
lower percolation quantity.

PERMITTING

Areview of permitting requirements for installation and/or operation of additional
spreading facilities was performed. The following agencies were contacted:
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City of Pasadena,

Los Angeles County Department of Public Works,
Raymond Basin Management Board,

Metropolitan Water District (MWD),

Regional Water Quality Control Board (RWQCB),

U.S. Army Corps of Engineers, and '

United States Environmental Protection Agency (U.S. EPA).

Table 2, "Permit Requirements for Spreading Grounds Facilities,” summarizes
the people contacted and the permitting information provided.
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RECOMMENDATIONS

Based on results of percolation tests performed at the site, and analyses of data
collected from these tests, Converse recommends installation of a trench (leach)
system for water percolation for the following reasons:

® Installation of a trench system would be less expensive than installation
of a series of dry wells or covered basins.

o Installation of a trench system would likely constitute the shortest
installation timeframes, with less uncertainties due to drilling.

o The trench system would require fewer engineering controls, and would
be easier to clean out (for sediment, bacteria, algae, etc.) than the other
. two systems.

If the trench system is selected, Converse recommends that the following
engineering controls be considered for inclusion in system design:

e Installation of a weir system within the proposed equalization basin is
recommended to reduce the water velocity into the system, and allow for
additional settling of solids that may remain suspended in the water.

® A metering system, installed between the City's pipeline and the
percolation system, to record the amount of water diverted into the
spreading facilities will be required for the City to document the amount
of water percolated, for MWD credit.

® An automatic shut-off valve, from the City's pipeline into the system, will
be required to avoid overflowing and upheaval of the overlying parking
lot.

° A series of pipe clean-out bulkheads should be installed along the

trenches, for periodic cleanout of sediment, etc. from the pipeline system.
We recommend that clean-outs be installed at each pipe intersection, or
at about 100 to 200 feet (30.5 to 61 m) along the pipe.

° A stand pipe on the order of 5 feet high (1.5 m) above the asphalt

pavement should be provided at the southern (lower elevation) of the
percolation piping system. This stand pipe should act as a "relief valve"
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such that water head in the piping system does not build up to a
pressure which may cause upheaval of the gravel trenches and overlying
asphalt pavements. Stand pipes should have a curved or otherwise
covered opening, to prevent fouling and to reduce the potential for
vandalization. Further, the stand pipe should discharge to a suitable
non-erosive drainage area, possibly draining into the County percolation
basins, the Arroyo Seco Creek, or another City-approved collection point.
The stand pipe will allow trapped air to be vented to the atmosphere
instead of forced into the subsurface, where it may be trapped in pore
spaces and reduce the permeability of the soil.

e The design should be relatively closed to prevent animal intrusion, algae
and bacteria growth, and reduce the potential for vandalism. For these
reasons, a large equalization basin may be undesirable, depending upon
the sediment in the water to be percolated. '

For the most part, operation and maintenance of the trench system should be
similar to the costs associated with operation and maintenance of the existing
percolation basins operated by the County. However, it is possible that some
increased maintenance costs may be associated with cleaning the piping
system. These costs can be reduced if the percolated water is relatively free of
sediment, algae and other contaminants, and if the system is relatively closed
and not exposed to open air. Ultimately, the design life of the system will
be a function primarily of the sediment in the water to be percolated. If
there are a lot of suspended solids in the water, the suspended solids will
percolate into the pour space of the alluvium (sand and gravel), reducing
the permeability of the soils which underlie the parking lot. If the water has
a high silt content, then the extensive equalization basin depicted on Figure 3
is strongly recommended as an integral part of the percolation system, primarily
to reduce silt content in the water to be percolated.

CLOSURE
Our findings and recommendations were prepared in accordance with generally
accepted professional geotechnical engineering and geologic principles and

practice”[ in Los Angeles County at this time. We make no other warranty,
either express or implied.
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We appreciate the opportunity to be of continued service to JPL. We
recommend that Converse stay involved in this project and provide additional
assistance during the design phase of the project. If you should have any
questions or require additional service, please do not hesitate to contact either
of the undersigned or others at our office. Voice mail for the undersigned
Principal Engineer can be reached at (818) 666-1802.

Thomas C. Benson, Jr., John R. Stellar, R.G. 3812
Senior Vice President/Managing Officer Principal Geoscientist—-

Respectfully submitted,

CONVERSE (;ONSU LTANTS WEST

——

Dist: 12/Addressee

Encl: Figure 1, "Location of Test Pits"
- Figure 2, "Typical Trench Detail"
Figure 3, "Conceptual Equalization Basin Design"
Appendix A, "Field Exploration”
Appendix B, "Summary of Data and Calculations"
Appendix C, "Cost Estimates"

ENGINEERING
GECLGGIST
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APPENDIX A

FIELD EXPLORATION

General

Field exploration included excavation of two test pits for percolation testing. One test pit
was located near the center of the northern portion of the parking lot, and the second test
pit was located near the center of southern portion of the parking lot. The test pits were
approximately located in the field using existing features as a guide.

Subsurface Exploration

Test pits were excavated using a rubber tire backhoe. Earth materials were continuously
logged and classified in the field by visual/manual examination, in accordance with the
Unified Soil Classification System.

Logs of the test pits are presented on Drawings A-1 and A-2 which also include
descriptions of earth materials encountered and pertinent field data. Drawing A-3,
"Exploration Log Key" describes symbols and nomenclature shown on the logs.

Field Percolation Tests

Each test pit was excavated to an approximate size of 9 feet (2.7 m) wide by 9 feet (2.7
m) long by 5 feet (1.5 m) deep. The actual test pit size was carefully measured so that
the volume of the pit and surface area available for spreading was known. Approximately
three inches (7.6 cm) of gravel was placed in the bottom of both test pits.

Before the actual tests were performed, each test pit was filled with water and allowed to
saturate overnight so that the surrounding soils would "swell'. Approximately 14,000
gallons (53 m®) of water was added to TP-1 for saturation, and 27,000 gallons (102 m®)
of water was added to TP-2.

These percolation tests were performed by filling the test pits with a known volume of
water, measured from the bottom surface to the top of the water. After exactly 10
minutes, the water level was measured from the same location on the surface, and the
difference in water volume inside the pit was calculated. Four tests were performed at
TP-1, and three tests performed at TP-2. Tables A-1 and A-2 summarize the test data.

90-31-300-42
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Log of Boring No. TP-1

Date Drilled: 11/29/94 Logged by: CJC Checked by: JRS
4 Equipment; Backhoe Driving Weight and Drop: pounds/ inches
Ground Surface Elevation.__1102 feet Depth to Water: none encountered
A SUMMARY OF SUBSURFACE CONDITIONS SAMPLES Al
8 % This log is part of the report prepared by Converse for this project and o L\, 5
t 'E should be read together with the report. This summary applies only at the 8 w -
E 3 location of the boring and at the time of drilling. Subsurface conditions ‘{- % g o w
x o may differ at other locations and may change at this location with the 1] (4] = p PN o
- o - L . Sl X ) Ye u
o T passage of time. The data presented is a simplification of actual conditions | (=] [ > O T
% %3 encountered. % % a’ g g& S
T \0-4" (0-0.1m) ASPHALT /]
—-___ 4"-1.5" (0.1-0.5M) SILTY SAND (SM); fine sand, light to
i sl \ medium brown, slightly moist, slightly dense [
L v, "
1™ ==-| 1.5-4.5° (0.5-1.4m) SANDY GRAVEL (GW); fine to
- T coarse, with cobbles up to*+10"-12" (25.4 - 30.48 cm),
medium brown, slightly moist, very slightly dense,
relatively cohesionless.
Bottom of Trench at 4.5 feet (1.4m).
SCALE: 1 INCH = 2 FEET (0.5m) (H=V) SKETCH ‘WEST
SURFACE
/§% 4 INCH (10.2 cm) ASPHALT AN\
SILTY SANDY (SM) L
V|
7
N
N 7
N “
N L
N SANDY GRAVEL (GW) 7
N 7
7
PEA GRAVEL
3 INCH (7.6cm) PEA =
GRAVEL PLACED AT
BOTTOM OF TRENCH
Project No. Figure No.
CONSULTANTS 90-31-300-42 A-1




Log of Boring No. TP-2

Date Drilled: 11/29/94 Logged by: CJC Checked by: JRS

Equipment; Backhoe Driving Weight and Drop: pounds/ inches
Ground Surface Elevation,__1118 feet Depth to Water:_______none encountered

S SUMMARY OF SUBSURFACE CONDITIONS SAMPLES a .
$ a} This log is part of the report prepared by Converse for this project and o é E
::,' E should be read together with the report. This summary applies only at the 8 w -
E a location of the boring and at the time of drilling. Subsurface conditions l{- % "z“: "
E E may differ at other locations and may change at this location with the %I « g '0_) :Q E:J
0. T passage of time. The data presented is a simplification of actual conditions [ ] (=] bt > 0 T
% %S encountered. % 8 “-‘d g ge; B
BEEEN 0-6" (0-0.2m) ASPHALT u
a1 6"=1.5" (0.2-0.5M) SILTY SAND (SM); fine, light to
L L A . .
;__;_‘\ medium, brown, moist, slightly dense /—
I = :3{ 1.5-4.6’ (0.5-1.4m) SANDY GRAVEL (SW), fine to
i = coarse, with cobbles up to + 10" - 12" (25.4-30.48 cm),
medium brown, slightly moist, very slightly dense,
relatively cohesionless
Bottom of Trench at 4.6 feet (1.4m)
SCALE: 1INCH = 2 FEET (0.6m) (H=V) SKETCH ~————— WEST
SURFACE
Nl 6 INCH (15.2 cm) ASPHALT NN
\ %
J 7
N SILTY SANDY (SM) Z
7
N
Z
N 4
7
§ SANDY QRAVEL (GW) ?
4
3 INGH (7.6 om) PEA L= PEA GRAYEL 7
GRAVEL PLACED AT
BOTTOM OF TRENCH—
CONVERSE = Project No. Figure No.
CONSULTANTS 90-31-300-42 A-2
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APPENDIX B
SUMMARY OF DATA AND CALCULATIONS
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APPENDIX B
SUMMARY OF DATA AND CALCULATIONS

(1) From Spreading Grounds Summary (Pasadena Calculations):

® Spreading Area/Pond Area: 9.58 acres (38,769 m?)
® Pond Depth: 5 feet (1.5 meters)
® Daily Percolation per acre: 1.98 acre-feet (2,442 m®)

[9.58 acres x 5 feet = 47.9 acre feet (59,084 m’)]

1.98 acre-feet/day x 325,900 gal/acre-feet = 645,282 gpd/acre x 9.58 acres = 6,181,801.6 gallons/
day + 7.48 gallons/ff' = 826,444.06 ff /day + 24 hr/day+ 60 min/hr + 60 sec/min = 9.56 cfs
(0.27 cms)

Average Hydraulic Conductivity (k) is calculated:

6,181,801.6 gal/day + 9.58 acres x 43,560 feet 2/ac:re = 14.8 gpd/ff
(0.7x10°° cm/sec)

(2) From Spreading Grounds Summary (JPL Calculations):

Spreading Area: 9.58 acres (38,770.2 m?)

Pond Area: 6.60 acres (26,710.2 m?)

Pond Depth: 5 feet (1.5 meters)

Daily Percolation per acre: 1.98 acre-feet (2242.3 m°)

[6.60 acres x 5 feet = 33 acre feet (40,480.8m°)]

1.98 acre-feet/day x 325,900 gal/acre-feet = 645,282 gpd/acre x 6.60 acres = 4,258,861.2
gallons/day + 7.48 gallons/ff’ = 826,444.06 ' /day + 24 hr/day + 60 min/hr + 60 sec/min =
6.59 cfs (0.19 cms)

Hydraulic Conductivity (k) is calculated:
4,258,861.2 gal/day + 287,496 f* = 14.8 gpd/ff (0.7x10™ cm/sec)
(3) From CH2M Hill Phase 1 and Phase 2 Reports on Devil's Gate Multi-Use

Project: (January 26, 1990 and July 14, 1992, respectively), the Arroyo Seco
spreading basins have:

® Storage capacity of 30 acre-feet (121,410 m?) (amount of stormwater the
basin can hold/capture)
° Percolation Rate of 15 cubic-feet-per-second (cfs) (0.43 cms) (based on a

1986 study performed by LACDPW of long-term percolation rates)

80-31-300-42 @ Printed On Recycled Paper ‘ Converse Consultants West



B-2

° Intake (recharge) capacity of 75 cfs (2.12 cms)

2 15 cfs (0.42 cms)

Hydraulic Conductivity (k) is calculated:
Using Pasadena Calculations for square footage of spreading grounds:
9,694,080 gal/day + 417,305 f® = 23.2 gpd/ff (1.1x10"° cm/sec)
Using JPL Calculations for square footage of spreading grounds:

9,694,080 gal/day + 287,496 f* = 33.7 gpd/ff (1.6x10™ cm/sec)

(4) From LACDPW's Hydrologic Report, 1991-92 (July 1993): The Arroyo Seco
spreading basins have:

o Area (Wetted) is 15.1 acres (61,109.7 m?)

° Storage is 30 acre-feet (121,410 m?)

° Percolation Rate of 18 cubic-feet-per-second (cfs) (0.51 cms) (estimate of
infiltration rates which may be expected to occur during operations for up
to five days - number does not reflect long-term spreading operations.

° Intake (recharge) capacity of 75 cfs (2.12 cms)

[15.1 acres x 43,560 ft*/acre = 657,756 ft* (61,109 m?)

30 acre-feet x 325,900 gallons/acre-feet = 9,777,000 gallons + 7.48 gallons/ff' = 1,307,086 ' +
657,756 ff = 1.98 feet (0.603 meters) (depth of ponds)

15 cfs (0.42 cms)

Hydraulic Conductivity (k) is calculated:

11,632,896 gal/day =+ 657,756 ft> = 17.7 gpd/ff (8.3x10™* cm/sec)

90-31-300-42
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B-3

CONVERSION FACTORS

1 gpd/ft?
1 gpd/ft
1 gal

1 gal/day
1cfs
1'inch

1 foot‘

1 P

1#

1 acre

1 acre-foot
1 ton

4.047 x 10® m/day
4.716 x 10° cm/sec
3.785 liters
0.00379 liters/d
28.32 liters/sec
2.54 cm

3048 m

9.29 x 10

2.832 x 10% m®
4047 m?

1233.46 m®

.8072 tonnes



TABLE B-1

SUMMARY OF DATA USING 5 cfs (0.14 m®/s) PERCOLATION RATE

Pasadena & JPL 24,203 ft 152 8.9 ft
14,8 gpd/ft? 173
(0.7x107° cm/sec) (7,377 m) (2.7 m)
LACDPW/Pasadena 15,440 ft 94 14.3 ft
23.2 gpd/ft? 115
(1.7x10° cm/sec) (4,706 m) (4.4 m)
LACDPW/JPL 10,629 ft 62 21.6 ft
33.7 gpd/ft? 76
{1.6x107 cm/sec) (3,240 m) (6.6 m)
NOTES:
(1) Trenches based on an approximately 1,360-foot (414.5 m) long feeder trench running

north/south through the center of the parking lot, feeding east/west trending lateral
trenches that will average approximately 150 feet (45.7 m) long. Trenches will be five feet
(1.5 m) deep and three (0.9 m) feet wide.

(2) Borehole calculations based on 4 ft (1.2 m) diameter borehole installed to a depth of 100 ft
(30.5 m).

90-31-300-42

@ Printed On Recycled Paper . Converse Consultants West



Iypue) Aejpeig 18 [0S Jo [BSOdSIP 10} UOYOG'LL$

liypuBy Aejpeig 18 |10S Jo |BSodsip 10) UK QG L1 $ 51509 eBriear Buimojjoj uo peseg

*u0l/0l 6¢ 18 uoneliodsusil pus Buipeoj pus ‘(peo| 19d spigA 01GNO {| IN0Qe 18) BjEPUIMI| Ul ABA
181500 eBsiene Buimojjo) uo peseg ‘|elIsIBW JO (1930w 2igno 19d SBUUOL /1O
*100} [BOUIYGE 0% @ ouqej 1931} pue ‘1004 jgoul/GL g$ © Buidid peisiojied gz sinpeyog

-n{ 18 }jsydse jo |@sodsIp 10} pBOY/ /8%
Z) p1eA 21qno iad suol ¢

.

¢t-00E-1€-06

‘AJUO [BLIBIBW 18A0D UBSJD SE

L }0 10328} UOISIBAUOD B Bulsn o

181800 Buimojjo} uo paeseg

‘ewi} swes 8yl 18 pewojied jusweaed jje pue ‘Buiaed 104 peiedsid Apedoid Bujeq
80BJINS UO pessq §1S0D EmE?wamm “Jeydse 3ol youy p uo peseq Bupino mes °100} |BOUI/0G 94 © IUSWSABdAI pue 100) [BBUI/O || $ © Bunino mes 51505 Buimoljos uo peseg 9

‘uoyQL 64 e uopslodsussl pue Buipeo] pue ‘(peoj Jed SpiBA 21Gno | IN0Ge 18) BjBpUIMI| Ul ABAA-NN 1B 1jBydse Jo |esodsIp 10§ prol// 8§ ‘AjUo [BLIBIBUI JBAOD UBBID SB
‘JelelBW o (1810W 21gN0 Jed s8UU0) £ 1 O'Z) pieA 2i1qno Jed suol 4| JO 10108} UOISIBAUOD 8 Buisn
‘youes} deap (1e18W-G'|) 1004-G PUB BPIM (1818W-| §') 100}-¢ B UO paseq paie|nojed eBapisA o1gqn)

*IY/00L $ 40 1500 pelBWINSe ue 1B (ABp OB UOCHBZHIqOWSP INOY | pum uolBZIIqOW IN0Y | sepnjoul) Aep inoy-g| 8 Uo peseg
P8y eyl ui sinoy g BunieAsoXs uo paseq pus ‘INoY U0 U} PIIBABOXS UOUBIL JO (SI818W 8 L) 198} 08 POIBWIISS UB UO paseg
*1-8 9|qe | woyj ejeq

- e

[Lor'sl fore’el
£96'S65 655'96 £ve'Lee 99b'SL 08.'08 00'v0Z°66 506'S oL9'9t 19°91 629'01
(eo¥’9)} 90L°v)
965’18 99zZ'0ov 1 zsT'oee $Z9'601 vre'LLl oroLL'vpl 8/5'8 019'g1 Loat ovb’'slL
f9go’ot} (£Le°el
8LZ'6LE'LS 0L8'61T% LL9°L1S$ Ly8'LLLS EVE'EBLS 08°C68'STTS | 9vp'El 0T8LES z8'LE €0Z've

(swa ¢/ °0)
§)0 g

OIHVNIOS DONIHON3IHL

¢-g9 318vl

Converse Consultants West

@ Printed On Recycled Paper



¢v-00E-1LE-06

'uoy/0l"6$ e uonelsodsuen pue Buipeo| pue ‘(peoj sod spigA oI1qno | 1Noge 1B) BjBPUIMI| Ul ABA-NN 18 JjBydse Jo [esodsip 10} peo}//8$ ‘AJUO |BLIGIBW 19A0D UBS|D SE
liypusy Asjpeig 18 |10S Jo |@sodsip 40} UOY/QG | L § 51500 eBriene Buimojjo) uo peseq “|BIBIBW JO (1918w 2jqN3 Jad SBULOY £10°Z) PieA 9iqno Jad SUOL | JO 1010B} UOISIBAUOD B BuIs

‘poABdal eiB S0YoUBI) B BWES )8 pawiojied

luswenaedes pue ‘1jeydse Jo seyaul { UO peseq 1500 Juewenedey 100} 818nbs/GZ Z$ 1B JUGWBABIAI ‘100J/GG°0%$ © leydse oyl Youl-p Buiino mes :s1s0o Buimojjo} uo paseg

‘jerelew Jo (1919w oiqno Jod seuuoy £ 0°Z) PieA 2igno Jad suol {°| JO 10108} UOISIBAUOD B BUISn
‘yidep pue snipes ejoysioq uo paseq ebepieA aiqny

°{S]10S 9SUBD 10 %004 AJoWwBIIXe '*@°l) PaIajUNOoUe 8I8 SUOHIPUOD Buljup NJYHP
# 18yBiy oq Aswi 3503 "000’'S$ PuUB DOO'T$ USEMIB] 1B PBlBWIISS S| YoIyM ‘Juswdinbe Jo uoilezijiqowep pue UoNBZIIqOW 8PNJOUl JoU SB0P 150 “Aep Buyjup Inoy-g us uo paseg

"1-g olqe L woyj eleq

SLL'9LLS

(6€L°2)
628'0L0°1 olLe’szL SL6°LS 90¢'e 8L1°'09 785'E 000'0LL 9L

(8r6°c)
€TV LS L orL'o81 STE'vL €00'S 55498 volL’s 000°0LL L St

168179} (sws ¢ 0)
0LS'€8Z°T$ 067°'€8C$ 928°LS 6L6'SELS $60°'8 0000V L LS €L1 8j0 g

sajoyaiog o} $1S0)
JLVINILST 1S0OD OIHVYNIOS 370H3H09

eg-g9 318v.L

@ Printed On Recycled Paper

Converse Consultants West



¢v-00€E-1E-06

*(s4838WINUBD Z°G 1) SOYOUI 9 JO SSaUdOIY] 1jBYydse pawunsse ue uo paseg L
‘|Bl18IBW O (i810W 21GNd Jod Ssuuol £ 0°Z) PiBA-0IqnD 18d Suol | }JO 1010BJ UOISIBAUOD B Buisn 9
*(sieyeW 94" Q) 198} G| J0 yidap youell pur (sielew | §'0) 1998} £ JO YIpIM Yyouen B Buisn paiejnoje) - S
*po1Bo0} 84 |jIm sejoysloq sieym sayouall eyl Buoje yiBusj eyl Butonpep
pue ‘Buoj (sislsw £ Gp) 100j-0G| BuiBrieae seysusi) Bujpusil 1SOM-1SBO JO SO110S B PUB 'youes Jepes) Buipuen yinos-yliou Buo| (1018w G ¢ 1) 1004-09¢’L @ Buisn peignoe) v
‘Atepunoq Auedold uielsem eyl
Buoje peiBoo| Youel)l Jopes} Buipuesl yinos-yliou ‘Buoj (18leui Gy 1) 100}-09€°L B JO JJ0 posy |iim sejoyaloq eyl Buipeej seyousil Buipuail 1sem-1see Bujwnsse peie|naie) €
1SOM-1580 (S1819W /°Gp) 1895 0G| Jo epim Alodoid eBeiens ue Buisn pus ‘sajoysioq usemisq Buiosds (1910wi-Q' ) 199)-0| UO peseq peie|no|e) 4
. '1-g ejqe] wolj Bleg L
telorA4] (66¢)
L08'06 ooL'zt gl9'LlL vEP'TL 985’y €LC 9€9°'L 9°L 9L
(F1E) (162)
yig'stt 612’81 z0S'LL ves'sl S06°'9 Liv S9v'C St SLt
¥4 4} (6z1°1) (swa $4°0)
SSE'LTS 16Z'97$ evi'ses 99¢e'0L$ L19 €0L’E €Ll €Ll 8§90 §

oL0’egtLs$

Houss

soyosuas] Bunoauuo?) 104 S1S0D
JLVINILST LSOO OIHVYNIODS 310H3H0d

qe-g 3ngvl

Converse Consultants West

@ Printed On Recycled Paper



Z¢v-00E-1E-06
(01%9°1)
€g96’tze’l Lze'oze L08'06 628°'010°L 9L L'EE
(coLxi4)
¥89'768°L LyYy'SLE vi8'6ll €Y' LS L St [A A
(c01XL°0) (swa #40)
968'SE6'CS glLe'esys OLO'E9L$ 0LS'€82'T$ gLt 8yl 8)0 §

sayoual) BuilosuuooI8lU} puR $8j0YaI0g 10} S1SOT) |elo |
JLVINILST LSOO OIdVYNIDS 370H3H0d

og-g 9|qel

Converse Consuitants West

@ Printed On Recycled Paper



APPENDIX C
COST ESTIMATES

N
3
o
S
?
-
@
S
m,

@ Printed On Recycled Paper ' ' © o .o o converse Consultants West



908JINS UO paseq S1S00 JusweAsdsy ‘1jeydse ¥o1yl Youl ¢ uo peseq Bunino mes

‘uoy oL 6$ 18 uopeiiodsussy pus Buipeoj pue
lypusy Aejpeig 18 |ios Jo |BSOdSIp 40} UOYOG L L

14/001$ 40
*p|8Y} eyl ui'sinoy g BuiieABoXa uo paseq pue

:s1503 efisiene Buimojjo} uo peseq
100} [BOUl/SE'0$ @ dMQqBy el pue
*ew} ewas ey} 18 pewiopied Juswoaasd |8 pue
*100} |BOUI/0G°9$ @ Iusweaedas pue 100} [gsull/OL
|euslew jo (1918w 2iqnd Jad S8uLol £ 10
1) 300j-G pue opiM (i818W-| g’} 100}

Buipeaids 10j ejqe|ieAB 8918 JO 198} 2IGNO § YliM youaeil deap (islow

‘{pao)] Jod spieA 21qND {| 1N0Qe 18) B|BPUIMI| Ul ABA\-NN 1B }jeydse jo |esodsip 10} pBOY/ /8¢
|elielew 4o (Jelew 2ignd 4ed seuuol £ 0°Z) pi8A oiqna ied suol ¢

100} |BOUIY G/ 9¢$ © Buidid peieiojied QZ ejnpayos

Z) p1eA oiqno i8d suol p
£ B uo pasaq pale[nojed abepieA oiqn)
1500 palewiise ug je (Aep YyoBe UOREZIGOWep JNOY | pue uonezijqow Inoy | sepnjoul) Aep inoy-Q| B uo peseg
‘4NOY BUO U] PBIBABOXS LOusJ]l JO (Siejew 8¢

¢v-00€-1€-06

‘Ajuo |B1I918W 16A0D UBSD 88

‘| }0 10108} UOISIBAUOD B Buis(y

1$ ©® Bunino mes

51509 Buimojjo} uo paeseg
'‘Buined 1oy pesedesd Apedoid Bujeqg
:51509 Bulmo||0} uo peseg

‘1 }O 1010B} UOISIBAUOD B Buisn

$2Z) 1894 08 polBWIISe ue uo paseg

‘| ®jqe ] wosy eleqg

L B ~

-

gLL'LLS

szLl eesl
969°'L6% €8C'91L$ VON.QMw Lib'zLs S8T'Els$ .mﬁm.w; 146 00L'ZS Le 8svL'L
{£96) o1zl
88Z'0¢€L$ SLLLTS 1S6'8V$ 0SS5'9L$ 9s8L'LT$ S6T°L 009°cs$ 9't LEE'Z

(swa ¢ 4°0)
8j0 g

OIHVN3IOS ONIHON3IHL HO4 3LVINILST 1S0D

1-O0 318avl

Converse Consultants West

@ Printed On Recycled Paber



¢v-00€-1€-06

‘uoyoL°6$ 18 uoneliodsuelsy pus Buipeo| pue ‘(peoj 1ad spieA 21qNd | INOGB 18B) B|BPUIMI| Ul ABA-NN 1B 3jBydse jo [gsodsip 10} peO)//8¢$ ‘AJUO |BLSIBW JBADD UBB|O SB

liypue| Aeipeig 18 |10S jo |asodsip 10) U0y QG L 1$ :51500 eBeione Buimojjo) uo peseg “|BlieIBW JO (191aW 2IgND 1od SBUUO] /| 0'Z) PieA 21qno Jed SUOL {' | JO 10108} UOISIBAUOD B Buisn
‘poasdos 4B SayouLs) BWI] swss }8 peunojied

wswoaedas pue ‘ljgydse Jo seyous  UO peseq 1500 JusweAasdey ‘100) eiBnbS/GZ Z ¢ 18 JUswWoeARdEs '100§/GG 04 @ llBYdSB o1yl Youl-p Bunins mes :s1sos Buimojjoj uo peseg
‘|BlslBUL JO (1030w 21qNd Jed Seuuol /1 0'Z) piBA 21gno 1ed sUO) {°| JO 10108} UOISIBAUOD B Buisn)

‘yidep pue snipel 8joyesoq uo paseq eBepisA ojqn)

*(s)10s @suep 10 %001 AjowallXs ‘*8'l) pPsIsiuUNOIUS BIEB SUOHIPUOD Buljjup 3NoYIP

§11eyBiy eq Aswi 31500 “000'GS PUB 0Q0'T$ UsBM]Bq 18 pPalBwUllSe S| Yoiym ‘1uswdinba jo uonezijiqowep pus uonBZIjIqoWw BpNIOU] J0U Seop 1509 ‘Aep Buijjup 1noy-g ue uo peseg

*1 e|qe | woly B18Q

€9t}
889'0L1% €8L'LTS SLL'8% 99S$ ¥91'0L$ 509 000'0€L$ €L

1509} . (swa p1°0)
LBL'ETTS £69°LT$ SLP'LLS obis 68Z'€L$ L6L 000°0LLS Li §j0 g

sajoyalog 10} S1S0)
JLVINILST 1SOD OIHVYNIOS I70H3HOd

ez-0 31avl

Converse Consultants West

@ Printed On Recycled Paper



¢v-00€-1€-06

‘uol/01°6$ 18 uonsiiodsuesy pus Buipeo] pue ‘(peo| jed spiBA 21qnd | INCQB 18) BjEpUIMI| Ul ABAA-NN 1B }jBydse jo |esodsip 10} peO|//8¢$ 'AjUO |BLIGIBW J1BA0D UBGIO S8

liypuej Aejprig 18 |1os jo |Bsodsip i0j U0Y/QG L1 $ :51500 eBaiens Buimojjo} uo peseg -(elLIBW jO (1016W 21qND s0d seuuol /£ O°Z) pieA oiqno Jod suol 4| O 1010B} UO|SIenUOD B Buisn
100} [BOUIGE 0% © 2MqB} Jolji} pue 100} |BoUlyG L 9¢ © Buidid peieiojied gz ejnpeyas :51s00 Buimoljo} uo peseg

‘ew} swes oy} 18 paunoyiad juswienad |jg pue ‘Buiaed io) peiadesd Apadosd Buieq

20BJINS U0 PBSE( S}1S00 Juswoasdey °1jeydse 3oyl Youl ¢ uo peseq Bunino meg ‘1004 |BOUI/0S 94 @ Iueweardel pus 100§ [BouUlyOL L $ © Bunino mes :si1sod Buimoijoj uo peseg
‘|leuelBW JO (1930w 21qNnd 18d seuuol /1 0°Z) PiBA-0IqND Jod suol §°| JO 10108} UOISIBAUOD B Buisn

*(si@10W g Q) 198 §°L 40 Yidep youssl pue (s1818W | §°'0) 189} € JO YIpim Yyouesl 8 Buisn peig|naje)

*pe1B00] 89 ||IM S8]0Ya10q J813WRIpP {1818W T )

1004-} 81oYm seyouell eyl Buoje YiBue| oyl Bunonpep pue ‘seyousil (1sem-1ses) [B1018| Buo] (s1818W £°Gi) 1004-0G | UBMIEG BOURISIP (S1818W G'Og) 189)-00L Inoge Buisn paieinojed
*Aiepunoq Ausedosd

useisem eyl Buoje peledo| youesl sepee) Buipussl yinos-yuou ‘Buoj (1e1sw G L) 100J-09€'| B JO §J0 pes) jiim sejoyeioq eyl Buipesy seyouely Buipuail 1sem-ises Buiwnsse pejejnoje)
‘uede aouBlsIp (1918W G°OE) 1004-001L

uo peseq seyoussi Buipuel} 1Sem-1se] "1SOM-1SBO (S1919W £ GH) 189} 0GL 40 Yipim Auedoid eBeioas ue Buisn pue ‘sejoyssoq ueemisq Bujords (1818W-0’g) 1004-0| UO peseq pelr|nojE)
| e|qe] woi} eleq

(144] (go1)
625'8% 625°C$ SEV'CS £09°C$ 856% LS 134 €l el
(67) (814} (swa p10)

859°6% LLB'TS 8vL'T$ Lv6'T$ T60°LS S9 L8E L L1 8J0 g

sayoual) Builosuuo) 1o} S1S0)
JLVINILST 1S0D OIHVYNIOS 370H3H04d

q¢-O 318vl

Converse Consultants West

@ Printed On Recycled Paper



¢t-00€E-1€-06

090°'G1LZ$

EV8'GES

889°0LL$

€l

(08s/wo
c01X3°6)
4/PdB 88°v0C

9ZY'6LT$

LE6L'ETTS

(oas/wo
c0LXp L)
34/pdB g9°gG1

(swa t4°0)
S0 G

J9¢-0 J1avl

sayoual] Builosuuooialu] pue sajoyalog 1o} S1S0D |B10]
JLVINILST LSOO OIHVNIOS 370H3Y0d

Converse Consultants West

@ Printed On Recycled Paper



